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1. SCOPE

This TIR establishes high-flow fueling protocols, including their process limits for fueling of compressed gaseous hydrogen
vehicles at peak flow rates from 60 to 300 g/s with compressed hydrogen storage system (CHSS) volume capacities
between 248.6 and 7500 L which have been qualified to UN GTR #13. This document is initially being published as a TIR
due to limited field testing of the fueling protocols. Once the fueling protocols have been field tested, the SAE Fuel Cell
Standards Committee Interface Task Force intends to publish a revision to this document as an SAE Standard.

1.1 Table Summarizing Content

Table 1 - Content of this TIR

Pressure Class. HAI5 HA5 HA5 HZQ H70
Protocol Name MCF-HF-G MCH-HF-G Category D HF Category D HF MCF-HF-G
CHSS Cgi‘t’:fs'? Range 248.6 to 7500 248.6 to 5000 248.6 to 5000 248.6 to 5000 248.6 to 5000
CHSS Capacity Range 5.97 to 180 5.97 to 120 5.97 to 120 10 to 261 10 to 201
(kilogramp)
CHSS Capacity Gategories N/A N/A D D N/A
(nomenclatre)
Range of Tank Sizes
th;’“g“,jl% X 50 to 1000 50 to 800 50 to 800 50 to 800 50 to 800
(liters)
Maximum Floy Rate 120 60 60 60 or 90 60, 90, or 300
(grams per sgcond)
T40 (-40 to -33 °C) | T40 (40 to -33 °C) | T40D (-40 t6 33 °C) | T40D (-40 to -33 °C) | T40 (-40 to -33 °C)
_ T30 (-33 to -26 °C) | T30 (-33 to -26 °C) | T30D (-3340226 °C) | T30D (-40 to -26 °C) | T30 (-33 to -26 °C)
?Zﬂ‘?jg‘t’ er"é’ T20 (-26 to -17.5 °C)| T20 (-26 to -17.5 °C) | T20D (-26 to -17.5 °C)| T20D (-40 to -17.5 °C)| T20 (-26 to -17.5 °C)
CategoriTS T10 (-17.5 to -10 °C)|[T10 (-17.5 to -10 °C) T10 (-17.5 to -10 °C)
T0 (-10t0 0 °C) T0 (-1010 0 °C) 10 (-10t0 0 °C)
TA (0 to 20 °C)

1.2 Explanatory Material

Table 1 provides ah overview of the fueling protocols:in this TIR. This TIR provides fueling protocols which are applicable
to both the 35 MP4g pressure class (H35) and the 70 MPa pressure class (H70). There are two sets df fueling protocols:
(1) a high-flow version of the CHSS capacitycategory D protocol described in SAE J2601 named Category D HF; and (2)
an MC Formula-bpsed fueling protocol which utilizes a dynamic pressure ramp rate (PRR) contihuously calculated
throughout the fill.|The naming convention. of the MC Formula-based fueling protocol is MCF-HF-G (MC Formula - High
Flow - General). The protocols allow forjfueling with communications (communications fueling) or without communications
(non-communicatigns fueling) and proyide end-of-fill pressure targets. For communications fueling, the fiieling protocols are
to be used in conjunction with SAE\J2799.

These fueling protqcols utilize.humerous process limits on control parameters such as the maximum fugl flow rate, the rate
of pressure increade, and the ending pressure. The control parameters and associated process limits are| affected by factors
such as ambient tdmpérature, fuel delivery temperature, and initial pressure in the vehicle’s CHSS.

An important factor in the performance of hydrogen fueling is the station’s dispensing equipment cooling capability and the
resultant fuel delivery temperature. The fueling protocols utilize fuel delivery temperatures in the range of -40 °C to ambient
temperatures. There are six fuel delivery temperature categories denoted by a “T” rating - T40, T30, T20, T10, TO, and TA,
where T40 is the coldest. Fueling times are a function of the fuel delivery temperature and CHSS volume.

The fueling protocols herein were developed based on a set of key assumptions. These assumptions are described in 7.2
and 8.2, and in Appendix A of this TIR. These assumptions should be carefully considered in the development and
implementation of an on-board CHSS.


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 6 of 253

2. REFERENCES

2.1  Applicable D

ocuments

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

211

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or +1

SAE J2579

724-776-4970 (outside USA), www.sae.org.

Qiondaord for Lol O ctana 1o Lol L dreaagapnMahbicelaa
Jarraara 1or 1 LI/ C1T LILIL} T L1 UTrogeTrvoInoICS

SAE J2600
SAE J2601_20200
SAE J2799

2.1.2 ANSI Accr
Copies of these do
CSA/ANSI HGV 4.
2.1.3 1SO Public
Copies of these do
ISO 17268

ISO 26262

2.1.4 |EC Public

Available from If
Tel: +41 22 919 02

IEC 61508
IEC 61511

215 JSAE Pub

oOcC T

yo CITTo It T Iy
Compressed Hydrogen Surface Vehicle Fueling Connection Devices
Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles
Hydrogen Surface Vehicle to Station Communications Hardware.and Software

bdited Publications

cuments are available online at https://webstore.ansi.org/.

B Test methods for hydrogen fueling parameter evaluation
ations

cuments are available online at https://webstore.ansi.org/.

5aseous hydrogen land vehicle refuelling connection devices
Road vehicles - Functional safety.
htions

FC Central Office~3, CH-1211 Geneva

11, www.iec.ch.

rue de Varembe, P.O. Box 131,

Functional safety of electrical/electronic/programmable electronic safety-related syste
Functional safety - Safety instrumented systems for the process industry sector

ications

Available from Society of Automotive Engineers of Japan,

10-2 Gobancho, Chiyoda-Ku,

Tel: +81-3-3262-8211, https://www.jsae.or.jp/en/.

20, Switzerland,

ms

102-0076 Japan,

Handa, K. and Yamaguchi, S. (2018). Development of Real-time Pressure Loss Compensation Method for Hydrogen
Refueling Station to Increase Refueling Amounts. International Journal of Automotive Engineering, 9(4), 310-315.
https://doi.org/10.20485/jsaeijae.9.4 310.

Yamaguchi, S., Fujita, Y., and Handa, K. (2018). New Tank Volume Estimation Method for Hydrogen Fueling, JSAE

Technical Paper. h

ttps://tech.jsae.or.jp/paperinfo/en/content/conf2018-04.221/.



http://www.sae.org/
https://webstore.ansi.org/
https://webstore.ansi.org/
http://www.iec.ch/
https://www.jsae.or.jp/en/
https://doi.org/10.20485/jsaeijae.9.4_310
https://tech.jsae.or.jp/paperinfo/en/content/conf2018-04.221/
https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 7 of 253

216

NIST Publications

Available from NIST, 100 Bureau Drive, Stop 1070, Gaithersburg, MD 20899-1070, Tel: 301-975-6478, www.nist.gov.

Leachman, J., Jacobson, B., Penoncello, S., and Lemmon, E. (2009). Fundamental Equations of State for Parahydrogen,
Normal Hydrogen, and Orthohydrogen. Journal of Physical and Chemical Reference Data, 38(3), 721-748.

2.1.7  United Nat

ions Publications

Available from United Nations Economic Commission for Europe, Palais des Nations, CH-1211, Geneva 10, Switzerland,

Tel: +41-0-22-917-

UN Global Techni

12-34, www.unece.orqg.

2.1.8 Other Pub

Kuroki, T., Nagasa
Modeling of Hydrd
Hydrogen Energy,

National Renewab
of Energy. Retrievg

PRHYDE (PRotoc

PRHYDE Results as Input for Standardisation (Revision 1.2). Clean Hydrogen Energy Partnership.

2.2 Related Pub

The following publ
Report.
2.2.1 SAE Publi

Available from SAH
and Canada) or +1

SAE J2574
SAE J2578
SAE J2719

2.2.2 1SO Public

ications

va, K., Peters, M., Leighton, D., Kurtz, J., Sakoda, N., Monde, M., and Takata,Y. (202
gen Fueling Process from High Pressure Storage Tanks to Vehiclé~Tank. Inter
46(42), 22004-22017.

e Energy Laboratory. (n.d.). H2FillS: Hydrogen Filling Simulation fComputer software
d from https://www.nrel.gov/hydrogen/h2fills.html.

bl for heavy-duty HYDrogEn refuelling) Project Consortium. (2023, April 5). PRHYDE

ications

ations

F International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606
724-776-4970 (outside USA), www.sae.org.

Fuel Cell Vehicle Terminology
RecommendedtPractice for General Fuel Cell Vehicle Safety
ydrogen(Fuel Quality for Fuel Cell Vehicles

ations

). Thermodynamic
national Journal of

]. U.S. Department

¢ Deliverable D6.7:

cations are provided for information purposes only and are not a required part of fhis SAE Technical

-7323 (inside USA

Copies of these d
ISO 14687
ISO 19880-1

ISO 23273

4 TR I PR T 1l [y : /
UITIETTS al© avdlldDIc UTINE dl TIPS //WEDSLOITE. dlTS1. Oy .

Hydrogen fuel quality - Product specification

Gaseous hydrogen - Fuelling stations - Part 1: General requirements

with compressed hydrogen

Fuel cell road vehicles - Safety specifications - Protection against hydrogen hazards for vehicles fueled


http://www.nist.gov/
http://www.unece.org/
https://www.nrel.gov/hydrogen/h2fills.html
http://www.sae.org/
https://webstore.ansi.org/
https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL J2601™-5 FEB2025 Page 8 of 253

3. DEFINITIONS

3.1 COMPRESSED HYDROGEN STORAGE SYSTEM (CHSS)

The compressed hydrogen storage system (CHSS) (refer to SAE J2579) consists of the pressurized containment vessel(s),
pressure relief devices (PRDs), shut-off device(s), and all components, fittings, and fuel lines between the containment
vessel(s) and the shut-off device(s) that isolate the stored hydrogen from the remainder of the fuel system and the
environment.

3.2 CHSS CAPACITY

The total water volume of aII the storage vessels in the CHSS, or the total mass of hydrogen stored in all the storage vessels
nnnnnnnnnnn ] |nﬂ nracolira n+ 4: °r“

in the CHSS at therreminrabwerking-pressare

NOTE: The total mass of hydrogen stored in the CHSS at the nominal working pressure at 15 °G/is-equivalent to a 100%

state of charge (SOC).

3.21 TOTAL VQLUME (TV)
The CHSS capacit

nomenclature “TV”

y in liters is communicated as the total water volume of all the storage vessels in th
as one of the SAE J2799 data fields using IrDA communications:

e CHSS using the

3.2.2 TANKVOUUME LARGE (TVL)

Capacity (water voJume) of the largest single tank within the CHSS, measured at the nominal working pfessure and 15 °C.

NOTE 1: TVL may be communicated in the Optional Data Field.

NOTE 2: The formpatting is TVL=####, where #### represents the capacity expressed in liters rounfled to the nearest
integer.

3.3 DISPENSER COMPONENTS

Any component of
downstream of the

3.3.1
The equipment req

3.3.2 CONNECT

HYDROGE

the dispenser that carriespfecooled hydrogen to the CHSS. In most cases, this
heat exchanger up to and\including the nozzle (e.g., hose break-away, dispenser ho|

N DISPENSING EQUIPMENT (DISPENSER)
Lired to condition and transfer fuel from the station to vehicle CHSS for the purpose of]

OR or COUPLING

A joined assembl

disconnecting) of f11e| supply nozzle to the vehicle fueling receptacle, as per SAE J2600.

y of_asnozzle and receptacle which permits rapid coupling (or connecting)

is any component
se, and nozzle).

fueling the vehicle.

apd decoupling (or

3.3.3 NOZZLE

Device connected to a fuel dispensing system which engages the Hydrogen Surface Vehicle (HSV) receptacle and permits
transfer of fuel (see 3.3.2).

3.3.4 RECEPTA

CLE

Device connected to a vehicle or storage system that receives the dispenser nozzle and permits transfer of fuel. This may

also be referred to

as a “fueling inlet” (see 3.3.2).
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3.3.5 DISPENSER HOSE
The flexible hose assembly which transfers hydrogen between the dispenser and nozzle.
3.3.6 BREAK-AWAY

A device which allows the hose to separate from the dispenser if exposed to a sufficient mechanical stress. Typically, the
hose is the only component between the nozzle and the break-away.

3.4 FUELING WITH AND WITHOUT COMMUNICATIONS

3.4.1 COMMUNICATIONS FUELING

A fueling conductgd when a valid data connection is established from the vehicle to the dispensér in accordance with

SAE J2799.
OPTIO

3.4.11 L DATA BLOCK (OD BLOCK)

A set of data in th
3412 OPTIO
Data contained in
34.1.3 OPTIO

A signifier at the s
Block.
3.4.2 NON-COM

A fueling conductg
received data is nd

3.5 FUELINGTI

Figure 1 illustrates

OD data field that contains a header and data.
L DATA (OD DATA)

e Optional Data Block.

L DATA BLOCK HEADER (OD HEADER)

art of the Optional Data Block (see 3.4.1.1) used-to designate the data contained in

MUNICATIONS FUELING

d when no valid data connection from vehicle to dispenser exists, as specified in
t recognized as valid by the dispenser.

ME AND FUELING EVENTS

the fueling time definitions for the main and overall fueling time as described in 3.5.1

the Optional Data

SAE J2799, or the

to 3.5.8.
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Non-fueling time

startup

Shutdd
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Time

3.5.1 OVERALL

t tfueling

t

startup

Startup time Main fueling time

Overall fueling time <~

Figure 1 - Representative hydrogen-fueling time diagram

FUELING TIME

The total amount gf time between when the user initiates the fueling at the dispenser until the nozzle

includes the startu

3.5.2 NON-FUE

p time, main fueling time, and shutdewn time.

LING TIME

The amount of timg during the overall fueling time when fueling PRR is not applied. The non-fueling time
and shutdown time}, plus any planned interruptions during the main fueling time. However, non-fueling ev

stopping or pausin

events during the non-fueling time,

3.5.3

INTENDED NON-FUELING EVENTS

g fuel flow due to-safety issues, lack of performance, etc. See 3.5.3.1 through 3.5.3

A planned event when _gas does not flow during the overall fueling time in order to test the integrity
change the source| of fuel. See 3.5.3.1 through 3.5.3.4 for examples of intended non-fueling events. In

events do not incl

attanning naucinafual floww dua to cafaty icocine Ar
HRgHHer+HoW-adet0-SaHety1SSHES

laelk ar narfarmanca

can be removed. It

ncludes the startup
ents do not include
.4 for examples of

f the system or to
tended non-fueling

3.5.3.1

O CIc

or
Totop P g o paus

CONNECTION PULSE

AR SACRAS AR R RI- LA

The first flow of hydrogen from the dispenser to the CHSS after connection of the nozzle, whereby the minimum amount of
hydrogen necessary to open the check valve is dispensed into the CHSS. The purpose of the connection pulse is to equalize
the station pressure with the CHSS pressure under static conditions so that the initial pressure can be measured.
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3.56.3.2

INITIAL LEAK CHECK

The initial leak check may be implemented after the nozzle is connected and prior to the start of main fueling time. This can
be accomplished by pressurizing the fueling path and measuring any decrease in pressure.

3.5.3.3

FUELING LEAK CHECK

A fueling leak check may be implemented during fueling to determine if there are any leaks in the system. This can be
accomplished by pausing the fueling and measuring any decrease in pressure.

3.56.34

BANK SWITCHING

Bank switching ocqg

NOTE: During bar
pause in fy

3.56.4 STARTUP

The period from th

NOTE 1: The star
capacity

NOTE 2: Because
protocol

3.5.5 START OHR

The instant immed
the upper and lowg

3,56 ENDOFF
Occurs when the d

3.5.7 MAIN FUE
The period of gas fl
tolerances on preg
shutdown times bu

3.5.8 SHUTDOV

mraanmban tha oiotion b aonaoa thao flova, ooy e frara Be-atorac banlcia anath o
OrS~wWiTCTT e StatioT ormanmg T S tho oW SUOTCT O UTTC SToTrag T oarm to—arrtotTe T

k switching, there may be variations in the mass flow rate, pressure, and temperatu
eling.

TIME
e moment the user initiates fueling to the moment the main fueling.time begins.

up time includes a connection pulse and initial pressure méasurement and may alg
measurement or determination, as well as an initial leak check.

an accurate capacity measurement cannot be achiéved within the startup time, the
allows for a CHSS volume (capacity) measurementishortly into the main fueling time

FUELING

ately after the startup time when the dispenser initiates the main fueling at the prescr
r tolerances on pressure are applied.

UELING (INTENDED)

spenser stops fueling at thetarget pressure or SOC.

LING TIME

ow between the.start of fueling and the end of fueling. The prescribed ramp rate and t
sure are applied during the main fueling time. The main fueling time does not inclu

t can inclyde other non-fueling times.

VN TIME

re, or a short-term

50 include a CHSS

MCF-HF-G fueling

bed ramp rate and

he upper and lower
de the startup and

This period begins

40 £ L e T I n A ! ! 1 4 41
dl e CSTiu U TUucty (ditetr 1dim Tuetmyg urme ) daitd ©rius WITETT UT1E USCT CAalT TTITIOVE U1

3.5.9 TERMINATE FUELING

e nozzle.

This can occur prior to the end of fueling in the event that the dispenser or vehicle has detected that a process requirement
has been exceeded, the “Abort” command is issued by the vehicle, or the user terminates the fueling.

3.6

HYDROGEN SURFACE VEHICLE (HSV)

Any surface vehicle which stores and uses hydrogen as a fuel. An example of an HSV is a Fuel Cell Vehicle.
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3.7 PRESSURE

3.71

CHSS PRESSURE (Pvenicle)

Pressure of hydrogen gas within the vehicle CHSS.

NOTE: For vehicles with multiple tanks, this TIR assumes all tanks are at equal pressure, at all times.

3.7.2

STATION PRESSURE (Pstation)

The pressure of the hydrogen gas supplied to the vehicle by the dispenser, measured near the break-away (see 6.1.1.1).

3.7.3

The pressure in th
when there is no fl

3.74 STARTUP

The pressure in thg¢ CHSS as measured by the dispenser at the end of the startup time when there is n

3.7.5 TARGET H

The station pressu

3.7.6 NOMINAL

The NWP is the g4
compressed hydro
gas temperature of
3.7.7 MAXIMUM

The MOP is the hig
stops, and transien
3.7.8 MAXIMUM

The MAWRP is the
system is rated wit

3.7.9

The pressure class

INITIAL PRESSHRE-Pmmar

PRESSURE CLASS

b CHSS as measured by the dispenser immediately after the connection pulse-duri
bw. In a multi-tank CHSS, each tank is assumed to have the same initial pressure.

PRESSURE (Pstartup)

RESSURE (Ptarget)

e at which the hydrogen fueling protocol targets for the“end of fueling.

VWORKING PRESSURE (NWP)

uge pressure that characterizes typical operation of a vehicle pressure vessel, contai
pen gas containers, NWP is the vehicle vessel pressure, as specified by the manufa
15 °C and 100% SOC.

OPERATING PRESSURE (MOR)

hest gauge pressure of a compénent or system that is expected during normal operat
ts (e.g., the MOP = 1.25 xX\NWP).

ALLOWABLE WORKING PRESSURE (MAWP)

maximum gaugde_pressure of the working fluid (gas or liquid) to which a piece of pro
N consideration for initiating fault management (e.g., the MAWP = 1.38 x NWP).

wilhbe defined by the protocol’s nominal working pressure. The class is denoted by th

by the nominal wor
with an NWP of 70

ng the startup time

b flow.

her, or system. For
cturer, at a uniform

on including starts,

cess equipment or

e letter “H” followed

RIMg pressure i megapascals. Forexampie, 17075 the pressure class fora hydrog
MPa.

3.8 PROCESS LIMITS

en fueling protocol

Process limits are the limits or boundaries established for various parameters which are measured and monitored by the
fueling protocol. These process parameters include the station pressure, the ambient temperature, the fuel delivery
temperature, the mass flow rate, and the vehicle measured temperature.

3.9

FLOW RATE

The mass flow rate in grams per second measured by the dispenser.
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3.9.1 FLOW RATE MAXIMUM
The maximum flow rate that the fueling protocol allows. This is the value of the Flow Rate Maximum Class.
3.9.2 FLOW RATE MAXIMUM CLASS

Designation of the Flow Rate Maximum utilizing the term “FM” followed by the maximum flow rate value, e.g., FM90 is the
designation for the Flow Rate Maximum Class of 90 g/s.

NOTE: In some cases, the Flow Rate Maximum Class is determined by the vehicle whereby the vehicle must communicate
the FM value in the OD data field. In these cases, if the FM value is not communicated, or non-communications
fueling is used, the fueling protocol defaults to a lower Flow Rate Maximum Class.

3.10 STATE OF ¢HARGE (SOC)
The ratio of the hydrogen density in the CHSS to the hydrogen density at NWP at 15 °C, expressed as @ percentage.

NOTE 1: The SOC is computed using a gas density equation such as that available through the National Institute of
Standards and Technology (NIST).!

S0C (%) = —2&D___ % 100 (Eq. 1)

p (NWP, 15°C)

NOTE 2: The density of the H35 Pressure Class at 35 MPa and 15 °C at.180% SOC is 24.0 g/L.
NOTE 3: The density of the H70 Pressure Class at 70 MPa and 15 °€_at 100% SOC is 40.2 g/L.
3.11 TEMPERATURE

3.11.1 AMBIENT [TEMPERATURE (Tamb)

The temperature of the air measured at the fueling station where the measurement is protected from [direct sunlight and
other radiative and|environmental effects.

3.11.2 CHSS AVERAGE VEHICLE GAS TEMPERATURE
The average tempgrature of the hydrogen\gas in the vehicle CHSS.
3.11.3 CHSS MEASURED TEMRERATURE (MT)

The measured temlperature pfthe gas in the vehicle CHSS.

NOTE 1: If the vehicle contains a temperature measurement device for the purpose of sending a tempdrature signal to the
dispensgr during fueling, this temperature is also assumed to be the average temperature of th¢ gas in the vehicle.
Due to the-accuracy of the sensor_the vehicle manufacturer should consider the {oleranceslof the temperature

measurement and include them as criteria for the “Abort” and “Measured Temperature” signals.

NOTE 2: For vehicles with multiple tanks in the CHSS, the measured temperature in each tank can vary. The vehicle
manufacturer should consider the best approach for transmitting a single representative temperature as MT. One
approach is to transmit the lowest measured temperature from the tanks in the CHSS, since the primary purpose
of MT is to determine when to end the fill based on a calculated pressure or density where MT is an input. The
highest measured temperature can be utilized in the criteria for sending an “Abort” signal.

' The p(P,T) function for hydrogen is available from NIST at https://www.nist.gov/publications/fundamental-equations-state-
parahydrogen-normal-hydrogen-and-orthohydrogen. Refer to Leachman et al. (2009).
Note: The accuracy of the NIST equation has been quantified up to 200 MPa at the publishing of this TIR.
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3.11.4 CHSS SOAK TEMPERATURE

The temperature of the CHSS after being exposed to a temperature greater or less than ambient temperature. The CHSS
soak temperature may differ from the ambient temperature. In SAE J2601, Appendix A, Figure A5 shows the range of soak
temperatures relative to ambient temperature due to hot or cold soak conditions.

3.11.5 FUEL DELIVERY TEMPERATURE (Ttuel)

The temperature of the hydrogen gas supplied to the vehicle by the dispenser, measured near the break-away during
fueling, and labeled as Twe. Trel is a generic term for the fuel delivery temperature and may be represented by the
instantaneous fuel delivery temperature Trerinst Or the mass average of the fuel delivery temperature, MATo, MAT30, oOr
MATc.

3.11.5.1 INSTAN[TANEOUS FUEL DELIVERY TEMPERATURE (Ttuel-inst)
The instantaneous|fuel delivery temperature.
3.11.5.2 MASS AVERAGE FUEL DELIVERY TEMPERATURE (MATo)

The fuel delivery tgmperature weighted by the mass dispensed from the beginning of the main fueling {ime. See A.2.1.4.3
for further explanation.

3.11.5.3 EXPECTED MASS AVERAGE FUEL DELIVERY TEMPERATURE (MAT expected)

The expected end-of-fill fuel delivery temperature weighted by the mass’dispensed from the beginning [of the main fueling
time (MATo). MATekpected is only utilized during the first 30 seconds oftnass flow from the start of the maj|n fueling time. See
A.2.1.4.1 for furthel explanation.

3.11.5.4 THIRTY{SECOND MASS AVERAGE FUEL DELIVERY TEMPERATURE (MAT30)

The fuel delivery tgmperature weighted by the mass dispensed after a total of 30 seconds of mass flow|have elapsed from
the start of the maip fueling time. See A.2.1.4.2 for further explanation.

3.11.5.5 CONTROL MASS AVERAGE FUEL.DELIVERY TEMPERATURE (MATc)

A mathematical combination of MATexpected, MATo, and MAT30, which is used as the control input to the tfina equation, which
determines the PRR. See A.2.1.4 for fuither explanation.

3.11.6 FUEL DEYIVERY TEMPERATURE CATEGORY
The fuel delivery temperature category identifies the range of allowable temperatures of the hydrogen ggs. The fuel delivery

temperature categgry is designated by the letter “T” followed by the gas fuel delivery temperature represgnting the category.
See Table 4 for thg Catégory D HF fueling protocol and Table 8 for the MCF-HF-G fueling protocol.

4. ABBREVIATIONS-ANB-SYMBOLS

4.1  Abbreviations

APRR average pressure ramp rate

CHSS compressed hydrogen storage system
CFRP carbon fiber reinforced plastic

FCEV fuel cell electric vehicle

H2 hydrogen
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HSTA
HSV
ID
IrDA
MAWP
MOP
NIST
NWP
PRR
PRV
SOC

4.2 Symbols

Table 2 provides a

hydrogen station test apparatus
hydrogen surface vehicle

protocol identifier

Infrared Data Association

maximum allowable working pressure

maximum operating pressure

Natioratnstitute-of-Standards-and-TFechnotogy
nominal working pressure

preéssure ramp rate

préssure relief valve

state of charge

Table 2 - Symbols usedin this TIR

list of the symbols used in this TIR, including a short. description and the units of megasurement.

Units of
Symbol Description Measurement
AC, BC, and
AC, BC, GC, . o . . GC are kJ/K.
KC. JC Hive constants utilized in the MC.[Equation KC and JC are
dimensionless
APRR An average pressure ramp-rate (APRR) value calculated by an equation and used to MPa/min
caleutated |- Jetermine the maximui*APRR which does not exceed the maximum flow rate
Cv_cold Jpecific heat capacity of hydrogen at constant volume kd/kgK
FC Hueling Command N/A
The Flow Rate Maximum Class. A value for FM can be communicated in the OD
FM fipld. g/s
ETI Huelifig-Time Indicator. FTI = 1 indicates fueling is proceeding and FTI = 0 indicates Integer number
fyeling is paused. of O or1
h The specific enthalpy measured at the dispenser outlet. A function of Truel_inst and kJ/k
Pstation. 9
The mass average of the dispenser outlet specific enthalpy calculated from the start
have . . . . _ kJ/kg
of the main fueling time (i.e., from t = 0 seconds)
i A calculation timestep counter, which advances every 1/10th of a second Integer number
j A calculation timestep counter, which advances every second Integer number
A parameter which is measured during a pause in fueling, after which it is used to
Ko . MPa/gL
calculate a synthetic measured pressure MPcaic
m The total mass dispensed from the beginning of the main fueling time up to the
current time 9
m The mass flow rate of dispensed hydrogen gls
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Units of
Symbol Description Measurement
" The mass flow rate of dispensed hydrogen just before the mass flow is stopped for is
Jlow an intended non-fueling event, utilized in the calculation of Ko 9
m The value of the mass dispensed at time t = 0 (i.e., the beginning of the main fueling
0 time) 9
- The initial cold case mass in the vessel used in the MC Method ending pressure
Minit_cold . kg
control option
me The mass corresponding to 100% SOC of the vessel used in the MC Method ending K
final_cold pressure control option 9
Madd kg
Percent
m The accuracy of the mass dispensed measurement, used in the CHSS volume (expressed as
ol njeasurement a fraction of
100)
A The change in mass dispensed from the beginning of the main fuelingtime, used in
mve the CHSS volume measurement 9
Tlhe change in mass dispensed from the beginning of the main fueling time,
Amvc_tol accounting for the accuracy of the mass measurement my, Used in the CHSS g
vplume measurement
Mstartup Mass dispensed during startup time g
MAT expected The expected mass average of the fuel delivery temperature at the end of the fill °C
The mass average of Trel-inst calculated from.the’start of the main fueling time o
MATo | _ C
(ile., t = 0 seconds)
The mass average of Trwelinst calculated starting after a total of 30 seconds of mass o
MAT30 C
flow have elapsed
A mathematical combination of MATexpected, MAT30, and MAT) utilized as the control R
MATc . _ . C
input for the trinal equation
MC A parameter representing a\lumped heat capacity of the cold case CHSS, used to KJ/K
cold cplculate Teoid in the MCiMethod
MF Rmin The minimum mass flow rate allowed by the fueling protocol gls
MP Tlhe CHSS measured pressure communicated via IrDA according to SAE J2799 MPa
MPcaic Synthetic measuired pressure calculated using the Ko method described in C.3.8 MPa
MT Thhe CHSS'measured temperature communicated via IrDA according to SAE J2799 K
A counter which advances at the same frequency as timestep counter j, but only if
n there is mass flow. It is utilized to determine the point in the fill at which the Integer number
caletlation-of-MATsccommenees:
oD Optional Data communicated via IrDA according to SAE J2799 N/A
AP The difference between the ramp pressure Pramp and vehicle pressure MP or MPcarc, MPa
used in the optional PRR Taper equation
Po A value for Pstartup adjusted for the pressure measurement accuracy Prol MPa
Pa A parameter which provides margin for errors in the calculation of MPcaic MPa
Pfinal The final pressure used in the derivation of the tinal equation coefficients MPa
Pinitial Initial pressure of hydrogen in the CHSS as per the definition in 3.7.3 MPa
o An upper limit on pressure for communications fueling to provide protection against a
Pl|m|t_comm . MPa
fault in MT
Plimit_nigh The upper boundary of the pressure corridor which Pstation must stay within MPa
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Units of
Symbol Description Measurement
Plimit_tow The lower boundary of the pressure corridor which Pstation must stay within MPa
Prin The initial pressure used in the derivation of the t;;,,,, equation coefficients MPa
The pressure upon which the PRR is based. Also used to define Piimit_nigh and
Pramp MPa
Plimit_tow.
Pramp_maximum The maximum ramp pressure MPa
Pstation Fueling pressure as measured by station at the dispenser outlet MPa
Pew The station pressure Pstation right before the mass flow stops for an intended MPa
station_flow non-fueling event, used in the calculation of Ko
Poos Tlhe station pressure Pstation after the mass flow has completely stopped for an MPa
staton_no_flow | i tended non-fueling event, used in the calculation of Ko
Pew Tlhe station pressure Pstation after the mass flow has completely stopped when MPa
station_pause cpnducting the CHSS volume measurement
P The pressure in the CHSS as measured by the station at the end of the startup time MPa
startup ap per the definition in 3.7.4
Ptarget non_comm | Tjhe target end-of-fill pressure for non-communications fueling MPa
Ptarget_comm Tlhe target end-of-fill pressure for communications fueling MPa
Ptarget comm_calc | A preliminarily calculated target end-of-fill pressure for communications fueling MPa
Pthreshold A threshold pressure, which when Pramp exceeds, initiates the PRR Taper method MPa
P The accuracy of the station pressure measurement; used in the CHSS volume MPa
ol njeasurement
A parameter which determines the weighting.of MATo and MAT3p in the MATc
Ptrans . MPa
eguation
APtol_high A delta pressure added to Pramp to define Piimit_nigh. Also used in calculating p. MPa
PRR The control pressure ramp rate. Thisrepresents the rate of change of Pramp. MPal/s
PRRMmax A maximum pressure ramp ratée MPa/s
PRRwmc Tlhe pressure ramp rate calculated by the MC Formula pressure ramp rate equation MPa/s
Tlhe pressure ramp rate of the measured pressure MP or MPcaic based on the current
PRRwmp measured pressure.and a previous measured pressure tiookback timesteps ago, used MPa/s
in PRR Taper method
PRRtaper Tlhe pressure-samp rate calculated by the PRR Taper method MPa/s
Tlhe station.pressure Pstation after the mass flow has completely stopped when
Pvc cpndugting the CHSS volume measurement, adjusted for the pressure transducer MPa
accuracy Prol
AP formula which determines the change in pressure from Pstamip required for the MP
ve CHSS volume measurement to be conducted a
RRmax The maximum calculated pressure ramp rate throughout the fill MPa/s
RRmin The minimum calculated pressure ramp rate throughout the fill MPa/s
SOCtarget The end-of-fill target SOC, used in calculating Ptarget_comm Percent
Fueling time, representing the total time elapsed since the initiation of the main
t L9 . ; . N . seconds
fueling time, including the time elapsed during intended non-fueling events
The time required to fill from Pmin to Psinal under hot case conditions in units of
tfinal seconds
seconds
tinalcalc Th_e tfinal v:a_lue calculated by the tinal vector, a preliminary value prior to a, B, and € seconds
being applied
tfinal_min A minimum value of trinal, utilized to ensure the peak mass flow rate is not exceeded seconds
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Units of
Symbol Description Measurement
t A period of time in seconds used to look back from the current time to determine a seconds
tookback previous value of MP or MPgaic, used in the PRR Taper method
— A parameter used in MC equation representing the time elapsed after which Atcold is seconds
calculated
b A calculated time remaining for the measured pressure MP or MPcaic to reach the seconds
remain end-of-fill target pressure, used in the PRR Taper method
Atcold The difference between the fueling time t and tmin_cold seconds
o The cold case adiabatic temperature used in the MC Method ending pressure control
Tad|abatlcﬁcold o ! Ll K
LHUIT LAalLUuliatiuris
Tamb Ambient temperature as measured by fueling station, not in direct sunlight °C
AT A calculated change in the CHSS gas temperature from the beginning of the main °C
cHSS feling time, used in the CHSS volume measurement
T Tlhhe MC Method ending pressure control option cold case gas temperattre, tsed to
cold : L K
determine Ptarget_non_comm and Piimit_comm
Thuel Huel Delivery Temperature °C
Thuel_inst Ipstantaneous fuel delivery temperature °C
Thuel_inst_A, Two independent measurements of the instantaneous fuel delivery temperature for °C
Tfuel_inst_B readundancy
T The initial gas temperature in the cold case CHSS. Tinit: cold iS @ function of Tamb and
init_cold Flinitial. K
T A parameter which is a function of the ambienttemperature and used in the equation °C
for w and €
Tve Tlhe calculated CHSS gas temperature based on Tamb plus ATchss, used in the CHSS °C
vplume measurement
TV Tlotal volume of the CHSS
TVL Tlank Volume Large - the largést’tank volume of any of individual tank in the CHSS
o Tlhe MC Method ending pressure control option cold case adiabatic specific internal
Uadiabatic_cold kJ/ kg
ephergy
Uadiabatic_cold Tihe MC Method enpding pressure control option cold case adiabatic internal energy kdJ
N Tlhe MC Method‘ending pressure control option cold case initial specific internal
Uinit_cold kJ/kg
ephergy
Uinit_cold Tlhe MC Method ending pressure control option cold case initial internal energy kdJ
vV Volumelof the CHSS measured or otherwise determined by the station (e.g., via L
CHSS cpmmiunications)
V. e volume of the 1-kg Type Il vessel used in the calculation of Tcod INn the MC 3
cold . . m
Method ending pressure control option
Vstation D A volume parameter used to determine APRRcaiculated L
a A p_aramete_r which is multiplied by tinal to compensate for non-linearity in the PRR Dimensionless
during the fill
B A parameter YVhICh is multiplied by tfinal to allow tolerance on pressure (i.e., the Dimensionless
pressure corridor)
A parameter which is multiplied by tinal to increase its value when Pinital < 5 MPa . .
€ (H70) or 3 MPa (H35) Dimensionless
An intermediary parameter used in the equation for € which is a function of the : :
w Dimensionless

ambient temperature

A calculated density of the hydrogen in the CHSS using an equation of state

g/L or kg/m3



https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 19 of 253

Units of
Symbol Description Measurement
A calculated density of the hydrogen in the CHSS (using an equation of state) at the 1L or ka/m?
PO beginning of the main fueling time, used in the CHSS volume measurement 9 9
N The MC Method ending pressure control option cold case initial density calculated 1L or ka/m?
Pinit_cold based on Pinitia and Tinit_cold 9 9
A calculated density of the hydrogen at the dispenser outlet (using an equation of 3
pKo state), used in the calculation of Ko g/L or kg/m
A calculated density of the hydrogen in the CHSS after the mass flow has stopped 1L or ka/m?
pve (using an equation of state), used in the CHSS volume measurement 9 9
The-change-in-density-from-the-beginning-efH-he-mainfuehng-time—usedinthe-GHSS / .
Apve vplume measurement g/l or kg/m

5. GENERAL FU

Section 5 is a gene
establishes gaseot
There are multiple
pressure class, an
coupling type. Tab

ELING PROTOCOL DESCRIPTION

ral description of the fueling protocols in this document and does not contain any requ
s hydrogen fueling protocols for hydrogen surface vehicles with maximum flow rates
fueling protocols defined in this TIR. Each fueling protocol is distinct and is distingu
j Flow Rate Maximum Class, as well as an associated range ‘0f CHSS sizes, range
e 3 provides a list of the fueling protocols.

Table 3 - Fueling protocols inthis TIR

irements. This TIR

from 60 to 300 g/s.

ished by its name,
of tank sizes, and

Flow Rate

Flow Rate

Protocol : Pressure Maximum Maximum™| Range of CHSS Range f)f Tank Coupling
Section o Sizes within the .
Name Class Class Class Capacity (liters) .\ Type
CHSS (liter§)
(Non-Comm) (Comm)
H35 FM60 FM60 248.6 to 5000 50 to 800 H35**
Category D 7 (V\;EABOOD)
HF H70 FM60 FM90 248.6 to 5000 50 to 800 H70
(with OD)
FM60 FM60 248.6 to 5000 50 to 800 H35**
H35 H35MF or
FM120 FM120 248.6 to 7500 50 to 1000 H35HF
MCF-HF-G 8 (V\Il:/lc\)/I6OOD)
H70 FM60 EM90 248.6 to 5000 50 to 800 H70
(with OD)
FM300 FM300 248.6 to 5000 50 to 800 H70HF***

*  Coupling typq
**  An H35 nozzl

s are’defined in SAE J2600 and ISO 17268.
P Cah also connect to an H70 receptacle.

*** The H70HF coupling is not yet defined in a standard.
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This TIR assumes that the dispenser will fuel the vehicle after successful nozzle and receptacle connection and completion
of initial checks. The fueling station is responsible for controlling the fueling process within the operating boundaries
described below. Variables that affect the fueling process include:

o Ambient temperature

Fuel delivery temperature

CHSS size, shape, material properties, initial temperature, and pressure

CHSS configuration

e Dispenser to vERICIE flow dynamics and thermodynamic properties

A representative fueling profile is shown in Figure 2. The profile consists of a startup time which begins after the nozzle has
been connected to the vehicle and the dispenser initiates a connection pressure pulse. During the'startup time, the dispenser
measures the initigl CHSS pressure, may optionally measure the CHSS volume, and may also check for leaks. The main
fueling begins when gas starts flowing into the vehicle. During this period, the pressure rises and the gas temperature in
the CHSS increades. The fueling protocol is designed so that the CHSS does not exceed the mjaximum operating
temperature at any point during the fill. The final stage is the shutdown, which occurs after hydrogep gas has stopped
flowing and ends when the nozzle can be disconnected.

Connection
Pulse

/

Station Pressure
Vehicle Tank Temperature

a i | | >
Startup ; : . Shutdown
Time Main fueling time Time
Overall
< Fueling Time >

(not to scale)

Figure 2 - Representative vehicle CHSS temperature and pressure profile during a fueling
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5.1  Fueling Protocol Categories

A dispenser is designated by the fueling protocol utilized. The fueling protocol is defined by the protocol name, the pressure
class, the flow rate maximum class, and the fuel delivery temperature category. For example, MCF-HF-G H70 FM300 T40
is the designation for the MCF-HF-G fueling protocol with an NWP of 70 MPa, a flow rate maximum class of 300 g/s, and a
fuel delivery temperature category of T40 (-40 to -33 °C). As another example, Category D HF H70 FM90 T30D is the
designation for the Category D HF fueling protocol with an NWP of 70 MPa, a Flow Rate Maximum Class of 90 g/s, and a
fuel delivery temperature category of T30D (-40 to -26 °C). The fuel delivery temperature categories are defined for each

fueling protocol (see 7.1 for Category D HF, and 8.1 and 8.4.1 for MCF-HF-G).

5.2

Performance Goals

The fueling protocols-in-thisTHR-definre-a-PRR-which-provides-the-fastestfueling-possible-while-stayin

within the process

limits. Stations whi
fueling protocol. T
conditions.

The minimum fueli
are provided below
will be longer.

For a 70 MPa
(ambient temp
achieve a fueli

Fora 70 MPa

(ambient temp
achieve fueling
fuel delivery te

For a 35 MPa
(ambient temp
achieve fueling
delivery tempe|

5.3 Normal Ope

The fueling protocd
boundaries which
temperature and M

For H35, these te
temperature and p
H70 fueling. The n

OO

Ch cannot keep the pressure at the defined PRR can fuel at a slower rate and still‘be
ne state of charge target for communications fueling is 95 to 100% SOC under a

\a4

ng time can vary widely depending on the factors discussed above. Examples of min

CHSS of 2000 L (~80 kg), with a T40D, T30D, or T20D rated dispenser and under re
brature of 20 °C and initial pressure of 10 MPa or 20% SQOQC), the Category D HF f
ng time of 20 minutes or 30 minutes, depending on whether the vehicle communicate

CHSS of 2000 L (~80 kg), with a T30 rated dispenser (MATc = -28 °C) and under re

times of 6-1/2 to 8 minutes (depending on the’TVL size). Shorter fueling times are [
mperatures.

CHSS of 2000 L (48 kg), with a T1Q rated dispenser (MATc = -14 °C) and under re
brature of 20 °C and initial pressureof 6 MPa or 20% SOC), the MCF-HF-G FM120 f
times of 6 to 8 minutes (depending on the TVL size). Shorter fueling times are poss
fatures.

ating Boundaries

Is in this TIR are designed to ensure the hydrogen gas in the CHSS does not exceed th
bre defined by the~process requirements listed in Section 6. These limits include th
OP.

Mmperature and pressure limits are -40 to 85 °C and 0.5 to 43.5 MPa, respective
ressuredimits are -40 to 85 °C and 0.5 to 87.5 MPa, respectively. Figure 3 shows the
aximum CHSS gas temperature and MOP are fixed limits at the right (overheat) and

portions of the graph

compliant with the
| normal operating

mum fueling times

. With higher fuel delivery temperature dispenser ratings or at higher ambient temperatures, fueling times

ference conditions
eling protocol can
s FM=090 or not.

ference conditions

brature of 20 °C and initial pressure of 10 MPa or20% SOC), the MCF-HF-G FM300 fueling protocol can

ossible with colder

ference conditions
ueling protocol can
ble with colder fuel

e normal operating
e CHSS maximum

y. For H70, these
boundaries for an
top (overpressure)

Tha mavimium-dancitvy (1009 SO C) nrovides an additional houndans
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Hydrogen Storage System Fueling Window and Target Density - 70 MPa

Overpressure ( P> 87.5 MPa)

SOC=100%
(o >40.2 g / liter)

e

Tank Temperature
Operating Limit
(T=85°C)

S0C = 100%
{p=40.2 grams [ liter)

Pressure [MPa)

g

Fueling Performance

In order to keep thg
on the full set of in
warmer, so the sta
temperature.

5.4 The Use of (

The fueling protog
communications d

M 20 &0 160

Temperature [“C)

Figure 3 - Normal H70 boundary conditions
CHSS within its operating boundaries (i.e., Figure 3), the station will adjust the flow of
itial conditions. For example, if a vehicle is fueled on a hot daythe initial CHSS tg
fion must fuel more slowly to ensure the CHSS does not exceedthe maximum vehio

ommunications

ols in this TIR are designed to utilize IrDA communications as defined in SAH

(SIL) classified to @any standard at the time of publishing this FIR. This means until ASIL/SIL certificati

signals are not gu
followed if it uses

The following are
IEC 61508 and IE(Q

6. GENERAL PR
This section covery
for the dispenser a
limits which are d
Manufacturers may

NOTE: The fueling

aranteed to be accurate, and the dispenser is responsible to ensure that process
ne communications signals.

some of the guidelines that may*be’ used to qualify components and systems for th
61511, and for vehicle side ASIL: 1ISO 26262.

DCESS REQUIREMENTS*FOR HYDROGEN FUELING

the general hydrogen fueling process requirements and does not contain all the de
nd station. Each of the fueling protocols in this document may have additional require|
iscussed in subsequent sections. The requirements in this document are minin

take additional safety precautions.

protgcols in this TIR are relatively new and, at the time of publication, have had lin

use on stafion§;and vehicles; therefore, users of the fueling protocols should take precautions, in

a risk ass

l

the gas depending
mperature may be
le CHSS operating

J2799. The IrDA

bfined in SAE J2799 have not been Automotive "Safety Integrity Level (ASIL) or Sdfety Integrity Level

bn is achieved, the
requirements are

e station side SIL:

ailed requirements

ments and process
um requirements.

ited validation and
cluding conducting

ssment to address any possible hazards. Additionally, users of this TIR should v

erify that their own

stations and the vehicles that can be refueled at those stations fall under the assumptions of the protocols, primarily
found in Appendix A, Section A.3.

6.1
6.1.1 Location

6.1.1.1

Process Requirements for Measurement and Sensors

Station Pressure and Fuel Delivery Temperature

The sensors measuring the station pressure and fuel delivery temperature shall be located upstream of and as close as
possible to the dispenser break-away or hose connection. If the dispenser uses a static break-away, the flow length between
sensor and break-away shall be not more than 1 m. If the dispenser uses an inline break-away, the flow length between
sensor and hose connection shall be not more than 1 m.
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6.1.1.2 Ambient

Temperature

The sensor used to measure the ambient air temperature at the dispenser or station shall be protected from direct sunlight

and other radiative

6.1.1.3

and environmental effects that may affect its accuracy.

Mass Flow Meter

The mass flow meter shall be located upstream of and as close as is practically possible to the dispenser break-away.

6.1.2 Accuracy

The station pressure, fuel delivery temperature, ambient temperature, and mass flow measurement shall account for the

...... o

1
woira

sensor accuracy t
in Sections 7 and §
6.1.3 Frequency

The station pressu
exceeded and the
6.1.4 Reliability

As the station pres

the dispenser man{ifacturer should implement means to ensure their reliability. This may include redunda

such as a health s
provide guidance g

6.2 Temperature

6.2.1

The instantaneous
terminate fueling a

Although an uppe
standard protocols
the ambient temp

components does not exceed the ambient temperature (e.g., via protection from radiant heating due to ex

6.2.2 Vehicle CH

For communications fuelings, the dispenser should not fuel or should terminate fueling as soon as

5 seconds if the C}

Fuel Delivgry Temperature

Bna tha acnaral o Qa-recHHearanictn-S o O oo a-Brat l o H 1P
CTSuUTrC e ygo e Tar proCtSSTCUUTTCITICTIS T OC U U AaS o PTUTOCUT SPTUMC YTy

, are not exceeded.?

re shall be recorded at a frequency to ensure the general process requirements ir
berformance of the station can be verified.2

sure, fuel delivery temperature, ambient temperature, and mass flow measurements

gnal. If redundancy is utilized, the most conservativé value should be used. IEC 61§
n risk assessment and design of safety loops.

Process Requirements

fuel delivery temperature (Twe-inst)Shall always be greater than or equal to -40 °C. T
5 soon as possible but within 5.seconds if Trerinst is less than -40 °C.

limit on the instantaneols)fuel delivery temperature is not provided as a proces
in this document weredésigned based on the assumption that the dispenser compor
erature. The stationishould implement an approach to ensure that temperaturg

SS Gas Temperature

1SS gas temperature signal is greater than 85 °C.

cess requirements

Section 6 are not

bre safety relevant,
ncy or other means
08 and IEC 61511

'he dispenser shall

s requirement, the
ents are soaked at

of the dispenser
posure to sunlight).

pbossible but within

6.3 Pressure Pri

6.3.1

R H +.
COOSOo M\CTUUNTTTICTILS

Initial Pressure

The initial pressure is defined as Pinitial. If the initial pressure is less than 0.5 MPa or greater than the NWP, then the dispenser

shall terminate fuel

ing as soon as possible but within 5 seconds.

2 Specific sensor accuracy and frequency requirements are not specified in this TIR because it focuses on fueling protocol
requirements and minimizes station requirements. The TIR does not limit sensor options as long as all general process requirements
are maintained. Station providers should ensure that the worst-case accuracy scenario of all sensors is considered.
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6.3.2

Maximum Operating Pressure

If the station pressure exceeds the MOP, it shall terminate fueling as soon as possible but within 5 seconds. For
communications fuelings, the dispenser should not fuel or should terminate fueling as soon as possible but within 5 seconds
if the CHSS pressure is greater than or equal to 125% NWP.

6.4 Other Process Requirements

6.4.1

Pressure Class

A fueling protocol is designated by its pressure class and shall only be utilized with a coupling rated for its pressure class.
A dispenser shall not fuel a vehicle of a lower pressure class.

6.4.2 State of Cr||arge

In communications
greater than or eq
value of 95 and 10
the criteria for endi

6.4.3 Mass Flow

Each fueling protoq

Rate Maximum Class. The maximum flow rate for all fueling protocols in-ttlis document shall not exce

and 300 g/s for H
Maximum Class. T
the flow rate, and 4
5 seconds if the m
6.4.4 Cycle Con
The dispenser sha
dispenser shall no

6.4.5 Toleranceq

Station dispensers
account for the me

7. CATEGORYD

The “Category D HF

fueling, the dispenser should terminate fueling as soon as possible but within/5 seq
al to 100%. A pressure target is calculated based on an SOC target that the dispen
D. The dispenser may choose to utilize either the station pressure (Pstatign), oF vehicle p
hg the fill when the pressure target is reached.

Rate

ol in this TIR has an associated minimum and maximum.flow rate based on its press

/0. Fueling protocols are allowed to specify a lowe€r maximum flow rate according

fter the initial connection sequence, the dispenser’shall terminate fueling as soon as
pasured flow rate of the hydrogen gas exceed§’the protocol’s minimum or maximum

rol

Il not control hydrogen flow in a cyclic manner by repeatedly starting and stoppir

shall consider apprepriate tolerances in their protocol implementation methodology.

HF PROTOCOL

onds if the SOC is
ser sets between a
ressure (Pvenicie) as

ure class and Flow
ed 120 g/s for H35
to the Flow Rate

e requirement for the minimum flow rate is protocekspecific. The dispenser should continuously monitor

possible but within
value.

g the fueling. The

decrease the flow of gas below 1% of the maximum flow rate more than 10X during the main fueling
period. This requirgment includes the non-fueling.events (leak checks, bank switching, etc.) during the n

nain fueling period.

The dispenser shall
asurement tolerances on the process parameters of the fueling protocol to ensure flieling is performed
safely and accuratgly. Vehicles-that communicate to the dispenser should consider appropriate tolerang

es for their signals.

- protocol isan abbreV|at|on for “CHSS Capacny Category D HF” protocol The CHSS

D fueling protocol f

Category D protocol can be |mplemented using either of the standardlzed fuehng protocols i.e.,

t

Capacity Category

the CHSS Capacity

able-based or MC

Formula-based. However, the Category D HF protocol in this TIR is only applicable to the table-based protocol because a
HF MC Formula-based protocol (MCF-HF-G) is provided in Section 8 of this TIR.

A limited number of changes are necessary to modify the CHSS Capacity Category D protocol for higher flow rates. So,
instead of repeating all of SAE J2601_202005, this section describes the changes to the appropriate sections of
SAE J2601_202005. Even though in SAE J2601_202005, Category D is only defined for the H70 pressure class, in this
TIR, the “Category D HF” protocol is applicable to the H35 and H70 Pressure Class. Additionally, there are some

requirements for th

e Category D HF protocol which are not included in SAE J2601_202005 (see 7.3).


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 25 of 253

7.1

Classification

The Category D HF fueling protocol is classified based on the nominal working pressure (Pressure Class), the maximum
flow rate (Flow Rate Maximum Class), and the fuel delivery temperatures (Fuel Delivery Temperature Category). It is
important that the correct classifications are used for the intended application. The pressure class and Flow Rate Maximum
Class are directly tied to the coupling type, as defined in the coupling standards SAE J2600 and ISO 17268. Table 4
illustrates the Category D HF fueling protocol classifications.

Table 4 - Category D HF fueling protocol classifications

Flow Rate Flow Rate . Range of Rapge oflTalmk Range of Fuel Delivery
Pressure Maximum Maximum Coupling CHSS Sizes Sizes within Temlperatures and Fuel
Class Clasp Ctass Type (liters) i.ilU. Detivery Temperature
(Non-Cdmm) (Comm) CHSS (liters) Categories
T40D:+40 C < Truet £ -33 °C
H35 FMep FM60 H35 25t 5010800 | A30D: -40 PC < Tel < -26 °C
T20D: -40[°C < Truel £ -17.5 °C
FM60
(no OD) 248.6 1o T40D: -40 PC < Trer £ -33 °C
H70 FM6D FM90 H70 50'00 500,800 T30D: -40 PC < Truel < -26 °C
(with FM=090 in T20D: -40C < Trel < -17.5 °C
OD)

Note 1: An H35 nozzlg
Note 2: For the FM90
If the station ig

7.2 Key Assump
There are many a
assumptions can b
the fueling tables,

These assumption
lengths, and therm

can also connect to an H70 receptacle.
Class to be utilized, the vehicle shall request this by communicating FM=090 in the Optional D
not capable of fueling at a maximum flow rate of 90 g/s;.it may utilize FM=060 as the Flow R4

tions

e found in Appendix A of this TIR. Thermodynamic modeling was used to develop t
and several assumptions were made based upon feedback from the station and veh
5 were used in determining thetflow coefficients, reference pressure drop, internal/e
bl mass of the fuel dispensjng.components on the dispenser and fuel delivery compon

as well as the geonpetry and thermophysical.preperties of the largest individual tank volume in the CHSS.

are conservative (i
CHSS falling within
these bounds, then
boundaries are nof

7.3 New Require

7.3.1  Fueling Tir

e., deemed worst case) to ensure that the Category D HF protocol is appropriate f
the assumptions and*boundary conditions defined in Appendix A. If the vehicle parg
the CHSS should be validated with respect to the Category D HF protocol to ensure th
violated and that‘there are no performance or other concerns.

ments

he Indicator

ata Field (see 7.4.5).
te Maximum.

ssumptions embedded within the Catégory D HF fueling tables in Appendix G. These key modeling

he APRR values in
cle manufacturers.
pxternal diameters,
ents on the vehicle,
The values utilized
or all vehicles with
meters are outside
at CHSS operating

The dispenser sha

| utilize and record a Fueling Time Indicator or FTI. FTI determines the state of fueling. When FTl is set

to 1, fueling is proceeding as normal and the ramp pressure is advancing. When FTl is set to 0, fueling is paused (i.e., there
is no mass flow) due to an intended non-fueling event such as a leak check or a bank switch. The dispenser shall determine
when a pause is appropriate. For example, a dispenser may decide to set FTI to 0 during a bank switch, which may only
take a couple of seconds to complete, or alternatively, it may decide to leave FTI set to 1 during a bank switch. FTl is utilized
in 7.3.2.2 for determining when the minimum mass flow rate requirement is enforced. FTl is also utilized for the validation
of the protocol function in a dispenser, for example using the protocol validation standard CSA/ANSI HGV 4.3.

FTI shall only be set to 0 for the purpose of an intended non-fueling event. Furthermore, each time that FTl is set to 0, the

mass flow rate sha

Il fall below 1% of the FM value for at least 1 timestep during the period that FTI = 0.
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7.3.2 Flow Rate
7.3.2.1 Maximum Flow Rate

The Category D HF fueling protocol is designed to not exceed the Flow Rate Maximum value of the Flow Rate Maximum
Class (FM###). The Category D HF protocol utilizes the FM Classes shown in Table 4. However, the dispenser should
continuously monitor the flow rate, and after the initial connection sequence, the dispenser shall terminate fueling as soon
as possible but within 5 seconds if the measured maximum flow rate of the hydrogen gas exceeds the FM value.

7.3.2.2 Minimum Mass Flow Rate

The Category D HF fuelmg protocol |mposes a minimum mass flow rate WhICh is a function of the CHSS capacity. Except
during intended nop o e-in Table 5 for more
than 10 seconds, the dlspenser shall termmate fuelmg as soon as p033|ble but W|th|n 5 seconds In the Category D HF
protocol, an FTl is used to identify intended fueling time (FTI = 1) and intended non-fueling time (ET= D), so the minimum
flow rate requiremgent applies when FTI = 1. See 7.3.1 for details on FTI. Interpolation shallbe usefl to determine the
appropriate minimym flow rate for CHSS capacities in between those listed in Table 5. If the CHSS capadity is indeterminate
(ND), the minimum| flow rate requirement shall be 1.25 g/s.

Table 5 - Minimum flow rate requirement

CHSS Capacity Minimum Flow Rate
(liters) (grams per' second)
ND 1.25
250 1.25
500 2.5
750 3.75
1000 5.0
1500 7.5
22000 10.0

7.4  Application df the Category D HF Fueling Protocol

To apply the table-pased Category D HF protocol, implement the changes below. All other requirementg for the application
of the table-basefd Category D HF .are the same as defined for the CHSS Capacity Categpry D protocol in
SAE J2601_202006. The Category D in" SAE J2601_202005 is defined for H70 only; however, thig TIR introduces a
definition for H35, pnd therefore, a CHSS volume of 248.6 L and above shall be considered as Categpry D for both H70
and H35.

741 SAE J2601_202005;.8.7.1 - Determination of Fueling Table and Fueling Parameters

The Category D HF Fueling Tables in Appendix G of this TIR shall be substituted for the Category [D fueling tables in
Appendix D of SAE J2601 202005. The replacement matrix is shown in Table 6, depending on the largest tank volume
(TVL) in the CHSS. TVL can only be determined via communication through the OD field, as defined in 7.4.4. If TVL is not
communicated in the OD field, TVL shall be set to 800 L to ensure that the most conservative APRR is utilized.
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Table 6 - Matrix correlating Category D tables from SAE J2601_202005 to Category D HF tables in SAE J2601-5

SAE J2601-5 Category D HF
Fuel Delivery SAEéJaZtGeOL?Z?JZOOS Lookup Table from Appendix G
Comm/Non-Comm TeCrT;?:riture Looku% Tgble TVL<250L 250 L<TVL <800 L
9% | from Appendix D s | H35FMEO | MO | H35 FM6O
T40D Table D37 Table G1 Table G13 Table G2 Table G14
Non-Communications T30D Table D38 Table G3 Table G15 Table G4 Table G16
T20D Table D39 Table G5 Table G17 Table G6 Table G18
T40D Table D40 Table G7 Table G19 TabJe 38 Table G20
Communications T30D Table D41 Table G9 Table G21 Table G310 | Table G22
T20D Table D42 Table G11 Table G23 Jiable G12 | Table G24
Replace the formula for APRRcacuiated in Equation 5 in 8.7.1 of SAE J2601_202005 with Equation 2:
APRR sqtcutatea = gy X 28.5 x ~42ionl (Eq. 2)

The term “FM” in B
value for non-comi
the OD field, as de]
dispenser may utili

7.4.2 SAE J260
The following shall
Non-communicatio
7.4.3 SAE J2601
Replace 8.9.4.2 (“L
For the Category O
VN=01.10 and VN
defined in SAE J27
between zero and

The dispenser sha

quation 2 is the Flow Rate Maximum value associated with\the Flow Rate Maximum|
hunications fueling and communications fueling is FM=060. For H70, if the vehicle tr
fined in 7.4.5, then FM can be set to 90. Note that ifithe’station is not capable of fuel
re FM=060.

202005, 8.8 - Non-Communications Fueling

be added to the start of 8.8 of SAE J2604"202005:
ns fueling shall use the CHSS Capacity Category D HF fueling protocol with an FM v
202005, 8.9.4.2 - Data Cotamiunications Software Version Number
pata Communications Software Version Number”) with the following:

HF fueling protocol;-the following are the communication version numbers:
F02.XX arevalid communications protocols. VN=01.10 is defined in SAE J2799 20
99 202406, and VN=02.XX may be defined in subsequent revisions to SAE J2799,

hine.

| detfuel the vehicle if the Version Number from the vehicle does not match VN=01.1

Class. The default
ansmits FM=090 in
ng at FM=090, the

alue of 60.

1912, VN=02.00 is
where X is a value

0 or VN=02.XX.

744

SAE J2601_202005, 8.9.4.3 - Tank Volume

Replace 8.9.4.3 (“Tank Volume”) with the following:

Software Version Number VN=01.10, Range: 0000.0 to 5000.0.

Software Version Number VN=02.00, Range: 0000.0 to 9999.9.

The vehicle shall transmit the total water volume of the CHSS in liters at the nominal working pressure to the dispenser.
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7.4.5 SAE J2601_202005, 8.9.4.8 - Optional Data
Replace 8.9.4.8 (“Optional Data”) with the following:
7.4.5.1 Flow Rate Maximum (FM) Data Requirements

In order for the dispenser to utilize a Flow Rate Maximum Class of FM90, the vehicle shall request this by communicating
FM=090 in the OD field. If the vehicle does not transmit FM=090, the dispenser shall default to a Flow Rate Maximum Class

of FM60 and set the Flow Rate Maximum value to FM=060.

7452

in liters to the near
the largest tank vo

7453

Tank Volume Large (TVL) Data Requirements

Field. The nomenclature for this value is TVL=####, where #### is the largest tani
pst integer value. This value is utilized in choosing the appropriate fueling table Jf\FVL
ume shall be set to 800 L, as this results in selecting the most conservativefueling ta

Data Foqmatting Requirements

The formatting of tiis data in the OD field shall follow the rules set forth in SAE J2799 202406, VN=02.

revision of SAE J2]

99 using VN=02.XX. The OD Header shall be COMMON or CATDHF24. Examples &

|OD=COMMON,FM=090,TVL=0240\|

|OD=COMMON,FN=090\|

|OD=COMMON, T\
|OD=CATDHF24,F
|OD=CATDHF24,F

|OD=CATDHF24,T

L=0240\|
M=090, TVL=0240\
M=090\|

VL=0240\|

If there are data figlds in the data block other_ than FM or TVL, they are not relevant to this fueling pr

ignored.

NOTE 1: The use
completg

NOTE 2: There is

746 SAE J260

of the COMMON-data block with all fields provided is the preferred format since thig
and provides theleast chance of misinterpretation.

no requirement on the order of the data parameters FM and TVL. FM may precede T

_ 202005, Appendix B, Figure B5 - Fueling Process Check Subroutine

lume in the CHSS,

volume measured
L is not transmitted,
ble.

D0 or a subsequent
re provided below.

btocol and shall be

format is the most

VL and vice versa.

The decision stater

£
LIE™.

L wel PRt | = L B ol Q. " £ 1 e e
ICITUTOT TTOW Tdie 1T UIe mucliny rTottss UINCUR oUDTOULTTE TUOWUTTAIT T Hgure bo U

shall be replaced with the following (where ### is the “FM” value):

< ### gls

Flow Rate

AE J2601_202005
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8. MC FORMULA HIGH FLOW GENERAL PROTOCOL

The MCF-HF-G fueling protocol uses the dispenser fuel delivery temperature and pressure, ambient temperature, CHSS
capacity, the largest tank volume in the CHSS, and initial pressure to calculate appropriate fueling parameters, in real-time
for the duration of the fill. Modeling has been used to derive the parameters utilized by the MCF-HF-G protocol in order to
optimize the fueling performance while ensuring that the process requirements of Section 6 are satisfied at all times. The
key modeling assumptions are presented in Appendix A.

The dispenser selects the appropriate parameters based on the initial pressure, the CHSS capacity (Vchss), the largest tank
volume (TVL), and the ambient temperature (Tamp). These are used to calculate the PRR and target pressure, which are
both updated periodically throughout the fill.

communications fu Iing target pressure corresponding to the target SOC. However, the MCF-HE-G protcol also calculates
a limit pressure to gnsure that the CHSS stays within its operational boundaries. SAE J2799(defines the fueling messages
utilized for commupications fuelings. See 8.11, which defines the use of the communications signals [for the MCF-HF-G
protocol.

The MCF-HF-G fugling protocol flowcharts and control logic are detailed in Appendix B. The subroutines containing the
equations and coefficients utilized are detailed in Appendix C. Appendices B and'C’are normative.

8.1 Classificatio

The MCF-HF-G fugling protocol is classified based on the nominal working pressure (Pressure Class),[the maximum flow
rate (Flow Rate Maximum Class), and the fuel delivery temperatures (Fuel Delivery Temperature Catggory). The fueling
protocol control parameters and process limits are a functionCof the classification, so it is importapt that the correct
classifications are lised for the intended application. The pressure class and Flow Rate Maximum Clasg are directly tied to
the coupling type, 3s defined in the coupling standards SAE-32600 and ISO 17268. Table 7 illustrates thel MCF-HF-G fueling
protocol classifications (note that the H70HF coupling type-has not yet been defined in a standard).

Table 7 - MCF-HF-G fueling protocol classifications

Flqw Rate Flow Rate Range of Range of Tank
Pressure Mgximum Maximum Coupling 9 ange ot Rangg of Fuel Delivery
X CHSS Sizes | Sizes within the
Class Class Class Type (liters) CHSS (iiters) Temperatures (MATc)
(Non-Comm) (Comm)
FM60 FM60 H35 248.6 to 5000 50 to 800 40 °C<MATC=<0°C
H35 H35MF or -40 °C < MATC <
FM120 FM120 H35HF 248.6 to 7500 50 to 1000 20 °C
FM60
(no OD)
FM60 FM90 H70
H70 (with 248.6 to 5000 50 to 800 -40°C<MATC=<0°C
FM=090 in
OD)
FM300 FM300 H70HF

Note 1: An H35 nozzle can also connect to an H70 receptacle.

Note 2: For the FM90 Class to be utilized, the vehicle shall request this by communicating FM=090 in the Optional Data Field (see
8.11.6.8). If the station is not capable of fueling at a maximum flow rate of 90 g/s, the dispenser may utilize FM060 as the
Flow Rate Maximum.
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8.1.1  Application of the H35 FM60 Fueling Protocol

The MCF-HF-G H35 FM60 fueling protocol is comprehensively defined in this TIR. An alternative application of the H35
FM60 fueling protocol is to utilize the MC Formula fueling protocol as defined in SAE J2601_202005. In this alternative
application, the MC Formula CHSS Capacity Category D fueling protocol is utilized with the MC Method ending pressure
control option, replacing Equation J38 with Equation J39 and utilizing the H35 pressure class for Equations J82, J83, and
J84. The MCF-HF-G H35 FM60 fueling protocol is the preferred application because the assumptions and boundary
conditions have been specifically designed for medium and heavy-duty vehicles and are more comprehensive than those
in SAE J2601_202005. However, in cases where a dispenser manufacturer has already programmed and implemented the

MC Formula CHSS Capacity Category D fueling protocol, the alternative application is acceptable.

8.2 Key Assump

tions

There are many as
for derivation of th
modeling was used
station and vehicle
drop, internal/exter
delivery componen
tank in the CHSS.
appropriate for all

these bounds, ther
boundaries are not

8.3 Precautions

sumptions embedded within the design of the MCF-HF-G fueling protocol and utiliz
e control parameters. These key modeling assumptions can be found in Appendix

to develop the control parameters, and several assumptions were made based - Upory
manufacturers. These assumptions were used in determining the flow coéfficients,
nal diameters, lengths, and thermal mass of the fuel dispensing compenents on the
ts on the vehicle, as well as the geometry and thermophysical properties of the larges
The values utilized are conservative (i.e., deemed worst case) to ensure that the MC
ehicles meeting the protocol requirements described in Section,5)[f the vehicle para
the CHSS should be validated with respect to the MCF-HF-G\protocol to ensure th
violated and that there are no performance or other concerns.

The H35 FM120 M

F-HF-G fueling protocol is designed for vehicles.utilizing an H35 Pressure Class CH

or H35HF coupling which is not interoperable with any other coupling geometry. At the time of publica
the attention of the |SAE Interface Task Force that some HD vehicles in certain regions may install both a
receptacle and an [H70 or H70HF receptacle on a vehicle utilizing an H70 Pressure Class CHSS. This
arrangement, and p vehicle using this receptacle arrangement can fuel at an H35 FM120 dispenser u

ed in the modeling
A. Thermodynamic
feedback from the
reference pressure
dispenser and fuel
t volume individual
F-HF-G protocol is
meters are outside
at CHSS operating

SS and an H35MF

']:on, it has come to

H35MF or H35HF
is not an expected
p to an H35 target

pressure and then| subsequently fuel at an H70 FM60,"FM90, or FM300 dispenser up to an H70 taiget pressure. This

subsequent fueling|can potentially result in the CHSS'gas temperature exceeding 85 °C. For regions whe
this dual receptaclg arrangement are operating,chydrogen stations which provide both an H35 FM12(
H70 FM60, FM90,| or FM300 dispenser shoudld~implement countermeasure(s). One such countermesq
non-communicatioh pressure target of the H70 dispenser to 55 MPa. Fueling simulations show that th

re vehicles utilizing
dispenser and an
sure is to limit the
is countermeasure

prevents the CHS$ gas temperature froem~exceeding 85 °C during a subsequent fueling without communications. Other

countermeasures ¢an also be applied:!

8.4 General Hydrogen Fueling:Requirements
Stations using the MCF-HF~G-fueling protocol shall meet all of the applicable requirements in Section 6

8.4.1  Station Depignators

Table 8 illustrates the fuel delivery temperature categories for the MCF-HF-G protocol. A dispenser is defined by the
pressure class and its fuel delivery temperature capability. For example, the fuel delivery temperature category for the range
from -40 to -33 °C is designated as T40. There are six fuel delivery temperature categories, designated by T40, T30, T20,
T10, TO, and TA. Although a station may offer different fuel delivery temperature categories with multiple dispensers, it is
recommended that stations utilize common fuel delivery temperature categories for all dispensers.

MAT30 represents the mass average of Trel calculated starting after a total of 30 seconds of mass flow have elapsed. MAT3o
is defined in more detail in SAE J2601_202005, Appendix H, H.2.4. The fuel delivery temperature category “T” for the
MCF-HF-G protocol is based on the capability of the station to achieve a value of MAT3o at the end of the fueling event
within the range shown in Table 8. Note that the “T” designation is only a “rating” which provides an indication of the station’s
expected fuel delivery temperature and, thus, fueling performance. The MAT30 fuel delivery temperature does not have to
stay within a specified “T” range as the protocol can function anywhere within the range of MAT values allowed in Table 8.
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The “A” in the fuel delivery temperature category TA stands for ambient temperature. Note, however, that the H35 FM120
MCF-HF-G TA is limited to a maximum fuel delivery temperature of 20 °C.

Table 8 - Fuel delivery temperature categories

~40°C 233°C 26°C Z175°C | —10°C 0°C
Fuel Delivery < MAT,, | <MAT,, | < MATy, < MAT,, | <MATy, | < MAT;,
Temperature Category <-33°C < -26°C < -17.5°C <-10°C <0°C <20°C
Station | H35Pressure Class | 135 140 | H35.T30 | H35-T20 | H35-T10 | H35-TO N/A*
Designator FM60
Station | H35 Pressure Class | 135 140 | H35.T30 | H35-T20 | H35-T10 | H35-TO H35-TA
Designator FM120
Station H70+Pressuretiass %
Dosinator | FMBOIMOOEMa00 | F70-T40 | H70-T30 | H70-T20 | H70-T10 | H704Ip N/A

* Fuel delivery tem

1 MPa/min, except for very cold ambient temperatures.

8.4.2
See 8.4.2.1, which

8.4.2.1  Fuel Del
For any fuel delive
fuel delivery tempg
the requirements o

MATc is calculated
under C.3.9.2. If th
for a minimum of 9
and Pstartup set to th

Fuel Delivgry Temperature

very Temperature Tolerance

'y temperature category, Trerinst Shall always be =-40 2€\and MATexpected and MATc
rature used for control - see C.3.9.2 and A.2.1.4) shalmeet the requirements of E

For H35 EM120:
~20°C < MATerpectea < 20 °C
MAT,; < 20°C
For H35 EM60 or H70 FM60 / FM90 / FM300:
—33°C < MATexpectea < 0°C

MAT; <0°C

b station-cannot meet these requirements, the dispenser shall do one of the following:

but within 5 secon

s =1f option (a)-is utilized,the station should ensure that the cooling-system isfunc

defines the fuel delivery temperature requirements for the MCF-HF+G fueling protocol.

beratures greater than 0 °C are not allowed for the H70 Pressure Class because the PRRywoUld be less than

(the mass average
quations 3 and 4. If

f Equations 3 and 4 are not met, fueling should stop.as soon as possible but within 5{seconds.

(Ea. 3)

(Eq. 4)

accordingto:Equation C65 in the Mass Average Calculation of the Fuel Delivery Temgerature Subroutine

(a) pause (no flow)

D secends before resuming the fill with the main fueling time t and parameters n, j, and i set back to zero
emost recent station pressure prior to resuming the fill; or (b) terminate the fueling gs soon as possible

and shall limit the number of occurrences to no more than two.

ioning as intended

NOTE: During the first 30 seconds of mass flow in the main fueling time, the dispenser should monitor the rate of change
of the instantaneous fuel delivery temperature Trel-inst to ensure that it is decreasing at a rate which is expected. By
doing so, the dispenser might be able to detect a fault condition at an earlier time than waiting until the full
30 seconds of mass flow has elapsed.
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8.4.3 Startup Time

8.4.3.1 Maximum Hydrogen Mass during Startup

The total mass of hydrogen transferred to the vehicle during startup shall be less than 500 g. This amount of hydrogen is
not intended to allow for an accurate measurement of the CHSS volume but is intended to provide an upper limit for the
amount of mass transferred during the connection pulse.

8.4.4 Flow Rate

8.4.4.1 Maximum Flow Rate

A LHAA-HAA-

all [V ETRTETA,
AT T Ot

-v-vy-awi
aASS\T v ) TS

nnnnnn

MCF-HF-G utilizes
and after the initial
s if the measured

The MCF-HF-G fu
the FM values shqg
connection sequer
maximum flow rate

wn in Table 7. However, the dispenser should continuously monitor the flow rate]
ce, the dispenser shall terminate fueling as soon as possible but within 5 secend
of the hydrogen gas exceeds the FM value.

8.4.4.2 Minimunm Mass Flow Rate

The MCF-HF-G fugling protocol imposes a minimum mass flow rate which is a function ‘of the CHSS capacity. Except during

intended non-fuelin
10 seconds, the di
FTI is used to iden
requirement applie

g time, if the mass flow rate measured by the dispenser falls below the value in Ta
spenser shall terminate fueling as soon as possible but within 5\seconds. In the MCH
tify intended fueling time (FTI = 1) and intended non-fueling time (FTI = 0), so the
s when FTI = 1. See C.3.6 for details on FTI. Interpolation shall be used to determ

ple 9 for more than
-HF-G protocol, an
minimum flow rate
ne the appropriate

for CHSS capacities in between those listed in Tablg 91f the CHSS capacity is indeferminate (ND), the
requirement shall be 1.25 g/s.

minimum flow rate
minimum flow rate

Table 9 - Minimum flow(rate requirement

CHSS Capacity~Minimum Flow Rate
(liters) (grams per second)
ND 1.25
250 1.25
500 2.5
750 3.75
1000 5.0
1500 7.5
>2000 10.0

8.5 CHSS Capatity
To utilize the MCFtHF-G-fueling protocol, a vehicle shall have a CHSS capacity and individual tank vo
indicated in Table|7-The total CHSS volume and largest individual tank volume are utilized by the
protocol to select the proper tinal table.

umes in the range
MCF-HF-G fueling

The CHSS volume may be determined by a volume measurement or may be determined via communications as the data
field TV. The largest tank in the CHSS shall only be determined via communications through the Optional Data Field (see
8.11.6.8). If communications fueling is not utilized, or the vehicle does not communicate the TVL, then the TVL shall be
assumed to be 1000 L for H35 FM120 and 800 L for H35 FM60 or H70 FM60/FM90/FM300, respectively. The tfinal table
shall be selected based on the TVL value.

If the CHSS volume is measured, the measurement method should target an accuracy of at least +15%. The volume
measurement has two purposes: (a) to determine if the CHSS volume is within the range allowed by the MCF-HF-G fueling
protocol according to Table 7; and (b) to select the correct tinal table. When the volume measurement is used for selecting
the correct tinal table, the measurement method shall stack the tolerances of the measurement parameters in such a manner
that the volume measurement is the largest possible because this is the most conservative approach.
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The MCF-HF-G fueling protocol provides a CHSS Volume Measurement Method in Appendix C, C.3.7, and which is further
explained in Appendix F. This volume measurement method provides a conservative volume measurement approach which
should meet the targeted accuracy. To achieve the targeted accuracy, the volume measurement shall be conducted during
the main fueling time. The main fueling begins by using the most conservative tinal table, and once the CHSS volume has
been measured, the correct tina table is determined and utilized for the remainder of the main fueling time. This methodology
is new and has not been validated in the field. Users should validate the accuracy over the full range of CHSS anticipated
at the station.

If the CHSS volume is not measured or determined, the corresponding conservative tina table in Appendix D shall be
selected. The conservative tinal tables in Appendix D provide the most conservative (longest) tfinal values from all of the tfinal
tables.

NOTE: An additio

nal canfirmation of the CHSS volume for communications fuelina can be imnleme
) g

ted by utilizing the

Integrity C
8.6 Pressure Re
8.6.1 Initial Pres

The initial pressur¢ is measured by the dispenser (see 3.7.3) and shall be used as_PRinitai when apply

protocol. A commu
is acceptable provi

For the H35 FM60
dispenser shall ter
protocaol, if the initi
soon as possible b

8.6.2
8.6.2.1

During the main fu
frequency of once

boundary of a pres
upper pressure lim
FM120, and 1 MPz

is a discretionary s

Utilizing a lower va

During the main fu

The objective is for

possible. Due to the
good engineering |
time, the upper pre

Station Pre

Station H

heck method described in Appendix L of SAE J2601_202005.
Quirements

sure

hicated pressure from the vehicle less than the minimum allowed-pressure prior to th
Hed the initial pressure measured after the connection pulseexceeds the minimum a

FM120 MCF-HF-G protocol, if the initial pressure is less.than 0.5 MPa or greater tha
Mminate fueling as soon as possible but within 5 seconds. For the H70 FM60/FM90/
bl pressure is less than 0.5 MPa or greater than 70 MPa, then the dispenser shall t
ut within 5 seconds.

ssure Corridor

ressure Tolerance

every second. The ramp pressure is utilized to calculate an upper pressure limit whi
sure corridor. An upper pressure tolerance APl high is added to the ramp pressure P
it Pimit_nigh, and the lower.pressure limit is based on a PRR of 0.75 MPa/min (0.01
/min (0.0167 MPa/s)fer H35 FM60 or H70 FM60/FM90/FM300. The upper pressurg
etting within an allowed range. The dispenser shall set APl nigh at a value within the ré
ue decreases thefueling time (see C.3.1.2 and Equation C24).

eling time; the dispenser shall maintain the station pressure within the upper and loy
the dispenser to control the station pressure in a manner which follows the ramp pre
e potentially wide range of the pressure corridor, the dispenser should control the pre
ractlces avordrng rapld and Iarge changes in pressure Durlng the first 15 seconds

ng the MCF-HF-G
e connection pulse
lowed value.

n 35 MPa, then the
FM300 MCF-HF-G
brminate fueling as

eling time, the MCF-HF-G protocol calculates a pressure ramp rate PRR and ramp pressure Pramp, at a

ch forms the upper
amp tO calculate the
25 MPa/s) for H35
tolerance APtol_high
nge of 3 to 7 MPa.

ver pressure limits.
ssure as closely as
ssure according to
of the main fueling

ih fueling time, both

the upper and lower pressure limits are applled If the statlon pressure exceeds the upper pressure I|m|t by 5 MPa or less,
it shall come back within the limit within 5 seconds of the initial excursion or shall stop fueling within 5 seconds of the initial
excursion. If the magnitude of the excursion is greater than 5 MPa, the dispenser shall stop fueling within 5 seconds of the
initial excursion. If the station pressure falls below the lower pressure limit, it shall come back within the limit within a total
of 15 seconds of the initial excursion, not counting intended non-fueling time, and if it does not, the dispenser shall stop
fueling within a total of 15 seconds of the initial excursion.
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Upper pressure limit:

where:

Piimit_nigh = Pramp + APtol_high

Lower pressure limit:

where:

Plimitflow = Pstartd

Pstation < Pliimit_nigh (Eq. 5)
APl nigh = discretionary setting between 3 and 7 MPa
H35 FMT120 = Phstation 2 Plimit_low (Eq 6)
b +0.0125 x t
H35 FM60 or H70 FM60 / FM90 / FM300 = Pstation = Riimit_iow (Eq. 7)

where:
Plimitilow = Pstarty
An illustration of th

NOTE: Although t
continuous

In the MCF-HF-G

period elapsed tim
the ramp pressure

SAE J2601_20200

b+ 0.0167 x t

e pressure corridor is shown in Figure 4 for a fueling without intended non-fueling tim

o

ne pressure limits are illustrated as straight lines, their slopes will vary with the PRR, which is tuned
ly as part of the MCF-HF-G protocol.

brotocol, intended non-fueling time (e.g:; for bank switch or leak check) is included fin the main fueling
b t (i.e., t continues to advance during*intended non-fueling time). During the intendgd non-fueling time,
s held constant, but the PRR continues to be calculated. Once the intended non-fuelirjg time has passed,
the fill resumes at the most recently calculated PRR:

5, Appendix H, H.2.6.2 provides a more detailed explanation of the pressure corridor|and its derivation.

Pressure

A

P startup

» Time

Figure 4 - lllustration of pressure corridor limits for MCF-HF-G fueling protocol
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8.7 Cycle Control

The dispenser shall adhere to the cycle control requirements of 6.4.4. If the CHSS volume measurement described in 8.5
and C.3.7 is utilized, the pause in flow required for this measurement does not count against the ten-cycle limit.

8.8  “Abort” Signal from Vehicle

If the dispenser is capable of communications, whether the fueling procedure is using communications or not, the dispenser
shall continue to monitor the communications interface and shall terminate fueling upon detection of an “Abort” signal from
the vehicle as soon as possible but within 5 seconds. The vehicle may use the “Abort” signal to stop the fueling for any
reason. This allows the vehicle to monitor the fueling process and complement the station operation with a secondary layer
of control.

8.9 MCF-HF-G Kueling Flowchart

Figure 5 illustrates|a general flowchart for communications and non-communications fueling. Mare detajled flowcharts with
subroutine referenges are contained within Appendix B, and complete descriptions of these stbroutings with all required
formulas are contajned within Appendix C. Appendices B and C are normative.
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Figure 5 - General flowchart for the MCF-HF-G fueling protocol
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8.9.1 Dispenser Startup

The Dispenser Startup process is illustrated by a flowchart found in Appendix B, Figure B2, and the formulas utilized are
detailed in the Dispenser Startup Subroutine, found in Appendix C, Section C.2. The dispenser shall pass the Dispenser
Startup Subroutine, or if it fails, shall end the fueling.

At the start of fueling, the dispenser shall monitor the communications interface for SAE J2799 signals. If no signal is present
or if signals received do not pass the Physical and Functional Requirements, as defined in SAE J2799 (and Figure B1),
then the dispenser shall apply the non-communications fueling procedure as described in 8.10. If a signal is present and
passes the Physical and Functional Requirements, then the dispenser should apply the communications fueling procedure
as described in 8.11.

NOTE: In Figure (5 igal and Functional
Requirems nts check, based on the dispenser fueling methodology.
8.9.2 Fueling Prpcess

Once the dispensgr has passed the Dispenser Startup Subroutine, it has the information (ambient femperature, initial

CHSS pressure, C
execute the fueling
illustrated in Appen
Section C.3.

8.10 Non-Commuy
All dispensers usin

The non-communi
dispenser. For a gi

HSS capacity category and largest tank volume category, expected MAT, etc.) it requ
process as described in the Fueling Process Subroutine. The Fugling Process Sub,
dix B, Figure B3, and the formulas utilized in the Fueling Process‘Subroutine are deta
nications Fueling

g the MCF-HF-G fueling protocol shall have the ability to fuel without communication

ations fueling MCF-HF-G fueling protocol assdmes that no data is being passed fror
en CHSS volume, largest tank volume, ambient temperature, and fuel delivery tempe

resulting PRR are the same as in the communications fueling*procedure (except with non-communicatio

is unknown and al
separate target pre

8.10.1 Fueling Pr

The non-communig
process flowchart
Subroutine). For a
to the dispenser th

For non-communic
be accurately meg
beginning of the n
Table D72 for H35
expected to fuel at

vays assumed to be the largest possible). The primary difference is the end of fue
ssure.

pcedure

ations fueling process uses the general description discussed in 8.9. The dispenser §
as represented in Appendix B, Figures BO (Fueling Overview Subroutine) and B
hon-communicatiens.fueling, the flag variable “Indicator Comm Fill” shall be set to FA
At the non-communications fueling pressure target shall be used to end the fill.

ires and shall then
routine flowchart is
iled in Appendix C,

5 from the vehicle.

n the vehicle to the
rature, the tinal and
ns fueling, the TVL
ing is defined by a

hall use the fueling
(Fueling Process
| SE. This indicates

ations fueling, the CHSS volume is unknown at the beginning of the main fueling time
sured during the startup time. The CHSS volume is measured during the main f
hain fueling time, the conservative tina table from Appendix D (see Table D36 fa
FM60 or H70 FM60/FM90/FM300) is utilized and an assumptlon is made about the la

because it cannot
eling time. At the
r H35 FM120 and
gest CHSS volume

e fueling rate at the

beginning of the main fueling time is based a conservative tfinal value from the ffinal table and a conservative tfnal_min vValue.
The CHSS volume is measured according to the CHSS Volume Measurement Method in C.3.7. After the CHSS volume has
been measured, the correct tinal table is selected and a correct tinal_min Value is calculated, and these parameters are utilized
for the remainder of the fueling. Note that the CHSS Volume Measurement Method is optional. If the CHSS volume is not
measured, then tinal min is based on the largest CHSS volume expected to fuel at the station for the entire main fueling
period.
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8.10.2 End of Fueling

For non-communication fuelings, an optional Ko method can be used to calculate a synthetic measured pressure MPcarc (see
C.3.8 and E.3.3 for additional information on the calculation of MPcalc).

If the Ko method is not utilized, the non-communications fueling shall end when the station pressure equals the
non-communications fueling target pressure Prarget non comm. The station pressure shall be compared to the
non-communication target pressure at least once every 100 ms, as specified in C.3.14.

If the Ko method is utilized, the non-communications fuelings shall end when the synthetic measured pressure MPcac equals
the non-communications fueling target pressure Ptarget_non_comm. The synthetic measured pressure shall be compared to the
non-communication target pressure at least once every 100 ms, as specified in C.3.14. Additionally, the dispenser shall
take appropriate re (Ptarget_non_comm).

asuras toansura-that tindar all conditions P do.
S StH-85—t0-6HSHH-EB-tHat+ UG ran RetHoRS;

e es notaxceadthetaraet nrasst
—vehcte-ao8S1H0+t tHe-ta+-get+pt

NOTE: The Ko me
of CHSS a

hod is new and has not been validated in the field. Users should validate the ac¢uracy
hticipated at the station.

over the full range

the MC Method, or
kplanation of these

The MCF-HF-G protocol allows for two ending pressure control options to determine Ptargét=non’ comm: (a)
(b) Ending Pressute Tables. Refer to Appendix H, Section H.3 of SAE J2601_202005 for a detailed e
two ending pressufe control options.

8.11 Communicatjons Fueling

The communicatio provide information

from the vehicle to

ns MCF-HF-G fueling protocol shall use the IrDA signals.as defined in SAE J2799 to
the dispenser.

If applicable, the uge of communications should consider 5.4, as well‘as local codes.

8.11.1 Fueling Prpcedure
The communicatio
process flowchart
“Indicator Comm F

ns fueling process uses the general description discussed in 8.9. The dispenser shall use the fueling
as represented in Appendix B, FKigures BO and B3. For communications fuelingg, the flag variable
II” shall be set to TRUE.

8.11.2 Establishirlg Communications

The dispenser she
process. To prever
communications as
Once communicati

Il attempt to receiveicommunications from the vehicle, based on SAE J2799, thrd
t communications-faults while the user is connecting the fueling nozzle, the dispense]
having been fully-established until the nozzle is in place and the fueling startup pro

ughout the fueling
r shall not consider
cedure has begun.

pns are established, the dispenser shall proceed to fuel using the communications fugling process for as

long as valid signals continueto be received.

8.11.3 Loss of Cdmmuhnications

If the data signal frerrthe-vehicle-islost-orfails-the-Physical-and-Functional- Requirements—as-defined

n SAE J2799 (see
Figure B1), then the dispenser shall terminate fueling as soon as possible but within 5 seconds or shall optionally set the
flag variable “Indicator Comm Fill” to FALSE and continue fueling the vehicle using the non-communication target pressure
Ptarget_non_comm, @assuming the dispenser determines it is appropriate to continue with fueling after the loss of the fuel command
signal.
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8.11.4 Communications Overfueling Density Limit

A pressure limit is determined for communications fueling, Pimit_comm. This pressure limit value is used as a secondary means
of protection to limit the over fueling density in the event of a fault in the CHSS measured temperature MT, which causes
the communications fueling pressure target to be incorrect. The determination of Piimit_comm depends on the ending pressure
control option utilized. For the Ending Pressure Tables option, Piimit_comm is looked up from a set of pressure limit tables. For
the MC Method ending pressure control option, Pimit_comm is calculated based on a cold case gas temperature Tcoid and a
maximum density corresponding to 115% SOC. Refer to Appendix H, H.3.1.4 of SAE J2601_202005 for the rationale and
further detail.

8.11.5 End of Fueling

The dispenser mayuse-vehicle-data-nchuding-the-communicated-CHSStemperature-te-caleulate-the-semmmunication target
pressure and shodld end the fueling at a pressure corresponding to an SOC of 95 to 100%. All corhiunications fuelings
shall end when the|vehicle pressure equals the calculated communication target pressure Ptarget_comm-0r when the station or
synthetic measured pressure MPcac equals the limit pressure Piimit_comm.

8.11.6 Communidations Data Fields Definition
SAE J2799 defineq the IrDA communications data fields. This section defines their valles and use for thef MCF-HF-G fueling
protocol. The data fields to be sent from the vehicle to the dispenser are listed below'and described in thg following sections.
They should be pldced in the order as follows:
ID: Protocol Identifler

VN: Version Numbgr

TV: Total Volume
RT: Receptacle Type

FC: Fueling Command

MP: Measured Pressure
MT: Measured Temperature
OD: Optional Data

8.11.6.1 Data ComnmunicatiomProtocol Identifier

ID=SAE _,J2799|

used after SAE in
atch.

The vehicle shall transmit the Protocol Identifier ID=SAE J2799. The “_” symbol is to denote a space an
the identifier. The di N 7 f

8.11.6.2 Data Communications Software Version Number
For the MCF-HF-G fueling protocol, the following are the communication version numbers:

For all fueling protocols except the H35 FM120, VN=01.10 and VN=02.XX are valid communications protocols. For the H35
FM120 fueling protocol, VN=02.XX is a valid communications protocol. VN=01.10 is defined in SAE J2799_ 201912,
VN=02.00 is defined in SAE J2799 202406, and VN=02.XX may be defined in subsequent revisions to SAE J2799, where
X is a value between zero and nine.
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For all fueling protocols except the H35 FM120, the dispenser shall not fuel the vehicle if the Version Number from the
vehicle does not match VN=01.10 or VN=02.XX.

For the H35 FM120 fueling protocol, the dispenser shall not fuel the vehicle if the Version Number from the vehicle does
not match VN=02.XX.

8.11.6.3 Total Volume
Software Version Number VN=01.10, Range: 0000.0 to 5000.0

Software Version Number VN=02.00, Range: 0000.0 to 9999.9

The vehicle shall trepsmitthetetabwatervolame-ofthe-CHSSHriters-atthe-reminalworkdngpressure+o the dispenser.
8.11.6.4 Receptatle Type
|RT=H35]| or |RT=H 70|

The vehicle shall tfansmit the pressure class of its CHSS, as defined in 3.7.9. The dispenser shall not fispense fuel if the
RT is less than the|pressure class of the nozzle.

8.11.6.5 Fueling Command
The vehicle shall uge the following fueling commands:
|FC = Dyna|

When the vehicle fransmits |FC = Dynal|, the dispenser shall dispense fuel based on communications| fueling as defined
in 8.11.

IFC = Stat|

|FC = Stat| shall n¢t be used. If this command iseceived by the dispenser, the dispenser shall terminate fueling as soon
as possible but within 5 seconds.

IFC = Halt]

|[FC = Halt| shall n¢t be used. If this'command is received by the dispenser, the dispenser shall terminate fueling as soon
as possible but within 5 seconds.

IFC = Abort|

When the vehicle tfansmits |FC = Abort|, the dispenser shall terminate fueling as soon as possible but within 5 seconds.

8.11.6.6 MeasuredPressure
Range: 000.0 to 100.0
The vehicle shall transmit the Measured CHSS Gas Pressure in MPa. If the dispenser monitors the Measured Pressure, it

should terminate fueling as soon as possible but within 5 seconds if the Measured Pressure exceeds the MOP as defined
in 6.3.2.
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8.11.6.7 Measured Temperature

Range: 16.0 to 425.0

The vehicle shall transmit its CHSS Measured Gas Temperature in kelvin. The Measured Temperature should be
representative of the bulk average CHSS gas temperature. If the dispenser monitors the Measured Temperature, it shall
terminate fueling as soon as possible but within 5 seconds if the Measured Temperature exceeds the maximum operating
Vehicle CHSS Gas Temperature as defined in 6.2.2.

8.11.6.8 Optional Data

8.11.6.8.1 Flow Rate Maximum Class FM60 or FM90

8.11.6.8.1.1 Flow Rate Maximum (FM) Data Requirements

In order for the dispenser to utilize a Flow Rate Maximum Class of FM90, the vehicle shall requgst this| by communicating
FM=090 in the OD fiield. If the vehicle does not transmit FM=090, the dispenser shall default t6 a Flow Rate Maximum Class
of FM60 and set the Flow Rate Maximum value to FM=060. Note that FM=090 is only,valid for the[H70 FM90 fueling
protocol.

8.11.6.8.1.2 Tank Volume Large (TVL) Data Requirements
in the Optional Data Field. The nomenclature for this value is TVL=####, where #### is the largest tand volume measured

in liters to the nearest integer value. This value is utilized in choosing thevappropriate trinal table. If TVL is not transmitted,
TVL shall be set to[the largest allowed for the protocol, as this results.in selecting the most conservativg tfinal table.

The vehicle may o%tionally transmit the tank volume large or TVL, which is the'size of the largest tank vglume in the CHSS,

8.11.6.8.1.3 Datd Formatting Requirements

The formatting of this data in the OD Field shall follow the rules set forth in SAE J2799 202406, VN=02.D0 or a subsequent
revision of SAE J2799 using VN=02.XX. The OD Headenshall be COMMON or MCFHFG24. Examples are provided below.

|OD=COMMON,FN1=090,TVL=0300\|
|OD=COMMON,FN=090\|
|OD=COMMON, TVVL=0300\|
|OD=MCFHFG24,§M=090,TVL=0800\|
|OD=MCFHFG24,FM=090\|

|OD=MCFHFG24,TVL=0300\|

If there are data fietds—inthedatabtockother-thanmHMorTVi; thcy arenotretevant-tothis fuciillg protocol and shall be
ignored.

NOTE 1: The use of the COMMON data block with all fields provided is the preferred format since this format is the most
complete and provides the least chance of misinterpretation.

NOTE 2: There is no requirement on the order of the data parameters FM and TVL. FM may precede TVL and vice versa.


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL J2601™-5 FEB2025 Page 42 of 253

8.11.6.8.2 Flow Rate Maximum Class FM120 (H35) or FM300 (H70)

8.11.6.8.2.1 Tank Volume Large (TVL) Data Requirements

The vehicle may optionally transmit the tank volume large or TVL, which is the size of the largest tank volume in the CHSS,
in the Optional Data Field. The nomenclature for this value is TVL=####, where #### is the largest tank volume measured
in liters to the nearest integer value. This value is utilized in choosing the appropriate tinal table. If TVL is not transmitted,
TVL shall be set to the largest allowed for the protocol, as this results in selecting the most conservative tfinal table.

8.11.6.8.2.2 Data Formatting Requirements

The formatting of this data in the OD field shall follow the rules set forth in SAE J2799 202406, VN=02.00 or a subsequent
revision of SAE J2799

T OOT

usirgHN=020Fhe-OB-Headershaltbe-COMMON-or-MEFHFG24—-Anr-exarmple is provided below.

et TVITVT DA LRI 2

|OD=COMMON,T\
|OD=MCFHFG24,
If there are data fig
NOTE 1: For the K

NOTE 2: The use

completg
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APPENDIX A - (INFORMATIVE) FUELING PROTOCOL RATIONALE AND DEVELOPMENT PROCESS

For the Category D HF fueling protocol described in Section 7 and normative Appendix G, and for the MCF-HF-G fueling
protocol described in Section 8 and normative Appendices B and C, the SAE Interface Task Force used thermodynamic
modeling and computer simulations to develop the lookup tables in Appendix G and tinal tables listed in Appendix D. The
simulations used the boundary conditions listed in Table 3, as well as additional boundary conditions and assumptions listed
in this appendix. The Category D HF and MCF-HF-G fueling protocols were developed for the fueling of Type Ill/IV CHSSs
with the range of total volumes and individual tank volumes listed in Table 3. If other storage systems on vehicles are
utilized, it is recommended that they be evaluated before implementing this protocol.

This appendix is written with the assumption that the reader is familiar with Appendices A and H from SAE J2601_202005.
Because the majorlty of aspects of the MCF HF-G protocol structure and derlvatlon process are the same or very similar to
those of the MC Fagrn ! . appendix focuses on
aspects which are umque to the MCF HF G protocol mcIudlng the protocol structure, process I|m|ts Herivation process,
and assumptions gnd boundary conditions.

A1 SIMULATIDN MODEL

The fueling model [utilized for conducting the computer simulations required for the derivation of the tgbles is the H2FillS
model. H2FillS is g free to use and publicly available 0D/1D thermodynamic hydrogen*fGeling model pwned by the U.S.
Department of Engrgy’s National Renewable Energy Laboratory (NREL) (refer to/National Renewable Energy Laboratory,
n.d.). H2FillS can sjmulate the real-world fueling process from the high-pressurecsterage system throughthe vehicle tank(s).

During the fueling| process simulation, the model solves for the hydrogén temperature, pressure, |and density at all
components. Refef to Kuroki et al. (2021), which contains the methodologies for how the model calculafes those values at
fueling componentg. This reference also contains the validation of theprocess and results for validating the model using LD
experimental data.| The applicability of the model to HD fueling is €onfirmed by validating the model adainst high-flow HD
fueling data collected at the NREL HD station. Figure A1 showsche validation process. In the first step, the specifications
of NREL’s HD dispgnser and vehicle simulator and testing conditions are set to the model (the HD vehiclg simulator consists
of seven type IV tgnks and two type Ill tanks and can storetover 80.0 kg of hydrogen). After those conditions are fed into
the model, the model is run, and then the simulation data are’ compared with the corresponding testing data. At the beginning
of the fueling process, there are some discrepancies between the testing and model data, but those discrepancies decrease
toward the end of the fill and are almost negligible at'the end. This comparison shows that the H2Fill§ model can predict
the temperature rige of hydrogen in a large onboard storage system with good accuracy regardless pf the tank type or

100 .

HD dispenser = Tankl (exp.) —— Tank4 (exp.) —— Tank7 (exp.)
spetifications Tank2 {exp.) Tank5 (exp.) anks (exp.)
80F Tank3 (exp.) Tankb (exp.) ank9 (exp.)

HD wehicle simulator
spacifications

3
D
i3
Temp [°C]

Fill conditions

20F === Tankl (sim.) === Tankd (sim.) === Tank7 (sim.)
5.8 kg Tank2 (sim.) Tank5 (sim.) Tank8 (sim.)
""‘P Tank3 (sim.) Tanké (sim.) Tank9 (sim.)
360 s U X . .
0 100 200 300 400
Time [s]

Figure A1 - H2FillS validation process and validation data
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A2 MCF-HF-G PROTOCOL STRUCTURE, PROCESS LIMITS, AND Trina. DERIVATION PROCESS

The MCF-HF-G fueling protocol is based on the MC Formula fueling protocol published in SAE J2601_202005 for light-duty
(LD) vehicle fueling. For a comprehensive overview of the MC Formula fueling protocol and how it works, refer to Appendix H
in SAE J2601_202005. Appendix A of SAE J2601_202005 provides a comprehensive explanation of the modeling process
as well as the key assumptions and boundary conditions. The control architecture of the MCF-HF-G protocol is similar to
that of the MC Formula protocol, but there are a number of changes and improvements to make the fueling protocol

compatible for use with heavy-duty (HD) vehicles.

A.2.1 Protocol Structure

A.2.1.1 CHSS Capacities and Tank Sizes

HD vehicles can have a wide range of CHSS capacities and individual tank sizes within the CHSS -.mu
LD vehicles. Furthermore, the CHSS construction can also vary substantially between different ¥ehicl
applications. Thesg¢ variances make it more challenging to establish appropriate assumptions.and bg
without being overly conservative, which would negatively impact the fueling performance.

The MCF-HF-G protocol utilizes tinal tables which are a function of the CHSS volume (Vchss) and the |
(TVL) within the CHSS. The MCF-HF-G can fuel HD vehicles with CHSS volumes from 248.6 to 7500 L
from 248.6 to 5000 L (H35 FM60 or H70 FM60/FM90/FM300). Furthermore, the MCE-HF-G can fuel HO
sizes within the CHSS ranging from 50 to 1000 L (H35 FM120) and from 50 to 800 L\(H35 FM60 or H70 FN\
See A.3.2.2 for furfher details.

A21.2 tinal Taple Structure

The tfinal table strucfure is changed from that used for the MC Formula’fueling protocol in SAE J2601_20
in H.2.1 of SAE J2601_202005, for the MC Formula protocol, the(inal values are derived for discrete MA
and then a regress|on fit, or a third order polynomial equation is.used to derive the coefficients a, b, ¢, an
Due to the wider rgnge of fuel delivery temperatures utilized:for the MCF-HF-G protocol, and to ensure
the MCF-HF-G pr¢tocol with an advanced MC Formula<based protocol developed under the PRHYL
PRHYDE Project Gonsortium, 2023), the tfinal tables coensist of tinal values for discrete MAT values 2 °C
fit equation is not Uysed to relate these tinal values. Rather, tinal is calculated each timestep during the n
interpolating betwegen the MAT values. Examples of this new tinal table structure can be found in Appeng
of the tinal tables fof the MCF-HF-G fueling protocol.

In SAE J2601_202D05, there are two sets-of tinal tables, one set derived by utilizing an initial pressure of §
set derived by ufilizing an initial pressure of 0.5 MPa. The rationale for this approach is exp
SAE J2601_202006. Because for the MCF-HF-G protocol the number of CHSS configurations is re
because separate final tables arévrequired for H35 FM120 and H35 FM60 or H70 FM60/FM90/FM300,
tables with differenf initial presstre assumptions would double the already large number of tnal tables, ar
impractical. Therefpre, only one set of tables is utilized. This single set of tinal tables are derived with a
3 MPa for H35 FM[120 ahd*5 MPa for H35 FM60 or H70 FM60/FM90/FM300. The two initial pressures
SOC of approximately 10% for each pressure class. This single set of tfinal tables are approprlate for fuelin

th more so than for
b types, sizes, and
undary conditions,

brgest tank volume
(H35 FM120) and
vehicles with tank
160/FM90/FM300).

P005. As explained
I values 5 °C apart
i d of this equation.
the compatibility of
E project (refer to
part. A regression
ain fueling time by
ix D, which lists all

MPa, and another
ained in H.2.1 of
latively large, and
Utilizing two sets of
d this was deemed
N initial pressure of
represent an initial
g conditions where

the initial CHSS prg ]
than 3 MPa and 5 MPa respectlvely, the tfinal values must be extended to ensure the maximum CHS
does not exceed 85 °C.

5S pressure is less
S gas temperature


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL J2601™-5 FEB2025 Page 45 of 253

To extend the tinal Values appropriately when the initial pressure is less than 3 MPa and 5 MPa, respectively, a parameter
named epsilon and represented by the symbol ¢ is multiplied by tina. An equation for ¢ is provided for each fueling protocol,
which is a function of the ambient temperature and the initial pressure (see Equation C20). This equation was developed
by utilizing fueling simulations comparing the tinai value as a function of the initial pressure. The equation for ¢ is conservative,
meaning that errors in the ¢ equation skew tinal to be longer than the true value. This was deemed to be an acceptable
trade-off between the other option of doubling the number of tinal tables, especially since fueling events where the initial
SOC is lower than 10% are statistically rare. Furthermore, the use of the two sets of tfnal tables in the MC Formula protocol
in SAE J2601_202005 is binary, meaning that if the initial pressure is equal to or above 5 MPa, one set of tables is used
and if it is below 5 MPa, another set of tables is used. This means that even if the initial pressure is 4.9 MPa, the fueling
rate is based on the assumption that the initial pressure is at 0.5 MPa. This can cause the fueling time to be substantially
longer than if the initial pressure was 5 MPa, even though there is only 0.1 MPa difference in the initial pressure. With the ¢
equation approach, ¢ gradually increases as a function of the initial pressure. For example, if the initial pressure is 4.9 MPa,

¢ = 1.01, meaning {hefuetimgtime wittomty be 9 tonger tham it woutd be if the mitiat pressure was 5 WRa. Therefore, even

though ¢ conservat
to the initial pressu
were utilized, and {

The equation for e
3 MPa and 5 MPa
for the H35 FM12(
divided by the ffinal
epsilon value from
calculates epsilon
pressures in betwe
derived for the pres
which is a function
by this equation ar

ively increases the tinal value compared with the true tinai value, it only adjusts tinarby
re, so overall, fueling performance should be significantly better than it would beif tw
hey were chosen in a binary manner.

psilon was derived by conducting two sets of fueling simulations, one‘wijth’the initia
for H35 FM120 and H70 FM300, respectively, and another set with the initial pressur
and H70 FM300, respectively. For each tinal table, the tinal valuesiwith initial press
alues with initial pressure of 3 MPa or 5 MPa, which creates a table of epsilon values.

all the tables is determined for each ambient temperature. From this, an equatio
as a function of the ambient temperature. Finally, a limited’set of simulations are

en 0.5 and 3 MPa (H35 FM120) and in between 0.5 and\5 MPa (H70 FM300) from w
sure dependency of epsilon. By combining these two'equations, a final equation for ep
of both ambient temperature and initial pressure {see Equation C20). The values fof
b jllustrated in the graphs shown in Figure A2.

an amount relative
b sets of tinal tables

| pressure equal to

e equal to 0.5 MPa
ire of 0.5 MPa are
Next, the maximum
n is derived which
conducted at initial
hich an equation is
silon is established
epsilon calculated
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Figure|A2 - Temperature and pressure dependence of epsilon for H35 FM120 and H70{FM300
A21.3 Variable-Pressure Ramp Rate

Consider a case where the value tinal is pre-determined and doesn’'t change during the fill. In this case, tina is the
denominator of the equation for APRR, as shown in Equation A1. Because tinal doesn't change during the fill, regardless of
the starting pressure, the fill will always utilize the APRR.

APRR = Pfinal_Pmin

tfinal

(Eq. A1)
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Now, consider the case where tina changes during the fill. When tsinal is allowed to change during the fill, an equation for the
PRR must be derived that ensures that the dispenser pressure follows a rate of change path that arrives at Prnal at the
elapsed time of tfinal. An illustration of this is shown in Figures A3 and A4. In Figure A3, the exemplary fill starts at Pinitial With
a calculated tinai shown in black. As the fill progresses, at point Pramp and t, tina changes to a higher value shown in blue,
causing the rate of change of the pressure to decrease such that it arrives at Psnal at the elapsed time of the new tfina. In
Figure A4, the exemplary fill starts at Pinitial With @ calculated tinal Shown in black. As the fill progresses, at point Pramp and t,
tinal changes to a lower value shown in blue, causing the rate of change of the pressure to increase such that it arrives at
Prnal at the elapsed time of the new tfinal.

final |

P

initial

min |

PRt B e e S e e

Yinal tinai

-

Figure A3 - lllustration of the effect on the pressure path with an increase in tfin

Pﬁnal T

P

Figure A4 - lllustration of the effect on the pressure path with a decrease in tfinal

To keep the illustration simple, the change in PRR is only shown to occur once in Figures A3 and A4, but the same approach
is used whenever tinal changes. The equation which dictates the PRR with a changing tfinal is Equation A2. In Equation A2,
Pramp represents the ramp pressure at an elapsed time of t during the fill.

Pfrinai—P;
PRR = ——fnalrame. (Eq. A2)
i « final™Vinitial _t
final Pfinai=Pmin
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In the MCF-HF-G fueling protocol, the PRR equation substitutes Pstartup for Pinitial Since Pstartup represents the starting pressure
at the beginning of the main fueling time.

The equation which dictates the ramp pressure Pramp as a function of the PRR is Equation A3, where j represents a timestep
of 1 second.

P.amp + PRR (Eq. A3)

Prampj+1 =
A214 Mass Average Fuel Delivery Temperature

The ftfinal values in the tables are a function of the mass average fuel delivery temperature MAT based on the MAT at the
end of the fill. In the fueling simulations, the fuel delivery temperature and PRR are held constant. During actual fueling,
however, the fuel delivery temperature can change. At the beginning of the fill, MAT can be significantly warmer than at the
end of the fill, espgcially if the dispenser is initially warm. If MAT were used directly in the equatiofi~fof tfinal, tinal would be
very large at the bdginning of the fill and get progressively smaller as the fuel delivery temperature ¢ools and MAT becomes
colder. This would|create a PRR which is very small at the beginning of the fill and very large‘at‘the end of the fill. This is
not desirable for a| number of reasons. A small PRR at the beginning of the fill when the dispenser i$ warm causes the
cool-down period tb be significantly longer than it otherwise would be due to the small mass’flow rate| Additionally, large
changes in the PRR increase enthalpy, which if not compensated for could cause overheating, and iflaccounted for, will
cause the overall fyeling time to be longer. And finally, there must be a limit or cap placed on PRR to congtrain the maximum
flow rate, so if PRR is small at the beginning of the fill, PRR cannot fully compensate later in the fill dug to this limit, again
causing the overall fueling time to be longer than it should be.

To minimize the alpove detrimental effects, PRR should be as constant a@s)possible, which in turn reqyires tfina, and thus,
MAT, to be as congtant as possible. The approach chosen breaks the fillinto sections and establishes g set of rules for the
MAT input used in the equation for tina. The sectioning of the fill into Rules 1 through 3 is illustrated in Fjigure A5.

— Fuel Delivery Temp. Rule 1 t S——

T | ___ MAT from beginning of
L fill (MAT,)
>
__ MAT from 3D sec into the Rule2 P t230andP <P,
fill (MAT)
o ___ Transitional weighted Rule 3 ‘.‘ t230 and P 2 Py
5 average of MAT, and MAT;,
©
P
<
o
5
|_
Expected |
MAT

30 sec Plrans Pﬂnal
Rule 1 Rule 2 Rule 3

Figure A5 - lllustration of sectioning of the fill into regions where specific rules are applied for MAT

Instead of using MAT directly in the equation for tinai, @ proxy for MAT named MATc¢ (“C” stands for control input) is utilized.
MATc is determined based on the region of the fill, where specific rules are applied, as illustrated in Figure A5.
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A2.1.4.1 Rule 1: MATc = MAT expected

The first region where Rule 1 is applied is defined by the first 30 seconds of mass flow. When the fill is in this region, the
Expected MAT (symbol MATexpected) is utilized for MATc. Expected MAT is defined as the expected value for MATo at the
end of the fill. It is not important that this value be precisely correct, as its purpose is to serve as a proxy for MAT during the
cool-down phase of the fill. The acceptable range for Expected MAT is -20 °C £ MATexpected < 20 °C for H35 FM120
and -33 °C < MATexpected < 0 °C for H35 FM60 or H70 FM60/FM90/FM300. The upper value of 20 °C and 0 °C, respectively,
is because this corresponds to the warmest MAT allowed for the fueling protocol. The lower value of -20 °C and -33 °C,
respectively, is due to running worst case fueling simulations with different MATexpected Values where the fuel delivery
temperature only reached 20 °C and 0 °C, respectively, at t = 30 seconds and then held constant at this value. Under this
worst-case scenario, no overheating was seen with these MATexpected Values. There may be situations where the dispenser
utilizes an MATexpected Which is colder than what is actually expected. For example, under hot ambient temperatures, in order

to achieve a suffici
which is colder tha
any value may be
A2142 Rule

After a total of 30 s
and remain relativd

the Expected MAT at the end of the fill. As long as MATexpected is set within the ran
sed.

2: MATc = MAT=o

econds of mass flow have elapsed, the fuel delivery temperature should be close to its
ly stable for the remainder of the fill. Thus, the second region where Rule 2 is applie

fueling time t aftel
transitional pressu

30 seconds of mass flow have elapsed and the ramp pressure (symbol Pramp) b
e (symbol Pyans). Prrans is defined as the midpoint between the.initial pressure Pinitial, an

Psinal. For example,|for an H70 Pressure Class fill with an initial pressure of 10 NIPa, since Prinal is always
Ptans would be eqpal to 48.75 MPa. In this region where Rule 2 is applicable, the mass average ¢f the fuel delivery
temperature after the first 30 seconds of mass flow (symbol MAT3o) is wtilized for MATc. The equation

in Equation A4, w

re j represents a timestep of 1 second and n is a.cotinter which advances along wit

is mass flow above the minimum threshold during the timestep. If:there is an intended non-fueling ey
10 seconds of this |period (i.e., 20 < n < 30), then 10 is subtracted,from n to allow a total of 40 seconds

is because during
down again after fl

A.2.14.3 Rule
Once the ramp pr
gradually transition
Equation A5. Thus
30 seconds and th
MAT, is realized b

n intended non-fueling event, Twe warms,'se ‘an additional 10 seconds is provided s
bw continues.

MAT,, = ) an=30l (M@ M(j-1))X05(T fuel inst(j) +T uel inst(j-1))]

% om=zo(ma—mG-1)
3: MATc = Weighted function of MAT30 and MATo

bssure Pramp has exceeded the transitional pressure Prans, it is important that the
to MATo by the end of the fill, as this is the value upon which tinal is based. M
, the third region-where Rule 3 is applied is defined by the counter n being greats
e ramp pressure Pramp being greater than or equal to the transitional pressure Ptran
y using a(weighted average of MATs0 and MATo where the weighting factor is a fu

pressure Pramp. Thg equation-for this weighted average is shown in Equation A6.

nput an MAT expected
pjes defined above,

target temperature
d is defined by the
eing less than the
d the final pressure
equal to 87.5 MPa,

or MAT3o is shown
h j, but only if there
ent during the last
of mass flow. This
b that Trel can cool

(Eq. Ad)

control input MATc
IATo is defined by
er than or equal to
. This transition to
nction of the ramp

" Y an=1l(m(j)=m(j-1))X0.5(T ruet inst(j)*T fuel inst(j-1))]
IVl
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(Eq. A5)

IF Ptrans <

T 0 ]‘
Yian=1(mp—mG-1)

Pfinal—P Pfinai—P,
Pramp < Prinaiy MAT; = MAT;4 X (Pf”“l_—P“"”’) + MAT, x (1 R P
final~™trans final=%trans

)

(Eq. AB)
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A.2.2 Process Limits

The range of fuel delivery temperatures was also determined through the fueling simulations. The coldest fuel delivery
temperature is -40 °C, just as it is for SAE J2601_202005. The criteria to establish the warmest fuel delivery temperature is
that the APRR is equal to or higher than the lower pressure limit, which is based on an APRR of 0.75 MPa/min for H35
FM120 and 1.0 MPa/min for H35 FM60 or H70 FM60/FM90/FM300. These APRRs for the lower pressure limit are utilized
because they are the lowest APRR which will keep the mass flow rate above the minimum value allowed (which is enforced
to prevent check valve chatter). Furthermore, by utilizing these limits, the SAE J2601_202005 CHSS Capacity Category D
ending pressure tables for the H70 Pressure Class can be utilized, as they are also based on a minimum APRR of 1
MPa/min. For the H35 FM120 protocol, because the lower pressure limit is based on 0.75 MPa/min, new ending pressure
tables are derived. The resulting warmest fuel delivery temperatures are 20 °C for the H35 FM120 protocol and 0 °C for the
H35 FM60 or H70 FM60/FM90/FM300 protocols, as indicated in Table 8.

It is important to ngte that at high ambient temperatures and high fuel delivery (MATc) temperatures( the tinal values in the
tinal tables can resfplt in a PRR which will cause the ramp pressure to fall below the lower pressure’limit. The trna values
which will cause th|s to happen are shaded in red in the tinal tables, and the tinal values which may|causg this to happen are
shaded in yellow (these are for conditions when Pinital is less than 3 MPa for H35 FM120@nd 5 MPa for H35 FM60 or
H70 FM 60/FM90/FM300. The magnitude of tinal depends on g, which in turn is a function of Piitial.). If MATc gets sufficiently
warm to utilize thee yellow and red shaded tinal values, the fueling may not stop if it is only momentary due to the fuel
delivery temperatufe cool-down process in the beginning of the main fueling time, ©r, due to Joule-Thomson heating for
ambient temperatufe fueling. However, if MATc is sustained at these temperatures;then the station pressure may fall below
the lower pressurellimit and the fueling will stop and/or the mass flow rate may fall.below the minimum allowed. Therefore,
the station should ¢lesign the hydrogen fuel delivery precooling system with this)in mind.

A2.3 tinal Deriyation Process

The derivation of the tfnal is conducted in a similar manner to that described in H.2.1 of SAE J2601
notable differenceq. The hot soak temperatures utilized for the dérivation of tinal are the same as those
SAE J2601_202006. The differences in the derivation process.are explained below.

The first difference]is that the target SOC for the fueling simulations is 100% for the H35 FM120 protodg
H70 protocols. These values were chosen due to the-higher pressure drops inherent in a “high-flow” f
MCF-HF-G (a highler target SOC allows for a higher Piimit_comm value under low initial pressures). The s
that there is not a geak mass flow rate constraintimposed on the fueling simulations. The only two consf
simulations are thalt the CHSS gas temperature,(i.e., the highest gas temperature in any of the tanks witlj
not exceed 85 °C apd the SOC shall not exceed the target value. With these two constraints imposed, the,
calculate the highest APRR through an iterative process. This PRR is referred to as “hot case pressure 1

A separate set of |simulations are eonducted to calculate minimum tfina values called ffinai min, Which

exceeding the peak mass flow rate.for the FM class, i.e., 120 g/s for H35 FM120, 60 g/s for H35 FM60 of

for H70 FM90, and|300 g/s forM70 FM300. These simulations are separate from the hot case simulation
conducted with different assumptions for the station side fuel delivery components and for the vehicle §
and they are condyctedat an ambient temperature of -40 °C and a fuel delivery temperature of -40 °C. T
delivery componerjts-are-assumed to have a higher Cv value than for the hot case, and the veh|cle Sig

1202005 with some

defined in A.3.8 of

ol and 98% for the
ueling protocol like
econd difference is
raints in the fueling
in the CHSS) shall
fueling simulations
amp rate” (HPRR).

are based on not
H70 FM60, 90 g/s
s because they are
ide pressure drop,
he station side fuel
e pressure drop is

set to 5 MPa ratherthan 15 MPa produce the highest
possible mass flow rate at a constant PRR. Th|s will result in a lower HPRR value (and hlgher tinal Value) than if the hot case
assumptions and fueling conditions are utilized. Fueling simulations are conducted at the conditions described and on a
CHSS configured as described with capacities the same as the boundary CHSS configurations described in A.3.2.2 through
A.3.2.5. These fueling simulations produce an HPRR value for each CHSS capacity. The HPRR value is converted into a
tinal_min Value, and then a regression fit equation is derived to relate tfinai_min to the CHSS volume, as illustrated in Figure A6.
This equation is then utilized to calculate tfinai_min as a function of the CHSS volume and the minimum pressure Pmin. This is
Equation C46 in C.3.4.
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t_final_min as a function of CHSS Volume (H35 FM 120) t_final_min as a function of CHSS Volume {H70 FM300)
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Figure A6 - HPRR as a function of CHSS volume for use in the tfina_min Equation C46

Another difference
83.5 MPa, which c
protocol utilizes a |
H70 FM60/FM90/H
A3 ASSUMPT
This section descr
fueling protocol. V
and BCs.
A.3.1 Process
The SAE Interfacg
assumptions and

develop a set of su
of industry stakehd
operators. The me
responses from o
represented in the

is in the value utilized for Psnai and, thus, the calculation of tina. IN SAE J2601_202
brresponds to the pressure at 97% SOC and 85 °C for the H70 Pressure Class. The
Prnal Value of 43.75 MPa for the H35 FM120 protocol and a Prinal value. of 87.5 MPa fq
M300 protocols. tinal is derived by subtracting Pmin from Prinal and(dividing by the HPR

IONS AND BOUNDARY CONDITIONS

bes the assumptions and boundary conditions (BCs). utilized for the Category D K
ehicle manufacturers should verify that their vehicle fuel system designs are within

for Determining Appropriate Assumptions and Boundary Conditions

Y005, Prinal is set to
MCF-HF-G fueling
r the H35 FM60 or
R.

{F and MCF-HF-G
these assumptions

Task Force (ITF) formed a subgroupswhose purpose was to investigate and p

Iders, including vehicle manufacturers, CHSS manufacturers, and hydrogen station
jority of the responses reeeived were from truck and bus manufacturers, but the
f-road vehicle manufacturers, and even a rail manufacturer. CHSS manufacture
responses.

opose appropriate

BCs, which were then reviewed and-~approved by the ITF. The process the subgroup utilized was to
['vey questions which addressed each of the assumptions and BCs. This survey was sgnt to a wide swath

anufacturers and
e were also some
rs were also well
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A.3.1.1 Survey
Table A1 provides an overview of the types of questions asked in the survey.

Table A1 - Overview of the questions included in the survey

Minimum operating pressure

Minimum flow rate
Minimum and maximum CHSS capacities
Minimum and maximum tank size within the CHSS
Minimum and maximum aspect ratio of tanks used

Vehicle Fuel System Related

Tank construction - thermophysical properties of liner and ¢ FRP*

Tank inlet injector size and orientation

Internal and external tubing sizes for the fuel delivery sygtem

Lengths of the tubing for the fuel delivery’system
Proposed reference pressure drop for vehicle

Communications)used
Preferences for fuel delivery tefnperatures of the protogol
Desired fueling.times of the protocol

Other

Other

* Carbpn Fiber Reinforced Plastic
A.3.2 Vehicle ide Hot Case Assumptions and Boundary Coefditions
The assumptions gnd BCs in this section pertain to the hot:case (refer to Sections A.2 and A.3 of SAE JR601_202005) and

are utilized to deriJe the tinal tables in Appendix D and the lookup tables in Appendix G. These assumptions and BCs are

those which result|in the highest gas temperature dévelopment within the CHSS. Table A2 provides pn overview of the
categories of assumptions and BCs specified.

Table A2 - Categories of assumptions and boundary conditions

CHSS hot soak temperatures
Range of CHSS volumes and categories

Range of tank volumes and categories

CHISS and Fugl Dell|very System Tank geometries
C€onfigurations

Liner and CFRP thermophysical properties

Fuel delivery system - tubing lengths and ID/QD
Vehicle side reference pressure drop

Nozzle/receptacle ID/OD/length, thermal mass and Cv

Dispenser Component Configurations | Break-away fitting ID/OD/length, thermal mass and Cv

Hose ID/OD/length, thermophysical properties

A.3.2.1 CHSS Hot Soak temperatures

The CHSS hot soak temperatures utilized for hot case fueling simulations are the same as those utilized in A.3.8 of
SAE J2601_202005. In the future, after operational data has been gathered for HD trucks, these hot soak temperature
assumptions may be adjusted, but the information in SAE J2601_202005 is the best currently available.
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A3.2.2 Range of CHSS Volumes and Categories

Based on the industry survey, the maximum CHSS volume for the H35 FM120 protocol was determined to be 7500 L
(180 kg), and the maximum CHSS volume for the H35 FM60 or H70 FM60/FM90/FM300 protocols was determined to be
5000 L (201 kg). As noted previously, some of the survey responses were from manufacturers of off-road vehicles and even
rail, which can utilize larger storage capacities than on-road HD vehicles. These maximum capacities were utilized to make
the fueling protocols as useful to as many applications as possible.

For the minimum CHSS volume, there were many responses in the survey indicating CHSS volume less than 500 L. To
ensure a transition from LD vehicle fueling to HD vehicle fueling with no gaps in the coverage of CHSS capacities, 248.6 L
was chosen as the minimum CHSS volume (248.6 L is the maximum CHSS capacity for LD vehicles in SAE J2601_202005).

To maximize perfopm —the a 2 - irerthe categories, the
more optimized the fueling performance will be. However, more categories entail more tfinal tables, S0 a balance needs to
be reached betwegn optimizing performance and maintaining a reasonable number of tinal tables{This palance resulted in
eight boundary CHBS volumes and seven CHSS volume categories. Table A3 illustrates the mipimum and maximum CHSS
volumes as well ag the CHSS volume categories utilized.

7

Table A3 - Minimum and maximum CHSS volumes and CHSS volume categorie

Protocol CHSS Volume (liters)
H35 FM120 248.6 500 1000 1500 2000 2500 5000 7500
H35 FM60 or
H70 FM60/FMO/FI300 248.6 500 1000 1500 2000 2500 3000 5000

A.3.2.3 Range of Tank Sizes

Based on the indusgtry survey, the maximum tank volume for the H35 Pressure Class was determined tobe 1000 L (24 kg),
and the maximum fank volume for the H70 Pressure Class,was determined to be 800 L (32.2 kg). The|survey indicated a
minimum tank volume for both pressure classes of 50 L.

To maximize perfdrmance, this range of tank volimes needs to be divided into categories. The finer the categories, the
more optimized the fueling performance will be xHowever, more categories entail more tnal tables, so & balance needs to
be reached betwegn optimizing performance‘and maintaining a reasonable number of tinal tables. This palance resulted in
three tank volume fategories. These tankwolume categories are based on the largest tank volume in the CHSS, i.e., TVL.
Tables A4 and A5 [llustrates the minimum and maximum tank volumes as well as the TVL tank volume fategories utilized.

Table A4 - TVL tank volume categories for the MCF-HF-G protocol

Pretocol TVL Tank Volume Categories (liters)
H35 FM120 50 to 200 200 to 350 350 to 10p0
H35 FM60 or 50 to 200 200 to 350 350 to 800
H70 FMG0/FM90/FM300

Table A5 - TVL tank volume categories for the Category D HF protocol

Protocol TVL Tank Volume Categories (liters)

H35 FM60 or
H70 FM60/FM90

50 to 250 250 to 800
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A3.24 Tank Geometries

Responses to the survey indicated a minimum aspect ratio (length divided by diameter) of 2 and a maximum aspect ratio
of between 9 and 10. For the hot case assumption, a smaller aspect ratio is worst case because it has a lower surface to
volume ratio than a larger aspect ratio. Therefore, the tank geometry for the hot case simulations is based on an aspect
ratio of 2.

For the larger size tanks, an aspect ratio of 2 would result in a very large diameter. Therefore, one of the survey questions
was about the expected largest external diameter of a tank. The survey answers ranged from 700 to 750 mm, so the
maximum value of 750 mm was selected. Therefore, for the tank geometry, an aspect ratio of 2 is utilized until the external
tank diameter reaches 750 mm, after which the length of the tank is extended to achieve the desired volume.

A tank geometry toehw oped-which-utilizes-inpuis-of-externra-Hength—exterralvelume—andlinerthickness, and from
these inputs, calcylates the internal diameter and length, the internal volume, the CFRP wall thicknegs, and the internal
surface area. Tabl¢s A6 and A7 list the tanks utilized in the CHSS configurations for the hot casemoddling, along with the

geometric assumptions.
Table A6 - Tank geometric assumptions for H35 FM120
Tank Size (liters)
Dimensions

50 100 200 248.6 300 350 500 600 700 950 1000

Aspect Ratio 2 2 2 2 2 2 2.4 2.8 3|4 4.1 4.3
EXte([::t'e'-g;‘gth 7444 0.9396 1.1854 1.2722 1.3578 124288 1.7825 2.0768 24181 | 3.1065 | 3.2528
EXter(’r‘]f('ag'g)"eter 3722 0.4698 0.5927 0.6361 0.6789 0.7149 0.7500 0.7500 0.1500 | 0.7500 | 0.7500
'”‘e(m't:g)‘gth 7004 0.8831 1.1133 1.1961 1.2747 1.3421 1.6904 1.9847 24260 | 3.0144 3.1617
'”ter?r:'e't:’e'fs’;‘e‘er 3282 0.4133 0.5205 0.5600 0.5958 0.6272 0.6579 0.6579 0.4579 | 0.6579 0.6579
"'”e(rmti':r';r)‘ess 004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.qo4 0.004 0.004
CFRP mﬂ't;zi)c"“ess 0180 0.0242 08321 0.0348 0.0375 0.0398 0.0421 0.0421 0.0421 | 00421 | 0.0421
'”fégﬁ;?:;aectzgea 7222 1.1468 1.8208 2.1041 2.3860 2.6442 3.4934 41017 50137 | 6.2297 6.5342



https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 54 of 253

Table A7 - Tank geometric assumptions for H35 FM60 or H70 FM60/FM90/FM300

Tank Size (liters)
Dimensions
50 100 200 248.6* 300 350 450 500 600 700 800
Aspect Ratio 2 2 2 2 2 2 2.3 2.5 2.9 3.3 3.7
EXte([;‘:t'e"rzg‘gth 0.7655 0.9606 1.2064 1.2960 1.3788 1.4508 1.6912 1.8437 2.1485 2.4533 2.7584
EXter(rr‘:étZ';’)“eter 0.3828 0.4803 0.6032 0.6480 0.6894 0.7254 0.7500 0.7500 0.7500 0.7500 0.7500
'me(rr’:fe"t:g)‘gth 0.7085 0.8912 11214 1.2052 1.2828 1.3502 1.5875 1.7400 2.0448 2.3496 2.6547
'”ter?r:'e't:’e'fs’;‘e‘er 0.3258 0.4109 0.5182 0.6480 0.5934 0.6248 0.6463 0.6463 016463 0.6463 0.6463
"'”e(rmg::r'g)‘ess 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
CFRP mﬂ't;zi)c"“ess 00245 | 00307 | 00385 | 00414 | 00440 | 00463 | 0.0479 0:0479 0.0479 || 0.0479 0.0479
Internal Surface Area 0.7252 1.1505 1.8254 2.1099 2.3912 2.6502 3.2229 3.5327 4.1514 4.7702 5.3896
(square meters)

* These tank dimensior

A.3.2.5 CHSS
In SAE J2601_202
capacity categorie
vehicles, the CHS§
CHSS. As noted p

s are also used as the 250-L tank for the TVL in the Category D HF fueling protocol.
Configurations

005 for LD fueling, for the hot case, which determines the tina values, the bound
5 are defined by a worst-case design single tark. Refer to Section A.3 of SAE J260
b will almost always consist of multiple tanks. Furthermore, there may be different ta
reviously, the range of possible tank sizes is quite large. Therefore, different tank

utilized based on the TVL within the category. To construct the hot case CHSS configuration for a given

range of tank sizes
illustrated in Figure

aries of the CHSS
1_202005. For HD
nk sizes within the
5ize categories are
CHSS capacity, a

are utilized, from the smallest possible to the largest possible within the TVL range. This approach is

A7 for a CHSS capacity of 1500 "and a TVL of 350 L.
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Hand Valve

Broakaway Hose Nozle Pipe Hand Valve Pipe Multi-Tank Junction Pipe Hand Valve
O 1 pod 1 1 pod
Pipe Hand Valve

Pipe Hand Valve

— peod

Pipe Hand Valvi,

Pipe Hand Valve

Pipe Hand Valve

A7 - Example hot case CHSS configuration with capacity of 1500 L and TVL o1

In the hot case CHSS configurations, it is important that both the largest and smallest tank volumes a
fueling simulations|show that these are the tanks that develop the highest temperature during fueling.
fueling conditions, the largest tank will develop the highest temperature because the ratio of the internal
volume decreases with increasing tank size. Because the internal surface area strongly influences the he
surface to volume fatio means there is less surface areafor heat dissipation. However, the largest tan
develop the highedst temperature under all fueling cenditions. This is because the temperature dg
influenced by the temperature of the hydrogen entering the tank, and the heat transfer from the fuel dg
can warm the hydrogen. This heat transfer is influenced primarily by the thermal mass of these compo
the tank, the smallgr the amount of hydrogen flewirg through the fuel delivery components routed to that
the ratio of the heaf capacity of the fueling components to the heat capacity of the hydrogen for small tank
the inlet gas tempdrature to also be higher. In some conditions (typically at cold fuel delivery temperatur
gas temperature fof the small tank has.a higher influence than the more favorable surface to volume ratiqg
tank to develop a higher temperature than the large tank. The fueling simulations typically show that thq
highest temperature developmentiis :always either the largest tank or the smallest tank. However, just td
potentialities are captured, a range of tank sizes between the smallest and largest are included in the C

In A.3.2.2 and A.3.R.3, thesrange of CHSS volumes and TVL volumes are defined. For each boundary g
a hot case CHSS i
their sizes utilized foreach of these boundary CHSS configurations.

350L
350L
350L
200L
100L
100L
50L

F 350 L

re included, as the

For the majority of
surface area to the
at transfer, a lower
k volume does not
velopment is also
livery components
nents. The smaller
tank, which means
5 is higher, causing
bs), the higher inlet
, causing the small
b tank size with the
make sure that all
HSS configuration.

f these categories,

configured based on the assumptions and BCs. Tables A8, A9, and A10 list the némber of tanks and
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Table A8 - Tank sizes used in each CHSS configuration for hot case modeling - MCF-HF-G H35 FM120

) CHSS Volume (liters)
TVL (liters)
248.6 500 1000 1500 2000 2500 5000 7500
2 x 1000 4 x 1000
1x700 1x700
1x 1000 ] X ;880 1 X ;ggo 1x 600 1 X 600
1000 N/A 1 x 450 1 x950 1 x 300 1% 300 1 x 600 2 x 500 3 x 500
1 x50 1 x50 1x100 1 x300 1 x 300
1x100 1x100
2 x50 2 % 50 2 % 50 1x200 1 x200
1x100 1x100
2 x 50 2 x50
4356 52350 3 x 350 4 x 350 6 x 350 13 x 350
1 x 200 2 x 200 1x200 1% 200 Same as
350 142486 1§;g° giggo 2 x 100 1x 100 1x 100 2%100 above
1 x50 2 x50 2 x 50 1x590
1lx 200 1x 200 4 x 200 6 x 200 9 x 200 11 x 200 24 x 200 Same as
200 1 2x100 1x100 2x100 1x100 2x100 1 x 100 above
x 50 2 x 50 2 x 50 2 x 50 2 x 50 2 x 50 2 x40
Table A9 - Tank sizes used in each CHSS configuration for hot case modeling -
MCF-HF-G H35 FM60 or H70 FM60/FM90/FM300
) CHSS Volume (liters)
TVL (liters)
248.6 500 1000 1500 2000 2500 3000 5000
2 x 800
1x 800 1x700
1x 800 ]iggg Kggg 1x 700 1 X 600
1 x 450 1 x 800 1 x 300 1% 300 1 % 600 1 x 400 2 x 500
800 N/A 1x100 1 x 200 1 x 450 1 x450
1 x50 1 x 200 1x200
2 x50 4+X"100 1 x300 1 x 300
1x100 1x100
2 x 50 2 % 50 2 % 50 1 x 100 1 x200
1 x50 1x100
1 x50
3 x 350 4 x 350 6 x 350 7 x 350 13 x 350
250 i doass K?gg g;‘(fgg 1 x 200 2 x 200 1 x 200 2 x 400 1 x 200
’ 1% 50 5% 50 2x100 1x100 1x100 1 x 100 2x100
1 x50 2 x50 2 x 50 1x 40 1 x50
1lx 200 1x 200 4 x 200 6 x 200 9 x 200 11 x 200 14 x 200 24 x 200
200 1 0 2 x 100 1x100 2x100 1x100 2x100 1 x 100 1x100
X5 2 x50 2 x50 2 x50 2 x50 2 x50 2x90 2 x50

Table A10 - Tank

sizes used'in each CHSS configuration for hot case modeling - Category D HF

H70 Press Class

) CHSS Volume (liters)
TVL (liters)
24876 500 1000 1500 2000 2500 3000 5000
2 x 800
1x800 1x700
1 x 800 X §Xe 1x 700 1 x 600
1 x 450 1 x 800 1 x 300 1% 300 1 % 600 1 x 600 2 x 500
800 N/A 1x100 1 x 200 1 x 450 1 x450
1x50 1x 200 1x200
2 x50 1x100 1 x 300 1 x 300
1x100 1x100
2 x50 2% 50 2 % 50 1x100 1 x 200
1 x50 1x100
1 x50
1x 250 3 x250 5x 250 7 x 250 9 x 250 11 x 250 19 x 250
250 1 x 248.6 2 x100 2x100 2x100 2x100 2x100 2x100 2x100
2 x50 2 x 50 2 x50 1 x50 1 x50 1 x50 1 x50
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A.3.2.6 Liner and CFRP Thermophysical Properties

From the survey, there are two primary liner materials utilized in hydrogen storage tanks - high density polyethylene (HDPE)
and polyamide (PA). Proprietary compositions of these material types can result in slight variances in thermophysical
properties. The PA material has properties which result in less heat transfer and, thus, a higher temperature development
in the tank. Therefore, thermophysical properties based on a PA liner material are utilized. The CFRP tank wall
thermophysical properties are the same as those used in SAE J2601_202005. Table A11 lists the thermophysical properties
utilized for the hot case modeling.

Table A11 - Tank and CFRP thermophysical properties

Properties Liner | CFRP

Thermal Conductivity (W/m*K) | 0.26 0.5
Specific Heat (J/kg*K) 2500 | 1120
Density (kg/m3) 1070 | 1494

A3.2.7 Vehicl¢ Fuel Delivery System - Tubing Lengths and ID/OD

In the survey, the diagram in Figure A8 was utilized. This figure illustrates the main fueling line L1 and bfanch lines L2 after
a junction or manifold in a multi-tank CHSS (the number of tanks can be larger.than the three illustrgted). Respondents
were asked to proyide the longest length used or expected to be used for L1-and L2. Additionally, thel respondents were
asked to provide tHe largest internal and external diameters used or expectéed to be used for L1 and L2,

L1 L2

A \
[ !

Nozzio Pipe Hand Valve Pipe Multi-Tarik Junetion

Pipe Hand Valve

< et O e Fe e || e ot X} etici Tank

Pips Hand Valve

Pipe Hand Valve

e [—Je o O] ehicia Tank

D00

Figure :A8- lllustration of the fuel delivery system and representative lines L1 and|L2

A.3.2.71 Tubing TD7OD

Table A12 lists the internal and external diameters utilized for the fuel delivery system lines L1 and L2 utilized in the CHSS
configurations for hot case modeling. These values were derived from the survey responses. The diameters used for line
L1 are a function of the CHSS volume. For CHSS volumes equal to or greater than 1500 L, these diameters represent the
largest from the survey. The survey answers were correlated to commercially available tubing. For CHSS volumes less than
1500 L, the diameter for the L1 line is one tubing size smaller since this size is more than adequate for the mass flow.
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Table A12 - Internal and external diameters utilized for the fuel delivery system lines L1 and L2

L1 L2
CHSS Pressure ID oD ID oD
Volume Class (millimeters) | (millimeters) | (millimeters) | (millimeters) Notes
L1 based on 3/4-inch cone & thread
tubing rated @ 12500 psi
H35 13.1 19.1 9.1 14.3 )
L2 based on 9/16-inch cone & thread
tubing rated @ 12500 psi
21500 L
L1 based on 3/4-inch cone & thread
tubing rated @ 20000 psi
H70 11.1 19.1 7.9 14.3 )
L2 based on 9/16-inch cone & thread
tubing rated @ 20000 psi
L1 & L2 based on P/16-inch cone &
H3g 9.1 14.3 9.1 14.3 thread tubing ratéd @ 12500 psi
<1500 L
1 & L2 based on P/16-inch cone &
H7Q 7.9 14.3 7.9 14.3 thread tubing ratéd @ 20000 psi
A.3.2.7.2 Tubipg Lengths

Tables A13 and A
configurations for h

responses for smg
vehicle size - large
scale with vehicle {
a function of the C
L1 also increases
L1 with shorter len

14 list the tubing lengths utilized for the fuel délivery system lines L1 and L2 ut
ot case modeling. These values were derived from the survey responses. The longes
L2 were derived frgm the survey, and it was noted these lengthsdwere based on the largest CHSS cap,
ller CHSS capacities were shorter. The ITF used the rationale that the tubing len
vehicles will necessitate longer fuel delivery lines. Furthermore, the CHSS capacity W
ize (larger size vehicles require highercapacity CHSS). Therefore, the tubing length
HSS volume. Because the tubing diameter for L1 changes when the CHSS volume i
when the CHSS volume is less than 1500 L to provide an equivalent heat capacity t
gth (displayed in gray text and{parentheses in the tables).

lized in the CHSS
t values for L1 and
Acities. The survey
gths will scale with
as deemed to also
s for L1 and L2 are
5 less than 1500 L,
b a larger diameter

Table A13 - Tubing lengths utilized for the fuel delivery system lines L1 and L2 - H35 FM120
L1 Length (meters) | L1 Length (meters) | L2 Length (meters)
(ID=131mm& | (ID=9.1mm& (D=9.1mmg& | 'otajlength-
CHSS V¢lume (liters).| OD =19.1 mm) OD = 14.3 mm) OD = 14.3 mm) L1 &L2

>p000 23 N/A 7 30
4500 14 N/A 7 21
2000 12 N/A 7 19
1500 10 N/A 7 17
1000 11 6 17

500 10 4 14
248.6 7 3 10
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Table A14 - Tubing lengths utilized for the fuel delivery system lines L1 and L2 - H35 FM60 or H70

FM60/FM90/FM300
L1 Length (meters) L1 Length (meters) L2 Length (meters)
(ID=11.1 mm & (ID=7.9mm & (ID=7.9 mm & Total Length -
CHSS Volume (liters) OD = 19.1 mm) OD = 14.3 mm) OD = 14.3 mm) L1 &L2
22500 14 N/A 7 21
2000 12 N/A 7 19
1500 10 N/A 7 17
1000 13.5 6 19.5
500 10.2 4 14.2
248.6 6.8 3 9.8
A.3.2.8 Vehicl¢ Side Reference Pressure Drop

In SAE J2601_202
CHSS pressure. T
during fueling and

D05, the reference pressure drop is defined between the nozzle and receptacle interfa
nis is a difficult if not impossible measurement to make because the nozzle and recs
pperate as a single component. It is possible to measure the pressure just downstrear

so the reference prlessure drop is defined as the difference in pressure ftom the exit of the receptacle tg

pressure. By defini
system design for

Another issue with
definition scales lir
at a mass flow rate
to measure the pre
flow rate scales wit|
for small CHSS ca

g the pressure drop in this manner, a vehicle manufacturer can readily test their CHS
compliance with the defined reference pressure drop.

the definition of the reference pressure drop in SAE J2601 202005 is that the ma
early with the CHSS capacity. For larger CHSS capacities, the reference pressure d
higher than the maximum peak mass flow rate. This is unrealistic and presents a p
ssure drop on a CHSS and fuel délivery system design for compliance. Additionally,
h the CHSS capacity, the SAE J2601 reference pressure drop definition overestimate
bacities and underestimates\the pressure drop for large CHSS capacities.

The objective of th
This means that t

b reference pressure drop-is to ensure good performance of the fueling protocol for a
e pressure drop under conditions where the fueling protocol reaches its maximu

approximately the $ame for all CHSS capacities. The ratio of the flow condition specified for the referen
the peak flow rate $hould be the same for all CHSS capacities. If these objectives are met, all CHSS cag

equally well.

The reference predsure droptis defined as follows. The reference pressure drop is measured from the e
to the CHSS internal pressure (it is assumed that all tanks in the CHSS develop pressure equally during

ce and the internal
ptacle are coupled
n of the receptacle,
the internal CHSS
S and fuel delivery

ss flow rate in the
rop can be defined
roblem when trying
because the mass
5 the pressure drop

| CHSS capacities.
m value should be
te pressure drop to
acities will perform

it of the receptacle
fueling).

The reference pressure drop 1S 15 MPa under the following conditions:

e Vehicle CHSS

pressure = 10 MPa

e H2 temperature at break-away (Trel) =-15 °C

e Mass Flow Rate (H35):

o For a CHSS volume 2670 L, the flow rate shall be 2/3rds of the peak flow rate allowed by the fueling protocol, i.e.,

80 g/s

o Fora CHSS volume <670 L, the flow rate shall be 2/3rds the value of 1.5 x capacity (grams) divided by 200 seconds
(which is the tfinal_min value)
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e Mass Flow Rate (H70):

o Fora CHSS volume 21000 L, the flow rate shall be 2/3rds of the peak flow rate allowed by the fueling protocol, i.e.,

200 g/s

o For a CHSS volume <1000 L, the flow rate shall be 2/3rds the value of 1.5 x capacity (grams) divided by
200 seconds (which is the ffinai_min value)

Tables A15 and A16 list the reference flow rate for the reference pressure drop as a function of the CHSS capacity as well

as the ratio of the reference flow rate to the peak flow rate.

Table A15 - Reference flow conditions for reference pressure drop - H35 FM120

Ratio of the Reference Flow Rate
CH$S Volume | CHSS Capacity | Reference Flow Rate to the Peak Flow Rate-of the
(liters) (kilograms) (grams per second) Protocal
248.6 5.97 30 ~2/3*
500 12 60 ~2/3*
750 18 80 2/3
1000 24 80 2/3
1250 30 80 2/3
1500 36 80 2/3
1750 42 80 2/3
2250 54 80 2/3
2500 60 80 2/3
3000 72 80 2/3
3500 84 80 2/3
4000 96 80 2/3
5000 120 80 2/3
7500 180 80 2/3
* Pgak-flow rate is based on tinal_min and is lower than the maximum flow rate of the fueling protocgl.
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Table A16 - Reference flow conditions for reference pressure drop - H70 FM300

le of the L1 fueling
he for each CHSS
olumes, especially
Cv of the multi-tank
e L1 fueling line is
ch tank. To ensure

Ratio of the Reference Flow Rate
CHSS Volume | CHSS Capacity | Reference Flow Rate to the Peak Flow Rate of the
(liters) (kilograms) (grams per second) Protocol
248.6 10 50 ~2/3*
500 20 100 ~2/3*
750 30 150 ~2/3*
1000 40 200 2/3
1250 50 200 2/3
1500 60 200 2/3
1750 70 200 213
2000 80 200 2/3
2250 90 200 2/3
2500 100 200 2/3
3000 120 200 2/3
3500 140 200 2/3
4000 160 200 2/3
4500 180 200 2/3
5000 200 200 2/3
* Pgak flow rate is based on tinal min'and is lower than the maximum flow rate of the fueling protocql.
A.3.2.8.1 Refgrence Pressure Drop.for Hot Case Modeling
The reference pregsure drop in the H2FillS fueling model is illustrated in Figure A9. A valve in the midd
line is utilized to tune the pressure’drop to match the reference pressure drop definition. This is do
configuration in Taples A8, A9yand A10. These CHSS configurations can have a wide range of tank V
for the largest TVL fonfigurations. To ensure that the pressure develops equally in each of the tanks, the
junction and of the|valve’insthe L2 fueling line is set to a value of 5. By doing this, the tuning valve in t
the primary sourcd of the“pressure loss in the system, and the pressure develops nearly equally in ea
that this approachlis®equal to a fuel delivery system where the pressure loss is contributed by each (

f the components,

fueling simulations were conducted comparing the temperature development using the same reference pressure drop but
with the pressure loss contributed primarily by the valve in L1 and with the pressure loss distributed through the multi-tank
junction and the valve in L2. The fueling simulations showed no discernable difference in the temperature development,
confirming that the approach used in the fueling model is equivalent to what would be expected in a real-world design.
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Nozzlo { Pipe Hand Valve Pipe Multi-Tank Junction Pipe Hand Valve ‘

] pod

Pipe Hand Valve

| ] ..‘ Vohicle Tank

reference

Receptacle exit

The Reference Pressure Drop is “tuned” for
each CHSS configuration by adjusting the Cv
of this valve in the H2FIIIS fueling model

Pipe Hand Valve

Vehicls Tank

Fjgure A9 - lllustration of the reference pressure drop in the H2FillS fuelingzrmodel
A.3.3 Station $ide Hot Case Assumptions and Boundary Conditions
The station side fuel delivery components consist of the break-away, hose, and nozzle/receptacle colipling. The H2FillS
fueling model acc¢pts thermophysical inputs for each of these components. Assumptions are made for each of these
components and afe discussed in A.3.3.1 and A.3.3.2.

A.3.3.1 Assuniptions for the Nozzle/Receptacle Coupling and Breakaway Coupling

Figure A10 shows [the inputs required in H2FillS for the nozzle elemént and break-away element. The nozzle element is a
representation of the nozzle/receptacle coupling.

Component: User v

Cv:

Inside Diameter [m]:

Outside Diameterfmi:

Length [m]:

Materjal\Dehsity [kg/m~3]:

Matecial Thermal Conductivity [W/(m K)]:

Material Specific Heat [J/(kg K)1:

Convective Heat Transfer Coefficient [W/(m~2 K}]: |

Figure A10 - H2FIlIS inputs for the nozzle and break-away element

To obtain the required inputs for the nozzle/receptacle and break-away, manufacturers of these components were surveyed.
For both sets of components, they were asked to provide the Cv or Kv, internal diameter, overall length, material, and wetted
mass. The wetted mass is defined as the mass of the nozzle and receptacle which is exposed to hydrogen - this is the mass
which can contribute heat to the hydrogen as it flows through the coupling (the thermal mass or heat capacity would be the
wetted mass multiplied by the specific heat capacity of the material). In H2FillS, the wetted mass is calculated as the total
volume of the wetted material multiplied by its density. Therefore, the outside diameter dimension in the H2FillS input is
adjusted so it matches the wetted mass assumption.
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For the H35 FM120 protocol, high-flow commercial components are available in the market. However, at the time of
publication, H70 FM300 high-flow commercial components are still under development and have not yet been standardized.
There are multiple proposals for the H70HF receptacle geometry, and H70HF component prototypes have been developed.
These prototypes are currently undergoing testing. The information available for these H70HF prototype nozzles,
receptacles, and break-aways is limited and is also considered confidential. Based on the information received through the
survey of the manufacturers, a worst-case combination of all the responses is utilized in H2FillS for the nozzle and
break-away inputs. This should ensure that the assumptions utilized are conservative. In the future, after the H70HF
geometry has been standardized and testing has been conducted, SAE J2601-5 may be revised with more accurate
assumptions for the nozzle/receptacle and break-away.

For the nozzle/receptacle coupling, a Cv or Kv was not provided by the component manufacturers. Instead, a Cv or Kv of

the nozzle and of the receptacle were received. Because the Cv or Kv across the coupled nozzle/receptacle is not known,
the Cv of the coup 'ng is_established h‘,’ nr'lr'ling the Cv values of each component in series nr‘r‘nrding to Equation A7.

1 1 1

(Eq. A7)

(Cvcoupling)z - (C'UnoZZle)Z + (Cvreceptacle)z
Table A17 lists the|assumptions for the nozzle/receptacle which are utilized as inputs for the nozzle element in the H2FillS
fueling model. Table A18 lists the assumptions for the break-away which are utilized as inputs for the break-away element
in the H2FillS fuelipg model.

Table A17 -|Assumptions for the nozzle/receptacle which are utilized for the nozzle element in H2FillS

Thermophysical Properties Assumption (H35 FM120) Assumption (H70 FIV1300)
Cv 0.383 1.2529
Internal Diameter (meters) 0.008 0.008
Outside Diameter (meters) 0.04 0.0588
Lenpth (meters) 0.31 0.2344
Material 316 Stainless Steel 316 Stainless Stgel
Material Density (kg/m3) 8000 8000
Wetted Mass (kilograms) 3 5
Mater.iall Thermal 15 15
Condugtivity [W/(m K)]
v e
Conveqt ve Heat Transfer 20 20
Coeffigient [W/(m2.K)]
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Table A18 - Assumptions for the break-away which are utilized for the break-away element in H2FillS

Thermophysical Properties Assumption (H35 FM120) Assumption (H70 FM300)
Cv 1.852 1.852
Internal Diameter (meters) 0.012 0.008
Outside Diameter (meters) 0.043 0.0588
Length (meters) 0.284 0.2344
Material 316 Stainless Steel 316 Stainless Steel
Material Density (kg/m3) 8000 8000
Wetted I}/I:me (kilngmmq) 3 [
Matérial Thermal 15 15
Condugtivity [W/(m K)]
e S
Convegt ve Heat Transfer 20 20
Coeffigient [W/(m? K)]

A.3.3.2 Assuni

Figure A11 shows

To obtain the requ
for a commercially

ptions for the Hose

the inputs required in H2FillS for the hose element.

Component:

Hose Length [m]:

Inside Diameter [m]:

Outside Diameter [m]:

Material Density [kg/m™~3]:

Material Thermal(Conductivity [W/(m K)]:
Material Spetific Heat [Jf(kg K)I:

Convective’Heat Transfer Coefficient [W/(m~2 K)]:

hose is intended fo

User v

Figure A11 - H2FillS inputs for the hose element

red_inputs for the hose, manufacturers of these components were surveyed. Informption was received
available 6-mm ID hose as well as a still-under-development prototype 10-mm ID h

se. The 10-mm ID
igh-flow fueling, but

for H35 high-flow, the 6-mm ID hose is the most conservative (will create a higher pressure drop), so it is utilized for the

H35 hose inputs.

The hose consists of an inner layer (Layer 1), a middle layer (Layer 2), and an outer layer (Layer 3). Layer 1 is made of a
polymer material, and its purpose is to contain or prevent permeation of hydrogen. Layer 2 is made of steel wires, and its
purpose is for structural strength. Layer 3 is a polymer material for protection from external elements. This layered
construction is illustrated in Figure A12. Table A19 provides the information received on these two hoses.
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Layer;

Layer,

Layerl ?\

Figure A12 - Cross section of a three-layer hose

Table A19 - Hose thermophysical properties received from manufacturers

Thermophysidal Hose Properties for H35 FM120 Hose Properties for Hf0O FM300
Properties Layer 1 Layer 2 Layer 3 Layer 1 Layer 2 Layer 3
Material Polymer Steel Wire Polymer Polymer Steel Wire Polymer
Thickness
(millimeters 1.0 1.3 0.9 1.2 2.0 1.2
Density (kg/mf) 1400 7850 1050 1400 7850 1140
Specific Heat Capacity
1500 450 1250 1500 450 500
[J/(kg K)]
Thermal Conductivity
[W/(m K)] 0.3 50.0 0.23 0.3 50.0 1.7
ID (millimeters) 6.3 9.9

As shown in Figur
handle such a hos
characteristics in t
version of H2FillS

fueling system co

performed, a conve

layer hose’s outer

e A11, the hose element inputs in H2FillS are for a single layer. The public versior
b consisting of multiple\layers, so the three-layer hose is treated as a single-layer hg
brms of heat transfer)from the hose to the precooled hydrogen. First, changes are
0 make it possible for the modified version to handle the three-layer hose. The mod
is run with the fuelipng system configuration in Figure A13 under slow- and fast-fill conditions detailed in T
hfiguration-consists of a break-away, hose, nozzle, piping, a flow junction, hand
10.0-kg type IV vehicle tanks.-The fueling conditions are shown in Table A20. After the fast- and slow-fil
rsioncapproach from the three-layer hose to a single-layer hose is evaluated; more sp
Hiameter, density, specific heat, thermal conductivity, and heat transfer coefficient o
are treated as varigbles. The best combination of those variables is selected. The evaluation criterion i

of H2FillS cannot
se that has similar

made to the public

fied H2FillS model

hble A20. The used

valves, and eight
ing simulations are

peifically, the single
h the outer surface
5 whether the hose

outlet temperature profiles with the single- and three-layer hoses match. This is because the complete overlap of the two
profiles means the two hoses have the same heat transfer characteristics in terms of the convective heat transfer from the
hoses to precooled hydrogen.
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Breakaway

e | .

Hose

Multl-Tank Junction
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Pipe Hand Valve
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] heod
Pipa Hand Vaive
— bod

(Vihicle Tank

Figure A13 - Fu

Pipe Hand Valve

Pipe Hand Valve

eling system configuration for-converting three-layer hose properties to those

Vehicl

| Vehich

b Ta

b Tank

b Tank

for single layer

Table A20 - Fueling conditions for-eonverting three-layer hose properties to those for single layer

Table A21 shows t

Fast Filling Slow Filling

APRR (MPa/min) 12.5 1.0
Precooling temp (°C) -40.0 -40.0

Initial gas press. (MPa) 20 20
Ambient & soak gas temp (°C) 50.0 50.0
Total fueling time (seconds) 400.0 4971.0

nebest-found combinations of the variables by which the simulated hose outlet temp

brature agrees with

that of the three-layer hose. The Table A21 properties are utilized in H2FillS for the hose element inputs. Figure A14 shows
comparisons of the hose outlet temperatures simulated with the single- and three-layer hoses under the fast- and slow-filling
conditions. In the comparison of the fast-filling simulations, the two hose outlet temperatures almost overlap; the maximum
error between the simulations with the single- and three-layer hoses is only 0.9 °C, and the average error is 0.025 °C. The
comparison of the slow-filling simulations also shows that the hose outlet temperature profiles match; the maximum and
average errors are 2.9 °C and 0.06 °C, respectively. These two comparisons provide confidence that the three-layer hose
can be treated as a single-layer hose with the properties listed in Table A21.


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL J2601™-5 FEB2025 Page 67 of 253

Table A21 - Three-layer equivalent single-layer hose geometry and thermophysical properties

Thermophysical Properties H35 FM120 | H70 FM300
Length (meters) 6 6
ID (millimeters) 6.3 9.9
OD (millimeters) 10 15
Density (kg/m?3) 1000.0 1000.0
Thermal Conductivity [W/(m K)] 0.3 0.3
Specific Heat Capacity [J/(kg K)] 1500.00 1500.0
External Convective Heat Transfer Coefficient [W/(m?2 K)] 2.5 2.5
50
L ——3-layer hose (original hose) — 1-layer hose
? Maximum error: 0.90°C
;' Average error: 0.025%€
3
o
0]
a
£ ofr
2
I
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o
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I i
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Time [s]
50
L —— 3-layer hose (original hose) — 1-layer hose
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;' | Average error: 0.06°C
3
© i
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Figure A14 - Comparison of hose outlet temperatures: three-layer versus equivalent single-layer hose
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A3.4 Cold Case Assumptions and Boundary Conditions

The cold case assumptions and boundary conditions utilized are identical to those in Section A.3 of SAE J2601_202005.
The MC Method ending pressure control option is the same as that for MC Formula in SAE J2601_202005, except that the
equation for Tinit_cold (Se€ Equation C31) has been revised for better accuracy. For the ending pressure tables control option,
the H70 pressure targets and limits are mostly the same as those for the MC Formula CHSS Capacity Category D fueling
protocol in SAE J2601_202005. The only change made was to adjust the communications fueling pressure limits for
pressures of 5 MPa and below based on an SOC of 98% instead of 97%. For the ending pressure tables control option, the
H35 pressure targets and limits were derived in the same manner as the CHSS Capacity Category D fueling protocol in
SAE J2601_202005, except that the target pressures were based on 100% density for H35 of 24.0 g/L.
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APPENDIX B - (NORMATIVE) MCF-HF-G FUELING PROTOCOL FLOWCHARTS
B.1 INTRODUCTION
As per 8.9, this appendix details the flowcharts for the application of the MCF-HF-G fueling protocol. These flowcharts
provide an explanation of the control logic and order of operation. These flowcharts are to be used in conjunction with the
subroutines detailed in Appendix C. Where appropriate, a reference to the applicable section and/or equation of Appendix C
is called out in the flowcharts.

An overview to the subroutines flowcharts is as follows:

Figure BO - MCF-HF-G fueling overview

Figure B1 - SAE J2799 Physical and Functional Requirements Subroutine
Figure B2 - MCF-HF-G Dispenser Startup Subroutine

Figure B3 - MCF-HF-G Fueling Process Subroutine

Figure B4 - MCF-HF-G Parameter Initialization Subroutine (see C.3.1)

Figure B5 - MCF-HF-G Ending Pressure Initialization Subroutine for ending pressure tables (see C.3.2.1)

Figure B6 - MCF-HF-G Ending Pressure Initialization Subroutine for MC Method (see C.3.2.2)
Figure B7 - MCF-:]F-G Selection of tinai Table Subroutine (see C.3.3)

Figure B8 - MCF-HF-G Calculation of tfina_min Subroutine (see C-3.4)

Figure B9 - MCF-HF-G tfinal Vector Interpolation Subroutineg {see C.3.5)

Figure B10 - MCF-HF-G Fueling Time Indicator Subroutine (see C.3.6)

Figure B11 - MCF-HF-G CHSS Volume Measutement Subroutine (see C.3.7)

Figure B12 - MCF-HF-G Calculation of Ka.Subroutine (see C.3.8)

Figure B13 - MCF-HF-G Mass Average-Calculation of the Fuel Delivery Temperature Subroutine (see ¢.3.9.2)
Figure B14 - MCF-HF-G Mass¢Average Calculation of Enthalpy Subroutine (see C.3.9.3)
Figure B15 - MCF-HF-G Caleulation of Tcois Subroutine (see C.3.10)

Figure B16 - MCF-HE=G Calculation of tfina Subroutine (see C.3.11)

Figure B17 - MCF-HF-G Calculation of PRR and Pramp Subroutine (see C.3.12)

Figure B18 - MCF-HF-G Determination of Pressure Targets and Limits Subroutine (see C.3.13)
Figure B19 - MCF-HF-G Evaluate End-of-Fill Criteria Subroutine (see C.3.14)

Figure B20 - MCF-HF-G Process Check Subroutine (see C.3.15)

Figure B21 - MCF-HF-G Advance Counters Subroutine (see C.3.16)


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025 Page 70 of 253

e >
{ Start

Y

SAE J2799 Physical
and Functional
Requirements Check

««— See Figure B.1

SAEJ2799 Physical

Indichitor Comm
Fil] =TRUE

/

and Functional

Requirements Passed
AND

ation Apply Com

Fueling Procedures ?

No = Indicator Cormm

“Yes— Fill = FALSE

4

Dispenser Start Up

Subroutine e Figure B.2 & Sectioh C.2

Dispenser Start Up

Subroutine passed?
No

Yes

v

Fueling Process

« , .
Subroutine See Figure B.3

\ 4

End J

Figure B0 - MCF-HF-G fueling overview
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Figure B1 - Physical and Functional Requirements Subroutine
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Figure B2 - MCF-HF-G Dispenser Startup Subroutine
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Figure B3 - MCF-HF-G Fueling Process Subroutine
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: / Parameter Inftialization Pstartup f“
See Section C.3.1} | /
.

/

Subroutine L /

Setj=0 !
/ Setn=0 4
/ Seti=0 ¥
- / Set mg /
Initialize [ SetK, =0 (if K, method used) |
Non-Descretionary 7 Set PRR_TAPER_FLAG = FALSE |
Variables ! !
/ Calculate Pians i
Set Pramp = Pstartup /
Set RRyyin = 1 /
/ Set RRyax = 0 /
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See Eq. CQOJ Calculate € Calculate € LSEE Eq. C20
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Initialize ‘;“ Set MATexpected f“
Descretionary —I- Set APyo)_high /
Variables y/ Set B /
— Set P, (if K, mehtod used) ;f
Set tipoknack {if PRR Taper Method used) |
End Parameter
Initialization )
\ Subroutine _/

Figure B4 - MCF-HF-G Parameter Initialization Subroutine (see C.3.1)
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‘-\In\‘tializatiun Subroutine /
7_,/

See Section C.3.2 ———

End Pressure Control
Initialization - Ending Pressure

See Section C.3.2.1
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/
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/
/
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/
/
/
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/
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»
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/
f Tamb

Pinitial f

/

/
e

See Eq. C28

)

/ /
/ /
f

Indicator Comm Fill
/

I

/

/ i
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- \

’ - Comms \\\ No.
‘~\\Fuellng? %

e D
P,

H70-

!

/

..“-
/

/

/

1 /
-

/ Pinitial

/ |

Tamb

7
/
Interpolate to calculate
Communication Pressure Limit

/
=
/

Plimit_comm
‘/.‘

cC. Fand
TJee T ToU

i [
/
Tamb / N
/ Pinitial /
/ ! Interpolate to calculate
' Communication Pressure Limit
See Eg—29

Figure B5 - MCF-HF-G Ending Pressure Initialization Subroutine for ending pressure tables (see C.3.2.1)

\ i

‘/"End of End Pressure ™,
Control Initialization |
Subroutine 7

\\
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" End Pressure Control
Initialization Subroutine /

See Section C.3.2

See Section C.3.2.2

End Pressure Control
Initialization - MC Method

LSee Eq.C31 /
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3
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/

;"I Pinit_cold
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f ]
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—_—

L f
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/ Minit_cold ’ cold case initial mass to
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i l
3 -
See Eq. C39

/
Uinit_cold

Calculate cold case initial /
|
/ ’;’

[

/ Pinitial /
/ M’ specific internal energy
Ja—
y
3
V. See Eq. C40

,‘f‘ Minit\(cold / Calculate cold case initial / U
/ 3\ —_— : - e
/ Miptt_cold / internal energy 7 init_cald
L ‘—“
y / ;
/ AC |
Set MC equation constants —h-"‘ BC ;': [
i GC / | See Eq. C41
/ KC /
Jc ;"'

Y

" End of End Pressure - ;

Control Initialization
Subroutine

S

N

Figure B6 - MCF-HF-G Ending Pressure Initialization Subroutine for MC Method (see C.3.2.2)
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See Section C.S.SW L B
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L H70 FNI60/FM30/FM300
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| tina Matrix - Table €5 | | tnal Matrix - TableCé
/ / / /
; ) See Eq. C42 and C43
/ / [ ~ +
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/ Vehss / L respectively I
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L
‘ / /
N\ L I
/{\‘ / /
e / f
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/
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/

f

/
/
/ TV /
/
/ Vehss / /
f /

Y
1

Trna MIATTIX - TADIETE ;“
/

/
/

/

A
/ /
—See Eq. C44 and C45

for Option A and B

respectively
!
/

Select tg,a table(s)

(/ End Selection of tya
Table Subroutine  /

tfinal table(s)

Figure B7 - MCF-HF-G Selection of tsinas Table Subroutine (see C.3.3)
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) *‘ ﬁélculation of tfma|_n-;n1
See Section C.3.4 ——— PRRuax, and MFRyin )
,‘ Subroutine »

Protocol?

H35 FM60 or
I H35 FM120 H70 FM60/FM90/FM300
{ Vchss ‘{ Vehss /
Yes Yes
Set Venss to largest . No Set Vensg 1 largest
o
expected CHSS expected CHSS
volume | volume
] \/
V, n Vchss
chss
Calculate tfinal min <€ > Calculate tfinal_min FM
Pmin - P
min
tfinal,min tfinalJv1in
B Calculate PRRnax Calculate PRRmax B
Pmin Pmin
\
Calculate MFRmin See Eq. C47

S AN

/End of Calculation of

| tfinal_min, PRRMax, and

MER. PN i
M Rmm otHerotitme

Figure B8 - MCF-HF-G Calculation of tfina_min Subroutine (see C.3.4)
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See Section C.3.5
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=
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)
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|

.. §ee Eq. C50

/

&k
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/

/

/
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for values above and

/
J
——» tfinai(marc) Vector

— See Eq. C51

below Tamb

‘J'I“ Tamb
/
('/- End tin Vector -7\\
\IQterpoIation Subroutil:l_g /
Figure B9 - MCF-HF-G tsinai Vector Interpolation Subroutine (see C.3.5)
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ﬁueling Time Indicator
Subroutine

See Section C.3.6

S Fueling
Set FTlg =0 NoYes Set FTlj =1
\

Erd-FoetingTime
< Indicator Subroutine )

Figure B10 - MCF-HF-G Fueling Time Indicator Subroutine (see C.3.6)
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/" CHSS Volume
Measurement

See Section C.3.7 ——|
J . Subroutine o
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——— See Eq. C55
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tol . Calculate Po
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[
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/
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/ Calculate Initial
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——— See Eq. C57
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/
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/

/
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/ Tamb .‘" Calculate Ty / T
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.
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/ Calculate Amy, / Amy i-"
\

————} ]
I
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/
/ Amyc
/
! Mol /
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J / /

/
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E 3

/" End of CHSS Volume ™
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Subroutine ~/

Figure B11 - MCF-HF-G CHSS Volume Measurement Subroutine (see C.3.7)
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FTlg)

Calculation of Kq
Subroutine

»
'

w

Yes

b4

iSpenser implm

a non-fueling event?

Yes

() > m at previous Ky

calculation?

Yes

v

Measure Station Pressure
and mass flow right before
the mass flow stops

Pstation_ﬂow
Melow

Ps
T4

btion_flow

el_inst(j)

Pko

—[See Eq. C105

Calculate pyo

Measure station pressure
after the mass flow has
completely stopped

Pstationfnojlow

Pstation_ﬂow
Pstation_no_ﬂow
mflow
Pko

Figure B12 - MCF-HF-G Calculation of Ko Subroutine (see C.3.8)

Calculate Ko

—[See Eqg. C58

Y

/End Calculation of Ko

k Subroutine
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= Mass Average Fuel Delivery mg 5.
See Section €3.9.2 Temperature Calculations My /
= o Subroutine Thuel_inst_A) ‘/
) Thuel_inst_a(i-1) /
See Eq. C59
n=0? N Qe Calculate MATga
es l
]
Set MATon = Truelinst ) ——————  MATn |
Redundant i "‘. B /
Measurements? h i MATy = MATs
mg
M1y j
Thuel_inst_B(j) i
Tiuel_inst_i-1) /
. See Eq. C40;
n=0?7 >——N Calculate MATgy
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Set MATog = Truel_inst o) ——/ MATog /
5 Seg Eq\CH1
MATaa !
—_— i
MATog J Calculate MAT, > MATg
nz37" No.
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i 4‘— Set MAT, = MAT,
i See Eq. C62 and C63 b et i
Mg &
Truel_inst_A(j) \\ “Calculate MATs4 and / MATa08
/ B i
Truel_inst_a(-1) ! } MAT 308
i Ttuel_inst_B() ! / MAT.
/ / / 308
il Thelinst_8g-1) [/ l I
N See Eq. C64
MATEn /
/ —_— Calculate MAT. !
L vl [ S VN S
Pramp < Purans?——=Y€S—is.  Set MAT. = MATz
| ‘
No — MAT,
5+ Calculate MAT,
% Pt:ms < Pramp < Pl.t;]? —Yesp- (See Eq. CbS]( —
Y

End Mass Average Calculation of Fuel
Delivery Temperature Subroutine

X A

Figure B13 - MCF-HF-G Mass Average Calculation of the Fuel Delivery Temperature Subroutine (see C.3.9.2)
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See Section C.3.9.3 |

Tfuel_inst_A(j)
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{ Calculation of Enthalpy |

Subroutine

—{ See Eq. C102

Calculate enthalpy using
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\ =
|

YeS——p Calculate have A

\ J
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¢
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Ttuel_inst_B(j)
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Calculate'epthalpy using
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‘—[See Eq. C102

havefB

!

Calculate hyye g

\

% See Eq. C68

SeeEq. C67

h ave_A
h ave_B

Calculate haye

‘ See Eq CA9
el

l

\
/End of mass average
calculation of enthalpy
Subroutine

Figure B14 - MCF-HF-G Mass Average Calculation of Enthalpy Subroutine (see C.3.9.3)
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See Section C.3.10
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Subroutine
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\

—[See Eq. C70

See Eq. C71
[

/
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Minal_cold
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internal energy
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'

Calculate cold case adiabatic
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—[See Eq.C72

e

\
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specific heat capacity at
constant volume

—' See Eq. C73

Cv_cold(j)

l

No

Set Ateola(j) = t - tmin_cold

te tmin_cold?

\

AC
BC

GCE
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Uadiabatic_cold(j

)

Calculate MCoiq

See Eq. C75

1

Uinit_cold
Ateold(j)

Mfinal_cold
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Tadiabaticfcold

MCeold

Tinit_cold

See Eq. C76

1

End of Calculation of
Teold Subroutine

Figure B15 - MCF-HF-G Calculation of Tcola Subroutine (see C.3.10)
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See Section C.3.11 ‘/Calculation Of tfinal
e Subroutine

tinal(MATC_below) See Eq. C77
ot | Calculate tum, e for MAT _-
c(j) L final_calc(j)
above and below MAT,
MATc(below) / ¢

MATC(above)

\
Ehinal_calc(j) 4‘:See Eq Cc78
a
B Calculate tfina(j)
—_—
e
tfinaLmin

\
‘ End of Calculation of tfnal
\\ Subroutine

Figure B16 - MCF-HF-G Calculation of tsinas Subroutine (see C.3.11)
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{ Calculation of PRR and

See Section C.3.12 ey
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AP = P -MP,  ——Yes_ fommunicated Fliy=07"
. Fueling? y
| N I
No Yes
\l Y
Calculate MPeic - Pramptisn) >
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Figure B17 - MCF-HF-G Calculation of PRR and Pramp Subroutine (see C.3.12)


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 88 of 253

/" Determination of ™

See Section C.3.13 ——

Pressure Targets and

Limits Subroutine _/

!
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NO—— Use Ending Pressure Tables ——

[See Eq. C86
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‘ I ]
- ——— SeeEq.C85 Yes
/ |
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|
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See Eq. C87
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Figure

method ‘

See Section C.3.2.1

Y

7 N e ¥
/ End of Detefmination of Pressure
|
' Targetsand Limits Subroutine

B18 - MCF-HF-G Determination of Pressure Targets and Limits Subroutine (see

C.3.13)
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See Section C.3.14 Calculate End of Fill
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ENDFILL  a—Yes— Ly
Ptarget_non_comm ?
N Caleulate MPgyegy
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’ I
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'
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e

MPgiy = Prarget_comm?
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Ye;——{ END FILL
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Yes—.{ END FILL \
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\ |

"

(\MPLic 2
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ENDFILL

l

End of Calculate End Criteria
ubroutine

Figure-B19 - MCF-HF-G Evaluate End-of-Fill Criteria Subroutine (see C.3.14)

R ] Advance Counﬂi

See Eq. C105
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See Section C.3.15 ——
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Subroutine

\ J
- -

Figure B20 - MCF-HF-G Process Check Subroutine (see C.3.15)
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Advance Counters

See Section C.3.16 } L

\

Advance Counter
j=j+1

l

\

m >0.01 X FM? No

Yes

\J

Advance Counter
n=n+l

o

\

End Advance Counters
Subrelitine

Figure B21 - MCF-HF-G(Advance Counters Subroutine (see C.3.16)
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APPENDIX C - (NORMATIVE) MCF-HF-G FUELING PROTOCOL CONTROL SUBROUTINES
CA1 INTRODUCTION

The fueling control is based on an advanced version of the MC Formula protocol found in SAE J2601_202005. The control
is structured by utilizing subroutines which describe a certain function within the overall control structure. These subroutines
are labeled based on their function and are ordered by their sequence within the control structure. Although these
subroutines are described below generally in the order they are executed, see Appendix B for the flow diagrams, which
definitively describe the order of operation of these subroutines.

All equations in Appendix C shall be implemented as stated and shall follow the order of calculation as defined in the
flowcharts in Appendix B. There are some parameters which allow for discretionary settings (see C.3.1.2), and some

subroutines and sgme-functionsiegquations-are-optioral—-hese-are-hoted-in-the-appropriate-sestions-of-Appendix C.

Although an explanation for each parameter and equation, as well as guidance for their use, is provided, Section 3 should
also be utilized as|a reference for definitions, and Section 4 as a reference for abbreviations-and symbols utilized in the
subroutines.
C.2 DISPENSER STARTUP SUBROUTINE

The Dispenser Staftup Subroutine is used to determine essential initial conditions:The flowchart for thg Dispenser Startup
Subroutine is shown in Figure B2.

C.2.1 Check fqr Communications and Fueling Command Abort
The dispenser firsf checks if there are communications available, and.if so, if an “Abort” from the IR cpmmunication data
field named “FC” ig present. If there is an “Abort,” the dispenser shallterminate the startup process. If thgre is not an “Abort”
command, the starfup procedure continues.
(Eq. C1)
IF Commaumnications are available
SetIndicator_Comm_Fill = TRUE
ELSE
Set Indicator_Comm_Fill = FALSE

END IF

IF FC = Dyna

Continue Startup

ELSE IF FC = Abort
Abort Startup

END IF
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c22

Measure Ambient Temperature

The dispenser next checks that the ambient temperature is within the defined limits. If it is within the defined limits, the

ambient temperatu

re is recorded as Tamb.

IF —40°C < Typp <50°C
Record T,y and continue Startup

ELSE Abort Startup

(Eq. C2)

C.23 Initial Pr
An initial pressure
right after the initig
check passes, or if
within the defined |

C.24

The dispenser nex
the CHSS volume

END IF
bssure Pulse, Leak Check, and Determine Initial CHSS Pressure
ulse equilibrates the station pressure and CHSS pressure. If utilized, a leak’check rou
| pressure pulse. If the leak check fails, the dispenser shall terminate‘the startup |

the leak check routine is not utilized, the dispenser shall then méasure the initial CH
mits, the initial CHSS pressure is recorded as Pinitial.

IF 0.5 MPa <

Pinitiat < NWP AND-.Léak Check Passed
Record Pt and continue Startup
ELSE Abprt Startup

END IF

Determination of CHSS Volume and.l.argest Tank Volume

I determines the CHSS volume, Vchss, and the largest tank volume, TVL. During the
may only be determined through communications via the TV value. If communication

then the CHSS voliime is considered-indeterminate. The CHSS volume can be measured during the mai

the CHSS Volume

Measurement Subroutine in C.3.7.

If Indicator_Comm_Fill = TRUE, Set Vepss =TV

ine is implemented
rocess. If the leak
SS pressure. If it is

(Eq. C3)

dispenser startup,
5 are not available,
n fueling time using

(Eq. C4)

Tf Tndicator _Comm_Fill = FALSE, Set Vipss = ND
For H35 FM60 or H70 FM60 / FM90 / FM300
IF 248.6 < Veyss < 5000 OR Veyss = ND
Continue Startup
ELSE Abort Startup

END IF
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For H35 FM120
IF 248.6 < Veyss < 7500 OR Veyss = ND
Continue Startup
ELSE Abort Startup

END IF

The largest tank volume, TVL, can only be determined via communications (see 8.11.6.8 for a complete formatting
description of optional data parameters). The dispenser stores this value as TVL. If communications are not utilized, or this

TVL is not comm
FM60/FM90/FM30

If Ing

If Ind

unicated in the Optional Data Field, the dispenser shall set TVL to 800 L fer
D protocols and set TVL to 1000 L for the H35 FM120 protocol.

For H35 FM60 or H70 FM60/FM90/FM300
If Indicator_Comm_Fill = TRUE, Set TVL to value communicated in OD field
icator_Comm_Fill = FALSE, or TVL is not communicated ifithe OD field, Set TVL
IF 50 < TVL <800
Continue Startup
ELSE Abort-Startup
END IF
For H35 FM120
If Indicator _Comm_Fill’= TRUE, Set TVL to value communicated in OD field

icator_Comm_Fill = FALSE,or TVL is not communicated in the OD field, Set TVL 3

IF 50 < TVL <1000
Continue Startup

ELSE Abort Startup

= 800

- 1000

END IF

the FM60 or H70

(Eq. C5)
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C.25 Setting the Flow Rate Maximum Value FM

The dispenser shall set the Flow Rate Maximum Value FM based on the Flow Rate Maximum Class FM. See 8.1 for
guidance.

(Eq. C6)
For the H70 Pressure Class
If the Flow Rate Maximum Class is FM60 or FM90

THEN

If Indicator_Comm_Fill = TRUE and FM = 090 is received in the OD block, Set EM. =" P0
ELSE
If Indicator_Comm_Fill = FALSE or FM = 090 is not received in the’OD block
or Dispenser is not capable of FM90, Set FM =60
END IF
If the Flow Rate Maximum Class is FM300
Set FM = 300
END IF
Fer H35 FM60
Set FM = 60
For H35 FM120
Set FM =120

C.3 FUELING PROCESS SUBROUTINE
The subroutines in|Section-€:3 describe the fueling process.

C.3.1 Subroutine--'\Parameter Initialization

C.3.1.1 Initialization of Parameters with Non-Discretionary Settings

The settings of the parameters in this subsection do not allow for discretion. The parameters shall be set and/or calculated
as indicated.

The initial step is to set the timestep counters to zero. The timestep j is used to calculate all control parameters, as defined
in Subroutines “Fueling Time Indicator,” “Mass Average Calculations,” “Calculation of Tco,” “Calculation of trnal,” “Calculation
of PRR and Pramp,” “Determination of Pressure Targets and Limits,” and “Process Check.” The timestep j shall be set to
1 second, meaning that the calculations are performed once every second.

Initialize j =0 (Eq. C7)
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The counter n is used to determine the point in the fill when mass flow begins and when a total of 30 seconds of mass flow
have elapsed. The counter n advances at the same frequency as timestep counter j but only advances if there is mass flow.

It is utilized to dete

rmine the point in the fill at which the calculation of MAT3 commences.

Initialize n =10

(Eq. C8)

The counter j is used to determine when the end-of-fill criteria has been met in the Evaluate End-of-Fill Criteria Subroutine
in C.3.14. The timestep i shall be set to 0.1 second, meaning that the calculations are performed once every 1/10th of a

second.

The mass is initialig

CHSS Volume Me
necessarily a zero
of measure for mo

The parameter Ko

The flag variable H
Equation C82. The
FALSE throughout
conditions are met

Prinal is @ paramete
tfinal Values. The un

Ptrans is @ paramets
Ptrans is megapasc

Pstartup is used to 3

Initialize i =0

Asurement Subroutine in C.3.7. Note that m the mass dispensed'at
value, as the mass dispensed during startup may have accumulated in the mass-tnea

s grams.

Set m as the mass reading at timet = 0

If Ky Method and MP,,. is utilized, Initialize K, =0

RR_TAPER_FLAG is initially set to FALSE. PRR_TAPER_FLAG is used in the PR
PRR Taper method is optional, so if PRR Taper is<ot’used, then PRR_TAPER_FL
the fueling event. IF PRR Taper is utilized, PRR.TAPER_FLAG is changed to T
in Equation C82.

PRR_TAPER_FLAG = FALSE
utilized in the variable PRR equation\ It represents the maximum pressure used in t

t of measure for Prnal is megapascals.

If the protocol is H35.FM60 or H70 FM60, FM90, FM300, Set Pfinq = 87.5
If the'protocol is H35 FM120, Set Pfipg = 43.75
r used in the mass’average fuel delivery temperature control (MATc) equation. The

pls.

PrinaitPinitial
Set Ptrans - 2

et thevinitial ramp pressure Pramp. Pstartup is the station pressure measured at the

(Eq. C9)

ipn is utilized in the

time t = 0. It is not
surement. The unit

(Eq. C10)

S initialized to zero using Equation C11. Ko is calculated in the Calculation of Ko Subroutine in C.3.8.

(Eq. C11)

R Taper method in
LAG remains set to
RUE when certain

(Eq. C12)

he derivation of the

(Eq. C13)

unit of measure for
(Eg. C14)

end of the startup

time/beginning of t

neé-main fueling time. The unit of measure for Pramp is megapascals.

Set P‘ramp = Pstartup

(Eq. C15)
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Pmin is the minimum initial pressure and is utilized in the PRR equation (see Equation C80) as well as the equation for 8
(see Equation C25). The unit of measure for Pmin is megapascals.

For H35 FM60 and H70 FM60/FM90/FM300

IF Pinitial >5 MPa,
THEN Set P, = 5

ELSE

(Eq. C16)

RRmin is the minim
measure for RRmin

RRmax is the maximum calculated PRR throughout the fill. It is utilized in the equation for a (see Equatio

measure for RRmax

a is a parameter W
and C79). Refer to
and RRmin, the high

im calculated PRR throughout the fill<Jtis utilized in the equation for a (see Equatio

is MPa/s.

is MPa/s.

hich is multjplied by tinal to compensate for non-linearity in the PRR during the fill (

Set Pmin = Piitial
END IF
For H35 FM120
IF Poigiar = 3 MPa,
THEN Set P, = 3
ELSE
Set Pmin = Pinficial

ENDJF

Set RRyyin = 1

Set RRygx =0

n C79). The unit of
(Eq. C17)

n C79). The unit of

(Eq. C18)

see Equations C78

H.2.6.1 of-SAE J2601_202005 for a detailed explanation of a. The higher the differepce between RRmax

er a becomes. a is calculated for each timestep j. The unit of measure for a is dimen

Seta=1

sionless.

(Eq. C19)
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¢ is a parameter which is multiplied by tfina to increase tfina when Pinitial is less than 5 MPa for the H35 FM60 or H70
FM60/FM90/FM300 protocols, and when Pinital is less than 3 MPa for the H35 FM120 protocol (see Equation C78). This is
because the tinal values were derived with an initial pressure of 5 MPa and 3 MPa, respectively, so when the initial pressure
is lower than these values, the fueling time must be increased. For more details on the € parameter, see A.2.1.2. The unit
of measure for ¢ is dimensionless. ¢ is set using Equation C20. In Equation C20, the unit of measure for Tamb is degrees
Celsius (°C).

(Eq. C20)
For H35 FM60 or H70 FM60 / FM90 / FM300

IF Pinitial >5 MPa,

THEN Sete =1
ELSE
IF Tomp = 0,TT = Tymp
ELSE
TT =0
END IF

w = 0.07837762|— 0.0009585859 x TT + 0.00006455478 X TT?<,0.00000297125 X TT® + 0.00000000415851 x TT*

(Pfinal v initial)
(Prinar — 5) X101 — 0 X (5 = Piniria)]

Set ¢ =

END IF
For H35 FM120
IF Ppyyiqr = 3 MPa,
THEN Set ¢ =1
ELSE
IF Tomp = 0,TT = Tapmp

ELSE

TT =0
END IF

w = 0.1333077 — 0.00163512 X TT + 0.00005851981 X TT? — 0.00000190054 X TT3 + 0.0000000209790 x TT*

(Pfinal - initial)

Set ¢ =
(Prinat —3) X [1 — @ X (3 = Piniria)]

END IF
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C.3.1.2 Initialization of Parameters with Discretionary Settings
The settings for the parameters in this subsection shall be determined by the discretion of the dispenser manufacturer within
the acceptable range provided.

A communications-fill pressure target is calculated continuously during fueling. The pressure target is calculated based on
an end-of-fill target density of 40.2 g/L for the H70 Pressure Class and an end-of-fill target density of 24.0 g/L for the
H35 Pressure Class. However, the pressure target may be reduced to account for sensor tolerance. The amount the SOC
target is reduced for sensor tolerance is determined by the dispenser manufacturer. A parameter SOCtarget is Used to define
the target SOC, where SOCtarget = 100 represents a target density of 40.2 g/L for the H70 Pressure Class, and a target
density of 24.0 g/L for the H35 Pressure Class. Communications fueling should achieve a final SOC in the CHSS of 295%

and £100%. Thus, SOCtarget shall be set between 95 and 100, where the value 95 represents 95% SOC and the value 100
represents 100% SOC The unit of measure for Qﬁ(‘:wuvt is pnrhnnf (0/)

Set SOCrarger (Eq. C21)

The dispenser mu
dispenser targets f
Piinal which gives th
for a pressure clas
85 MPa or 86 MP
42.5 MPa (note thd
H70 FM60 protocq
pressure falls behi
pressure reaches t

5t set the maximum ramp pressure, Pramp_maximum. The ramp pressure (Pramp) is the
or each timestep throughout the fill. The maximum ramp pressure shouldbe set at
e dispenser sufficient margin for controlling the station pressure without exceeding

pressure that the
some value below
Pfina. FOr example,

s of H70, given that Prnal is equal to 87.5 MPa, a dispenser may_set the maximu

ne target pressure. When this occurs, the ramp pressure’is held constant at the maxi

value until the station pressure or vehicle pressure reaches the target pressure. The unit of measure

megapascals.

The dispenser sha
the fuel delivery te
the fill. MATexpected
degrees Celsius (°

APtol_nigh IS an uppé
limit pressure Piimit]

Set Pramp_maximum

| determine the expected mass average fuel delivery temperature, MATexpected. This S
mperature control setpoint, i.e., the fuel delivery temperature that the cooling system
shall be set to a value within the.range specified in Equation C23. The unit of measu

C).
Set MAT pypocted
For H35 FM60 or H70 FM60, FM90, FM300, 33 °C < MAT,ypecteq < 0 °C
For H35 FM120, 20 °C < MATapecteq < 20 °C

r tolérance on the ramp pressure Pramp. APl high is a value which is added to Pramp t
high.which the station pressure Pstation Shall not exceed (see Process Check Subrout

unit of measure forAR

ramp pressure to

h, and for a pressure class of H35, a dispenser may set thefmaximum ramp presgure to 42 MPa or
t the H35 FM60 protocol uses a Prinal value of 87.5 so that the pressure ramp rates are the same as the
I; therefore, in this case, Pramp maximum Should be set at.some value below 43.75 MPa). If the station
hd the ramp pressure, the ramp pressure may reach-thie maximum ramp pressurel before the station

um ramp pressure
for Pramp_maximum is

(Eg. C22)
hould be based on

is targeting during
re for MATexpected is

(Eq. C23)

O provide an upper
ne in C.3.15). The

. is maaanaceale Tha ranaa of sccantabla valiiae for AD ic 3+~ 7 MDA
A to—high S HRegapaSEasS—He-aRge-0ra66e ptabie—vatdesS+o1 o—to0—f =

Setting APtol_nigh to

X {O_TgIT I TVIT

a higher value in this range provides more margin for station pressure excursions above the ramp pressure, but it also
causes f in Equations C25 and C78 to be larger, which increases the fueling time. Setting APtl_nigh to a lower value in the
range decreases the fueling time but provides less margin for station pressure excursions.

Set APyy; pign to a value between 3 and 7

(Eq. C24)

B is a parameter which is multiplied by tina to allow for the pressure tolerance APuwl nhigh. Refer to H.2.6.2 of
SAE J2601_202005 for a detailed explanation of B. The unit of measure for B is dimensionless. APl nigh is set using

Equation C24.

Pfinal_Pmin

Set =

Pfinal=Pmin—APtol_nigh

(Eq. C25)
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The parameter Pa is factor used in the calculation of the synthetic measured pressure MPcac, which is a function of Ko, 1,
and p (see Equations C81, C88, and C89). Ko is measured in the Calculation of Ko Subroutine in C.3.8 (which is optional).
The parameter Pa provides margin for the uncertainty in the calculation of MPca, i.e., Pa is added to the calculation, which
gives a higher value for MPcac. The value used for Pa is discretionary and can range from zero to a positive number (a higher
value is more conservative). As an example, Pa may be set to 1 MPa. The unit of measure for MPcac is megapascals.

If Ky Method and MP.,,. is utilized, Set P, (Eq. C26)
The parameter tiookback is used in the PRR Taper method in Equation C82. tiwokback defines the lookback period of time for
which a previous value of the measured pressure MP is utilized. The unit of measure for tiookback is seconds. The PRR Taper

method and its attributes are explained in Appendix E. The use of the PRR Taper method and Equation C82 is optional.

C.3.2 Subrouti
This subroutine is
C.3.2.1is only app
use of the MC Met

C.3.21 Ending

C.3.2.1.1 Calc
Tables C1 and C2
initial pressure for
required to calcula
pressure Pinital. In

Pinitial, @nd Pinitial_ab
Tamb_below represent
the Tamb value in t

target value at Piniti'[

As an example, in
Tambfabove or Tambib
after interpolating
interpolating on Ta

T AL oo el s K e C ook & 20
1 MIJCI vreernouw to atcliieZecu, Jct Llookback — JU

ne - Ending Pressure Control Initialization

divided into two sections, C.3.2.1 and C.3.2.2, based on the ending pressure contr
icable to the use of Ending Pressure Tables for ending pressure control~C.3.2.2 is or
nod for ending pressure control.

Pressure Control Initialization - Ending Pressure Tables
ulation of Non-Communications Fueling Pressure Target

provide the non-communications fueling pressure targets as a function of the ambie
Pressure Classes H35 and H70, respectively. Equation C28 is utilized to condu
e the non-communications fueling pressure target using inputs of ambient temperat
Fquation C28, Pinitial_below represents the PinitiarValue in the table directly below the ac
ve represents the Pinitai Value in the table“directly above the initial pressure Pinitial
s the Tamb value in the table directly below:the actual ambient temperature Tamb, and T
e table directly above the actual ambient temperature Tamb. Ptable represents the ac
|_above O Pinitialfbelow and at Tambfabove or Tambibelow.

Table C2, Ptble (20,30) = 699 MPa, where 20 represents Pinitial_above OF Plinitial_below,
low- IN Equation C28, Preiow is’ an intermediate calculation representing the below prg
bn Tamb, and Pabove is@n.intermediate calculation representing the above pressure
hb. The final Ptarget nonssomm value is a result of interpolating Pbelow and Pavove 0N Pinitial.

(Eq. C27)

ol method chosen.
ly applicable to the

nt temperature and
ct the interpolation
Lire Tamb, and initial
tual initial pressure
In Equation C28,
bmb_above represents
tual table pressure

and 30 represents
bssure target value
target value after
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Table C1 - Non-communications fueling pressure targets - H35 Pressure Class

H35 Target Pressure, Ptarget non_comm [MPa]
MCF-HF-G
Non-Comm
Initial Tank Pressure, Pinitias [MPa]
0.5 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 37.6 37.4 37.3 37.0 36.8 36.7 36.6 36.4 no fueling

— 45 37.2 371 37.0 36.7 36.6 36.5 36.6 36.4 no fueling

&._,. 40 36.9 36.8 36.7 36.5 36.4 36.4 36.5 36.4 no fueling

§ 35 36.6 36.5 36.4 36.3 36.2 36.2 364 36.3 no fueling

:» 30 36.2 36.1 35.9 35.7 35.7 35.7 358 35.7 no fueling

§ 25 35.7 35.6 35.4 35.2 35.1 35.1 35.2 o fueling no fueling

g_ 20 35.3 35.2 35.0 34.7 34.6 34,5 34.6 o fueling no fueling

g 10 34.4 34.2 34.0 33.7 33.5 33.4 33.3 o fueling no fueling

= 0 33.7 33.4 33.0 32.7 324 32.3 32.0 o fueling no fueling

_§ -10 33.3 33.0 32.5 31.7 31.3 311 30.6 o fueling no fueling

g | 20 33.0 32.7 32.2 31.4 307 300 | nomweing | fomeing | mofueing

< -30 32.4 32.2 31.8 311 30.4 29.6 no fueling o fueling no fueling

-40 32.2 32.0 31.6 30.9 30.2 29.5 no fueling o fueling no fueling

<-40 no fueling no fueling no fueling no fue@“ no fueling no fueling no fueling o fueling no fueling
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Table C2 - Non-communications fueling pressure targets - H70 Pressure Class

Pyetow = Prabvie (Pinic

Papove = Pravie (Pinit

al_below> Tamb,below) +

al_abover Tamb_below) +

Ptarget_non_comm = Pbelow +

[Ptable (Pinitial,below' Tamb?above) - Ptable (Pinitialfbelow' Tamb,below) ] X

H70 Target Pressure, Ptarget_non_comm [MPa]
MCF-HF-G
Non-Comm
Initial Tank Pressure, Pinjtia [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 >70

>50 | nofueling | ot | fueling | fueling | fueing | fueing | fueling | fueling | fueing | fueing | fueling | fueling

50 736 | 726 | 726 | 722 | 719 | 719 | 715 | 71.2 | 71.0 | 71.2 | 719 | qdie

45 73.1 72.2 72.6 71.8 71.6 71.5 71.2 71.0 70.9 7 71.9 fugfi’ng

5'3' 40 71.3 71.8 72.2 71.4 71.2 71.2 70.9 70.8 70.8 711 71.9 fugfi’ng

'Tg' 35 714 | 713 | 713 | 711 | 709 | 70.8 | 70.6 | 70.6 | 70.7- 71.0 | 71.9 | (SO

:‘i 30 70.5 | 71.0 | 71.0 | 70.2 70 69.9 | 69.6 | 69.5 | 69.6 | 69.9 | 70.8 | (i

é 25 8.6 69.7 69.6 69.3 69.0 68.9 68.6 68.4 68.5 68.8 fugfi’ng fugfi’ng

g 20 67.1 68.9 68.8 68.4 68.1 67.9 67.5 67,4 67.4 67.7 fugfi’ng fugfi’ng

£ . . . . . . . . . . o o

2 0 pos o7 | cas | ess |ess | san | s | oo | sz | 5o | e | u

£ fuilc|>ng fuilc|>ng

'S -10 0.4 66.8 66.3 65.4 64.5 63.5 61.5 60.8 60.6 60.9] | fueling | fueling

51 -20 650.0 66.3 65.8 65.0 64.1 63.0 61.2 59.4 57.5 | fein fugfi’ng fugfi’ng

-30 60.2 65.8 65.3 64.5 63.7 62.7 61.0 59.3 57.5 | fein fu;‘l‘i’ng fu;‘l‘i’ng

-40 (0.2 65.3 64.8 64.1 63.3 62.4 60.7 59.1 57.5 | fein fug,?ng fug,?ng

<-40 nq fueling fugfi)ng fugl?ng fugl?ng _fuel r: fugl?ng fugfi)ng fugl?ng fugfi)ng fuglti)n fugfi)ng fugfi)ng

Calculation of Nen=-Communications Fueling Pressure Target (Eq. C28)

[Tamb - Tamb,below]

[ Tambfabove -

Tamb,below]

[Ptable (Pinitial_above: Tamb_above) - Ptable (Pinitial_above’ Tamb_below) ] X

[Tamb - Tamb_below]

[ Tamb_above - amb_below]

[Pabove - Pbelow ] X [Pintial - Pinitial_below]

[ Pinitial_above

initial_below]

As an example of using Equation C28, consider Table C2, with Pinitiat = 23 MPa and Tamb = 32 °C. In this case, Pinitial_betlow = 20,

Pinitial_above = 30, Tamb_below = 30, and Tamb_above = 35. Ptarget non_comm iS calculated as follows:

Pbélow =69.9 +

Papove = 69.6 +

PfaTgeLnonfcomm =703+

[70.8— 69.9 ] x [32— 30]

[70.6— 69.6 ] x [32— 30] _

[35—-30]

=703

[35—-30]

70

[70-70.3] x [23 - 20]

[ 30 — 20]

=70.2
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C.3.21.2 Calculation of Communications Fueling Pressure Limit

A pressure limit, Pimit_comm, is calculated for communications fueling. This pressure limit value is used as a secondary means
of protection to limit over filling in the event of a fault in the CHSS measured temperature MT, which causes the
communications fueling pressure target to be incorrect.

Tables C3 and C4 provide the communications fueling pressure limits as a function of the ambient temperature and initial
pressure for Pressure Classes H35 and H70, respectively. Equations C29 (H35 Pressure Class) and C30 (H70 Pressure
Class) are utilized to conduct the interpolation required to calculate the communications fueling pressure limit using inputs
of ambient temperature Tamb, and initial pressure, Pinital. In Equations C29 and C30, Pinitial_below represents the Pinitial value in
the table directly below the actual initial pressure Pinitial, and Pinitial_above represents the Pinital Value in the table directly above
the initial pressure Pinitiar. IN Equations C29 and C30, Tamb_below represents the Tamb value in the table dlrectly below the actual
ambient temperatureTams 8 , o-Valy ambient temperature
Tamb. Ptavle represents the actual table pressure target vaIue at Plnmal _above OF Pmltlal below and at Tamb _abdvd OF Tamb_below. NoOte
that if Pinitia < 3 MPf for the H35 Pressure Class and if Pinitial < 5 MPa for the H70 Pressure Class, interpglation is conducted
only on ambient tefnperature using the table value for P <3 and P < 5, respectively (i.e., Pvelow and Pabove pre not calculated).

As an example, in|Table C4, Ptabie (20,30) = 85.6 MPa, where 20 represents Pinitial_aboveOr Pinitial_betow, |and 30 represents
Tamb_above OF Tamb_bbiow. In Equations C29 and C30, Preiow is an intermediate calculation répresenting the below pressure
target value after interpolating on Tamb, and Pabove is an intermediate calculation representing the abgve pressure target
value after interpolating on Tamb. The final Pimit_comm value is a result of interpolating‘Pbeiow and Pabove 0N Pinitial.
Table C3 - Communications fueling pressure limits < H35 Pressure Class
Has Communications Fueling!Pressure Limit, Piimit comm [MPa]
MCF-HE-G
Initial Tank Pressure, Pinitia [MPa]
<3 5 10 15 20 30 35 >35
350 no fueling no fueling ) ﬁ&&n)eling no fueling no fueling no fueling no fueling no fueling
50 43.75 42.6 42.4 42.2 41.9 411 40.5 no fueling
—_ 15 43.75 42.7 42.4 421 41.7 40.7 39.8 no fueling
8 10 43.75 42.6 42.2 41.8 41.3 40.1 39.1 no fueling
E B5 43.75 42.6 42.2 41.8 41.2 40.0 39.1 no fueling
:— 80 43.75 42.5 421 41.5 40.9 39.6 38.6 no fueling
§ D5 43,75 42.4 41.9 41.3 40.6 39.2 no fueling [ no fueling
§ ] 43.75 42.2 41.6 40.9 40.2 38.7 no fueling [ no fueling
g 10 43.75 41.9 41.2 40.4 39.6 37.9 no fueling [ no fueling
= 0 43.75 413 40.4 39.5 38.5 36.5 no fueling | no fueling
_§ -10 43.75 411 40.3 39.3 38.4 36.3 no fueling no fueling
'g -20 43.75 41.0 401 39.2 38.3 nofueling | nofueling | nofueling
< -30 43.75 40.9 40.0 39.1 38.1 nofueling | nofueling | nofueling
-40 43.75 40.7 39.8 38.9 38.0 no fueling no fueling no fueling
<-40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table C4 - Communications fueling pressure limits - H70 Pressure Class

Pyetow = Pravie (Pinic

Papove = Pravie (Pinit

al_below Tamb_below) +

al_abovey, Tamb_below) +

IF Pinitial > 3 MPa

THEN

[Ptable (Pinitial_below’ Tamb_above) - Ptable (Pinitial_below: Tamb_below) ] X

H70 Communications Fueling Pressure Limit, Piimit_comm [MPa]
MCF-HF-G
Comm
Initial Tank Pressure, Pinitiat [MPa]
<5 10 15 20 30 40 50 60 70 >70

>50 no fueling no fueling | nofueling | nofueling | nofueling | nofueling | nofueling | nofueling | nofueling | no fueling

50 84.8 86.9 86.6 86.2 854 84.5 83.4 82.2 80.9 | nofueling

— 45 84.8 87.0 86.7 86.2 85.2 84.1 82.8 81.4 79|16 | nofueling

8 40 84.8 87.0 86.4 85.9 84.6 83.3 81.8 80.2 78{1 | nofueling

E 35 84.8 87.0 86.4 85.9 84.6 83.2 81.7 80.1 78{1 | nofueling

:- 30 84.8 86.9 86.3 85.6 84.2 82.6 81.0 79.2 7711 | nofueling

§ 25 84.8 86.8 86.0 85.3 83.7 82.0 80.2 78.3 76|0 | nofueling

§_ 20 84.8 86.4 85.5 84.7 83.0 81.2 793 77.4 750 | nofueling

aE: 10 84.8 85.7 84.8 83.9 82.0 80.0 78.0 75.9 73|4 | nofueling

: 0 84.8 84.6 83.4 82.3 80.0 77.7 75.4 72.9 no fugling | no fueling

_§ -10 84.8 84.4 83.2 82.1 79.8 7175 75.2 72.8 | nofugling | no fueling

E -20 84.8 84.2 83.0 81.9 79.6 77.3 75.0 72.6 | nofugling | no fueling

< -30 84.8 83.9 82.8 81.7 79.4 771 74.8 72.4 | nofugling | no fueling

-40 84.8 83.7 82.6 81.4 79.2 76.9 74.6 72.3 | nofugling | no fueling

<-40 no fueling no fueling | no fueling | no fueling gn%\fueling no fueling | nofueling | nofueling | nofugling | no fueling

Calculation of Communications-Fueling Pressure Limit - H35 Pressure Class (Eqg. C29)

[Tamb - Tamb_below]

[ Tamb_above

amb_below]

[Ptable (Pinitial_above: Tamb_above) - Ptable (Pinitial_above’ Tamb_below) ] X

[Tamb - Tamb_below]

[ Tamb_above - amb_below]

Plimit,comm = table(P <3, Tamb?below) +

Plimit?comm = Pbelow +

[Pabove - Pbelow ] X [Pintial - Pinitial,below]

[ Pinitial,above

ELSE IF Pipiiqn < 3 MPa

THEN

initialfbelow]

[Ptable(P <3 Tamb?above) - Ptable(P <3 Tamb,below)] X [Tamb - Tamb,below]

[ Tamb,above - Tamb?below]

END IF
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Calculation of Communications Fueling Pressure Limit - H70 Pressure Class (Eq. C30)
IF Pinitial > 5 MPa
THEN

[Ptable (Pinitial,below' Tamb?above) - Ptable (Pinitialfbelow' Tamb,below)] X [Tamb - Tamb,below]

Pbelow = Ptable (Pinitialfbelow' Tamb,below) +
[ Tamb?above - Tamb,below]

[Ptable (Pinitial_above: Tamb_above) - Ptable (Pinitial_abovev Tamb_below)] X [Tamb - Tamb_below]

Pabove = Ptable (Pinitial_above: Tamb_below) +
[ Tamb_above - amb_below]

[Pabove - Pbelow ] X [Pintial - Pinitial_below]

Piimit_comm = Ppetow +
initial_below]

[ Pinitial_above

ELSE IF Pipjiqn < 5 MPa
THEN

[Ptable(P <5 Tamb?above) - Ptable(P <5, Tamb,below)] X [Tamb T Tamb,below]

[ Tamb,above </ Tamb?below]

H Pape(P <5, Tamb?below) +

P, limit_comm

END IF

C.3.22 Ending Pressure Control Initialization - MC Method

Equation C31 is used to calculate the initial CHSS temperature Tinit coid With cold case assumptions, meaning the CHSS
began at the cold poak temperature and 100% SOC, and-then was defueled at the maximum flow rate, as explained in
SAE J2601_202006, Appendix A, A.3.8 and A.3.9. In Eguation C31, the unit of measure for Tamb is dggrees Celsius (°C)

and the unit for Tinf cold is kelvin (K).

(Eq. C31)

For the H70 Pressure Class:

Tinit_cold = 48452.85 2 + 226
{[1 » ((Tam,, + 2;3;1@)— 318.33)) ] o [1 N ((Pinitia{6—.05313.54)) ]}
For the H35 Pressure Class:
_ =112.12 ,
fini cotd = {[1 +<(Tamb + 27315 - 238.55))2] |1 +((Pinitigl35 ;0.42))2]}”46'4

As an example, with Tamp = 32 °C and Pinital = 12 MPa, for the H70 Pressure Class, Tinit cold = 269.4 K, and for the H35
Pressure Class, Tinit cold = 281.5 K.
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Equation C32 is used to set the parameter tmin_cold to 30 seconds. This parameter is used in the MC equation and represents
the time elapsed after which the parameter Atcoq is calculated. Atcod is the difference between the fueling time t and tmin_cold.
The unit of measure for t and tmin_cold is sSeconds.

Set tminfcold =30

(Eq. C32)

The cold case initial density pinit_cold is calculated based on Pinitiai and Tinit_coild. The equation to calculate density is not given
here, as the dispenser should have this capability. If desired, a reference equation for density is given in C.4.4,

Equation C105. Th

e unit of measure for pinit_coid is kilograms per cubic meter.

Set Pinit_cold = p(Pinitial' Tinit_cold)

(Eq. C33)

A 1-kg Type lll ve
A.3.7. The volume

The mass of hydro

The cold case initig
volume Vcod. The |

The mass of hydrg
measure for Madd i

The cold case init
temperature Tinit_col
specific internal en|
Equation C103. Th

of this vessel is set for either the H70 or H35 Pressure Class. Units are in cubic metg
IF Pressure Class = H70, THEN Set V., = 0.0247
IF Pressure Class = H35, THEN Set V,,,; = 0.0416
gen in the Type Il vessel at 100% SOC is 1 kg. The unit of measure for Minai_cod is k
Set Memar cota = 1

I mass of hydrogen in this single Type lll vessel is calculated based on the initial den
nit of measure for minit_cold is kilograms.

Set Mt cota = Vigrd” X Pinit_cold

gen required to be added to the cold.case initial mass to achieve 100% SOC is cald
kilograms.

Set Myaq = Mrinar_cota — Minit_cold

al specific internal energy-is calculated based on the initial pressure Pinitai and th
. The equation to calculate specific internal energy is not given here, but guidance f¢
ergy is given in C.4.2,*and if desired, a reference equation for specific internal energ
e unit of measure for uinit_cold is Kilojoules per kilogram.

Set Uinit_cold = u(Pinitial' Tinit_cold)

The cold case initigl intetnal energy Uinit_coid is calculated based on the cold case initial specific internal

the cold case initia

Mass Minit cold. The unit of measure for Uinit_coid is kilojoules.

5sel is used in the calculation of the ending pressure, as detailed in SAE J2601,202005 Appendix A,

rs.
(Eq. C34)
(Eq. C35)
lograms.
(Eq. C36)

Sity pinit_cold and the

(Eq. C37)

ulated. The unit of

(Eq. C38)

e cold case initial
r the calculation of
y is also provided,

(Eq. C39)

energy Uinit_cold and

Set Uinit_cold = Uinit_cold X Minit_cold

(Eq. C40)
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There are five constants utilized in the MC Equation. Refer to H.3.1 of SAE J2601_202005 for a detailed explanation of the
MC Equation and how it is used in calculating the end-of-fill pressure target and limit. The five constants utilized in the MC
Equation are set. The unit of measure for AC, BC, and GC is kilojoule per kelvin. KC and JC are dimensionless.

AC = 1.10487E + 00

BC = 2.20466E + 00

GC = 2.22198E + 01

KC = 1.63097E — 03

(Eq. C41)

C.3.3 Subrouti

C.3.3.1 Introdd

tinal tables store tifar values which are a function of the ambient temperature Tamp-and-the mass av

temperature used
an integer value in

largest tank volumé TVL. The tinal tables are displayed in Appendix D.

C.3.3.11 Colo

The lower pressur¢

H35 FM60 or H70

less than this lowef

of the process limit
limit and the minim

tfinal values which a
FM60 or H70 FM6(
when utilizing a P
Equation C24). AP,
for H35 FM120 and
the higher value
FM60/FM90/FM30
value of the range
shaded red as a pr

If Pinitial and Prmin is

JC = 8.23284F — 01
he - Selection of tinal Table

ction

or control, MATc. The tfinal table contains discrete values of Tamf@and MATc. The tfina
units of seconds. The appropriate tfinal table is chosen based-om the total CHSS vol

r Shading in the Tables

limit for the MCF-HF-G protocol is 0.75 MPa/min*for the H35 FM120 protocol and
FM60/FM90/FM300 protocols. Some tinal valugs'in the tables in Appendix D will ca
limit. A sustained PRR of less than 0.75 MPa/min and 1 MPa/min, respectively, wil
5 to be exceeded, causing the fueling to stop prematurely. These process limits include
um flow rate requirement.

e longer than 2700 to 3035 seconds for the H35 FM120 protocol and 4500 to 4770 s|
/FM90/FM300 protocols will cause the PRR to be lower than 0.75 MPa/min and1 MP
hin value equal to 3 MPa and'5 MPa, respectively, depending on the value of AP,
1 nign Nas a discretionary setting between 3 and 7 MPa. The lower value of the range
4500 seconds for H36:.FM60 or H70 FM60/FM90/FM300) corresponds to @ AP,y pign
of the range (j-€.,.) 3035 seconds for H35 FM120 and 4770 seconds for H
D) corresponds,to-a APy, pign Of 3 MPa. In the tinal tables, tinal values which are gre
i.e., 2700 seconds for H35 FM120 and 4500 seconds for H35 FM60 or H70 FM60
ecautionary,indicator to the user.

ess_than 3 MPa for the H35 FM120 protocol and 5 MPa for the H35 FM60 or H70 H

protocols, tfinal is m
the larger the ¢ val

It|pI|ed by €, causmg tfinal to be even larger and the PRR to be even slower The Iower

prage fuel delivery
value is stored as
ume Vchss and the

1 MPa/min for the
use the PRR to be
likely result in one
the lower pressure

econds for the H35
b/min, respectively,
L1 nign Utilized (see
i.e., 2700 seconds
of 7 MPa, whereas
B5 FM60 or H70
ater than the lower
/FM90/FM300, are

M60/FM90/FM300
the initial pressure,

ate conditions where

the calculated PRR may be slower than 0 75 MPa/mm for the H35 FM120 protocol and 1 O MPa/mm for the H35 FM60 or

H70 FM60/FM90/F

M300 protocols, depending on the value of Pinitial.

To ensure fuelings are not stopped prematurely, it is recommended that the fuel delivery temperature be kept sufficiently
cold so that MATc is colder than the values shaded in yellow and red.
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C.3.3.1.2 Options for Utilizing the tfina Tables

There are two options for utilizing the tinal tables: Option A (Advanced tinal tables) and Option B (Basic tinal tables). With
Advanced Option A, tiinal is determined depending on the TVL category and interpolated over Tamb and Vchss. Option A
utilizes 23 tiinal tables. With Basic Option B, tfinal is determined depending the on TVL category and Vcuss categories and
interpolated over Tamp. Option B utilizes 12 tinal tables. Advanced Option A is more precise and results in lower tinal values,
which reduces the fueling time. However, Option A also requires an additional interpolation step, so it is a bit more complex
than Option B. Basic Option B results in slightly longer tina values but is simpler to implement. The difference in trnal values
between the two options will vary and can be determined by studying the trinal tables in Appendix D. As an example, for the
H35 FM120 protocol at an ambient temperature of 40 °C and an MATc of -10 °C, and for a Vchss of 2100 L and TVL of
200 L, the tinai value for Option A is 682 seconds versus 828 seconds for Option B. As an example, for the H70 FM300

protocol at an ambient temperature of 40 °C and an MATc of -26 °C, and for a Vcrss of 2100 L and TVL of 200 L, the ffinal
value for Option A js 890 seconds versus 789 seconds for Qption B

Table C5 provides p matrix of the H35 FM120 tsinal tables for Advanced Option A, and Table C6 provides [a matrix of the H35
FM120 tinal tables for Basic Option B. Table C7 provides a matrix of the H35 FM60 or H70 FM60/FM9Q/FM300 tsnal tables
for Advanced Opti¢n A, and Table C8 provides a matrix of the H35 FM60 or H70 FM60/FM90/FM300 tfinal tables for Basic
Option B.
In the last column jin these matrices, there is an additional tnal table for the case where Vcnss is indetgrminate (i.e., ND).
This table is a congervative trinal table consisting of the largest tinai value from all the\tsiha tables.
Table C5 - Matrix of trina tables for Advanced Option A - H35 FM120
VCHSS (Iiters)
TVL (liters) 248.6 500 1000 1500 2000 2500 5000 7500 ND
50<TVL<20Q | TableD1 | TableD2 | Table D3 | Table D4 | Table D5 | Table D6 | Table D7 | Table P8
200 < TVL<35p | Table D9 | Table D10 | Table D11 | Table D12 {.Table D13 | Table D14 | Table D15 | Table 316 | Table D36
350 <TVL <1090 | Table D9 | Table D17 | Table D18 | Table D49 Table D20 | Table D21 | Table D22 | Table 023
Table C6 - Matrix of trina tables for Basic Option B - H35 FM120
VCHss (Iiters)
TVL (liters) 248.6 < Vchss <1000 | 1000°< Vchss <2000 | 2000 < Vcuss < 5000 | 5000 < Vcuss|< 7500 ND
50 < TVL <200 Table D24 Table D25 Table D26 Table D27
200 < TVL =350 Table D28 Table D29 Table D30 Table D31 Table D36
350 < TVL <1000 Table D32 Table D33 Table D34 Table D35
Table C7 - Matrix.of tsinai tables for Advanced Option A - H35 FM60 or H70 FM60/FM90/FM300
chss (Iiters)
TVL (liters) 248.6 500 1000 1500 2000 2500 3000 5000 ND
50 < TVL < 200L|Fable- D37 TFable-D38 Table- D39 Fable D40{ Fable- D44 Table-D42 | Table- D43 Table D44
200 < TVL <350 | Table D45 | Table D46 | Table D47 | Table D48 | Table D49 | Table D50 | Table D51 | Table D52 | Table D72
350 < TVL <800 | Table D45 | Table D53 | Table D54 | Table D55 | Table D56 | Table D57 | Table D58 | Table D59
Table C8 - Matrix of tina tables for Basic Option B - H35 FM60 or H70 FM60/FM90/FM300
VchHss (Iiters)
TVL (liters) 248.6 < Vchss <1000 | 1000 < Vchss <2000 | 2000 < Vcuss < 3000 | 3000 < Vcuss < 5000 ND
50 <TVL <200 Table D60 Table D61 Table D62 Table D63
200 < TVL < 350 Table D64 Table D65 Table D66 Table D67 Table D72
350 < TVL <800 Table D68 Table D69 Table D70 Table D71
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C.3.3.2 H35 FM120 trinal Table Selection

C.3.3.21 Advanced Option A

Equation C42 provides the tina table selection formulas for the H35 FM120 protocol using Advanced Option A. Using
Advanced Option A, two tables are selected, one labeled Tablebeow, and the other labeled Tableabove.

(Eq. C42)

If 248.6 < Vchss < 500 L, and 50 < TVL < 200 L, select Table D1 as Tablenelow and select Table D2 as Tableabove
If 500 < Vchss < 1000 L, and 50 < TVL < 200 L, select Table D2 as Tablevelow and select Table D3 as Tableabove
If 1000 < Vchss £ 1500 L, and 50 < TVL < 200 L, select Table D3 as Tableveiow and select Table D4 as Tableavove

If 1500 < VcH
If 2000 < VcH
If 2500 < VcH
If 5000 < VcH

If 248.6 < Vchs
If 500 < Vchss
If 1000 < Vchss
If 1500 < Vchss
If 2000 < Vchss
If 2500 < Vchss
If 5000 < Vchss

If 248.6 < VchHs
If 500 < Vchss §

If 1000 < VcHss F

If 1500 < VcHss

If 2000 < VcHss F

If 2500 < VcHss
If 5000 < VcHss

s <2000 L, and 50 = TVL <200 L, select Iable D4 as lablevelow and select Table DJ
s <2500 L, and 50 < TVL < 200 L, select Table D5 as Tablebeiow and select Table D6
s <5000 L, and 50 < TVL <200 L, select Table D6 as Tablebeiow and select Table D7
s <7500 L, and 50 < TVL < 200 L, select Table D7 as Tablebeiow and seleet, Table DS

s <500 L, and 200 < TVL < 350 L, select Table D9 as Tableveiow and select Table D1
£ 1000 L, and 200 < TVL < 350 L, select Table D10 as Tablebeiow and sélect Table D1
< 1500 L, and 200 < TVL < 350 L, select Table D11 as Tableneiow-and select Table D
< 2000 L, and 200 < TVL < 350 L, select Table D12 as Tabléyelsw and select Table D
< 2500 L, and 200 < TVL < 350 L, select Table D13 as Tablevelow and select Table D
< 5000 L, and 200 < TVL < 350 L, select Table D14 as Tiablevelow and select Table D
< 7500 L, and 200 < TVL < 350 L, select Table D15%as Tablenelow and select Table D

<500 L, and 350 < TVL <1000 L, select Table D9 as Tablevelow and select Table D
1000 L, and 350 < TVL <1000 L, select Table D17 as Tablenelow and select Table D
1500 L, and 350 < TVL <1000 L, select-Table D18 as Tablevelow and select Table O
£ 2000 L, and 350 < TVL <1000 L, select Table D19 as Tablebelow and select Table O
2500 L, and 350 < TVL = 1000 Lselect Table D20 as Tablebeiow and select Table [
£ 5000 L, and 350 < TVL < 1000 Ly select Table D21 as Tablevelow and select Table O
£ 7500 L, and 350 < TVL < 1000°'L, select Table D22 as Tablebeiow and select Table O

If Vchss = ND, select.Table D36 as Tablebeiow and select Table D36 as Tableabove

as Tableabove
as Tableabove
as Tableabove
as Tableabove

0 as Tableabove

1 as Tableabove
12 as Tableabove
13 as Tableabove
14 as Tableabove
15 as Tableabove
16 as Tableabove

7 as Tableabove

18 as Tableabove

19 as Tableavove
20 as Tableabove
21 as Tableabove
22 as Tableabove
23 as Tableabove
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C.3.3.2.2 Basic Option B

Equation C43 provides the tiina table selection formulas for the H35 FM120 protocol using Basic Option B. Using Basic
Option B, only one table is selected.

(Eq. C43)
If 248.6 < Veuss < 1000 L, and 50 < TVL < 200 L, select Table D24
If 1000 < Vcuss < 2000 L, and 50 < TVL < 200 L, select Table D25
If 2000 < Vcuss < 5000 L, and 50 < TVL < 200 L, select Table D26
If 5000 < Vicuss < 7500 L, and 50 < TVL < 200 L, select Table D27

If 248.6 < Vchss < 1000 L, and 200 < TVL < 350 L, select Table D28
£ 1000 < \/n: se-S 2000 1 . and 200 < TV <2350 1 . select Tahle D29
If 2000 < VcHss < 5000 L, and 200 < TVL <350 L, select Table D30
If 5000 < VcHss < 7500 L, and 200 < TVL < 350 L, select Table D31

If 248.6 < Vchss < 1000 L, and 350 < TVL <1000 L, select Table D32
If 1000 < VcHss <2000 L, and 350 < TVL <1000 L, select Table.D33
If 2000 < Vchss <5000 L, and 350 < TVL <1000 L, select Table"D34
If 5000 < Vchss < 7500 L, and 350 < TVL <1000 L, select(Tablé D35

If Vchss = ND, select Table D36
| C.3.3.3 H35 FIM60 or H70 FM60/FM90/FM300 tinai Table Selection

C.3.3.3.1 Advanced Option A

Equation C44 proyides the tina table selection formulas for the?H35 FM60 or H70 FM60/FM90/FM3P0 protocols using
Advanced Option A. Using Advanced Option A, two tables ‘are selected, one labeled Tableseiow, and the other labeled

Tableabove.

(Eq. C44)
If 248.6 < Vcuds < 500 L, and 50 < TVL < 200_L, select Table D37 as Tablevelow and select Table D38 as Tableabove
If 500 < Vchss|< 1000 L, and 50 < TVL < 200L; select Table D38 as Tablebeiow and select Table D3P as Tableabove
If 1000 < Vchsd < 1500 L, and 50 < TVL <200 L, select Table D39 as Tablebeiow and select Table D40 as Tableabove
If 1500 < Vchsd <2000 L, and 50 < TVL:< 200 L, select Table D40 as Tablebeiow and select Table D41 as Tableabove
If 2000 < Vchsd < 2500 L, and 50 < TV < 200 L, select Table D41 as Tablebelow and select Table D42 as Tableabove
If 2500 < Vchsq < 3000 L, and 50.< TVL < 200 L, select Table D42 as Tablebeiow and select Table D43 as Tableabove
If 3000 < Vchsd < 5000 L, and 50.< TVL < 200 L, select Table D43 as Tablebeiow and select Table D44 as Tableabove

If 248.6 < Vchsg < 500 L, and200 < TVL < 350 L, select Table D45 as Tablebeiow and select Table D46 as Tableabove
If 500 < Vchss § 1000 Lyand 200 < TVL < 350 L, select Table D46 as Tablevelow and select Table D47 as Tableabove
If 1000 < Vchss|< 1500 L, and 200 < TVL < 350 L, select Table D47 as Tablewelow and select Table D{#8 as Tableabove
If 1500 < Vchss[<,2000' L, and 200 < TVL < 350 L, select Table D48 as Tablevelow and select Table D#9 as Tableavove
If 2000 < Vchss[£2500 L, and 200 < TVL < 350 L, select Table D49 as Tablevelow and select Table Dp0 as Tableavove
If 2500 < Vchss <3000 L, and 200 < TVL < 350 L, select Table D50 as Tablevelow and select Table D51 as Tableavove
If 3000 < Vchss <5000 L, and 200 < TVL < 350 L, select Table D51 as Tablevelow and select Table D52 as Tableavove

| If 248.6 < Vchss < 500 L, and 350 < TVL < 800 L, select Table D45 as Tablebeiow and select Table D53 as Tableabove
If 500 < Vchss < 1000 L, and 350 < TVL < 800 L, select Table D53 as Tablewelow and select Table D54 as Tableabove
If 1000 < Vchss < 1500 L, and 350 < TVL < 800 L, select Table D54 as Tablevelow and select Table D55 as Tableavove
If 1500 < Vchss <2000 L, and 350 < TVL < 800 L, select Table D55 as Tablevelow and select Table D56 as Tableavove
If 2000 < Vchss <2500 L, and 350 < TVL < 800 L, select Table D56 as Tablevelow and select Table D57 as Tableavove
If 2500 < Vchss <3000 L, and 350 < TVL < 800 L, select Table D57 as Tablevelow and select Table D58 as Tableavove
If 3000 < Vchss <5000 L, and 350 < TVL < 800 L, select Table D58 as Tablevelow and select Table D59 as Tableavove

If Vchss = ND, select Table D72 as Tablebeiow and select Table D72 as Tableabove
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C.3.3.3.2

Basic Option B

Equation C45 provides the tinal table selection formulas for the H35 FM60 or H70 FM60/FM90/FM300 protocols using Basic
Option B. Using Basic Option B, only one table is selected.

If 248.6 < Vchss < 1000 L, and 50 < TVL < 200 L, select Table D60
If 1000 < Vchss <2000 L, and 50 < TVL < 200 L, select Table D61
If 2000 < Vchss <3000 L, and 50 < TVL < 200 L, select Table D62
If 3000 < Vchss <5000 L, and 50 < TVL <200 L, select Table D63

If 248.6 < Vchss < 1000 L, and 200 < TVL < 350 L, select Table D64

(Eq. C45)

If 1000 < VcHss <2000 L, and 200 < TVL <350 L, select Table D65
If 2000 < VcHss <3000 L, and 200 < TVL < 350 L, select Table D66
If 3000 < Vchss <5000 L, and 200 < TVL < 350 L, select Table D67

If 248.6 < Vchss < 1000 L, and 350 < TVL = 800 L, select Table D68
If 1000 < Vchss < 2000 L, and 350 < TVL = 800 L, select Table D69
If 2000 < Vchss < 3000 L, and 350 < TVL = 800 L, select.Table D70
If 3000 < Vchss = 5000 L, and 350 < TVL < 800 L, selectTable D71

If Vchss = ND, select Table D72

C.34 Subroutine - Calculation of tfinal_min, PRRmax, and MFRmin

tfinal_min iS a tfinal Mirfimum value utilized to ensure that the peak mass flow rate does not exceed the limi{ value for the Flow
Rate Maximum Class and pressure class. tinal_min is used in Equation C78. tinal_min is also used to calculate PRRmax, which
is used in Equationis C80 and C82. The unit of measure for tfinal“min is seconds.

In Equation C46, if|Vchss is indeterminate, it should be set'to a value representing the largest CHSS expected to fuel at the
station. For a publicly accessible station, this may be.based on the vehicle with the largest known CH$S volume, or for a
controlled access ftation, the vehicle with the latgest CHSS volume with access to the station. If there is uncertainty
regarding the vehide with the largest know CHSS.volume, then Vchss can be set to the largest value allowed for the pressure

class. The unit of measure for trnai_min is seconds, and the unit of measure for PRRmax is MPal/s.
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(Eq. C46)
For H35 FM60 or H70 FM60/FM90/FM300

IF VCHSS = ND

THEN

Utilize Voyss = the largest expected CHSS volume in Equation C46 only

End IF

tf in

Utlllze VCHSS = the

tf inal_min =

= (875 Pnin) (399 | (02107041 x Vigrsy — 0.00000538442 x Vs  18.2)
al_min — 825 FM ) CHSS . H .

IF tfinar min < 200
THEN
trinalmin = 200

END IF

87.5 — Py

PRR 0y = ( )

B X tfinal_min
For H35 RM120
IF: VCHSS =ND

THEN

largest expected CHSS volume in Equation C46 only
END IF

43.75— P,
(W) x (0.259 x Veuss — 13.6)

IF trinar min < 200

THEN

trinalmin = 200

END IF

PRR. . = (43.75— Pmm>
max ﬁ X tfinal_min

MFRmin represents the minimum mass flow rate allowed (see 8.4.4.2). MFRmin is a function of Vcuss. MFRmin is set by

interpolating on Vchss according to the values in Table C9 using Equation C47. If Vcuss = ND, no interpolation is used, and
MRFmin is set to 1.25. The unit for MFRmin is grams per second.
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M

As an example, if

C.35 Subrouti

C.3.5.1 Introdd
This subroutine ug
(see C.3.11) to ca
Tables Subrouting|
interpolation step.
C.3.5.2 Interpg
This subsection or]
used, then this sub

For the Tablebelow 3
if Tamp = 32 0C, sel
on Vchss using Eq
Tableabove are the

Table C9 - Table of MFRmin values as a function of Vchss

Vehss (liters) | MFRmin (g/s)

ND 1.25

250 1.25
500 25

750 3.75
1000 5.0
1500 7.5
22000 10.0

[MFRmin(Tableabove)_MFRmin(Tablebelow)]x [VCHSS_VCHSS(TablebelOM

FRmin = MFRmin(rabiepeion) T
[VCHSSS(Tableabove)_VCHSS(Tablebelow)]

cHss = 1200 L, MFRmin is calculated as follows:

[5.0 — 7.5] X [1200 — 1500]

MFR,,;, = 7.5 =
min + [1000 — 1500]

he - trinal Vector Interpolation
ction
es interpolation to calculate a tina vector, whichi\is then used in the Calculation

are used. If Advanced Option A is utilized~in the Selection of tina Tables, the

lation for Advanced Option A

ly applies if Advanced Option ‘A-is used in the Selection of tfina Tables Subroutine. |
section does not apply and-€:3.5.3 shall be used.

nd Tableabove, Select thewrow of tinal values for the ambient temperature directly above
pct the row of tinal V@lues for an ambient temperature of 35 °C. Interpolate these two
uation C48. If Veuss is indeterminate, then interpolation is not necessary because
ame table. Therefore, if Vchss is indeterminate, Equations C48 and C49 are not appl

For each tfinal value in the row, calculate an interpolated trnal value as follows:

(Eq. C47)

of tina Subroutine

culate the tina value used for control in the PRR equation. The tina table(s) from the Selection of tfinal

e is an additional

f Basic Option B is

Tamb. For example,
rows of tfinal Values
the Tablebeiow and
cable.

(Eq. C48)

tfinal(MATC)(Tamb_above) = tfinal(MATC)(Tamb_above)(Tablebelow)

+ [tfinal(MATC)(Tamb_above)(Tableabove) B tfinal(MATC)(Tamb_above)(Tablebelow)] X [VCHSS - Vtable,below]

[Vtable_above - Vtable_below]

Next, for the Tablebelow and Tableavove, select the row of tinai values for the ambient temperature directly below Tamb. For
example, if Tamb = 32 °C, select the row of tina values for an ambient temperature of 30 °C. Interpolate these two rows of
trinal Values on Vcuss using Equation C49. If Vewss is indeterminate, then interpolation is not necessary because the Tablebelow
and Tableanove are the same table.
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+ [tfinal(MATC)(Tamb_below)(Tableabove) - tfinal(MATC)(Tamb_below)(Tablebelow)] X [VCHSS - Vtable_below]

For each tsinal value in the row, calculate an interpolated tiinai value as follows:

tfinal(MATC)(Tamb_below) = tfinal(MATC)(Tamb_below)(Tablebelow)

[Vtable,above - Vtable,below]

(Eq. C49)

See the example in Table C10 for the application of Equations C48 and C49 for a Tamb of 32 °C and Vchss of 1200 L. The
output is an interpolated row of values for an ambient temperature of 35 °C and 30 °C. Note that this example is truncated

to save space.

Table C10 - Example of the application of Equations C48 and C49

Row MATc (°C)
Temperature | Volume | -40 -38 -36 -34 -32 -30 -28 -26 -4 -22 -20
Tableabove 35 °C 1500 L | 400 | 450 | 500 | 550 | 600 | 650-)700 | 750 | 8p0 | 850 | 900
Tablebelow 35 °C 1000 L | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800 | 850
'";erpmated 35°C 1200L | 370 | 420 | 470 | 520 | 570°| 620 | 670 | 720 | 7y0 | 820 | 870
amb_above
Tableabove 30 °C 1500 L | 350 | 400 | 450 | 500} 550 | 600 | 650 | 700 | 750 | 800 | 850
Tablebelow 30 °C 1000 L | 300 | 350 | 400 | @50 | 500 | 550 | 600 | 650 | 7p0 | 750 | 800
I I
";er'” ated | | 55 0¢ 1200L | 320 | 370 | 420 | 470 | 520 | 570 | 620 | 670 | 7R0 | 770 | 820
amb_below
The next step is tolinterpolate the two rows on the ambient temperature Tamp using Equation C50.
(Eq. C50)

See the example ir
interpolated row of]

tf ina

For each tfinal value,in the row, calculate an interpolated trnal value as follows:

(MATe) = rinal(MAT Tamb_petow)

Table G341 /for the application of Equation C50 for a Tamb of 32 °C and Vchss of 1200
values for an ambient temperature of 32 °C. This is the tfinal vector.

[t inatMATE) T, apove) ~ LinalMAT (T amp petow)) X [Tamp = Tamb .1

elow]

[Tamb,above

- Tamb?below]

L. The output is an
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Table C11 - Example of the application of Equation C50

Row MATc (°C)
Volume

Temperature -40 -38 -36 -34 -32 -30 -28 -26 -24 -22 -20
Eq. C48

35°C 1200 L | 370 | 420 | 470 | 520 | 570 | 620 | 670 720 | 770 820 870
Tamb_above
Eq. C49
T 30°C 1200L | 320 | 370 | 420 | 470 | 520 | 570 | 620 670 | 720 770 820
amb_below
Interpolated
tsinal Vector 32°C 1200 L | 340 | 390 | 440 | 490 540 590 640 690 740 790 840
Eq. C50

After interpolation,
the vector would b

tinal vector > tfing

690, tfinal(-24) = 740, tinai-22) = 790, trnai20) = 840, etc. (Example is truncated.)

C.3.53 Interpg

This subsection or]
used, then this sub

Using the tinai Tab
temperature directl

temperature of 35
on Tamb using Equd

For each ftfinal value

tf ina

See the example ir
interpolated row of]

Note that this example is truneated to save space.

A tinal Vector is stored, i.e., a tinal value for each MATc value in the table. Using.thé exa
b as follows:

1-40) = 340, tfinai-38) = 390, tfinai-36) = 440, tfinai-34) = 490, tfinai-32) = 540, tfinai-30) = 590, tfinal

lation for Basic Option B

ly applies if Basic Option B is used in the Selection of tina Tables Subroutine. If Ad
section does not apply and C.3.5.2 shall be used.

le selected in the Selection of tina Tables Subroutine, select the row of tina valu
y above and directly below Tamb. For example;if Tamb = 32 °C, select the row of tfina va

C (Tamb_above) and an ambient temperature of 30 °C (Tamb_below). Interpolate these two
tion C51.

in the row, calculate an interpolated tinal value as follows:

[ inatMATS) T, apove) ~ LinalMAT (T amp petow)) X [Tamp = Tamb .1

mple in Table C11,

-28) = 640, tiinal(-26) =

anced Option A is

s for the ambient

Jues for an ambient

rows of tinal values

(Eq. C51)

elow]

(MATe) = Lfinal(MATS) (T amp Setow)

[Tamb,above ambfbelow]

Table C12 for the. application of Equation C51 for a Tamb of 32 °C and Vchss of 1200
values for antambient temperature of 32 °C. This is the tfinal vector.

Table C12 - Example of the application of Equation C51

L. The output is an

Row MATc (°C)
Temperature 40" [ 38 | -36 | -34 | -32 | -30 | 28 | -26 | 24 | -22 | 20
Tamb_above 35°C 370 | 420 | 470 | 520 | 570 | 620 | 670 | 720 | 770 | 820 | 870
Tamb_below 30 °C 320 | 370 | 420 | 470 | 520 | 570 | 620 | 670 | 720 | 770 | 820
Interpolated
trnal VECtor 32°C 340 | 390 | 440 | 490 | 540 | 590 | 640 | 690 | 740 | 790 | 840
Eq. C51
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After interpolation, a tinal vector is stored, i.e., a tina value for each MATc value in the table. Using the example in Table C12,
the vector would be as follows for the H70 Pressure Class:

tfinal vector 2 tfinaia0) = 340, trinaiss) = 390, thnai3s) = 440, trinaa4) = 490, tinai-32) = 540, tfinazo) = 590, tfina-28) = 640,
tfinal(-26) = 690, tfinal(-24) = 740, tfinai-22) = 790, trinai-20) = 840, etc. (Example is truncated.)

C.3.6 Subroutine - Fueling Time Indicator

This subroutine is used to set the Fueling Time Indicator or FTI. FTI determines the state of fueling. When FTl is set to 1,
fueling is proceeding as normal, and the ramp pressure Pramp is advancing. When FTl is set to 0, fueling is paused (i.e.,
there is no mass flow) due to an intended non-fueling event such as a leak check or a bank switch. The dispenser shall
determine when a pause is appropriate. For example, a dispenser may decide to set FTI to 0 during a bank switch, which
may only take a cqupteof setomds tocomptete; or, attermatively, itTmay decidetoteave F 1 settotduring a bank switch.
FTI shall be set at gach timestep j, which means FTl is determined and set once every second. The value|of FTI at timestep j
determines whethgr Pramp advances during timestep j=1 (see Equation C83).
FTlis setto O, the

FTI shall only be s
mass flow rate sha

bt to O for the purpose of an intended non-fueling event. Furthermore, each time that
| fall below 1% of the FM value for at least 1 timestep during the periodrthat FTI=0.

(Eq. C52)
IF Fueling is Active
Set FTlj =1
ELSE IF Fueling is Paused
Set FTIg =0
C.3.7

Subroutine - CHSS Volume Measurement

This subroutine is
subroutine provide
accuracy of the mg
and implementatio

NOTE: This methg
range of C

Because the range
during startup is in

optional. If the CHSS volume istindeterminate (i.e., cannot be determined via cor
5 a methodology for calculating'the CHSS volume with an accuracy better than £15%
ss and station pressure measurements. See Appendix F for additional information g
n of the volume measurement method prescribed in this subroutine.

dology is new and(has not been validated in the field. Users should validate the ac
HSS anticipated at the station.

of CHSS volumes for the MCF-HF-G fueling protocol is very wide, the 500 g of mass
sufficient to/measure the CHSS volume with an accuracy of +15%. Therefore, the (

nmunications), this
, depending on the
n the development

curacy over the full

dispensed allowed
HSS volume must

b approach in this

be measured duri
subroutine, the tiinal

ng the, main fueling time. Once the CHSS volume has been measured using th
veétoris then recalculated using the determined Vchss.

The CHSS volume measurement requires knowledge of the dispenser’s pressure transducer accuracy and the accuracy of
the mass dispensed. The dispenser pressure transducer accuracy can be obtained from the manufacturer. The accuracy
of the mass dispensed can be obtained from the dispenser’s metrology certification, or, alternatively, an accuracy value
from the mass flow meter manufacturer can be used. Equations C53 and C54 are used to set the tolerance of the dispenser
pressure and mass flow measurements, respectively. Tolerance is the deviation above/below the true value. For example,
if the pressure transducer has an accuracy of +0.2 MPa, then the tolerance P is 0.2. Likewise, if the mass flow
measurement has an accuracy of +2.5%, then the tolerance mu is 0.025.

The CHSS volume measurement criteria in Equation C57 is evaluated based on a timestep j, which is advanced every
1 second. However, the CHSS volume measurement is only conducted one time and shall be initiated within 10 timesteps
of the criteria in Equation C57 being satisfied. Note that the volume measurement will take several timesteps to complete
to allow sufficient time for the mass flow to stop completely.
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Set the dispenser pressure tolerance using Equation C53.
Set P;,; (units of MPa) (Eq. C53)
Set the mass flow measurement tolerance using Equation C54.
Set my,; (units of percent, expressed as a fraction of 100) (Eq. C54)
Calculate Po using Equation C55.

PO = Pstartup + Ptol (Eq 055)

.~ An equation for density is
provided in C.4.4 (see Equation C105), although an alternative equation of state may be used. Theunit for po is kilograms
per cubic meter or grams per liter.

po = f(Po, Tampn) (Eq. C56)

Equation C57 proVides the formula for calculating the CHSS volume. This calculationshall only be dohe one time during
the fueling event. The dispenser shall pause the fueling within 10 timesteps after the-initial criteria for Pjtationj) and Pramp() in
Equation C57 has pbeen met. The pause should be sufficiently long to ensure that|/the mass flow has sfopped completely.
The calculations arfle conducted during this pause period.

(Eq. C57)
For H35 FM120s
APy > 11.38 — 0.5476Pgyqr1yp + 0.02159PF ¢y — 0.0003148P3 111,
For H35 FM60 ox"\H70 FM60, FM90, FM300:

APy = 13.03 — 0.3642P4r1yp + 0.007208P% 41y — 0.0000542P3 114y
IF Pgiation(jy = “Bstartup + APvc AND Pramp(jy = Pstartup + APyc
THEN
Pause fuelinlg (stop the mass flow completely) within 10 timesteps of the IF condition first being satisfied
and thén conduct-the following calculations after a suf ficient settlement time (e. g.,5 sdconds)

For H35 FM120:

ATgyss = 26.59 — 1.4955P,,qrpup + 0.04832P2 410y — 0.0006182P% g1
For H35 FM60 or H70 FM60, FM90, FM300:
ATgyss = 27.79 — 1.4867Pyyqreup + 0.03834P2 4y ey — 0.0003513P% g1
Tyc = Tamp + ATcyss
Py = Pstation,pause — Py

NOTE: Pstationpause is the Pgqtion value after mass flow has stopped completely
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pve = f(Pye, Tye)
NOTE: this density py. is calculated using the same equation of state used in Equation C56
Apyc = pvc — Po
Amy. = m —my (Where m represents the accumulated mass in grams after flow has stopped completely)
Amyc o1 = Amyc(1 + myo;)

(Amye o)
Venss = \T
ve

For H35 FM60 or H70 FM60/FM90/FM300
IF 248.6 < Veygs < 5000
Continue
ELSE Stop Fueling
END IF

For H35 FM120

IF 248.6 < Vgpgs < 7500
Continue
ELSE Stop Fueling
END IF
Go to theSelection of trinq Table Subroutine, Section C.3.3
END IF

After Vchuss has be¢n calculated using Equation C57, go to the Selection of tina Table Subroutine and s€lect the correct tfinal
table(s) based on Vcussythen go to the Calculation of tina_min and calculate the correct tinal_min value bgsed on Vchss, and
then go to the trnal [VectorInterpolation Subroutine and recalculate the tinai vector. Then, proceed through the subsequent
subroutines as normal’

Cc.3.8 Subroutine - Calculation of Ko
C.3.81 Introduction

This subroutine is optional. This subroutine is used to calculate a parameter Ko. For further information on the development
and application of the Ko approach, refer to Handa and Yamaguchi (2018). Ko is used to calculate a “synthetic” measured
pressure named MPcaic. MPcaic may be used for both non-communications fueling and for communications fueling.

For non-communications fueling, MPcar is used in the Pressure Ramp Rate Taper equation (see Equation C82) and in the
Evaluate End-of-Fill Criteria for Non-Communications Fueling, Equation C88, Option 2. The attributes of the PRR Taper
method are described in Appendix E. The attribute of using MPcac for end-of-fill determination with non-communications
fueling in Equation C88 is a higher end-of-fill SOC.
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For communications fueling, MPcar is used in the Evaluate End-of-Fill Criteria for Communications Fueling, Equation C89,
Option 2. In Option 2, MPcarc is compared to Piimit_comm instead of Pstation being compared to Piimit_comm. This allows the station
pressure to exceed Pimit_comm, Which in some instances, will result in a higher-ending SOC, especially for fills that end with
a relatively high measured temperature MT.

The Calculation of Ko is only conducted during intended non-fueling time. The accuracy of Ko depends on the pressure drop
between the station pressure Pstation and the CHSS pressure, which is a function of the mass flow rate. The higher the mass
flow rate, the more accurate Ko should be. Therefore, Ko should only be calculated when the mass flow rate at the time of
calculation is higher than the previous time at which Ko was measured.

The criteria for measuring Ko in Equation C58 is evaluated based on a timestep j, which is advanced every 1 second.
However, Ko is actually measured only during the timesteps where the criteria in Equation C58 are satisfied, and it will take
several timesteps toconductthe meastirement

NOTE: The Ko method is new and has not been validated in the field. Users should validate the accuracy over the full range
of CHSS anticipated at the station.

C.3.8.2 Calculgition of Ko

Equation C58 shall only be conducted during an intended non-fueling event.
(Eq. C58)
IF FTIy = 0

AND
If dispensér is implementing an intended non — fueling event where the mass flow will stop rompletely
AND
IF m;y jukt prior to FTI changing from 1 te'0 is greater than m at the previous time K, was neasured
THEN
Measure-Ps5tion and m just prior to FTI changing from 1to 0
Pseation_flow = Pstation Just prior to FTI changing from 1to 0

My = M just prior to FTI changing from 1to 0

Pro = f(PSmtionﬂow, Tfueljnst(]-)) using an appropriate equation of state for density such as|Eq.C105

Measure Pgqrion af ter the mass flow has completely stopped

Pstation no_flow = Pstation after the mass flow has completely stopped

K. = Pko (Pstationjlow - Pstation?nojlow)
0 =

22
mflow

END IF
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C.3.9 Subroutine - Mass Average Calculations

C.3.9.1 Introduction

This subroutine is used to calculate the mass average of the fuel delivery temperature measured at the dispenser outlet
and the mass average of enthalpy measured at the dispenser outlet. The mass average of enthalpy is only calculated if the
MC Method is used as the ending pressure control option. These mass average calculations shall be conducted using the
timestep j, which means they are calculated once every second.

The mass average calculations in this subroutine utilize inputs from the dispenser pressure sensor and the fuel delivery
temperature sensor. The location, accuracy, and reliability requirements for these sensors are listed in 6.1.

A method of fault dete utilized. Although

s not prescribe a methodology for ensuring the integrity of this measurement, the're

and stops the fill. The limit criterion should be determined by the dispénser man
nd its standard error. An example of a limit criterion is the standard error, of the sens
thereof. It should b noted that the mass average calculation is inherently more accurate the more mas
Thus, the dispensgr manufacturer may decide to implement the limit criterion after aertdin amount of
mass has been dispensed. Alternatively, the limit criterion can be progressiveif nature, such that
increasing elapsed|time or mass dispensed.

sensor type used

In addition to imp
considered and thg requirements of 6.1.2 adhered to. Typically, a tempetatdre sensor will employ a stan
error of £X, wherg¢ X is expressed in the units of measurement.In this case, to ensure that the
measurement is ufilized as the control input, for the fuel delivery‘demperature utilized in the mass ayv|
temperature calculation, the + measurement error should be added to the measured value, and fq
temperature utilized in the mass average enthalpy calculation; the + measurement error should be
measured value. Alternatively, if the sensor has been calibrated by an accredited laboratory, the meas
corrected by the cdlibrated error for both the mass averagé’temperature and enthalpy calculations.

nployed and two fuel delivery temperatures are measured, then two mass average V,
be calculated and the most.conservative value utilized as the control input.

If redundancy is er
as A and B) should
C.3.9.2 Mass Average Calculation of the Fuel Delivery Temperature Subroutine
A key control inputffor determining the'PRR is the mass average of the fuel delivery temperature measur|
outlet. There are tvo mass average-calculations, MATo and MATs0. MATo begins the calculation at th
main fueling time ffom t = 0 seconds (once mass flow has begun). MAT3o begins the calculation after a
of mass flow have glapsed. Seg A.2.1.4 for a detailed explanation of how the mass average of the fuel d
is used in the PRR|control.“The unit of measure for MATo and MAT3o is degrees Celsius (°C).

In the equations ip this~subroutine, Trelinst is the fuel delivery temperature measured at the dispe

quirements of 6.1.4
e mass average of
an a limit criterion,
Ifacturer based on
br or some multiple
5 that is dispensed.
ime has passed or
it decreases with

menting a fault detection methodology, the error of-the temperature measuremént should also be

dard measurement
most conservative
erage fuel delivery
r the fuel delivery
ubtracted from the
ured value can be

alues (represented

ed at the dispenser

e beginning of the

total of 30 seconds
blivery temperature

nser outlet, and m

represents the tot

ts the temperature

measured at the current timestep j. Trel_instj-1) represents the temperature measured at the previous timestep j-1. Truel_inst_A
and Trelinst B represent two separate measurements when redundancy is employed. m¢) represents the total mass
dispensed up to the current timestep j. m¢-1) represents the total mass dispensed up to the previous timestep j-1. Thus,
myg) - M¢-1) represents the change in mass over the last timestep j. The unit of measure for Trel inst is degrees Celsius (°C).
The unit of measure for m is grams.
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In Equations C59 and C60 for MATo and Equations C62 and C63 for MATz0, and Equation C65, which utilizes MAT3o, a
parameter named n (a counter) is utilized for determining the point in the fill at which these calculations shall commence.
The calculation of MATo begins after mass flow commences and the calculation of MAT30 begins after a total of 30 seconds
of mass flow have elapsed. Because the timestep counter j advances every second, regardless of whether there is mass
flow or not, a separate counter n, which updates at the same frequency as j, is utilized. The difference between n and j is
that n only updates when there is mass flow during the calculation cycle, which means that n does not advance during an
intended non-fueling event such as a leak check or bank switch. Since, by definition, the calculation of MATo begins after
mass flow has initiated, and the calculation of MATs0 begins after a total of 30 seconds of mass flow, the calculation of MATo
begins when n=1 and the calculation of MAT30 begins when n=30. Since the summation terms in the numerator and
denominator of Equations C59, C60, C62, and C63 utilize the timestep j, the time at which the calculation begins in
Equations C59 and C60 is denoted by j at n=1, and the time at which the calculations begins in Equations C62 and C63 is
denoted by j at n=30, which represents the value of j when the counter n reaches 30. If there are no intended non-fueling
events during the first 30 seconds of the fill _then | and n will reach 30 at the same time (assuming that n=1 when j=1).

If an intended non-fueling event occurs when 20 < n < 30, then subtract 10 seconds from n. In this case; ajtotal of 40 seconds

of mass flow are a
fuel delivery tempe

It is important that
than just using the

because the mass
be summed in the

IFn=0, THEN M

IFn=0, TH

The mass average
MATc. MATc is ca

lowed prior to the MAT30 calculation beginning. The purpose of subtracting.“10"secq
rature Trel_inst t0 get cold again after the warming which occurs during thedntended n

the denominator in Equations C59, C60, C62, and C63 be calculated as the sum ¢
value m - mgan=1) (see Equations C59 and C60), or m - mgan=30) (see€ Equations C6
average is a weighting function, and thus, the change in mass fof the numerator and
same way.

_ Z}@nq[(m(j)—m(j—1))X0-5(Tfuez_inst_A(j)+Tfuez_inst_A(j—1)

nds is to allow the
on-fueling event.

f mg) - mg-1), rather
P and C63). This is
denominator must

4To_A = Tfuel_inst_A(O)' ELSE MATO_A E’z@ (meh-mgjo1))
j@n=1 -

Z}@11:1[(m(j)_m(j—l))X0-5(Tfmel_inst_B(j) +T fuel_ins]

(Eq. C59)

t_B(j—l))]

EN MATo 5 = Truetmst_po) ELSE MATo 5 5 Z;@n=1(m(j)_m(j—l))

MAT, = MAXIMUM [MAT, 4, MAT, 5]

N onzsol (M) =m(j-1))X05(T puet inst_acj T ruetinst_a¢i—1))]

IFn =30, THEN MAT3:4 7
Zjen=30(m()~m(j-1)

_ Z}@n=3o[(m(j)_m(j—1))xo'5(Tfuel_inst_B(j) +Tfuel_inst_B(j—1))]

IF n > 30, THEN\MATs, g % amso(MG)=m(j-1)
jen=30\" (DT (-1

MAT; = MAXIMUM[MATs, ,, MAT, 5]

of the fuel delivery temperature which is utilized as the control input for the tinai €qu
culated from either MATexpected, MAT30, Or @ combination of MAT30 and MATo. The Iq

determination is eX

(Eq. C60)

(Eq. C61)

(Eq. C62)

(Eq. C63)

(Eq. C64)

ation is labeled as
gic for making this

plained in A.2.1.4. Equation C65 is utilized to calculate MATc.
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C.3.9.3 Mass
This subroutine is
Tables are the end

In the equations in
measured at the d
the total mass disp
current timestep j.

ha and hs represer
up to the current t
represents the cha
of measure for m ig

MAT; = MATexpected

ELSE

(Eq. C65)

IF Pramp < Perans
THEN
MAT,; = MATs,
ELSE

IF Pt‘rans < P‘ramp < Pfinal

THEN
MAT, = MAT;o x (—Pf "”“”PT“’"”) + MAT, x (1 — Zfinal”Pramp i"“"””’"”)
Pfinal—Ptrans Pfinal—Ptrans

ENDIF
\verage Calculation of Enthalpy Subrgutine

only applicable if the MC Methoéd is utilized as the ending pressure control option.
ng pressure control option, this' subroutine is not applicable.

his subroutine, Trel instiis the temperature measured at the dispenser outlet, Pstation is {
spenser outlet, h represents the specific enthalpy calculated at the dispenser outlet

Ni-1) representstthe specific enthalpy calculated at the previous timestep j-1. Truel inst A
mestep j{ mM(-1) represents the total mass dispensed up to the previous timestep j-

hge inmass over the last timestep j. The unit of measure for Trel_inst is degrees Celsiu
grams:

f Ending Pressure

he station pressure
and m represents

ensed from the beginning of the main fueling time. hg) represents the specific enthalpy calculated at the

and Trelinst_B, and

t two separatermeasurements when redundancy is employed. mg) represents the tofal mass dispensed

. Thus, mg) - mg1)
s (°C), and the unit

Equations C66 thr

ugh €689 are usedto cafcutate the assaverage of thedispenserouttetenttratpy have. The equation for

specific enthalpy as a function of temperature and pressure is not given here, but guidance for the calculation of specific
enthalpy is given in C.4.1, and if desired, a reference equation for specific enthalpy is provided by Equation C102. When
using Equation C102, the unit of measure for temperature is kelvin (K), and the unit of measure for pressure is megapascals.

The unit of measur

e for h and have is kilojoules per kilogram.

It is important that the denominator in Equations C67 and C68 be calculated as the sum of mg) - m¢-1), rather than just using
the value m - mgan=1). This is because the mass average is a weighting function, and, thus, the change in mass for the
numerator and denominator must be summed in the same way.
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haciy = h[(Truet inst acy + 273.15), Peation(p]: sy = Ml (Truer inse 5¢jy + 273.15), Pseation()))

_ Sanaal(my=mg-1)x05(hagjythag-1)]

IFn=0, h =h ELSE h -
ave_A A(0) ave_A Z;’@n:l(m(j)_m(j_l))

_ Sanzal(mgy=m(j-1)x0.5(hp(j)+hp(j-1)]

IFn= 0, have,B = hB(O) ELSE have,B

7
Yian=1(mp—mg-n)

have = MINIMUM[havefA' have?B]

(Eq. C66)

(Eq. C67)

(Eq. C68)

(Eq. C69)

C.3.10

Subroutine - Calculation of Tcold

This subroutine is jonly applicable if the MC Method is utilized as the ending pressure control option.
Tables are the endjng pressure control option, this subroutine is not applicable.

This subroutine is lised to calculate the cold case CHSS gas temperature using the MC Method equati
of SAE J2601_202005 for a detailed explanation of the MC Method and how it is used to.Calculate the

target. Tcold repres
fueling and the pre

The calculations in
second.

nts the cold case gas temperature and is used to calculate the pressure target for ng
5sure limit for communications fueling.

this subroutine shall be conducted using the timestep §,,which means they are cal

Equation C70 calcylates the adiabatic internal energy. The unit of mgasure for Uadiabatic_cold iS Kilojoules.

Uadiabatic_cota(j) = Umiticola + Madaa X Rave())

Equation C71 calcylates the specific adiabatic internal enefgy. The unit of measure for Uadiabatic_cold is Kiloj

Equation C72 calc
pressure and spec
reference equation

Equation C73 calg
capacity as a funct
if desired, a refere

U : L Uadiabatic_cold(j)

adiabatic_cold(j) Mfinal cold
ulates the cold case adiabatic temperature Tadiabatic coid. The equation for temperatu
fic internal energy is«not given here, but guidance for this calculation is given in C.4
for temperature is provided by Equation C104. The unit of measure for Tadiabatic_cold IS

Tadiabatic_cold(j) = f(Pstation(j)'uadiabatic_cold(j))

ulates, the cold case specific heat capacity at constant volume ¢v coid. The equatig
on of‘\pressure and temperature is not given here, but guidance for this calculation is
hce,equation for specific heat capacity is provided by Equation C106. The unit of m

f Ending Pressure

bns. Refer to H.3.1
end-of-fill pressure
n-communications

culated once every

(Eq. C70)

pules per kilogram.
(Eq. C71)

re as a function of
3, and if desired, a
kelvin (K).

(Eq. C72)

n for specific heat
given in C.4.5, and
leasure for cv cold is

kilojoules per kilog

A==
artts

Cv_cold(j) = f(Pstation(j)' Tadiabatic_cold(j))

(Eq. C73)
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Equations C74 and C75 are used to calculate MCcou. For a detailed explanation of MCcod and how it is used, refer to H.3.1
of SAE J2601_202005. The unit of measure for MCcold is kilojoules per kilogram.

IF t > tmin _cotar Atcolcl(j) =t — tmin cotar ELSE Atcoq =0 (Eq. C74)
MCepray = AC + BC X In /W +GC x (1 — e Kteota)’ (Eq. C75)

The final step in this subroutine is to calculate Tcod. Tcold represents the cold case gas temperature in the cold case CHSS
and is used in the Determine Non-Communications Fueling Pressure Target and Communications Fueling Pressure Limit
using MC Method Subroutine in C.3.13.2 to calculate the pressure target for non-communications fueling and the pressure

limit for communications fueling. The unit of measure for Tcod is kelvin (K).

As an example, fo
MCecold = 17.6 kJ/K
are calculated usin

C.3.11 Subrouti

This subroutine is
control input to the

The calculations in
second.

To calculate tfinal fo
along with the MAT,
the tfinal vector, the {

Mfinal_coldXCv_cold(j)XTadiabatic_cold(j) T MCcold(j) X Tinit_cold

Teota(iy =
cola(j) MCcolda(j)+ Mfinal_cold X Cv_cold(j)

[ Tamb = 32 °C, Pinital = 12 MPa, have = 3200 kJ/kg, and t = 600 seconds, for the H]
and Teoid = 294.0 K, and for the H35 Pressure Class, MCcold = 17.0 kJ/K and’Tcold = 298
g the reference equations in Section C.4.

he - Calculation of tfinal

used to calculate tinal, Which is defined as the total time{required to fill from Pmin to |
PRR equation (see Equation C80). The unit of measute)for tfinal is seconds.

this subroutine shall be conducted using the timestep j, which means they are cal

c() from the Mass Average Calculation ©f the Fuel Delivery Temperature Subroutine
final Value associated wth the MATc value directly below (colder than) MATcg) and the ts

with the MATc valde directly above (warmer than) MAT¢) are utilized. These values are referred to ag

MATCfbeIow and ftfing
tfinal(-40) = 340, tfinai(-3
is -33.1 °C, then tin

Equation C77 deri
to the factors q, B,

tfinal

(MATC_above) and MATc_avove, respectively. As an example, a shortened tiina vector is
8) = 390, tfinai(-36) = 440, tinai:3d).= 490, tinai-32) = 540, etc. In this example, if MAT ¢ for t
LI(MATc_below) IS tfinal(-34) = 490,-MAT c(below) iS -34 °C, tfinal(MATc_above) IS tfinal(-32) = 540, and M

es a calculated valtefor tiinal Named tinal_calc for each timestep j. This is a preliminar
and € being applied in Equation C78.

[trinatuarc abovey = trinaimarc betowy] X [MATc(jy = MAT(

(Eq. C76)

0 Pressure Class,
.3 K. These values

Pfinal. tfinal iS the key

culated once every

each timestep, the tinal vector calculated in the tinal Vector Interpolation Subroutine (s¢e C.3.5) is utilized,

see C.3.9.2). From
al value associated

tfinal(MATC_below) and
defined as follows:
he current timestep
AT c(above) is -32 °C.

y value of tfinal prior

(Eq. C77)

elow)]

calc () final(MAT c_below) [MATc(above) _ MATc(beIOW)]

Finally, tinal for each timestep j is calculated by multiplying tinal_caic by @, B, and € using Equation C78. For more details on
the a and B parameters, refer to H.2.6 of SAE J2601_202005. For more details on the € parameter, see C.3.1.1 and A.2.1.2.

trinal(y) = @ X B X € X trinal_cate(y)
IF trinaijy < B X trinaimin
THEN
trinat() = B X trinalmin

END IF

(Eq. C.78)
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C.3.12  Subroutine - Calculation of PRR and Pramp

This subroutine is used to calculate the pressure ramp rate PRR, the ramp pressure Pramp, the limit pressures Piimit_nigh and
Pimit_ow, and the factor a, used in the tfina equation. The ramp pressure is the pressure targeted by the dispenser control at
any time during the fill. The upper and lower limit pressures define a boundary or limit on the station pressure that is not to
be exceeded. See A.2.3 for a detailed explanation of the variable pressure ramp rate PRR and refer to H.2.6 of
SAE J2601_202005 for a detailed explanation of a, Plimit_nigh, and Plimit_iow.

The calculations in this subroutine shall be conducted based on a timestep j, which is advanced every 1 second. Thus, each
calculation in this subroutine is conducted once every second.

Equation C79 is used to calculate a. a |s a factor which accounts for var|ab|I|ty |n the PRR durlng the fill. a is multiplied by
the tinal equation to f measure for a is
dimensionless. The

unit of measure for RRmin and RRmax is MPa/s

Note that in Equation C79, for the first calculation cycle when j = 0, a is not calculated, and the |initialization value of 1 is
utilized.

(Eq. C79)
IFj>0
THEN

IF PRR < RRyyin, THEN RR = PRR

IF PRR > RRyyar, THEN RRypar = PRR

o = [100+18.5(RRmax—RRmin)
100

END IF

Equation C80 is used to calculate the pressuresramp rate PRRuc and PRR. The unit of measure for PRR is MPa/s.

(Eq. C80)
Pfinal - Pstartup
IF trinalg) X m —t>10 AND Pramp(j) < 0.99 x Pfinal
THEN
P, — .
final ramp(j)
PRRy -y = o) 3
M e % Tfinal Tstartup \ _ t
final()) ( Pfinal - Pmin )

ELSE
PRRMC(]) = PRRMC(j—l)
END IF

PRR(jy = MINIMUM [PRR a2, PRRyc(j)]
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Equation C81 calculates the synthetic measured pressure MPcaicj). MPcarcj is used in the PRR Taper method for
non-communications fueling using Equation C82. The application of Equation C81 is optional.

(Eq. C81)
PG = f(Pstation(j)' Tfuel_mst(j)) using an appropriate equation of station for density such as Eq.C105
me;
MPaicjy = Pstation(j) — Ko [p—(])] + P, ,where P, is defined and set in Equation C26
(0))]

Equation C82 calculates a reduced pressure ramp rate PRRtper. An explanation of the PRR Taper method and its attributes
can be found in Appendix E. The application of Equation C82 is optional.

(Eq. C82)
APjy = Pramp(jy — MP(;, (communications fueling)
OR

AP(jy = Pramp(jy — MPcaicjy (non-communications fueling)

Pinreshota = Pramp_maximum — AP
IF Pramp(j) 2 Penreshota AND j 2) bporback
THEN
PRR_TAPER FLAG = TRUE
END IF
IF PRR_TAPER_FLAG = TRUE
THEN

Calculate lookback MP ramp rate:

(MP(j)_MP(j—flookback))

tiookback

PRRyp(j) = (communications fueling)

OR

\Mpcalc(f)_Mpcal’:(j_tlookback))

PRRyp(j) = : (non-communications fueling)
lookback
Calculate time remaining based on PRRwe:
t o (Ptarget_comm_MP(j)) OR t - (Ptarget_non_comm_Mpcalc(j))
remain(j) PRRyp(j) remain(j) PRRyp(j)
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Calculate PRRtaper:

IF tremain(j) >0 AND Prampfmaximum > Pramp(j)

THEN

(P ramp_maximum P ‘ramp(j))

PRRaper(jy =

tremain(j)

ELSE

PRRtaper() = U
END IF
PRRjy = MINIMUM[PRRypay, PRRyc(jy PRRiaper()]
ELSE
PRR(;, = MINIMUM [PRR pay, PRRyc(f5]
END IF

Equation C83 calcuilates the ramp pressure Pramp for the next timestep.j+1.

THEN
Bramp(j+1) = Pramp(jy + PRR(j
ELSE IF FTIj, = 0
THEN

P‘ramp(j+1) = P‘famp(j)

END IF

(Eq. C83)

IF P‘ramp(j+1) > P‘ramp_maximum

THEN

Pramp (G+1) = Prampfmaximum

END IF


https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 128 of 253

Equation C84 calculates the upper and lower pressure corridor limit pressure Piimit_nigh Plimit_low.

C.3.13  Subrouti
The calculations in
calculation in this s

This subroutine ha
for both ending pr|
pressure target an
pressure tables 4
non-communicatio

Pressure Control Initialization Subroutine.(see C.3.2.1).

C.3.131 Detern
A pressure target
Subroutine (see C
measure for MT is
Ptarget_comm_calc has

Piimit_nigh(j+1) = Pramp(i+1)T BProl_nign
IF Pymit nign(j+1) > Prinav THEN Pymit nigh(j+1) = Prinal
IF protocol is H35 FM60 or H70 FM60, FM90, FM300

THEN

(Eq. C84)

Piimit_tow(j+1) = Pstartup +0.0167 X (t + 1)
END IF
IF protocol is H35 FM120
THEN
Piimit tow(j+1) = Pstareup + 0.0125 X (¢ A1)
END IF
he - Determination of Pressure Targets and Limits

this subroutine shall be conducted based on'atimestep j, which is advanced every 1 3
ubroutine is conducted once every second.

5 two subsections. The first subsection, C.3.13.1, calculates the communications fue
bssure control options. The second subsection, C.3.13.2, calculates the non-comr
d communications fueling pressure limit for the MC Method ending pressure contr
re utilized, C.3.13.2 is notvapplicable. Note that when ending pressure tables
ns fueling pressure target and communications fueling pressure limit are calculg

nine Communications Fueling Pressure Target

s calculated. for communications fueling based the SOCtarget Value set in the Parg
3.1, Equation C21) The unit of measure for Ptarget_comm_cal @nd Ptarget_comm iS megs
kelvin(K), and the unit of measure for SOCrtarget is % (i.e., 100% is expressed as 10(
An-accuracy of + 0/-0.08 MPa over the range of temperatures 233.15 K < MT < 358

target SOC 95< S

econd. Thus, each

ing pressure target
nunications fueling
bl option. If ending
5 are utilized, the
ted in the Ending

meter Initialization
pascal, the unit of
). The equation for
15 K and range of

DCrget < 100 referencing data from NIST

IF Pressure Class = H70

(Eq. C85)

Prarget_comm_cate(yy = (0.0144 X SOCyqrgee — 0.439) X (0.2782 X MT(;y — 4.7145E — 05 X MT(y — 6.18) — 0.1

IF Pressure Class = H35

Prarget_comm_catc(y = (00123 X SOCyqpgee — 0.227) X% (0.1346 X MT(j) — 1.3637E — 05 X MTj) — 2.65) — 0.12

Ptarget_comm(j) = MINIMUM [Ptarget_comm_calc(j)' (Pramp_maximum - 0-5)]
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C.3.13.2 Determine Non-Communications Fueling Pressure Target and Communications Fueling Pressure Limit Using

MC Method

This section is only applicable when the MC Method is used for ending pressure control. If ending pressure tables are
utilized for ending pressure control, this section is not applicable.

This section provides the equations for calculating a non-communications fueling pressure target and a communications
fueling pressure limit. The non-communications fueling pressure target is calculated in C.3.13.2.1, and the communications

fueling pressure limit is calculated in C.3.13.2.2.

C.3.13.2.1

A pressure target js

Determine Non-Communications Fueling Pressure Target Using MC Method

o caleudatad for alina-bacad an and ~f £l I-ﬂrnnl- da
154 < LBS A~

of 40.2 g/L for the

H70 Pressure Clas
the unit of measur
23315 K < Tcold < :

IF P

IF P

C.3.13.2.2  Dete
A pressure limit is
density of 46.23

SAE J2601_20200
protection in case
measure for Tcold iS
< 358.15 K, referer

IF Pressure

IF Pressure (

C.3.14  Subrouti

This subroutine is
subroutine shall bq

no atio fualin on
caettatea—+terRoR-commurieatons |uu|und SO o ar— oo

s and 24.0 g/L for the H35 Pressure Class. The unit of measure for Ptarget non_comm| i$
e for Teoa is kelvin (K). Equation C86 has an accuracy of £0.01 MPa over thé-ran
58.15 K, referencing data from NIST.

—aeh u.:n.y

Calculate Non-Communications Fueling Pressure Target

ressure Class = H70, Pyarget non_comm = 0-2782 X Teoia(jy — 4.7145E— 05 X Teora(jy”

ressure Class = H35, Piarget non_comm = 0.1346 X Teo1q(j) — &3637E — 05 X Tcold(]-)z -

rmine Communications Fueling Pressure Limit Using-sMC Method

calculated for communications fueling based on-arlimit of 115% SOC, which corres
g/L for the H70 Pressure Class and 27.6 (g/L for the H35 Pressure Class. R
5 for an explanation and rationale for this density limit. The pressure limit Plimit_comm iS
pf a fault condition in the MT signal. Thewunit of measure for Plimit_comm iS megapasc
kelvin (K). Equation C87 has an accuracy of £0.01 MPa over the range of temperatu
cing data from NIST.

Calculate Camimunications Fueling Pressure Limit

Class = H70, Pimit compn’ = MINIMUM [84.8, (0.3457 X Top1q() — 6.6942E — 05 X T,

lass = H35, Punfit pomm = MINIMUM [43.75, (0.1622 X Tepiq(j) — 1.8904E — 05 X T,
he - Evaluate-End-of-Fill Criteria

utilized to determine if the end-of-fill criteria is met, which will then end the fill. The
conducted based on a timestep /i, which is advanced every 0.1 second. Thus, eac

subroutine is condyicted once every 1/10th of a second.

5 megapascal, and
je of temperatures

(Eq. C86)
6.18

2.65

bonds to maximum
efer to H.3.1.4 of
used as secondary
als, and the unit of
res 233.15 K < Teold

(Eq. C87)

gy’ = 7:29)]
gy’ — 340)]

calculations in this
h calculation in this
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C.3.14.1 Evaluate End-of-Fill Criteria for Non-Communications Fueling

The condition for the end-of-fill criteria to be met for non-communications fueling is for the either the station pressure or for
MPcalc (if the Ko method in C.3.8 is utilized) to be greater than or equal to the non-communications fueling pressure target.
The dispenser shall end the fill immediately when this criterion is satisfied. In Equation C88, the station pressure
measurement shall account for the sensor error.

(Eq. C88)

Option 1: The use of Station Pressure

IF Indicator_Comm_Fill = FALSE AND Pyationciy = Prarget non comm» THEN END FILL

i=i+1
Option 2: The use of MPcarc

P = f(Pst tion(i) Tfuel_inst(i)) using an appropriate equation of station for density such as Equation C105

.2
ma

MPeaciy = Pstationy — Ko [ ] + P, ,where P, is defined and sétyin Equation C26

IF| Indicator_Comm_Fill = FALSE AND MP.qicqy = Prarget non comm» THEN END FI

i=i+1

C.3.14.2  Evaludte End-of-Fill Criteria for Communications Fueling

There are two opti
the synthetic meas
1a and 1b. In Opt
pressure Pstation to

bns provided for evaluating the end-of-fill\criteria for communications fueling. The fi
ired pressure MPcaic using the Ko methad in C.3.8 is not utilized. With Option 1, there a
on 1a, the condition for the end-of-fill criteria to be met for communications fuelin

st option is used if
re two sub-options,

be greater than or equal to the comymunications fueling pressure target, or for the sta

g is for the station
on pressure Pstation

br equal to the communications-fueling pressure limit, whichever occurs first. In Optign 1b, the condition
teria to be met for communieations fueling is for the measured pressure MP to be greater than or equal
ions fueling pressure target, or for the station pressure Psttion to be greater than or equal to the
the fillimmediately

to be greater than
for the end-of-fill cn
to the communica
communications fugling pressure limit, whichever occurs first. With either option, the dispenser shall end
when either of thege criterion is satisfied,

The second optionl|is used if the synthetic measured pressure MPcac using the Ko method in C.3.8 is utilized. With Option 2,
the condition for the end-of-fillcriteria to be met for communications fueling is for the measured pressurie MP to be greater
than or equal to the communhications fueling pressure target, or for the either the measured pressure MP or the synthetic
measured pressure MPcaic 10 be greater than or equal to the communications fueling pressure limit. The ¢lispenser shall end
the fill immediately|whenany of these criteria are satisfied.

The use of Option Ta is the most conservative and will result in the Towest ending SOC. Option 1b is Tess conservative but
may still result in some fills not achieving the desired target pressure, especially for fills that start from a low initial pressure.
This is because the station pressure may reach the communications fueling pressure limit before the measured pressure
MP reaches the communications fueling pressure target. Option 2 will consistently provide the highest ending SOC but
relies on MP and MPcaic to ensure that the pressure limit is not exceeded.
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Option 1a: The Use of Station Pressure

(Eq. C89)

NOTE: Option 1a cannot be used with the PRR Taper method. If PRR Taper is used, choose Option 1b or Option 2.

IF Indicator_Comm_Fill = TRUE
THEN

IF Pstation(i) 2 Ptarget_comm ,THEN END FILL

O

Py = f(Pst

IF Psiation(i) = Piimit_comm,» THEN END FILL
i=i+1
END IF
Option 1b: The Use of Measured Pressure MP and Station-Pressure
IF Indicator_Comm_Fill = TRUE
THEN
IF MPyy = Prarget comm,» THEN END FILL
IF Psiation(iy 2 Piimit_comm&THEN END FILL
=i+1
END IF
ption 2: The Use of Measured-Pressure MP and Synthetic Measured Pressure MPc4
IF Indicator_Comm_Fill = TRUE

THEN

tion(i) Tfuel_inst(i)) using an appropriate equation of station for density such as Equ
22
U0)

P

MPgiey = Pstationy — Ko [ ] + P, ,where P, is defined and set in Equation C26

tation C105

TF MPy, = Prarget commyy, THEN END FILL
IF MPy 2 Pimit comm, THEN END FILL
IF MP.aiciy = Pimit comm» THEN END FILL
i=i+1

END IF
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C.3.15  Subroutine - Process Check

This subroutine is used to check if temperature, pressure, and mass flow rate are within the process limits. If any of the
process condition checks are not satisfied, the Process Check Subroutine fails, and the fill shall terminate as soon as
possible but within 5 seconds.

The unit of measure for Pstation, and Plimit_nigh is megapascal. The unit of measure of Tamb, Trel, and MATc is degrees Celsius
(°C). The unit of measure for MT is kelvin (K). The unit of measure for t is seconds, and the unit of measure for m is grams
per second.

The calculations in this subroutine shall be conducted based on a timestep j, which is advanced every 1 second. Thus, each
calculation in this subroutine is conducted once every second.

IF Pstationjy < Prinaty THEN PASS, ELSE FAIL (Eq. C90)

When t > 15,1F Pyarion(y < Piimit nigh¢yy THEN PASS, ELSE FAILY (Eq. C91)
IF Pytation(y 2 Piimit tow(jyy THEN PASS, ELSE FAIL't (Eq. C92)

IF -40 < Ty < 50, THEN PASS, ELSE EAID (Eq. C93)

IF MTj, < 358.15, THEN PASS, ELSE_FAIL (Eq. C94)

IF Tryer inst(jy = —40, THEN PASS,) “ELSE FAIL (Eq. C95)

For the H35 FM120, protocol:
IF MAT(;y <20THEN, PASS, ELSE FAILTT (Eq. C96)

For the H35 FM60 or-H70 FM60, FM90, FM300 protocols:

IF MAT;,(£0 THEN PASS, ELSE FAIL' (Eq. C97)
IE i, < FM, THEN PASS, ELSE FAIL (Eq. C98)
IF'1ijy = MFRy,, THEN PASS, ELSE FAIL¥ (Eq. C99)

T Note to Equation|C91: If the Station pressure exceeds the upper pressure limit by 5 MPa or less, it shall come back within
the limit within 5 sefonds of.the’initial excursion or shall stop fueling within 5 seconds of the initial excursign. If the magnitude
of the excursion is greater than 5 MPa, the dispenser shall stop fueling within 5 seconds of the initial exgursion.

11 Note to Equatioh*C92: The station pressure shall stay above the lower limit pressure of the pressure|corridor only when
mass is flowing, which excludes intended non-fueling events such as a leak check or bank switch (i.e., when FTI = 0). Also,
if the station pressure falls below the lower pressure limit, it shall come back within the limit within 15 seconds of the initial
excursion, not counting intended non-fueling time, and if it does not, the dispenser shall stop fueling within 15 seconds of
the initial excursion.

T11 Note to Equations C96 and C97: If this process limits fails, the dispenser shall do one of the following: (a) pause (no
flow) for a minimum of 90 seconds before resuming the fill with the main fueling time t and parameters n, j, and i set back
to zero and Pstartup set to the most recent station pressure prior to resuming the fill; or (b) terminate the fueling as soon as
possible but within 5 seconds. If option (a) is utilized, the station should ensure that the cooling system is functioning as
intended and shall limit the number of occurrences to no more than two.

T Note to Equation C99: For this process limit to fail, the mass flow rate must be less than MFRmin for
10 consecutive seconds during intended fueling time (i.e., when FTI = 1).
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C.3.16

Subroutine - Advance Counters

Advance the counter j by 1.

j=j+1

(Eq. C100)

The counter n is only advanced if the mass flow rate over the timestep is greater than 1% of the Flow Rate Maximum value
(FM), as determined in Equation C6.

IFm>001 XFM, n=n+1

ELSE n=n

(Eq. C101)

If an intended non-fueling event occurs between 20 < n < 30, then subtract 10 from n. The purposé,of subt

is to allow the fue
non-fueling event.
C4 REFEREN
Application of the
requires calculatio
MCF-HF-G protoc

calculating the the
Reference Databa

Equations C102 th
required in the MQ
within 0.5 to 1%. T
they have docume

C.41

h = (4.92522E
0.000000454324 >
0.0000132881 x P|
0.0000901478 x P|
0.0000852825 x P|

where:

Specific Enthalpy (kJ/kg)

END IF

delivery temperature Trelinst t0o get cold again after the warming whichloccurs d

CE EQUATIONS
MCF-HF-G protocol, especially when utilizing the MC Method *for the ending press

bl should be referenced to NIST data. The programmer 'should ensure that the eq
rmophysical properties of hydrogen are as accurate as possible compared to t
be.

rough C106 are given as a reference for calculating thermophysical properties of h
Method and other formulas within the MCF-HF-G control. These equations are ge
he programmer may utilize these reference equations or another set of reference
nted and comparable accuracy.

— 15 x P> — 0.0000000000016076 x P* + 0.000000000214858 x P®> — 0.0000000
P — 0.00000987705) x T + (0.00000000055184 x P* — 0.000000141472 % P3 +
F — 0.000497343 x P + 0.0108438) x T? + (0.00000000202796 X P> — 0.0000006

* — 0.0119306 X P3 + 0.894471 X P? — 27.6592 X P + 112.034)

P — 0.00639724 x P? + 0.225139 X P + 10.4372) X T + (—0.000000255167 X P°> +

racting 10 seconds
uring the intended

ure control option,

n of hydrogen thermophysical properties. The thermophysical properties used in the application of the

uations chosen for
he NIST Standard

ydrogen which are
nerally accurate to
bquations provided

(Eq. C102)
146189 x P2 +

4561 X P* +

P = absolute pressure in units of megapascals

T = absolute temperature in units of kelvin

Example input/output:

Inputs Output

P (MPa)

T (K) h (kJ/kg) - NIST h (kJ/kg) -

Equation C102

70.1

288.15 4232.1

4232.0
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C.4.2 Specific Internal Energy (kJ/kg)
(Eg. C103)

u = 496.1 X [(—0.000000251102 x P% + 0.00003270544 x P + 0.020635744157) x T + (0.000110237178 x P? —
0.014948338423 x P — 0.706955972653)]

where:
P = absolute pressure in units of megapascals

T = absolute temperature in units of kelvin

Example input/output:

Inputs Output
P (MPh) T (K) u (kJ/kg) - NIST w(kJ/kg) |Equation C103
701 288.15 2488 8 2499 4

C.4.3 Temperatyre (K)
(Eg. C104)

T = (0.000001148 x P2 — 0.000148149 X P + 0.0976624642) X u +(=0.0047605417 X P? + 0.6412591317 X P +
34.3729762461)

where:
P = absolute pfessure in units of megapascals
u = specific intgrnal energy in units of kilojoules per kilogram

Example input/output:

Inputs . Output
P (MPh) W (kJ/kg) T (K)- NIST T (K) - Equation C104
70.1 2488.8 288.15 287.19

C.4.4 Density (kg/m3)
(Eq. C105)

p = (—1.1671E — 162x.P* + 0.000000000000035429 x P?* — 0.00000000000380467 x P2 + 0.000000p00151947 X P —
0.0000000000037 62543+ +(6-000000000000159364 <P+ — 5.0000000000491286P3 + 0:60000000538378 X
P2 — 0.000000222007 x P + 0.00000000512189) x T3 + (—0.0000000000826768 x P* + 0.000000026014 x P3 —
0.00000293356 x P2 + 0.00012714 X P — 0.00000263185) x T2 + (0.0000000195877 x P* — 0.00000634261 x P® +
0.0007478 x P? — 0.0354828 x P + 0.000608078) x T + (—0.0000018437 x P* + 0.000623884 x P®> — 0.0798237 X
P2 + 477618 x P — 0.0536549)

where:
P = absolute pressure in units of megapascals

T = absolute temperature in units of kelvin
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Example input/output:

Inputs

Output

P (MPa)

T (K)

p (kg/m?) - NIST

p (kg/m?) - Equation C105

70.1

288.15

40.21

40.21

C.4.5 Specific Heat Capacity at Constant Volume (kJ/kgK)

(Eq. C108)

¢, = 0.49608 X [(—2.6305218E — 13 X T3 + 2.9504059885E — 10 x T? + —0.000000114316 x T + 0.000015724461) x
X P34+ (2.239406732E — 11 XT3 + —0.000000026242 X T? + 0.000010846506 X T + —0.001653192666) X P? +

(—0.000000000909584 X T- + 0.000001163147 X T- + —0.000549326926 X T + 0.106819055) X-P
(0.000000183407 |x T3 + —0.000222580465 X T? + 0.091271823485 x T + 8.231398432926)]

where:

P = absolute pfessure in units of megapascals

T = absolute tgmperature in units of kelvin

Example input/output:

+

Inputs JROX Output
P (MPa T (K) ¢, (kJ/KgK) - NIST ¢, (kJ/kgK)|- Equation C106
70.1 288.15 10.703 10.678
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D.1

APPENDIX D - (NORMATIVE) MCF-HF-G tfinat TABLES

INTRODUCTION

The following tinal tables provide tinal values in units of seconds as a function of Tamp and MATc.

D.1.1

Color Shading in the Tables

The lower pressure limit for the MCF-HF-G protocol is 0.75 MPa/min for the H35 FM120 protocol and 1 MPa/min for the
H35 FM60 or H70 FM60/FM90/FM300 protocols. Some tiinal values in the tables in this appendix will cause the PRR to be
less than this lower limit. A sustained PRR of less than 0.75 MPa/min and 1 MPa/min, respectively, will likely result in one
of the process limits to be exceeded, causing the fueling to stop prematurely. These process limits include the lower pressure

limit and the mini

o flova,
T TOvY

tfinal Values which a
FM60 or H70 FM6(
when utilizing a P
Equation C24). AP,
for H35 FM120 andg
the higher value
FM60/FM90/FM30
lower value of the
are shaded red as

If Pinitiat and Pmin is
by &, causing tfinal tq
resultant tfinal value

protocols, dependi

To ensure fuelings|
cold so that MATc

rata racu tramant
ot oo oot

re longer than 2700 to 3035 seconds for the H35 FM120 protocol and 4500 to 4770 s
/FM90/FM300 protocols will cause the PRR to be lower than 0.75 MPa/min and1 MP
hin Value equal to 3 MPa and 5 MPa, respectively, depending on the valug of AP,
bi_nign Nas a discretionary setting between 3 and 7 MPa. The lower valué-of the range
4500 seconds for H35 FM60 or H70 FM60/FM90/FM300) corresponds to a AP,y pign
of the range (i.e., 3035 seconds for H35 FM120 and 4770.seconds for H
D) corresponds to @ APy pign Of 3 MPa. In the tinal tables below,, tinal values which a
range, i.e., 2700 seconds for H35 FM120 and 4500 seconds for H35 FM60 or H70 R
A precautionary indicator to the user.

ess than 3 MPa for H35 FM120 and 5 MPa for H35"EM60 or H70 FM60/FM90/FM3(
be even larger and the PRR to be even slower, The lower the initial pressure, the lan
ng on the value of Pinitial.

are not stopped prematurely, it is reecommended that the fuel delivery temperature
s colder than the values shaded in.yellow and red.

econds for the H35
b/min, respectively,
b1 nign Utilized (see
i.e., 2700 seconds
of 7 MPa, whereas
B5 FM60 or H70
re greater than the
M60/FM90/FM300

0, tfinar is multiplied
ger the ¢ value and

The tinal values shaded in yellow in the tinal tables indicate conditions where the calcyilated PRR may be
slower than 0.75 NIPa/min for the H35 FM120 protocol and 40-MPa/min for the H35 FM60 or H70 R

M60/FM90/FM300

be kept sufficiently
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D.1.2 H35 FM120 tinal Tables - Option A
Tables D1 through D23 are the H35 FM120 tinal tables for the application of Advanced Option A in Equation C42.

Table D1 - H35 FM120 tfinai - Vcnss 248.6 L and 50 L = TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 163 163 189 238 296 365 449 549 669 808 966 | 1144 | 1342 | 1562

45 163 163 163 163 163 163 163 181 223 272 327 390 464 548 643 749 865 993

40 163 163 163 163 163 163 163 163 174 211 253 300 351 409 | 474 545 624 710

35 163 163 163 163 63 63 163 163 160 202 242 288 337 392 1524 522 596 678

30 163 163 163 163 163 163 163 163 163 171 204 243 285 331 380 434 494 559

25 163 163 163 163 163 163 163 163 163 163 174 207 243 283 325 370 418 472

20 163 163 163 163 163 163 163 163 163 163 163 177 209 243 280 319 361 405

15 163 163 163 163 163 163 163 163 163 163 163 163 185 216 250 285 323 362

10 163 163 163 163 163 163 163 163 163 163 163 163 165 192 223 255 290 325

5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 212 242 273

0 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 177 203 230

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 172 197 224

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 166 191 217

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 210

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 179 204

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 174 198

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 168 192

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 186

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 181

MATc (°C)

(T;"T;’ 4 | -2 0 2 4 6 8 | 10 | 12 | 14 | 16 | 18 | 40
5D | 1806 | 2074 | 2365 | 2681. [3020 | 3379 | 3747 | 4118 | 4490 | 4856 | 5215 | 5559 | 5490
46 | 1131 | 1278 | 1434 | 1601,{" 1778 | 1965 | 2161 | 2365 | 2579 | 2801 | 3030 | 3263 | 3498
4D 804 | 903 | 1008 | 1119 | 1237 | 1360 | 1488 | 1621 | 1760 | 1903 | 2053 | 2206 | 2362
36 766 | 860 | 95811062 | 1171 | 1284 | 1401 | 1521 | 1646 | 1774 | 1906 | 2041 | 2178
3p 630 | 705 |-784 | 867 | 955 | 1047 | 1141 | 1239 | 1339 | 1442 | 1549 | 1657 | 1167
2b 529 | 591 [\-656 | 725 | 798 | 874 | 952 | 1033 | 1117 | 1203 | 1292 | 1382 | 1474
2D 453 | 505° 559 | 617 | 678 | 742 | 809 | 878 | 949 | 1022 | 1098 | 1175 | 1253
16 | 4044249 | 497 | 548 | 601 | 658 | 717 | 777 | 840 | 905 | 973 | 1041 | 1{11
1D 363N"403 | 445 | 490 | 538 | 588 | 640 | 694 | 750 | 808 | 869 | 930 | 992
4 306 | 339 | 374 | 411 | 450 | 491 | 534 | 579 | 626 | 674 | 725 | 777 | 420
[ 259 | 289 | 319 | 350 | 383 | 418 | 454 | 491 | 530 | 571 | 614 | 658 | 703
-5 oo | og4 | 944 | gun | o994 | agg | a43 | 4791 o549 | oog | 590l gan | dgg
10 | 245| 274 | 303 | 333 365 | 398 | 432 | 468 | 505 | 544 | 585 | 627 | 670
15 | 238 | 266 | 205 | 325 | 356 | 388 | 422 | 457 | 494 | 532 571 | 612 | 654
20 | 231 | 259 | 288 | 317 | 347 | 379 | 412 | 446 | 482 | 519 | 558 | 598 | 639
25 | 225| 252 | 280 | 309 | 339 370 | 402 | 436 | 471 | 507 | 545 | 584 | 624
30 | 218 | 245 | 273 | 302 | 331 | 362 | 393 | 426 | 460 | 496 | 533 | 571 | 610
35 | 212 | 239 | 266 | 294 | 323 | 353 | 384 | 416 | 450 | 485 | 521 | 558 | 597
40 | 206 | 232 | 259 | 287 | 315 345 | 375 | 407 | 439 | 474 | 509 | 546 | 583
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Table D2 - H35 FM120 tfinai - Venss 500 L and 50 L < TVL <200 L

MATc (°C)

-(I;aén; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 163 163 163 163 163 163 166 201 251 311 381 463 562 679 813 964 | 1133 | 1321
45 163 163 163 163 163 163 163 163 195 239 289 346 412 486 571 666 771 888
40 163 163 163 163 163 163 163 163 163 189 228 272 322 376 435 501 575 656
35 163 163 163 163 163 163 163 163 163 183 220 264 312 364 422 486 556 634
30 163 163 163 163 163 163 163 163 163 163 189 225 267 312 360 412 469 532
25 163 163 163 163 163 163 163 163 163 163 163 194 230 269 311 356 404 456
20 163 163 163 163 163 163 163 163 163 163 163 169 199 234 271 310 352 397
15 163 163 103 103 103 103 103 103 103 103 103 103 173 209 243 279 318 358
10 163 163 163 163 163 163 163 163 163 163 163 163 163 188 219 252 287 324
5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 182 211 241 274
0 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 177 203 232
-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 173 199 227
-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 169 194 221
-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 165 189 216
-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 212
-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 181 207
-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 176 202
-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 172 197
-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 168 193

MATc €C)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 1529 | 1755 | 2001 | 2270 | 2562 | 2877y 3210 | 3556 | 3914 | 4279 | 4647 | 5010 | 5365
45 1015 | 1151 | 1296 | 1452 | 1618 | 4794 | 1980 | 2174 | 2379 | 2594 | 2818 | 3050 | 3286
40 744 838 939 | 1046 | 1160.] 1280 | 1405 | 1535 | 1672 | 1814 | 1963 | 2116 | 2274
3b 718 808 903 | 1004 | 11147 1223 | 1339 | 1458 | 1583 | 1712 | 1846 | 1983 | 2122
3P 600 673 751 833 920 | 1011 | 1106 | 1203 | 1304 | 1409 | 1518 | 1628 | 1741
2b 512 573 637 706 778 854 933 | 1015 | 1100 | 1188 | 1278 | 1371 | 1465
2D 444 495 550 608 669 734 801 871 943 | 1018 | 1096 | 1175 | 1255
16 401 446 494 545 599 656 716 778 842 909 978 | 1048 | 1121
10 363 404 447 492 540 591 645 700 758 818 880 943 | 1008
4 308 343 379 417 457 499 543 589 637 688 740 793 48
( 262 293 325 358 392 428 465 504 544 587 631 677 124
-5 256 287 319 351 385 420 457 495 534 576 619 664 110
-10 254 281 312 344 378 412 448 486 525 566 608 652 697
-15 245 276 306 338 371 405 440 477 515 555 597 640 684
-40 240 270 300 332 364 398 432 468 506 545 586 628 671
-725 235 264 264 325 357 366 425 4660 497 536 576 647 59
-30 230 259 289 319 351 384 417 452 488 526 566 606 648
-35 225 253 283 313 344 377 410 444 480 517 556 596 636
-40 220 248 277 307 338 370 403 436 472 508 546 585 625
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Table D3 - H35 FM120 tfinai - Venss 1000 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 177 | 206 | 241 282 329 | 379 | 432 | 513 | 607 | 714 | 836 | 974 | 1130 | 1304

45 163 163 163 163 163 163 175 | 202 233 | 275 329 | 392 | 461 536 | 618 707 806 | 915

40 163 163 163 163 163 163 163 163 187 | 220 | 261 308 | 362 | 422 | 486 552 624 | 701

35 163 163 163 163 163 163 163 163 182 | 215 | 254 | 300 | 353 | 411 473 538 607 | 682

30 163 163 163 163 163 163 163 163 163 187 219 257 301 3562 406 463 522 585

25 163 163 163 163 163 163 163 163 163 164 191 223 260 303 350 400 454 509

20 163 163 163 163 163 163 163 163 163 163 169 195 227 263 303 348 396 446

15 163 163 105 105 103 103 105 105 105 103 163 177 204 230 22 312 356 402

10 163 163 163 163 163 163 163 163 163 163 163 163 185 213 245 281 321 363

5 163 163 163 163 163 163 163 163 163 163 163 163 163 180 206 235 268 304

0 163 163 163 163 163 163 163 163 163 163 163 163 163 163 175 198 225 256

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 171 195 221 250

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 168 191 217 245

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 165 187 212 241

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 183 208 236

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 180 204 231

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 176 200 227

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 173 196 222

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 170 192 218

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 1496 | 1707 | 1935 | 2186 | 2459 | 2755 3069 | 3398 | 3743 | 4098 | 4460 | 4821 | 5178
45 1035 | 1164 | 1302 | 1450 | 1609 | AFZ8 | 1956 | 2144 | 2343 | 2552 | 2772 | 2999 | 3232
4D 785 875 971 | 1074 | 1183 1299 | 1421 | 1547 | 1680 | 1820 | 1966 | 2117 | 2273
3b 762 848 940 | 1037 | 11407 1248 | 1361 | 1478 | 1600 | 1726 | 1858 | 1993 | 2132
3D 652 722 797 876 960 | 1049 | 1140 | 1236 | 1335 | 1438 | 1544 | 1654 | 1166
2b 566 626 689 755 826 900 977 | 1056 | 1139 | 1225 | 1315 | 1406 | 1499
2D 497 550 604 661 721 785 850 918 989 | 1063 | 1139 | 1217 | 1297
1B 450 499 549 600 654 710 769 829 892 958 | 1026 | 1095 | 1166
10 408 454 500 548 597 648 700 754 811 870 931 993 | 1057
L 342 383 425 467 511 555 600 646 694 743 795 848 902
( 289 324 361 400 439 479 520 560 602 644 689 734 180

D 283 318 354 392 432 471 511 551 592 634 678 722 167

0 27 312 348 385 424 464 503 543 583 624 667 711 155
-15 272 306 341 379 417 456 | 495 534 574 615 657 700 143

0

5

267 300 335 372 410 448 | 487 526 565 606 647 689 132

261 294 329 365 403 A4+ 4860 518 557 597 837 6879 721

-30 256 288 323 358 396 434 | 472 510 549 588 628 668 710
-35 251 283 317 352 389 427 | 464 502 540 579 618 659 699
-40 247 277 311 346 382 419 | 457 495 532 571 609 649 689
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Table D4 - H35 FM120 tfinai - Venss 1500 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 173 173 180 | 206 | 237 | 273 | 315 | 364 | 419 | 480 544 | 612 712 824 | 947 | 1083 | 1235 | 1405

45 172 172 173 174 174 196 | 222 252 287 | 331 389 | 458 | 536 | 622 712 806 | 905 | 1013

40 171 171 172 173 173 174 175 198 | 228 | 265 308 | 358 | 417 | 483 | 555 631 710 | 792

35 170 171 172 172 173 174 175 193 | 223 | 258 300 | 349 | 405 | 469 | 539 613 | 690 | 770

30 170 170 171 172 173 174 175 175 196 225 259 299 346 399 | 458 522 590 661

25 169 170 171 172 172 173 174 175 176 199 227 260 298 343 392 447 507 570

20 169 169 170 171 172 173 174 175 175 177 201 228 260 297 339 386 438 493

15 168 169 170 A 172 173 175 174 A 1706 163 207 239 2bo 304 346 391 441

10 168 169 170 171 171 172 173 174 175 176 177 189 214 242 215 311 351 396

5 167 168 169 170 171 172 173 173 174 175 176 177 183 205 231 260 293 330

0 167 168 169 169 170 171 172 173 174 175 175 176 177 178 197 221 248 277

-5 167 168 169 169 170 171 172 173 174 175 175 176 177 178 194 217 243 272

-10 167 168 169 169 170 171 172 173 174 175 175 176 177 178 190 213 238 267

-15 167 168 169 169 170 171 172 173 174 174 175 176 177 178 187 209 234 262

-20 167 168 168 169 170 171 172 173 174 174 175 176 177 178 184 205 229 257

-25 167 168 168 169 170 171 172 173 174 174 175 176 177 178 180 201 225 252

-30 167 168 168 169 170 171 172 173 173 174 175 6 177 178 179 198 221 247

-35 167 167 168 169 170 171 172 173 173 174 175 176 177 178 179 194 217 242

-40 167 167 168 169 170 171 172 173 173 174 175 176 177 178 178 191 213 238

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 1593 | 1799 | 2024 | 2271 | 2540 | 2831y 3140 | 3466 | 3805 | 4156 | 4514 | 4870 | 5222
45 1130 | 1256 | 1390 | 1535 | 1690 | 4855 | 2030 | 2214 | 2409 | 2615 | 2831 | 3054 | 3284
40 877 966 | 1060 | 1161 | 1267.] 1380 | 1498 | 1622 | 1752 | 1888 | 2031 | 2179 | 2332
3b 852 937 | 1027 | 1121 | 12247 1327 | 1436 | 1550 | 1668 | 1792 | 1920 | 2053 | 2188
3D 733 807 882 960. (1042 | 1128 | 1218 | 1310 | 1406 | 1506 | 1610 | 1717 | 1826
2b 635 701 768 836 907 980 | 1055 | 1132 | 1213 | 1297 | 1383 | 1472 | 1863
2D 552 612 674 736 799 863 928 995 | 1064 | 1136 | 1210 | 1286 | 1363
1B 495 551 608 666 725 785 844 905 967 | 1031 | 1098 | 1165 | 1234
1D 445 496 549 604 660 716 772 828 885 943 | 1003 | 1064 | 1126
L 370 413 459 507 557 608 660 711 762 814 866 919 972
( 311 347 386 427 471 517 564 611 658 706 754 801 49

D 304 340 378 419 462 507 553 600 647 694 741 788 35

0 298 333 370 411 453 498 543 589 636 682 729 775 22
-15 293 326 363 403 444 488 533 579 625 671 77 763 09

0

5

287 320 356 395 436 479 523 568 614 660 705 751 196

281 3t4 349 387 428 470 5t4 558 663 6849 6894 739 783

-30 276 308 342 380 419 461 504 548 593 638 683 727 771
-35 271 302 336 372 411 453 | 495 539 583 627 672 716 759
-40 266 296 329 365 404 444 | 486 529 573 617 661 704 748
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Table D5 - H35 FM120 tfinar - Venss 2000 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 230 | 231 231 232 | 262 | 299 | 341 391 448 | 511 581 664 | 777 | 899 | 1027 | 1162 | 1310 | 1472

45 228 | 229 | 230 | 231 232 | 233 | 242 275 | 318 | 369 | 429 | 499 | 581 672 770 | 873 | 980 | 1090

40 227 | 228 | 229 | 230 | 231 232 | 233 | 234 | 259 | 297 340 | 392 | 451 519 594 | 675 | 762 853

35 227 | 228 | 228 | 229 | 230 | 232 | 233 | 234 | 254 | 290 332 | 381 439 | 504 577 | 656 | 740 | 828

30 226 227 228 229 230 231 232 233 235 254 288 329 375 429 489 555 627 704

25 225 226 227 228 229 231 232 233 234 235 253 287 325 369 419 475 536 603

20 224 226 227 228 229 230 231 232 233 235 236 253 285 322 364 410 462 519

15 224 225 220 221 229 230 2371 232 233 234 230 230 299 291 3L/ 368 414 464

10 224 225 226 227 228 229 230 231 233 234 235 236 237 264 296 332 372 417

5 223 224 225 226 227 228 230 231 232 233 234 235 236 237 251 280 312 347

0 222 223 224 225 227 228 229 230 231 232 233 234 235 237 238 239 265 294

-5 222 223 224 225 227 228 229 230 231 232 233 234 235 237 238 239 260 289

-10 222 223 224 225 226 228 229 230 231 232 233 234 235 236 238 239 256 283

-15 222 223 224 225 226 228 229 230 231 232 233 234 235 236 237 239 251 278

-20 222 223 224 225 226 227 229 230 231 232 233 234 235 236 237 239 247 273

-25 222 223 224 225 226 227 228 230 231 232 233 234 235 236 237 238 243 269

-30 222 223 224 225 226 227 228 230 231 232 233 234 235 236 237 238 239 264

-35 222 223 224 225 226 227 228 229 231 232 233 234 235 236 237 238 239 259

-40 222 223 224 225 226 227 228 229 231 232 233 234 235 236 237 238 239 255

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 1652 | 1848 | 2063 | 2298 | 2555 | 2835 3133 | 3447 | 3779 | 4121 | 4474 | 4827 | 5177
45 1207 | 1329 | 1460 | 1600 | 1750 | 4940 | 2079 | 2258 | 2447 | 2648 | 2859 | 3078 | 3304
4D 946 | 1040 | 1136 | 1236 | 1340.| 1451 | 1566 | 1687 | 1814 | 1947 | 2087 | 2231 | 2382
3b 918 | 1009 | 1101 | 1195 | 1294| 1398 | 1505 | 1616 | 1731 | 1852 | 1978 | 2108 | 2241
3D 784 866 948 | 1031. {1115 | 1202 | 1290 | 1381 | 1476 | 1574 | 1676 | 1780 | 1887
2b 673 747 821 897 973 | 1050 | 1127 | 1205 | 1285 | 1368 | 1454 | 1541 | 1630
2D 581 646 713 782 853 924 994 | 1065 | 1135 | 1208 | 1282 | 1357 | 1434
1B 519 578 639 703 769 836 902 968 | 1035 | 1101 | 1169 | 1237 | 1306
1D 466 518 574 633 694 757 820 882 945 | 1008 | 1071 | 1134 | 1197
L 387 430 477 527 580 635 691 749 806 865 923 981 | 1038
( 326 361 400 442 487 534 584 635 687 741 795 849 902

D 320 355 392 433 477 524 572 623 674 727 780 834 86

0 314 348 385 425 468 514 561 611 662 714 766 819 71
-15 308 342 378 417 459 504 551 599 649 701 753 804 56

0

5

303 335 371 409 450 494 540 588 637 688 739 790 41

298 329 364 401 442 485 5360 577 626 875 726 776 27

-30 292 323 357 394 433 476 520 566 614 663 713 763 813
-35 287 317 350 387 425 467 511 556 603 651 701 750 799
-40 282 312 344 379 418 458 501 546 592 640 688 737 786
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Table D6 - H35 FM120 tfinar - Venss 2500 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 287 | 288 | 289 | 290 | 291 323 | 366 | 416 | 474 | 539 | 611 714 | 832 963 | 1101 | 1244 | 1394 | 1555

45 285 | 286 | 287 | 288 | 289 | 291 292 306 | 351 403 | 464 | 536 | 619 | 713 816 | 927 | 1042 | 1162

40 284 | 285 | 286 | 287 | 288 | 289 | 291 292 294 | 325 370 | 421 481 549 626 710 | 802 899

35 283 | 284 | 285 | 287 | 288 | 289 | 291 292 294 | 318 361 411 468 | 534 608 | 689 | 776 | 870

30 282 283 285 286 287 289 290 292 293 294 314 355 401 455 515 582 655 735

25 281 282 284 285 287 288 289 291 292 294 295 310 349 393 443 498 559 627

20 280 282 283 285 286 287 289 290 292 293 294 296 307 344 385 431 482 539

15 280 281 265 204 260 2061 2006 290 291 293 294 290 291 ST1 a4/ 387 432 482

10 279 281 282 284 285 286 288 289 291 292 293 295 296 298 315 350 390 433

5 279 280 281 283 284 285 287 288 290 291 292 294 295 296 298 299 328 363

0 278 279 280 282 283 284 286 287 289 290 291 293 294 295 297 298 300 308

-5 277 279 280 282 283 284 286 287 289 290 291 293 294 295 297 298 299 303

-10 277 279 280 282 283 284 286 287 288 290 291 293 294 295 297 298 299 301

-15 277 279 280 282 283 284 286 287 288 290 291 292 294 295 297 298 299 301

-20 277 279 280 281 283 284 286 287 288 290 291 292 294 295 297 298 299 301

-25 277 279 280 281 283 284 285 287 288 290 291 292 294 295 296 298 299 301

-30 277 279 280 281 283 284 285 287 288 290 291 202 294 295 296 298 299 300

-35 277 278 280 281 283 284 285 287 288 289 291 292 294 295 296 298 299 300

-40 277 278 280 281 283 284 285 287 288 289 2901 292 293 295 296 298 299 300

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 1731 | 1921 | 2128 | 2356 | 2604 | 2874~ 3163 | 3469 | 3792 | 4129 | 4476 | 4824 | 5172
45 1285 | 1409 | 1540 | 1678 | 1825 | 1981 | 2146 | 2321 | 2506 | 2701 | 2908 | 3123 | 3345
4D 1000 | 1102 | 1206 | 1311 | 1418.] 1529 | 1643 | 1762 | 1887 | 2018 | 2156 | 2298 | 2445
3b 967 | 1066 | 1166 | 1267 | 1369 | 1473 | 1580 | 1690 | 1804 | 1923 | 2047 | 2174 | 2305
3D 820 907 997 | 1088. |(1179 | 1271 | 1363 | 1455 | 1550 | 1648 | 1749 | 1852 | 1958
2b 699 776 856 938,11 1021 | 1105 | 1189 | 1273 | 1356 | 1440 | 1527 | 1614 | 1103
2D 601 668 738 811 887 964 | 1042 | 1119 | 1196 | 1274 | 1351 | 1428 | 1506
1B 537 596 659 725 795 866 939 | 1011 | 1084 | 1157 | 1230 | 1303 | 1374
10 482 534 590 650 713 779 847 915 984 | 1053 | 1123 | 1191 | 1259
L 402 444 490 539 592 649 707 768 830 893 957 | 1021 | 1084
( 339 374 411 452 496 544 594 646 700 757 815 873 932

D 333 367 404 444 487 533 582 633 686 742 799 856 914

0 328 361 396 435 477 523 570 621 673 727 783 839 96
-15 322 354 389 427 468 513 559 608 660 713 768 823 79

0

5

316 348 382 419 460 503 549 597 647 699 753 807 62
34 342 375 %12 %451 493 538 585 634 686 739 792 46
-30 306 336 369 404 443 484 528 574 622 673 725 777 830
-35 302 330 362 397 435 475 518 563 611 660 711 763 815
-40 302 325 356 390 427 467 509 553 599 648 698 749 800
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Table D7 - H35 FM120 tfinar - Venss 5000 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 574 576 | 578 | 580 | 582 584 | 586 | 588 | 614 | 697 794 | 906 | 1036 | 1184 | 1348 | 1528 | 1721 | 1923

45 570 572 | 574 | 576 | 578 580 | 583 | 586 | 589 | 591 607 | 681 767 | 864 | 973 | 1094 | 1228 | 1373

40 567 569 | 571 573 | 576 578 | 581 584 | 586 | 589 592 | 595 509 | 668 | 744 | 828 | 923 | 1027

35 565 567 570 573 575 578 581 584 586 589 592 594 597 647 719 799 888 985

30 563 566 569 571 574 577 579 582 585 588 590 593 596 598 613 677 748 826

25 562 564 567 570 573 575 578 581 583 586 589 591 594 597 599 602 640 704

20 560 563 566 568 571 574 577 579 582 585 587 590 593 595 598 601 603 608

15 559 562 obo ob/ o/0 13 Y49 o/6 o0 1 063 060 o0Y o1 oY4 o9/ 599 602 605

10 558 561 564 566 569 572 574 577 580 582 585 588 590 593 595 598 601 603

5 556 559 562 564 567 569 572 575 577 580 583 585 588 591 593 596 598 601

0 554 557 559 562 565 567 570 573 575 578 581 583 586 588 591 594 596 599

-5 554 557 559 562 565 567 570 572 575 578 580 583 586 588 591 593 596 599

-10 554 557 559 562 564 567 570 572 575 578 580 583 585 588 591 593 596 598

-15 554 556 559 562 564 567 570 572 575 577 580 583 585 588 590 593 596 598

-20 554 556 559 561 564 567 569 572 575 577 580 582 585 588 590 593 595 598

-25 553 556 559 561 564 567 569 572 574 577 580 582 585 587 590 593 595 598

-30 553 556 559 561 564 566 569 572 574 577 579 582 585 587 590 592 595 598

-35 553 556 558 561 564 566 569 571 574 577 579 582 585 587 590 592 595 597

-40 553 556 558 561 563 566 569 571 574 577 579 582 584 587 590 592 595 597

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2133 | 2346 | 2562 | 2783 | 3015 | 3262 3523 | 3798 | 4090 | 4396 | 4715 | 5040 | 5369
45 1529 | 1691 | 1858 | 2028 | 2201 | 2376 | 2551 | 2726 | 2906 | 3092 | 3286 | 3486 | 3692
40 1140 | 1261 | 1390 | 1525 | 1665-.] 1809 | 1954 | 2100 | 2246 | 2393 | 2541 | 2688 | 2836
3b 1091 | 1205 | 1325 | 1451 | 15827 1716 | 1852 | 1989 | 2126 | 2263 | 2400 | 2536 | 2672
3D 911 | 1003 | 1102 | 1207. {1317 | 1432 | 1551 | 1671 | 1793 | 1917 | 2041 | 2164 | 2285
2b 774 849 930 | 1017,% 1110 | 1208 | 1309 | 1414 | 1522 | 1633 | 1744 | 1856 | 1968
2D 666 728 796 868 946 | 1029 | 1116 | 1206 | 1301 | 1398 | 1498 | 1599 | 1101
1B 607 651 709 772 840 912 988 | 1068 | 1152 | 1239 | 1329 | 1421 | 1314
10 606 609 636 691 750 814 881 951 | 1026 | 1104 | 1185 | 1268 | 1353
L 604 606 609 611 624 675 730 787 848 913 981 | 1051 | 1124
( 601 604 607 609 612 614 617 660 710 764 820 879 940

D 601 604 606 609 612 614 617 646 694 746 800 857 917

0 604 604 606 609 611 614 616 632 679 729 782 837 94
-15 601 603 606 609 611 614 616 619 664 713 764 817 72

0

5

601 603 606 608 611 614 616 619 650 697 747 798 52

600 663 666 668 611 6813 616 618 837 6882 7360 784 33

-30 600 603 605 608 611 613 616 618 624 668 715 763 814
-35 600 603 605 608 610 613 616 618 621 655 700 747 796
-40 600 602 605 608 610 613 615 618 620 642 686 731 779
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Table D8 - H35 FM120 tfinai - Venss 7500 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 860 | 862 | 865 | 867 | 869 | 872 | 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 ool 604 6906 obs ob/ ol S/o IS 14%) 60J 600 oJZ cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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Table D9 - H35 FM120 tfinai - Venss 248.6 L and 200 L < TVL <350 L

MATc (°C)

-(I;aén; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 163 163 163 163 163 163 199 252 318 397 496 617 762 933 | 1128 | 1346 | 1592 | 1865
45 163 163 163 163 163 163 163 192 238 293 355 428 515 616 730 856 996 | 1149
40 163 163 163 163 163 163 163 163 185 226 273 325 384 452 528 612 706 808
35 163 163 163 163 163 163 163 163 177 216 261 312 368 432 504 584 672 769
30 163 163 163 163 163 163 163 163 163 183 220 263 310 362 419 482 552 628
25 163 163 163 163 163 163 163 163 163 163 188 224 264 308 355 407 463 526
20 163 163 163 163 163 163 163 163 163 163 163 192 227 265 306 350 397 448
15 163 163 103 103 103 103 103 103 103 103 103 170 201 2356 213 312 354 399
10 163 163 163 163 163 163 163 163 163 163 163 163 179 210 244 280 317 357
5 163 163 163 163 163 163 163 163 163 163 163 163 163 174 202 233 266 300
0 163 163 163 163 163 163 163 163 163 163 163 163 163 163 169 195 223 253
-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 188 216 246
-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 182 210 239
-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 177 203 232
-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 171 197 225
-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 166 191 218
-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 212
-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 179 205
-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 174 199

MATc €C)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2169 | 2502 | 2862 | 3250 | 3662 | 4089 4519 | 4945 | 5363 | 5769 | 6161 | 6535 | 6§90
45 1314 | 1491 | 1678 | 1877 | 2088 | 2310 | 2542 | 2782 | 3032 | 3289 | 3553 | 3819 | 4086
40 918 | 1036 | 1160 | 1292 | 1430.] 1575 | 1725 | 1880 | 2042 | 2209 | 2382 | 2558 | 2438
3b 873 983 | 1099 | 1220 | 13487 1480 | 1617 | 1756 | 1900 | 2049 | 2201 | 2355 | 2511
3P 711 799 892 989. 1092 | 1199 | 1309 | 1421 | 1537 | 1656 | 1779 | 1903 | 2029
2b 593 665 741 822 906 995 | 1086 | 1180 | 1276 | 1376 | 1478 | 1581 | 1§86
2D 504 564 627 695 766 841 918 997 | 1080 | 1164 | 1251 | 1339 | 1429
16 448 500 555 614 676 742 810 880 953 | 1028 | 1105 | 1184 | 1264
10 400 446 495 547 602 660 721 783 848 915 984 | 1055 | 1127
4 336 374 413 456 501 549 598 650 704 760 818 878 938
( 285 31 351 386 424 464 505 548 594 641 690 741 192
-5 277 309 342 377 413 452 492 535 579 625 673 722 173
-10 269 301 333 367 403 441 480 521 565 610 656 704 154
-15 262 293 325 358 393 430 468 509 551 595 640 687 135
-40 255 285 316 349 383 419 457 496 537 580 625 671 118
-725 24T 27T 368 346 374 409 446 484 524 566 616 855 701
-30 240 270 300 332 365 399 435 472 512 553 596 639 684
-35 233 263 293 324 356 389 425 461 500 540 582 624 668
-40 227 255 285 315 347 380 414 450 488 527 568 610 653
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Table D10 - H35 FM120 ttinai - Vchss 500 L and 200 L < TVL < 350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 163 163 175 | 223 | 285 | 362 | 457 | 577 | 726 | 904 | 1111 | 1346 | 1612 | 1907

45 163 163 163 163 163 163 163 177 | 221 276 341 418 | 511 620 747 | 889 | 1049 | 1226

40 163 163 163 163 163 163 163 163 178 | 219 | 269 | 326 | 391 466 552 | 649 | 758 | 878

35 163 163 163 163 163 163 163 163 173 | 212 | 260 | 316 | 379 | 451 534 | 627 | 731 846

30 163 163 163 163 163 163 163 163 163 183 223 270 323 383 449 524 607 699

25 163 163 163 163 163 163 163 163 163 163 193 233 279 330 386 447 515 590

20 163 163 163 163 163 163 163 163 163 163 169 203 243 287 335 387 444 507

15 163 163 105 105 103 103 105 105 105 103 163 162 216 296 J$194 349 399 455

10 163 163 163 163 163 163 163 163 163 163 163 165 196 232 272 315 361 410

5 163 163 163 163 163 163 163 163 163 163 163 163 165 195 228 265 305 347

0 163 163 163 163 163 163 163 163 163 163 163 163 163 165 193 224 259 295

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 188 219 253 289

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 184 214 248 283

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 180 210 242 278

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 176 205 237 272

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 172 200 232 266

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 168 196 227 261

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 164 191 222 255

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 187 217 250

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2234 | 2592 | 2980 | 3402 | 3854 | 4333 4827 | 5328 | 5833 | 6334 | 6827 | 7301 | 7159
45 1419 | 1626 | 1846 | 2081 | 2330 | 2594 | 2870 | 3157 | 3457 | 3769 | 4090 | 4417 | 4447
40 1010 | 1151 | 1301 | 1460 | 1629.] 1807 | 1991 | 2182 | 2382 | 2589 | 2804 | 3024 | 3250
3b 971 | 1105 | 1246 | 1396 | 15537 1717 | 1886 | 2060 | 2240 | 2425 | 2616 | 2810 | 3007
3D 800 907 | 1021 | 1142|1270 | 1403 | 1541 | 1683 | 1829 | 1979 | 2134 | 2292 | 2451
2b 673 762 856 956,% 1062 | 1173 | 1288 | 1407 | 1529 | 1656 | 1786 | 1917 | 2051
2D 576 651 730 814 904 998 | 1096 | 1197 | 1301 | 1409 | 1521 | 1634 | 1149
1B 515 580 650 724 803 886 973 | 1062 | 1155 | 1252 | 1351 | 1452 | 1554
10 464 521 583 649 719 793 870 950 | 1034 | 1120 | 1209 | 1300 | 1392
L 391 438 488 542 600 661 725 792 861 934 | 1009 | 1085 | 1164
( 334 374 416 461 509 560 614 670 729 790 854 919 986

D 327 367 408 453 500 550 602 657 715 775 837 901 967

0 324 360 401 444 490 539 591 645 701 760 821 883 948
-15 315 353 393 436 481 529 580 633 688 745 805 867 930

0

5

308 346 386 428 472 520 569 621 675 732 790 850 912

362 340 379 420 464 5160 559 669 663 718 776 835 95

-30 296 333 372 412 455 501 549 598 651 705 762 819 879
-35 291 327 365 405 447 492 539 588 639 692 748 805 863
-40 285 321 358 397 439 483 529 577 627 680 734 790 847
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Table D11 - H35 FM120 ttinai - Vchss 1000 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 176 | 206 | 241 282 328 | 392 | 482 | 586 | 711 859 | 1032 | 1230 | 1454 | 1706

45 163 163 163 163 163 163 174 | 207 | 252 307 374 | 451 538 | 636 747 | 873 | 1015 | 1173

40 163 163 163 163 163 163 163 173 | 207 | 248 | 299 | 358 | 427 | 502 583 | 672 | 772 882

35 163 163 163 163 163 163 163 170 | 203 | 243 | 292 | 350 | 417 | 491 570 | 657 | 753 | 859

30 163 163 163 163 163 163 163 163 179 213 254 303 360 423 492 565 644 731

25 163 163 163 163 163 163 163 163 163 189 223 264 312 368 428 493 561 634

20 163 163 163 163 163 163 163 163 163 168 197 232 273 321 375 432 493 557

15 163 163 105 105 103 103 105 105 105 103 180 211 2406 290 390 391 447 506

10 163 163 163 163 163 163 163 163 163 163 166 193 225 263 306 354 406 461

5 163 163 163 163 163 163 163 163 163 163 163 166 192 222 258 298 342 390

0 163 163 163 163 163 163 163 163 163 163 163 163 165 190 220 253 290 331

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 187 216 248 285 326

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 184 212 244 281 321

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 182 209 240 276 315

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 179 206 236 271 310

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 176 202 233 267 305

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 173 199 229 263 300

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 171 196 225 258 296

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 168 193 222 254 291

MATc Q)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 1984 | 2289 | 2620 | 2981 | 3372 | 3793 4237 | 4699 | 5177 | 5666 | 6160 | 6648 | 7128
45 1347 | 1534 | 1735 | 1950 | 2181 | 2427 | 2685 | 2956 | 3242 | 3541 | 3853 | 4173 | 4502
40 1003 | 1134 | 1274 | 1424 | 1583.| 1752 | 1929 | 2113 | 2307 | 2509 | 2720 | 2938 | 3163
3b 975 | 1100 | 1233 | 1375 | 15257| 1684 | 1848 | 2017 | 2194 | 2378 | 2567 | 2762 | 2960
3P 826 927 | 1036 | 1151. (1274 | 1403 | 1537 | 1676 | 1821 | 1970 | 2125 | 2283 | 2444
2b 713 797 887 984, 1086 | 1195 | 1307 | 1423 | 1545 | 1670 | 1800 | 1933 | 2068
2D 624 696 773 855 942 | 1034 | 1129 | 1229 | 1332 | 1440 | 1551 | 1665 | 17181
16 567 632 700 772 850 931 | 1016 | 1105 | 1197 | 1293 | 1392 | 1493 | 1897
10 518 576 638 703 772 845 921 | 1000 | 1083 | 1169 | 1258 | 1349 | 1443
4 440 492 545 600 658 719 782 848 918 990 | 1065 | 1142 | 1221
( 376 422 470 518 568 621 675 731 790 851 915 981 | 1048
-5 370 416 463 511 561 612 665 721 778 839 901 966 | 1032
-10 364 409 456 504 553 604 656 71 767 827 888 951 | 1016
-15 358 403 449 497 545 596 647 701 757 815 875 937 | 1001
-40 353 397 443 490 538 588 639 691 746 804 863 924 986
-725 34T 391 436 483 534 586 830 6882 736 762 851 11 972
-30 342 385 430 476 524 572 622 673 726 782 839 898 958
-35 336 379 424 470 517 565 614 664 717 771 828 886 945
-40 331 373 418 463 510 557 606 655 707 761 817 874 932
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Table D12 - H35 FM120 ttinai - Vchss 1500 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 172 173 179 | 206 | 237 | 273 | 315 | 364 | 419 | 480 568 | 683 | 811 956 | 1121 | 1309 | 1522 | 1762

45 171 172 173 173 174 195 | 222 259 | 308 | 368 | 440 | 525 | 621 727 840 | 963 | 1100 | 1251

40 170 171 172 172 173 174 187 | 217 | 254 | 298 352 | 416 | 490 | 574 664 759 | 859 | 967

35 170 171 171 172 173 174 184 | 213 | 249 | 293 345 | 407 | 479 | 561 649 742 | 840 | 944

30 169 170 171 172 173 174 175 191 221 257 300 3562 412 482 558 640 725 815

25 169 170 171 172 172 173 174 175 198 229 265 308 358 417 483 555 631 711

20 168 169 170 171 172 173 174 175 179 205 235 272 315 365 421 484 552 624

15 168 169 170 A 172 173 174 174 A 189 210 246 200 33U S}519) 436 497 564

10 168 169 170 171 172 172 173 174 175 176 199 227 261 300 344 394 450 510

5 168 168 169 170 171 172 173 174 175 175 176 196 223 255 291 331 377 428

0 167 168 169 170 171 171 172 173 174 175 176 177 194 219 249 282 320 362

-5 167 168 169 170 170 171 172 173 174 175 176 177 191 216 245 278 315 357

-10 167 168 169 170 170 171 172 173 174 175 176 177 188 213 241 273 310 351

-15 167 168 169 170 170 171 172 173 174 175 176 177 186 210 238 269 305 345

-20 167 168 169 170 170 171 172 173 174 175 176 177 183 207 234 265 300 340

-25 167 168 169 169 170 171 172 173 174 175 176 176 181 204 231 261 296 335

-30 167 168 169 169 170 171 172 173 174 175 176 6 178 201 227 257 291 330

-35 167 168 169 169 170 171 172 173 174 175 176 176 177 199 224 254 287 325

-40 167 168 169 169 170 171 172 173 174 175 176 176 177 196 221 250 283 320

MATc Q)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2029 | 2320 | 2638 | 2985 | 3363 | 3769~ 4200 | 4650 | 5118 | 5599 | 6087 | 6572 | 7050
45 1418 | 1598 | 1792 | 2000 | 2224 | 2468 | 2714 | 2978 | 3258 | 3551 | 3858 | 4175 | 4500
40 1085 | 1211 | 1346 | 1491 | 1646.| 1810 | 1982 | 2162 | 2351 | 2549 | 2757 | 2971 | 3192
3b 1057 | 1178 | 1306 | 1443 | 15897| 1742 | 1902 | 2068 | 2241 | 2421 | 2608 | 2799 | 2995
3P 909 | 1008 | 1114 | 1226. 1344 | 1470 | 1600 | 1736 | 1877 | 2023 | 2175 | 2330 | 2489
2b 794 879 968 | 1062, 1161 | 1266 | 1376 | 1489 | 1607 | 1730 | 1857 | 1987 | 2120
2D 698 775 852 934 | 1019 | 1109 | 1202 | 1299 | 1400 | 1505 | 1614 | 1725 | 1839
16 633 704 776 850 927 | 1008 | 1091 | 1177 | 1267 | 1361 | 1457 | 1557 | 1§58
10 575 641 709 778 848 921 997 | 1074 | 1155 | 1239 | 1326 | 1416 | 1507
4 484 542 603 665 728 792 857 923 992 | 1063 | 1137 | 1212 | 1290
( 409 460 513 569 626 685 744 803 863 924 988 | 1053 | 1120
-5 403 452 505 560 617 675 734 792 851 912 974 | 1038 | 1103
-10 396 445 497 552 608 666 723 781 840 900 961 | 1024 | 1088
-15 390 438 490 544 600 656 714 771 829 888 948 | 1010 | 1072
-40 384 432 482 536 591 647 704 761 818 876 936 996 | 1058
-725 378 425 475 528 582 838 664 751 867 865 923 9831043

-30 372 418 468 520 574 629 685 741 797 854 911 970 | 1030
-35 366 | 412 461 512 566 621 676 731 787 843 900 958 | 1016
-40 361 406 454 505 558 612 667 722 777 832 888 945 | 1003
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Table D13 - H35 FM120 ttinai - Vchss 2000 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 229 | 230 | 231 232 | 262 | 299 | 341 391 448 | 524 | 628 | 750 | 887 | 1036 | 1198 | 1378 | 1581 | 1808

45 228 | 229 | 230 | 230 | 231 232 | 258 | 299 | 351 413 | 487 | 575 | 677 791 913 | 1040 | 1176 | 1324

40 227 | 227 | 228 | 229 | 231 232 | 233 | 252 290 | 337 392 | 457 | 533 621 717 | 821 929 | 1042

35 226 | 227 | 228 | 229 | 231 232 | 233 | 248 | 286 | 331 384 | 448 | 522 607 | 702 | 802 | 909 | 1019

30 225 227 228 229 230 231 232 234 254 292 336 389 450 521 601 688 782 879

25 225 226 227 228 230 231 232 233 234 260 297 341 393 452 519 594 676 763

20 224 226 227 228 229 230 232 233 234 235 266 303 346 396 | 453 517 588 665

15 224 225 220 2206 229 230 2371 232 234 230 244 207 310 3bU 410 466 530 599

10 224 225 226 227 228 230 231 232 233 234 235 255 289 328 372 423 479 541

5 223 224 225 227 228 229 230 231 232 234 235 236 249 280 316 357 403 454

0 222 224 225 226 227 228 229 231 232 233 234 235 236 243 272 305 343 385

-5 222 224 225 226 227 228 229 230 232 233 234 235 236 239 268 301 338 379

-10 222 224 225 226 227 228 229 230 232 233 234 235 236 237 265 297 333 374

-15 222 224 225 226 227 228 229 230 232 233 234 235 236 237 261 293 328 368

-20 222 223 225 226 227 228 229 230 232 233 234 235 236 237 258 289 324 363

-25 222 223 225 226 227 228 229 230 232 233 234 235 236 237 254 285 319 358

-30 222 223 225 226 227 228 229 230 231 233 234 235 236 237 251 281 315 353

-35 222 223 225 226 227 228 229 230 231 233 234 235 236 237 248 277 311 348

-40 222 223 224 226 227 228 229 230 231 233 234 235 236 237 245 274 306 343

MATc €C)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2060 | 2337 | 2639 | 2971 | 3331 | 3721 4135 | 4572 | 5029 | 5501 | 5983 | 6465 | 6943
45 1484 | 1658 | 1844 | 2045 | 2260 | 2491 | 2735 | 2993 | 3265 | 3552 | 3853 | 4164 | 4486
40 1160 | 1285 | 1417 | 1557 | 1708.| 1867 | 2035 | 2210 | 2395 | 2589 | 2793 | 3004 | 3222
3b 1133 | 1252 | 1378 | 1511 | 1658"| 1802 | 1958 | 2120 | 2289 | 2465 | 2649 | 2838 | 3031
3P 980 | 1083 | 1189 | 1299. |(1416 | 1539 | 1666 | 1798 | 1936 | 2080 | 2229 | 2382 | 2539
2b 854 947 | 1040 | 1136, 1236 | 1340 | 1447 | 1558 | 1674 | 1795 | 1920 | 2048 | 2179
2D 747 831 917 | 1004 | 1092 | 1183 | 1276 | 1372 | 1472 | 1575 | 1682 | 1792 | 1904
16 674 752 832 914 996 | 1080 | 1165 | 1251 | 1341 | 1433 | 1529 | 1627 | 1427
10 609 681 756 832 910 989 | 1068 | 1148 | 1229 | 1313 | 1400 | 1488 | 1578
4 510 571 636 704 774 846 918 990 | 1063 | 1136 | 1210 | 1286 | 1364
( 432 483 538 597 659 724 790 856 923 990 | 1057 | 1125 | 1193
-5 425 476 530 588 649 713 778 844 910 976 | 1043 | 1109 | 1176
-10 449 468 522 579 640 703 767 832 897 963 | 1029 | 1095 | 1160
-15 413 461 514 571 630 693 756 820 885 950 | 1015 | 1080 | 1145
-40 407 455 507 562 621 683 746 809 873 937 | 1002 | 1066 | 1130
-725 401 448 499 554 6812 873 735 798 86+ 925 989—T—1052—T—1115

-30 395 | 442 492 546 603 663 725 787 850 913 976 | 1039 | 1101
-35 389 | 435 485 538 594 654 715 776 838 901 963 | 1025 | 1087
-40 384 | 429 478 530 586 644 705 765 827 889 951 | 1013 | 1073
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Table D14 - H35 FM120 ttinai - Vchss 2500 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 286 | 287 | 288 | 289 | 290 323 | 366 | 416 | 485 | 575 | 682 | 809 | 954 | 1113 | 1282 | 1461 | 1659 | 1879

45 285 | 286 | 287 | 288 | 289 | 290 | 292 336 | 390 | 454 530 | 620 | 725 844 | 974 | 1111 | 1254 | 1403

40 283 | 284 | 285 | 286 | 288 | 289 | 291 292 323 | 371 427 | 494 | 571 661 761 870 | 986 | 1108

35 282 | 283 | 285 | 286 | 288 | 289 | 291 292 318 | 365 | 419 | 484 | 559 646 | 743 | 849 | 963 | 1082

30 281 283 284 286 287 289 290 292 293 323 368 421 483 555 636 726 824 928

25 281 282 284 285 287 288 290 291 292 294 326 371 423 482 550 626 710 801

20 280 282 283 285 286 287 289 290 292 293 295 330 373 424 | 481 545 617 696

15 280 281 265 204 260 2061 2006 290 291 293 294 U3 o471 360 439 492 555 626

10 279 281 282 284 285 287 288 289 291 292 294 295 313 3562 396 446 503 565

5 278 280 281 283 284 286 287 288 290 291 293 294 296 302 338 378 423 474

0 278 279 280 282 283 285 286 288 289 290 292 293 295 206 297 325 362 403

-5 278 279 280 282 283 285 286 287 289 290 292 293 295 296 297 320 357 398

-10 278 279 280 282 283 285 286 287 289 290 292 293 294 296 297 316 3562 392

-15 277 279 280 282 283 285 286 287 289 290 292 293 294 296 297 312 347 387

-20 277 279 280 282 283 284 286 287 289 290 292 293 294 296 297 308 343 382

-25 277 279 280 282 283 284 286 287 289 290 291 293 294 296 297 304 338 376

-30 277 279 280 282 283 284 286 287 289 290 291 203 294 296 297 301 334 371

-35 277 279 280 282 283 284 286 287 289 290 291 293 294 296 297 298 330 367

-40 277 279 280 281 283 284 286 287 289 290 2901 293 294 296 297 298 326 362

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2122 | 2389 | 2681 | 3000 | 3349 | 3727 4130 | 4555 | 5001 | 5467 | 5943 | 6421 | 6898
45 1563 | 1733 | 1914 | 2110 | 2320 | 2545 | 2783 | 3034 | 3301 | 3582 | 3879 | 4186 | 4503
40 1234 | 1361 | 1494 | 1633 | 1781 1938 | 2102 | 2274 | 2455 | 2646 | 2846 | 3054 | 3269
3b 1204 | 1327 | 1454 | 1587 | 17267 1873 | 2026 | 2184 | 2350 | 2524 | 2704 | 2890 | 3081
3D 1037 | 1148 | 1260 | 1373|1491 | 1613 | 1739 | 1869 | 2005 | 2146 | 2293 | 2444 | 2598
2b 898 998 | 1099 | 1202,% 1307 | 1413 | 1521 | 1632 | 1747 | 1866 | 1989 | 2115 | 2245
2D 781 870 963 | 1057 | 1153 | 1250 | 1347 | 1444 | 1545 | 1648 | 1754 | 1863 | 1974
1B 702 784 869 957 | 1047 | 1138 | 1229 | 1320 | 1412 | 1505 | 1601 | 1699 | 1198
10 634 708 786 868 952 | 1038 | 1124 | 1210 | 1296 | 1383 | 1471 | 1560 | 1650
L 531 592 658 728 802 879 957 | 1036 | 1115 | 1195 | 1275 | 1354 | 1433
( 449 500 555 615 679 746 816 887 960 | 1034 | 1108 | 1181 | 1255

D 443 (493 547 606 668 735 804 874 946 | 1019 | 1092 | 1164 | 1236

0 487~ 486 539 597 658 724 791 861 932 | 1004 | 1076 | 1148 | 1219
-15 431 479 531 588 649 713 780 848 918 989 | 1061 | 1131 | 1202

0

5

425 | 472 523 579 639 702 768 836 905 975 | 1046 | 1116 | 1185

419 465 516 574 629 692 757 823 892 96+ 103+ 10611169

-30 413 | 459 508 562 620 682 746 812 879 947 | 1016 | 1085 | 1153
-35 407 | 452 501 554 611 672 735 800 866 934 | 1002 | 1070 | 1137
-40 402 446 494 546 603 662 724 788 854 921 989 | 1056 | 1122
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Table D15 - H35 FM120 ttinai - Vchss 5000 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 573 575 | 577 | 579 | 581 582 | 585 | 599 | 685 | 786 | 905 | 1046 | 1209 | 1396 | 1602 | 1825 | 2060 | 2305

45 569 571 573 | 575 | 578 580 | 583 | 586 | 589 | 622 705 801 913 | 1041 | 1185 | 1344 | 1519 | 1707

40 565 567 | 570 | 573 | 576 578 | 581 584 | 587 | 590 592 641 721 813 | 917 | 1033 | 1162 | 1303

35 564 567 | 570 | 573 | 576 578 | 581 584 | 587 | 590 592 628 | 706 | 794 | 894 | 1004 | 1127 | 1263

30 563 566 569 572 574 577 580 583 585 588 591 594 613 685 766 856 956 | 1067

25 562 565 567 570 573 576 578 581 584 587 590 592 595 599 666 740 823 915

20 561 563 566 569 572 574 577 580 583 585 588 591 594 596 599 648 77 794

15 560 562 obo obo of1 13 oo Y% |8} 4 064 26/ oJU Y3 Yo Yo 601 648 715

10 559 561 564 567 570 572 575 578 581 583 586 589 591 594 597 600 602 648

5 557 559 562 565 568 570 573 576 579 581 584 587 589 592 595 598 600 603

0 555 557 560 563 566 568 571 574 576 579 582 585 587 590 593 595 598 601

-5 555 557 560 563 566 568 571 574 576 579 582 584 587 590 593 595 598 601

-10 555 557 560 563 565 568 571 574 576 579 582 584 587 590 592 595 598 600

-15 554 557 560 563 565 568 571 573 576 579 582 584 587 590 592 595 598 600

-20 554 557 560 562 565 568 571 573 576 579 581 584 587 589 592 595 598 600

-25 554 557 560 562 565 568 570 573 576 579 581 584 587 589 592 595 597 600

-30 554 557 560 562 565 568 570 573 576 578 581 584 587 589 592 595 597 600

-35 554 557 559 562 565 568 570 573 576 578 581 584 586 589 592 594 597 600

-40 554 557 559 562 565 567 570 573 576 578 581 584 586 589 592 594 597 600

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2558 | 2817 | 3091 | 3386 | 3704 | 4048-( 4415 | 4804 | 5217 | 5651 | 6100 | 6556 | 7015
45 1903 | 2105 | 2309 | 2516 | 2727 | 2946 | 3172 | 3409 | 3658 | 3920 | 4196 | 4484 | 4182
40 1456 | 1617 | 1785 | 1957 | 2132.] 2310 | 2487 | 2665 | 2845 | 3031 | 3224 | 3422 | 3627
3b 1408 | 1562 | 1721 | 1885 | 20527| 2220 | 2388 | 2555 | 2723 | 2894 | 3069 | 3247 | 3429
3D 1188 | 1318 | 1454 | 1597. |(1745 | 1896 | 2047 | 2199 | 2350 | 2502 | 2654 | 2805 | 2957
2b 1016 | 1124 | 1241 | 1364, 1494 | 1628 | 1764 | 1902 | 2041 | 2180 | 2319 | 2457 | 2594
2D 878 970 | 1069 | 1175 | 1287 | 1405 | 1527 | 1651 | 1778 | 1907 | 2036 | 2164 | 2291
1B 789 870 9561050 | 1150 | 1256 | 1366 | 1480 | 1596 | 1716 | 1836 | 1957 | 2077
10 713 784 861 944 | 1033 | 1127 | 1227 | 1330 | 1437 | 1547 | 1660 | 1773 | 1886
L 606 659 721 788 861 939 | 1021 | 1108 | 1200 | 1295 | 1394 | 1495 | 1897
( 603 606 612 667 726 791 859 932 | 1009 | 1091 | 1176 | 1264 | 1355

D 603 606 609 657 715 778 844 915 991 | 1070 | 11563 | 1239 | 1327

0 603 606 609 647 703 765 830 899 972 | 1050 | 1131 | 1214 | 1300
-15 603 606 608 637 692 752 816 883 955 | 1030 | 1110 | 1191 | 1275

0

5

603 606 608 627 682 740 803 868 938 | 1012 | 1089 | 1169 | 1251

603 665 668 618 674 729 789 854 922 9941089 +HAT T 1227

-30 603 605 608 611 661 77 777 840 906 977 | 1050 | 1126 | 1204
-35 603 605 608 611 652 706 765 826 891 960 | 1032 | 1106 | 1182
-40 602 605 608 610 642 696 753 813 877 944 | 1014 | 1087 | 1161
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Table D16 - H35 FM120 ttinai - Vchss 7500 L and 200 L < TVL <350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 860 | 862 | 865 | 867 | 869 | 872 | 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 ool 604 6906 obs ob/ ol S/o IS 14%) 60J 600 oJZ cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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Table D17 - H35 FM120 ttinai - Vchss 500 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 163 163 179 | 230 | 297 | 381 488 | 626 | 798 | 1005 | 1247 | 1523 | 1834 | 2182

45 163 163 163 163 163 163 163 182 230 | 290 361 448 | 553 678 | 824 | 989 | 1174 | 1378

40 163 163 163 163 163 163 163 163 185 | 230 | 284 | 346 | 419 504 | 602 713 | 838 | 977

35 163 163 163 163 163 163 163 163 180 | 223 | 275 | 336 | 406 488 | 582 | 688 | 808 | 939

30 163 163 163 163 163 163 163 163 163 192 236 287 345 411 486 571 666 772

25 163 163 163 163 163 163 163 163 163 167 204 248 298 354 | 415 485 562 648

20 163 163 163 163 163 163 163 163 163 163 178 215 259 307 360 418 483 554

15 163 163 105 105 103 103 105 105 105 103 163 194 232 270 324 376 432 495

10 163 163 163 163 163 163 163 163 163 163 163 175 209 249 293 339 390 445

5 163 163 163 163 163 163 163 163 163 163 163 163 176 209 246 286 329 375

0 163 163 163 163 163 163 163 163 163 163 163 163 163 176 207 242 280 320

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 172 203 237 274 313

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 168 198 231 268 307

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 165 194 226 262 301

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 189 221 257 294

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 216 251 289

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 181 212 246 283

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 177 207 241 277

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 173 202 236 271

MATc Q)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2570 | 2994 | 3455 | 3954 | 4488 | 5048 5619 | 6191 | 6758 | 7315 | 7855 | 8373 | 8867
45 1602 | 1841 | 2096 | 2367 | 2656 | 2961 | 3280 | 3612 | 3957 | 4314 | 4681 | 5052 | 5424
40 1128 | 1290 | 1462 | 1645 | 1838.| 2042 | 2253 | 2472 | 2700 | 2937 | 3182 | 3433 | 3489
3b 1083 | 1236 | 1398 | 1568 | 1747 | 1934 | 2127 | 2324 | 2529 | 2739 | 2955 | 3174 | 3396
3P 887 | 1009 | 1140 | 1278. (1423 | 1575 | 1731 | 1891 | 2057 | 2227 | 2402 | 2580 | 2460
2b 742 843 951 | 1065, 1186 | 1312 | 1443 | 1577 | 1715 | 1858 | 2004 | 2153 | 2304
2D 633 717 808 904 | 1005 | 1113 | 1223 | 1338 | 1456 | 1578 | 1704 | 1831 | 1960
16 564 638 717 801 891 986 | 1084 | 1185 | 1290 | 1399 | 1511 | 1624 | 1740
10 506 571 641 716 796 880 967 | 1058 | 1152 | 1250 | 1350 | 1452 | 1556
4 424 478 535 596 661 731 803 878 957 | 1039 | 1124 | 1210 | 1299
( 362 406 454 504 559 617 677 741 807 877 949 | 1022 | 1098
-5 355 398 445 495 548 605 664 726 791 859 930 | 1002 | 1476
-10 348 391 436 485 538 593 651 712 776 842 911 982 | 1054
-15 341 383 428 476 527 582 639 699 761 826 894 963 | 1034
-40 334 376 420 467 517 571 627 685 747 811 877 945 | 1014
-725 328 369 412 458 568 566 615 873 733 785 866 927 994

-30 322 362 405 450 498 550 604 660 719 781 844 909 976
-35 315 355 397 442 489 540 593 648 706 766 829 893 958
-40 309 348 390 434 480 530 582 636 693 752 814 876 941
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Table D18 - H35 FM120 ttinai - Vchss 1000 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 176 | 206 | 241 281 328 | 397 | 497 | 617 | 763 | 941 | 1150 | 1392 | 1666 | 1975

45 163 163 163 163 163 163 175 | 208 | 256 | 316 390 | 478 | 579 | 698 834 | 991 | 1170 | 1369

40 163 163 163 163 163 163 163 177 | 213 | 258 315 | 383 | 462 551 650 761 887 | 1028

35 163 163 163 163 163 163 163 174 | 209 | 254 309 | 377 | 454 | 541 638 746 | 869 | 1005

30 163 163 163 163 163 163 163 163 187 224 271 327 394 470 552 641 742 853

25 163 163 163 163 163 163 163 163 168 200 239 287 344 410 482 560 644 737

20 163 163 163 163 163 163 163 163 163 180 213 254 303 361 424 493 567 646

15 163 163 105 105 103 103 105 105 105 100 190 232 270 Sy44 3690 449 516 588

10 163 163 163 163 163 163 163 163 163 163 180 212 251 298 350 409 471 537

5 163 163 163 163 163 163 163 163 163 163 163 183 215 252 296 346 400 458

0 163 163 163 163 163 163 163 163 163 163 163 163 185 216 253 294 341 392

-5 163 163 163 163 163 163 163 163 163 163 163 163 183 214 249 290 336 387

-10 163 163 163 163 163 163 163 163 163 163 163 163 181 211 246 287 332 382

-15 163 163 163 163 163 163 163 163 163 163 163 163 179 208 243 283 328 377

-20 163 163 163 163 163 163 163 163 163 163 163 163 177 206 240 279 324 373

-25 163 163 163 163 163 163 163 163 163 163 163 163 175 203 237 276 320 368

-30 163 163 163 163 163 163 163 163 163 163 163 163 173 201 234 272 316 364

-35 163 163 163 163 163 163 163 163 163 163 163 163 171 198 231 269 312 359

-40 163 163 163 163 163 163 163 163 163 163 163 163 169 196 228 265 308 355

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2321 | 2700 | 3117 | 3575 | 4076 | 4619 5193 | 5793 | 6415 | 7050 | 7689 | 8319 | 8937
45 1589 | 1828 | 2085 | 2363 | 2663 | 2985 | 3326 | 3686 | 4069 | 4472 | 4894 | 5328 | 5171
40 1184 | 1352 | 1533 | 1728 | 1936.] 2158 | 2391 | 2636 | 2895 | 3167 | 3453 | 3750 | 4058
3b 1155 | 1317 | 1490 | 1674 | 18707| 2076 | 2292 | 2516 | 2751 | 2995 | 3250 | 3511 | 3479
3D 976 | 1108 | 1250 | 1401. {1562 | 1732 | 1908 | 2092 | 2283 | 2482 | 2688 | 2900 | 3117
2b 840 950 | 1069 | 1196,% 1331 | 1473 | 1622 | 1776 | 1936 | 2103 | 2276 | 2453 | 2635
2D 733 827 928 | 1036 | 1151 | 1273 | 1400 | 1532 | 1669 | 1812 | 1960 | 2112 | 2268
1B 666 749 838 934 | 1036 | 1145 | 1258 | 1376 | 1498 | 1626 | 1758 | 1894 | 2032
10 608 682 762 848 940 | 1037 | 1139 | 1244 | 1355 | 1470 | 1589 | 1711 | 1835
L 519 582 649 720 796 877 962 | 1050 | 1143 | 1240 | 1340 | 1444 | 1850
( 446 502 560 620 685 753 825 899 978 | 1060 | 1146 | 1235 | 1326

D 441 496 553 614 677 744 815 888 966 | 1047 | 1131 | 1218 | 1307

0 486 491 547 607 669 736 805 878 954 | 1034 | 1117 | 1202 | 1289
-15 430 | 485 541 600 662 727 796 867 942 | 1021 | 1102 | 1186 | 1372

0

5

425 | 479 535 593 655 719 787 857 931 | 1008 | 1088 | 1171 | 1255

4260 474 529 587 84T 74 778 84T 926 9961075 T +156—T1238

-30 415 | 469 524 581 640 703 769 838 909 984 | 1062 | 1141 | 1223
-35 410 | 463 518 574 633 696 761 828 899 973 | 1049 | 1127 | 1207
-40 405 | 458 512 568 627 688 752 819 889 961 | 1037 | 1114 | 1192
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Table D19 - H35 FM120 ttinai - Vchss 1500 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 172 173 179 | 205 | 235 | 271 313 | 361 416 | 476 577 | 702 846 | 1012 | 1204 | 1424 | 1676 | 1960

45 171 172 172 173 174 195 | 221 260 | 312 376 | 455 | 551 660 781 913 | 1062 | 1229 | 1416

40 170 171 171 172 173 174 190 | 222 262 311 371 443 | 529 626 | 730 | 842 | 964 | 1099

35 170 170 171 172 173 174 188 | 219 | 258 | 306 365 | 437 | 521 616 | 719 | 829 | 948 | 1079

30 169 170 171 172 173 174 174 199 232 272 322 381 453 535 625 722 824 934

25 169 170 171 171 172 173 174 181 210 244 286 336 397 468 547 633 724 819

20 168 169 170 171 172 173 174 175 191 220 256 299 351 412 481 557 639 725

15 168 169 170 A 172 173 174 A 176 200 231 219 SV4| 370 a5/ 506 581 662

10 168 169 170 171 172 172 173 174 175 191 219 253 294 342 398 461 530 605

5 168 168 169 170 171 172 173 174 175 176 192 220 253 292 338 389 448 512

0 167 168 169 170 171 172 172 173 174 175 176 193 220 253 290 333 382 436

-5 167 168 169 170 171 172 172 173 174 175 176 191 218 250 287 329 377 432

-10 167 168 169 170 171 171 172 173 174 175 176 189 216 248 284 326 373 427

-15 167 168 169 170 171 171 172 173 174 175 176 188 214 245 281 322 369 422

-20 167 168 169 170 171 171 172 173 174 175 176 186 212 243 278 319 365 418

-25 167 168 169 170 171 171 172 173 174 175 176 184 210 240 275 315 361 413

-30 167 168 169 170 171 171 172 173 174 175 176 183 208 238 273 312 358 409

-35 167 168 169 170 171 171 172 173 174 175 176 181 206 236 270 309 354 404

-40 167 168 169 170 171 171 172 173 174 175 176 180 204 233 267 306 350 400

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2279 | 2629 | 3013 | 3437 | 3903 | 4410~ 4951 | 5522 | 6120 | 6739 | 7370 | 8000 | 8625
45 1623 | 1849 | 2092 | 2357 | 2643 | 2951 | 3279 | 3628 | 3999 | 4392 | 4807 | 5236 | 5678
40 1247 | 1408 | 1582 | 1769 | 1970.] 2184 | 2411 | 2650 | 2903 | 3171 | 3454 | 3748 | 4055
3b 1223 | 1377 | 1543 | 1721 | 19147 2112 | 2323 | 2543 | 2774 | 3015 | 3269 | 3529 | 3198
3D 1053 | 1181 | 1317 | 1464. |(1620 | 1786 | 1959 | 2139 | 2328 | 2525 | 2730 | 2942 | 3159
2b 921 | 1029 | 1145 | 1268,1 1400 | 1539 | 1685 | 1836 | 1995 | 2160 | 2333 | 2509 | 2692
2D 815 909 | 1009 | 1114 | 1227 | 1346 | 1471 | 1601 | 1737 | 1879 | 2026 | 2178 | 2333
1B 746 831 929-,1016 | 1117 | 1223 | 1335 | 1451 | 1572 | 1698 | 1830 | 1965 | 2103
1D 683 763 845 932 | 1023 | 1119 | 1219 | 1323 | 1433 | 1546 | 1665 | 1786 | 1911
L 581 653 726 802 879 961 | 1045 | 1133 | 1225 | 1321 | 1421 | 1524 | 1630
( 496 560 626 694 764 835 908 984 | 1062 | 1145 | 1230 | 1319 | 1409

D 491 554 620 687 756 827 899 974 | 1051 | 1132 | 1216 | 1303 | 1392

0 486 548 613 680 749 819 890 964 | 1040 | 1120 | 1203 | 1288 | 1375
-15 480 542 607 674 742 811 882 954 | 1030 | 1108 | 1190 | 1273 | 1359

0

5

475 537 601 667 735 803 873 945 | 1020 | 1097 | 1177 | 1259 | 1343
470 531 595 660 727 796 865 93610091086 +165 T 124571328
-30 465 526 589 654 720 788 857 927 | 1000 | 1075 | 1152 | 1232 | 1313
-35 460 520 583 647 714 781 849 918 990 | 1064 | 1141 | 1219 | 1299
-40 455 515 577 641 707 774 841 910 980 | 1054 | 1129 | 1206 | 1285
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Table D20 - H35 FM120 ttinai - Vchss 2000 L and 350 L < TVL < 1000 L

MATc (°C)

-(I;aén; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 229 230 231 232 260 296 339 388 446 538 649 779 925 | 1091 | 1276 | 1485 | 1723 | 1991
45 228 228 229 230 231 232 263 307 362 428 508 607 722 851 990 | 1138 | 1301 | 1480
40 226 227 228 229 230 231 233 260 302 354 416 490 579 681 793 913 | 1040 | 1175
35 226 227 228 229 230 231 233 258 299 350 411 484 571 671 782 900 | 1024 | 1156
30 225 226 227 229 230 231 232 234 269 312 363 425 498 583 678 782 893 | 1008
25 225 226 227 228 230 231 232 233 244 281 324 376 438 510 592 683 782 886
20 224 225 227 228 229 230 231 233 234 254 292 336 389 450 521 600 688 782
15 224 225 226 228 229 230 2371 252 254 251 270 510 300 4711 474 545 625 711
10 224 225 226 227 228 230 231 232 233 234 251 286 328 377 433 497 569 648
5 223 224 225 227 228 229 230 231 233 234 235 250 284 324 369 422 481 547
0 222 224 225 226 227 228 230 231 232 233 234 235 248 281 319 362 411 466
-5 222 224 225 226 227 228 230 231 232 233 234 235 246 279 316 358 407 462
-10 222 224 225 226 227 228 229 231 232 233 234 235 244 276 313 355 403 457
-15 222 224 225 226 227 228 229 231 232 233 234 235 242 274 310 352 399 453
-20 222 224 225 226 227 228 229 231 232 233 234 235 240 272 308 349 395 448
-25 222 224 225 226 227 228 229 231 232 233 234 235 238 269 305 345 392 444
-30 222 224 225 226 227 228 229 231 232 233 234 235 237 267 302 342 388 440
-35 222 224 225 226 227 228 229 231 232 233 234 235 237 265 300 339 384 435
-40 222 224 225 226 227 228 229 231 232 233 234 235 236 263 297 336 381 431

MATc Q)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2292 | 2623 | 2988 | 3391 | 3833 | 4317 4836 | 5387 | 5969 | 6575 | 7197 | 7823 | 8447
45 1679 | 1895 | 2129 | 2383 | 2659 | 2957 | 3275 | 3613 | 3973 | 4358 | 4765 | 5187 | 5625
40 1320 | 1476 | 1643 | 1824 | 2019.| 2228 | 2448 | 2681 | 2929 | 3191 | 3469 | 3760 | 4062
3b 1297 | 1447 | 1608 | 1780 | 1964~| 2160 | 2365 | 2580 | 2807 | 3045 | 3294 | 3552 | 3§18
3P 1129 | 1256 | 1390 | 1532 (1685 | 1846 | 2015 | 2191 | 2376 | 2570 | 2773 | 2982 | 3198
2b 994 | 1105 | 1220 | 1342, 1471 | 1607 | 1750 | 1898 | 2054 | 2217 | 2386 | 2561 | 2441
2D 880 981 | 1083 | 1190 | 1302 | 1420 | 1542 | 1670 | 1803 | 1943 | 2088 | 2238 | 2392
16 802 897 99311091 | 1193 | 1299 | 1409 | 1523 | 1642 | 1767 | 1897 | 2030 | 2167
10 733 821 941 | 1003 | 1097 | 1195 | 1295 | 1398 | 1506 | 1618 | 1735 | 1855 | 1979
4 620 697 778 861 946 | 1033 | 1120 | 1209 | 1301 | 1397 | 1496 | 1598 | 1703
( 528 594 665 740 817 896 976 | 1056 | 1137 | 1220 | 1306 | 1394 | 1485
-5 523 588 659 733 809 888 966 | 1046 | 1126 | 1208 | 1293 | 1379 | 1468
-10 547 583 652 725 801 879 957 | 1036 | 1115 | 1196 | 1279 | 1364 | 1452
-15 512 577 646 718 794 871 948 | 1026 | 1104 | 1184 | 1266 | 1350 | 1436
-40 507 571 639 711 786 863 939 | 1016 | 1094 | 1173 | 1254 | 1336 | 1420
-725 562 565 833 704 778 854 9301007 T t084Tt+162T 124213231406
-30 497 560 627 698 771 846 922 998 | 1074 | 1151 | 1230 | 1310 | 1391
-35 492 554 621 691 764 838 913 988 | 1064 | 1140 | 1218 | 1297 | 1377
-40 488 549 615 684 756 831 905 980 | 1055 | 1130 | 1207 | 1285 | 1364
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Table D21 - H35 FM120 ttinai - Vchss 2500 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 286 | 287 | 288 | 289 | 290 321 363 | 417 | 495 | 590 705 | 841 997 | 1171 | 1359 | 1565 | 1795 | 2053

45 284 | 285 | 286 | 287 | 288 | 290 | 300 | 346 | 404 | 473 556 | 658 | 776 912 | 1059 | 1215 | 1380 | 1559

40 282 | 283 | 285 | 286 | 288 | 289 | 291 295 | 340 | 393 | 457 | 533 | 623 728 | 845 | 972 | 1108 | 1250

35 282 | 283 | 285 | 286 | 288 | 289 | 291 292 336 | 389 | 452 | 526 | 615 718 | 833 | 958 | 1091 | 1229

30 281 283 284 285 287 289 290 292 303 348 400 463 537 624 721 830 947 | 1071

25 281 282 283 285 287 288 290 291 292 313 358 411 474 547 630 724 827 937

20 280 282 283 285 286 287 289 290 292 293 323 368 422 484 555 636 726 824

15 280 281 265 204 260 2061 209 290 291 293 300 340 300 445 oUb 578 659 748

10 279 281 282 284 285 287 288 290 291 293 294 315 358 407 | (463 528 600 680

5 279 280 281 283 284 286 287 289 290 292 293 295 311 351 397 449 508 575

0 278 279 281 282 284 285 286 288 289 291 292 294 295 306 344 387 435 490

-5 278 279 281 282 283 285 286 288 289 291 292 294 295 303 341 383 432 486

-10 278 279 281 282 283 285 286 288 289 291 292 294 295 301 338 380 428 481

-15 278 279 281 282 283 285 286 288 289 291 292 294 295 299 335 377 424 477

-20 278 279 281 282 283 285 286 288 289 291 292 294 295 296 333 374 420 473

-25 278 279 280 282 283 285 286 288 289 291 292 294 295 296 330 370 417 468

-30 278 279 280 282 283 285 286 288 289 291 292 203 295 296 327 367 413 464

-35 278 279 280 282 283 285 286 288 289 291 292 293 295 296 325 364 409 460

-40 278 279 280 282 283 285 286 288 289 291 292 293 295 296 322 361 406 456

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2341 | 2660 | 3011 | 3399 | 3827 | 4295 4798 | 5335 | 5904 | 6499 | 7114 | 7734 | 8356
45 1753 | 1962 | 2190 | 2437 | 2705 | 2995 | 3305 | 3635 | 3989 | 4366 | 4766 | 5182 | 5615
40 1397 | 1553 | 1718 | 1895 | 2086.] 2289 | 2505 | 2734 | 2977 | 3234 | 3508 | 3794 | 4(93
3b 1373 | 1524 | 1682 | 1851 | 20327| 2223 | 2424 | 2635 | 2858 | 3092 | 3337 | 3592 | 3856
3D 1200 | 1330 | 1466 | 1608. |(1758 | 1916 | 2082 | 2255 | 2438 | 2628 | 2828 | 3035 | 3248
2b 1054 | 1172 | 1293 | 1417, 1546 | 1681 | 1822 | 1968 | 2122 | 2282 | 2449 | 2622 | 2800
2D 929 | 1037 | 1148 | 1260 | 1375 | 1494 | 1617 | 1743 | 1875 | 2013 | 2156 | 2304 | 2456
1B 844 944 | 1048-\1154 | 1262 | 1371 | 1483 | 1597 | 1716 | 1839 | 1968 | 2099 | 2235
10 768 861 958 | 1058 | 1160 | 1263 | 1366 | 1471 | 1580 | 1692 | 1808 | 1927 | 2049
L 648 728 813 902 994 | 1087 | 1182 | 1276 | 1372 | 1469 | 1569 | 1671 | 1176
( 552 619 692 770 852 937 | 1024 | 1111 | 1198 | 1287 | 1376 | 1466 | 1358

D 547 613 685 762 843 928 | 1013 | 1099 | 1186 | 1274 | 1362 | 1450 | 1340

0 542 607 678 755 835 918 | 1003 | 1088 | 1174 | 1261 | 1348 | 1435 | 1§24
-15 8§37 602 672 747 827 909 993 | 1078 | 1163 | 1248 | 1335 | 1420 | 1§07

0

5

532 596 665 740 818 900 983 | 1067 | 1151 | 1236 | 1321 | 1406 | 1492

527 596 6859 732 810 891 T4 T tO57 T +H40T 122413091392 1476

-30 522 584 652 725 802 883 964 | 1047 | 1129 | 1213 | 1296 | 1379 | 1461
-35 517 579 646 718 795 874 955 | 1036 | 1119 | 1201 | 1283 | 1365 | 1447
-40 512 574 640 711 787 866 946 | 1027 | 1108 | 1190 | 1271 | 1352 | 1433
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Table D22 - H35 FM120 ttinai - Vchss 5000 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 573 575 | 577 | 578 | 580 582 | 585 | 616 | 706 | 814 | 941 | 1093 | 1269 | 1473 | 1699 | 1944 | 2203 | 2475

45 569 571 572 575 | 577 580 | 583 | 586 | 589 | 659 752 861 988 | 1135 | 1301 | 1486 | 1687 | 1903

40 565 567 | 570 | 573 | 575 578 | 581 584 | 587 | 590 | 621 703 | 798 | 907 | 1031 | 1170 | 1325 | 1495

35 564 567 | 570 | 573 | 576 578 | 581 584 | 587 | 590 | 614 694 | 787 | 893 | 1013 | 1148 | 1298 | 1462

30 563 566 569 572 574 577 580 583 586 589 592 614 691 780 879 991 | 1117 | 1256

25 562 565 567 570 573 576 579 582 585 588 591 593 614 688 772 866 972 | 1089

20 561 563 566 569 572 575 578 581 584 586 589 592 595 613 684 764 854 953

15 560 563 obb obo of1 or4 o ool 203 060 0606 o1 oY4 oI/ oZ/ 698 777 865

10 559 562 565 567 570 573 576 579 582 585 587 590 593 596 599 640 711 789

5 557 560 563 566 569 571 574 577 580 583 586 588 591 594 597 600 608 672

0 556 558 561 564 567 570 572 575 578 581 584 587 589 592 595 598 601 603

-5 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 | 601 603

-10 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 601 603

-15 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 600 603

-20 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 600 603

-25 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-30 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-35 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-40 555 558 561 564 567 569 572 575 578 581 583 586 589 592 595 598 600 603

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2759 | 3060 | 3384 | 3738 | 4127 | 4553 5013 | 5507 | 6036 | 6596 | 7180 | 7776 | 8380
45 2128 | 2358 | 2593 | 2836 | 3093 | 3367 | 3656 | 3964 | 4293 | 4646 | 5021 | 5415 | 5826
40 1678 | 1869 | 2065 | 2266 | 2471.] 2680 | 2894 | 3116 | 3348 | 3593 | 3852 | 4123 | 4407
3b 1639 | 1822 | 2011 | 2204 | 24007| 2599 | 2800 | 3006 | 3219 | 3442 | 3675 | 3917 | 4167
3D 1406 | 1566 | 1733 | 1906. |(2083 | 2263 | 2442 | 2623 | 2805 | 2993 | 3186 | 3385 | 3589
2b 1218 | 1356 | 1503 | 1657,%1 1816 | 1980 | 2145 | 2309 | 2475 | 2642 | 2811 | 2982 | 3156
2D 1064 | 1183 | 1311 | 1447 | 1590 | 1738 | 1889 | 2041 | 2195 | 2349 | 2504 | 2658 | 2812
1B 963 | 1069 | 1184-\"1306 | 1437 | 1573 | 1713 | 1855 | 1999 | 2144 | 2290 | 2435 | 2579
1D 876 971 | A0Z3 | 1184 | 1302 | 1427 | 1556 | 1688 | 1823 | 1960 | 2099 | 2236 | 2373
L 743 820 904 996 | 1095 | 1201 | 1312 | 1428 | 1548 | 1672 | 1798 | 1925 | 2052
( 638 701 771 847 929 | 1019 | 1113 | 1213 | 1318 | 1428 | 1541 | 1656 | 1173

D 632 694 763 838 919 | 1006 | 1099 | 1197 | 1300 | 1407 | 1518 | 1631 | 1746

0 626 688 755 828 908 994 | 1085 | 1181 | 1282 | 1387 | 1496 | 1607 | 1119
-15 620 681 747 820 898 982 | 1072 | 1166 | 1265 | 1368 | 1475 | 1584 | 1694

0

5

615 675 740 811 888 971 | 1059 | 1151 | 1248 | 1350 | 1455 | 1561 | 1669

609 668 733 863 878 9601046 +137 T 1232113321435 T t539—T1645

-30 606 662 725 794 869 949 | 1034 | 1123 | 1217 | 1314 | 1415 | 1518 | 1622
-35 606 656 718 786 860 939 | 1022 | 1110 | 1202 | 1297 | 1397 | 1498 | 1600
-40 606 650 712 778 851 928 | 1010 | 1096 | 1187 | 1281 | 1379 | 1478 | 1578
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Table D23 - H35 FM120 ttinai - Vchss 7500 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 860 | 862 | 865 | 867 | 869 | 872 | 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 ool 604 6906 obs ob/ ol S/o IS 14%) 60J 600 oJZ cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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D.1.3 H35 FM120 tinal Tables - Option B
Tables D24 through D35 are the H35 FM120 tsinal tables for the application of Basic Option B in Equation C43.

Table D24 - H35 FM120 tfinai - 248.6 L < Vcrhss <1000 L and 50 L < TVL <200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 177 206 241 282 329 379 449 549 669 808 966 | 1144 | 1342 | 1562

45 163 163 163 163 163 163 175 202 233 275 329 392 464 548 643 749 865 993

40 163 163 163 163 163 163 163 163 187 220 261 308 362 422 486 552 624 710

35 163 163 163 163 63 63 163 163 182 215 257 300 353 71t 73 538 607 682

30 163 163 163 163 163 163 163 163 163 187 219 257 301 3562 406 463 522 585

25 163 163 163 163 163 163 163 163 163 164 191 223 260 303 350 400 454 509

20 163 163 163 163 163 163 163 163 163 163 169 195 227 263 303 348 396 446

15 163 163 163 163 163 163 163 163 163 163 163 177 204 236 272 312 356 402

10 163 163 163 163 163 163 163 163 163 163 163 163 185 213 245 281 321 363

5 163 163 163 163 163 163 163 163 163 163 163 163 163 180 206 235 268 304

0 163 163 163 163 163 163 163 163 163 163 163 163 163 163 175 198 225 256

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 163 171 195 221 250

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 163 168 191 217 245

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 163 165 187 212 241

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 183 208 236

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 180 204 231

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 176 200 227

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 173 196 222

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 163 170 192 218

MATc (°C)

(T;"T;’ 4 | -2 0 2 4 6 8 | 10 | 12 | 14 | 16 | 18 | 40
5D | 1806 | 2074 | 2365 | 2681. [3020 | 3379 | 3747 | 4118 | 4490 | 4856 | 5215 | 5559 | 5490
46 | 1131 | 1278 | 1434 | 1601,{" 1778 | 1965 | 2161 | 2365 | 2579 | 2801 | 3030 | 3263 | 3498
4D 804 | 903 | 1008 | 1119 | 1237 | 1360 | 1488 | 1621 | 1760 | 1903 | 2053 | 2206 | 2362
36 766 | 860 | 95811062 | 1171 | 1284 | 1401 | 1521 | 1646 | 1774 | 1906 | 2041 | 2178
3p 652 | 722 | -797 | 876 | 960 | 1049 | 1141 | 1239 | 1339 | 1442 | 1549 | 1657 | 1167
2b 566 | 626|689 | 755 | 826 | 900 | 977 | 1056 | 1139 | 1225 | 1315 | 1406 | 1499
2D 497 | 5508 604 | 661 | 721 | 785 | 850 | 918 | 989 | 1063 | 1139 | 1217 | 1297
16 | 450~499 | 549 | 600 | 654 | 710 | 769 | 829 | 892 | 958 | 1026 | 1095 | 1166
1D 408N~454 | 500 | 548 | 597 | 648 | 700 | 754 | 811 | 870 | 931 | 993 | 1057
4 342 | 383 | 425 | 467 | 511 | 555 | 600 | 646 | 694 | 743 | 795 | 848 | 902
[ 289 | 324 | 361 | 400 | 439 | 479 | 520 | 560 | 602 | 644 | 689 | 734 | 780
-5 283 | 3461 354 | 399 | 430 [ g4 | oca4 | oo4 | oo | oo | g7gl a0 | Jg7
10 | 277 | 312 | 348 | 385 | 424 | 464 | 503 | 543 | 583 | 624 | €67 | 711 | 755
15 | 272 | 306 | 341 | 379 | 417 | 456 | 495 | 534 | 574 | 615 657 | 700 | 743
20 | 267 | 300 | 335| 372 | 410 | 448 | 487 | 526 | 565 | 606 | 647 | 689 | 732
25 | 261 | 204 | 320 365| 403 | 441 | 480 | 518 | 557 | 597 | 637 | 679 | 721
30 | 256 | 288 | 323 | 358 | 396 | 434 | 472 | 510 | 549 | 588 | 628 | 668 | 710
35 | 251 | 283 | 317 | 352 | 380 | 427 | 464 | 502 | 540 | 579 | 618 | 659 | 699
40 | 247 | 277 ] 311 | 346 | 382 419 | 457 | 495 | 532 | 571 609 | 649 | 689
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Table D25 - H35 FM120 ttinar - 1000 L < Vcnss <2000 L and 50 L < TVL <200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 230 | 231 231 232 | 262 | 299 | 341 391 448 | 511 581 664 | 777 | 899 | 1027 | 1162 | 1310 | 1472

45 228 | 229 | 230 | 231 232 | 233 | 242 275 | 318 | 369 | 429 | 499 | 581 672 770 | 873 | 980 | 1090

40 227 | 228 | 229 | 230 | 231 232 | 233 | 234 | 259 | 297 340 | 392 | 451 519 594 | 675 | 762 853

35 227 | 228 | 228 | 229 | 230 | 232 | 233 | 234 | 254 | 290 332 | 381 439 | 504 577 | 656 | 740 | 828

30 226 227 228 229 230 231 232 233 235 254 288 329 375 429 489 555 627 704

25 225 226 227 228 229 231 232 233 234 235 253 287 325 369 419 475 536 603

20 224 226 227 228 229 230 231 232 233 235 236 253 285 322 364 410 462 519

15 224 225 220 221 229 230 2371 232 233 234 230 230 299 291 3L/ 368 414 464

10 224 225 226 227 228 229 230 231 233 234 235 236 237 264 296 332 372 417

5 223 224 225 226 227 228 230 231 232 233 234 235 236 237 251 280 312 347

0 222 223 224 225 227 228 229 230 231 232 233 234 235 237 238 239 265 294

-5 222 223 224 225 227 228 229 230 231 232 233 234 235 237 238 239 260 289

-10 222 223 224 225 226 228 229 230 231 232 233 234 235 236 238 239 256 283

-15 222 223 224 225 226 228 229 230 231 232 233 234 235 236 237 239 251 278

-20 222 223 224 225 226 227 229 230 231 232 233 234 235 236 237 239 247 273

-25 222 223 224 225 226 227 228 230 231 232 233 234 235 236 237 238 243 269

-30 222 223 224 225 226 227 228 230 231 232 233 234 235 236 237 238 239 264

-35 222 223 224 225 226 227 228 229 231 232 233 234 235 236 237 238 239 259

-40 222 223 224 225 226 227 228 229 231 232 233 234 235 236 237 238 239 255

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 1652 | 1848 | 2063 | 2298 | 2555 | 2835 3140 | 3466 | 3805 | 4156 | 4514 | 4870 | 5222
45 1207 | 1329 | 1460 | 1600 | 1750 | 4940 | 2079 | 2258 | 2447 | 2648 | 2859 | 3078 | 3304
4D 946 | 1040 | 1136 | 1236 | 1340.| 1451 | 1566 | 1687 | 1814 | 1947 | 2087 | 2231 | 2382
3b 918 | 1009 | 1101 | 1195 | 1294| 1398 | 1505 | 1616 | 1731 | 1852 | 1978 | 2108 | 2241
3D 784 866 948 | 1031. {1115 | 1202 | 1290 | 1381 | 1476 | 1574 | 1676 | 1780 | 1887
2b 673 747 821 897 973 | 1050 | 1127 | 1205 | 1285 | 1368 | 1454 | 1541 | 1630
2D 581 646 713 782 853 924 994 | 1065 | 1135 | 1208 | 1282 | 1357 | 1434
1B 519 578 639 703 769 836 902 968 | 1035 | 1101 | 1169 | 1237 | 1306
1D 466 518 574 633 694 757 820 882 945 | 1008 | 1071 | 1134 | 1197
L 387 430 477 527 580 635 691 749 806 865 923 981 | 1038
( 326 361 400 442 487 534 584 635 687 741 795 849 902

D 320 355 392 433 477 524 572 623 674 727 780 834 86

0 314 348 385 425 468 514 561 611 662 714 766 819 71
-15 308 342 378 417 459 504 551 599 649 701 753 804 56

0

5

303 335 371 409 450 494 540 588 637 688 739 790 41

298 329 364 401 442 485 5360 577 626 875 726 776 27

-30 292 323 357 394 433 476 520 566 614 663 713 763 813
-35 287 317 350 387 425 467 511 556 603 651 701 750 799
-40 282 312 344 379 418 458 501 546 592 640 688 737 786
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Table D26 - H35 FM120 ttinar - 2000 L < Vcnss <5000 L and 50 L < TVL <200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 574 576 | 578 | 580 | 582 584 | 586 | 588 | 614 | 697 794 | 906 | 1036 | 1184 | 1348 | 1528 | 1721 | 1923

45 570 572 | 574 | 576 | 578 580 | 583 | 586 | 589 | 591 607 | 681 767 | 864 | 973 | 1094 | 1228 | 1373

40 567 569 | 571 573 | 576 578 | 581 584 | 586 | 589 592 | 595 509 | 668 | 744 | 828 | 923 | 1027

35 565 567 570 573 575 578 581 584 586 589 592 594 597 647 719 799 888 985

30 563 566 569 571 574 577 579 582 585 588 590 593 596 598 613 677 748 826

25 562 564 567 570 573 575 578 581 583 586 589 591 594 597 599 602 640 704

20 560 563 566 568 571 574 577 579 582 585 587 590 593 595 598 601 603 608

15 559 562 obo ob/ o/0 13 Y49 o/6 o0 1 063 060 o0Y o1 oY4 o9/ 599 602 605

10 558 561 564 566 569 572 574 577 580 582 585 588 590 593 595 598 601 603

5 556 559 562 564 567 569 572 575 577 580 583 585 588 591 593 596 598 601

0 554 557 559 562 565 567 570 573 575 578 581 583 586 588 591 594 596 599

-5 554 557 559 562 565 567 570 572 575 578 580 583 586 588 591 593 596 599

-10 554 557 559 562 564 567 570 572 575 578 580 583 585 588 591 593 596 598

-15 554 556 559 562 564 567 570 572 575 577 580 583 585 588 590 593 596 598

-20 554 556 559 561 564 567 569 572 575 577 580 582 585 588 590 593 595 598

-25 553 556 559 561 564 567 569 572 574 577 580 582 585 587 590 593 595 598

-30 553 556 559 561 564 566 569 572 574 577 579 582 585 587 590 592 595 598

-35 553 556 558 561 564 566 569 571 574 577 579 582 585 587 590 592 595 597

-40 553 556 558 561 563 566 569 571 574 577 579 582 584 587 590 592 595 597

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2133 | 2346 | 2562 | 2783 | 3015 | 3262 3523 | 3798 | 4090 | 4396 | 4715 | 5040 | 5369
45 1529 | 1691 | 1858 | 2028 | 2201 | 2376 | 2551 | 2726 | 2906 | 3092 | 3286 | 3486 | 3692
40 1140 | 1261 | 1390 | 1525 | 1665-.] 1809 | 1954 | 2100 | 2246 | 2393 | 2541 | 2688 | 2836
3b 1091 | 1205 | 1325 | 1451 | 15827 1716 | 1852 | 1989 | 2126 | 2263 | 2400 | 2536 | 2672
3D 911 | 1003 | 1102 | 1207. {1317 | 1432 | 1551 | 1671 | 1793 | 1917 | 2041 | 2164 | 2285
2b 774 849 930 | 1017,% 1110 | 1208 | 1309 | 1414 | 1522 | 1633 | 1744 | 1856 | 1968
2D 666 728 796 868 946 | 1029 | 1116 | 1206 | 1301 | 1398 | 1498 | 1599 | 1101
1B 607 651 709 772 840 912 988 | 1068 | 1152 | 1239 | 1329 | 1421 | 1314
10 606 609 636 691 750 814 881 951 | 1026 | 1104 | 1185 | 1268 | 1353
L 604 606 609 611 624 675 730 787 848 913 981 | 1051 | 1124
( 601 604 607 609 612 614 617 660 710 764 820 879 940

D 601 604 606 609 612 614 617 646 694 746 800 857 917

0 604 604 606 609 611 614 616 632 679 729 783 839 96
-15 601 603 606 609 611 614 616 619 664 713 768 823 79

0

5

601 603 606 608 611 614 616 619 650 699 753 807 62

600 663 666 668 611 6813 616 618 837 686 739 792 46

-30 600 603 605 608 611 613 616 618 624 673 725 777 830
-35 600 603 605 608 610 613 616 618 621 660 711 763 815
-40 600 602 605 608 610 613 615 618 620 648 698 749 800



https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL J2601™-5 FEB2025 Page 163 of 253

Table D27 - H35 FM120 ttinar - 5000 L < Vcnss <7500 L and 50 L < TVL <200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 860 | 862 | 865 | 867 | 869 | 872 | 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 ool 604 6906 obs ob/ ol S/o IS 14%) 60J 600 oJZ cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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Table D28 - H35 FM120 tfinai - 248.6 L < Vchss < 1000 L and 200 L < TVL =350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 163 163 163 163 176 | 206 | 241 282 328 | 397 | 496 | 617 | 762 933 | 1128 | 1346 | 1612 | 1907

45 163 163 163 163 163 163 174 | 207 | 252 307 374 | 451 538 | 636 747 | 889 | 1049 | 1226

40 163 163 163 163 163 163 163 173 | 207 | 248 | 299 | 358 | 427 | 502 583 | 672 | 772 882

35 163 163 163 163 163 163 163 170 | 203 | 243 | 292 | 350 | 417 | 491 570 | 657 | 753 | 859

30 163 163 163 163 163 163 163 163 179 213 254 303 360 423 492 565 644 731

25 163 163 163 163 163 163 163 163 163 189 223 264 312 368 428 493 561 634

20 163 163 163 163 163 163 163 163 163 168 197 232 273 321 375 432 493 557

15 163 163 105 105 103 103 105 105 105 103 180 211 2406 290 390 391 447 506

10 163 163 163 163 163 163 163 163 163 163 166 193 225 263 306 354 406 461

5 163 163 163 163 163 163 163 163 163 163 163 166 192 222 258 298 342 390

0 163 163 163 163 163 163 163 163 163 163 163 163 165 190 220 253 290 331

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 187 216 248 285 326

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 184 212 244 281 321

-15 163 163 163 163 163 163 163 163 163 163 163 163 163 182 209 240 276 315

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 179 206 236 271 310

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 176 202 233 267 305

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 173 199 229 263 300

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 171 196 225 258 296

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 168 193 222 254 291

MATc Q)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
5D 2234 | 2592 | 2980 | 3402 | 3854 | 4333 4827 | 5328 | 5833 | 6334 | 6827 | 7301 | 7159
45 1419 | 1626 | 1846 | 2081 | 2330 | 2594 | 2870 | 3157 | 3457 | 3769 | 4090 | 4417 | 4447
40 1010 | 1151 | 1301 | 1460 | 1629.| 1807 | 1991 | 2182 | 2382 | 2589 | 2804 | 3024 | 3250
3b 975 | 1105 | 1246 | 1396 | 15587 1717 | 1886 | 2060 | 2240 | 2425 | 2616 | 2810 | 3Q07
3P 826 927 | 1036 | 1151. (1274 | 1403 | 1541 | 1683 | 1829 | 1979 | 2134 | 2292 | 2451
2b 713 797 887 984, 1086 | 1195 | 1307 | 1423 | 1545 | 1670 | 1800 | 1933 | 2068
2D 624 696 773 855 942 | 1034 | 1129 | 1229 | 1332 | 1440 | 1551 | 1665 | 17181
16 567 632 700 772 850 931 | 1016 | 1105 | 1197 | 1293 | 1392 | 1493 | 1897
10 518 576 638 703 772 845 921 | 1000 | 1083 | 1169 | 1258 | 1349 | 1443
4 440 492 545 600 658 719 782 848 918 990 | 1065 | 1142 | 1221
( 376 422 470 518 568 621 675 731 790 851 915 981 | 1048
-5 370 416 463 511 561 612 665 721 778 839 901 966 | 1032
-10 364 409 456 504 553 604 656 71 767 827 888 951 | 1016
-15 358 403 449 497 545 596 647 701 757 815 875 937 | 1001
-40 353 397 443 490 538 588 639 691 746 804 863 924 986
-725 34T 391 436 483 534 586 830 6882 736 762 851 11 972
-30 342 385 430 476 524 572 622 673 726 782 839 898 958
-35 336 379 424 470 517 565 614 664 717 771 828 886 945
-40 331 373 418 463 510 557 606 655 707 761 817 874 932
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Table D29 - H35 FM120 tfinar - 1000 L < Vcnss <2000 L and 200 L < TVL < 350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 229 230 231 232 262 299 341 391 448 524 628 750 887 | 1036 | 1198 | 1378 | 1581 | 1808

45 228 229 230 230 231 232 258 299 351 413 487 575 677 791 913 | 1040 | 1176 | 1324

40 227 227 228 229 231 232 233 252 290 337 392 457 533 621 717 821 929 | 1042

35 226 227 228 229 231 232 233 248 286 331 384 448 522 607 702 802 909 | 1019

30 225 227 228 229 230 231 232 234 254 292 336 389 450 521 601 688 782 879

25 225 226 227 228 230 231 232 233 234 260 297 341 393 452 519 594 676 763

20 224 226 227 228 229 230 232 233 234 235 266 303 346 396 | 453 517 588 665

15 224 225 226 228 229 230 231 232 234 235 244 277 315 360 | 410 466 530 599

10 224 225 226 227 228 230 231 232 233 234 235 255 289 328 372 423 479 541

5 223 224 225 227 228 229 230 231 232 234 235 236 249 280 316 357 403 454

0 222 224 225 226 227 228 229 231 232 233 234 235 236 243 272 305 343 385

59 222 224 225 226 227 228 229 230 232 233 234 235 236 239 268 301 338 379

-10 222 224 225 226 227 228 229 230 232 233 234 235 236 237 265 297 333 374

-15 222 224 225 226 227 228 229 230 232 233 234 235 236 237 261 293 328 368

-20 222 223 225 226 227 228 229 230 232 233 234 235 236 237 258 289 324 363

-25 222 223 225 226 227 228 229 230 232 233 234 235 236 237 254 285 319 358

-30 222 223 225 226 227 228 229 230 231 233 234 285 236 237 251 281 315 353

-35 222 223 225 226 227 228 229 230 231 233 234 235 236 237 248 277 311 348

-40 222 223 224 226 227 228 229 230 231 233 234 235 236 237 245 274 306 343

MATc €C)

IFT;’ 4 | 2| 0| 2| 4| 6 | 8|10 12|14 | 16 | 18 | 20
50 2060 | 2337 | 2639 | 2985 | 3372 | 37931 4237 | 4699 | 5177 | 5666 | 6160 | 6648 | 7128
46 1484 | 1658 | 1844 | 2045 | 2260 | 2491 | 2735 | 2993 | 3265 | 3552 | 3858 | 4175 | 4902
40D 1160 | 1285 | 1417 | 1557 | 1708+ 1867 | 2035 | 2210 | 2395 | 2589 | 2793 | 3004 | 3222
3p 1133 | 1252 | 1378 | 1511 | 1653 | 1802 | 1958 | 2120 | 2289 | 2465 | 2649 | 2838 | 3(31
3P 980 | 1083 | 1189 | 1299 /(1416 | 1539 | 1666 | 1798 | 1936 | 2080 | 2229 | 2382 | 2439
2b 854 947 | 1040 | 1136y 1236 | 1340 | 1447 | 1558 | 1674 | 1795 | 1920 | 2048 | 2179
2D 747 831 917,/ 1004 | 1092 | 1183 | 1276 | 1372 | 1472 | 1575 | 1682 | 1792 | 1904
1P 674 752 832 914 996 | 1080 | 1165 | 1251 | 1341 | 1433 | 1529 | 1627 | 1427
1P 609 681 766 832 910 989 | 1068 | 1148 | 1229 | 1313 | 1400 | 1488 | 1§78
q 510 571 636 704 774 846 918 990 | 1063 | 1136 | 1210 | 1286 | 1364
( 432 483 538 597 659 724 790 856 923 990 | 1057 | 1125 | 1193
-p 425 476 530 588 649 713 778 844 910 976 | 1043 | 1109 | 1176
-10 419 468 522 579 640 703 767 832 897 963 | 1029 | 1095 | 1160
-15 413 461 514 571 630 693 756 820 885 950 | 1015 | 1080 | 1145
-40 407 455 507 562 621 683 746 809 873 937 | 1002 | 1066 | 1130
-25 4071 440 499 204 [SN4 0/3 139 98 ool J290 JoJ | TUdZ T115

-30 395 | 442 492 546 603 663 725 787 850 913 976 | 1039 | 1101
-35 389 | 435 485 538 594 654 715 776 838 901 963 | 1025 | 1087
-40 384 | 429 478 530 586 644 705 765 827 889 951 | 1013 | 1073
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Table D30 - H35 FM120 tfinar - 2000 L < Vcnss £ 5000 L and 200 L < TVL < 350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 573 575 | 577 | 579 | 581 582 | 585 | 599 | 685 | 786 | 905 | 1046 | 1209 | 1396 | 1602 | 1825 | 2060 | 2305

45 569 571 573 | 575 | 578 580 | 583 | 586 | 589 | 622 705 801 913 | 1041 | 1185 | 1344 | 1519 | 1707

40 565 567 | 570 | 573 | 576 578 | 581 584 | 587 | 590 592 641 721 813 | 917 | 1033 | 1162 | 1303

35 564 567 | 570 | 573 | 576 578 | 581 584 | 587 | 590 592 628 | 706 | 794 | 894 | 1004 | 1127 | 1263

30 563 566 569 572 574 577 580 583 585 588 591 594 613 685 766 856 956 | 1067

25 562 565 567 570 573 576 578 581 584 587 590 592 595 599 666 740 823 915

20 561 563 566 569 572 574 577 580 583 585 588 591 594 596 599 648 77 794

15 560 562 obo obo of1 13 oo Y% |8} 4 064 26/ oJU Y3 Yo Yo 601 648 715

10 559 561 564 567 570 572 575 578 581 583 586 589 591 594 597 600 602 648

5 557 559 562 565 568 570 573 576 579 581 584 587 589 592 595 598 600 603

0 555 557 560 563 566 568 571 574 576 579 582 585 587 590 593 595 598 601

-5 555 557 560 563 566 568 571 574 576 579 582 584 587 590 593 595 598 601

-10 555 557 560 563 565 568 571 574 576 579 582 584 587 590 592 595 598 600

-15 554 557 560 563 565 568 571 573 576 579 582 584 587 590 592 595 598 600

-20 554 557 560 562 565 568 571 573 576 579 581 584 587 589 592 595 598 600

-25 554 557 560 562 565 568 570 573 576 579 581 584 587 589 592 595 597 600

-30 554 557 560 562 565 568 570 573 576 578 581 584 587 589 592 595 597 600

-35 554 557 559 562 565 568 570 573 576 578 581 584 586 589 592 594 597 600

-40 554 557 559 562 565 567 570 573 576 578 581 584 586 589 592 594 597 600

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2558 | 2817 | 3091 | 3386 | 3704 | 4048-( 4415 | 4804 | 5217 | 5651 | 6100 | 6556 | 7015
45 1903 | 2105 | 2309 | 2516 | 2727 | 2946 | 3172 | 3409 | 3658 | 3920 | 4196 | 4484 | 4182
40 1456 | 1617 | 1785 | 1957 | 2132.] 2310 | 2487 | 2665 | 2845 | 3031 | 3224 | 3422 | 3627
3b 1408 | 1562 | 1721 | 1885 | 20527| 2220 | 2388 | 2555 | 2723 | 2894 | 3069 | 3247 | 3429
3D 1188 | 1318 | 1454 | 1597. |(1745 | 1896 | 2047 | 2199 | 2350 | 2502 | 2654 | 2805 | 2957
2b 1016 | 1124 | 1241 | 1364, 1494 | 1628 | 1764 | 1902 | 2041 | 2180 | 2319 | 2457 | 2594
2D 878 970 | 1069 | 1175 | 1287 | 1405 | 1527 | 1651 | 1778 | 1907 | 2036 | 2164 | 2291
1B 789 870 9561050 | 1150 | 1256 | 1366 | 1480 | 1596 | 1716 | 1836 | 1957 | 2077
10 713 784 861 944 | 1033 | 1127 | 1227 | 1330 | 1437 | 1547 | 1660 | 1773 | 1886
L 606 659 721 788 861 939 | 1021 | 1108 | 1200 | 1295 | 1394 | 1495 | 1897
( 603 606 612 667 726 791 859 932 | 1009 | 1091 | 1176 | 1264 | 1355

D 603 606 609 657 715 778 844 915 991 | 1070 | 11563 | 1239 | 1327

0 603 606 609 647 703 765 830 899 972 | 1050 | 1131 | 1214 | 1300
-15 603 606 608 637 692 752 816 883 955 | 1030 | 1110 | 1191 | 1275

0

5

603 606 608 627 682 740 803 868 938 | 1012 | 1089 | 1169 | 1251

603 665 668 618 674 729 789 854 922 9941089 +HAT T 1227

-30 603 605 608 611 661 77 777 840 906 977 | 1050 | 1126 | 1204
-35 603 605 608 611 652 706 765 826 891 960 | 1032 | 1106 | 1182
-40 602 605 608 610 642 696 753 813 877 944 | 1014 | 1087 | 1161
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Table D31 - H35 FM120 ttinar - 5000 L < Vcnss £ 7500 L and 200 L < TVL < 350 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 860 | 862 | 865 | 867 | 869 | 872 | 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 ool 604 6906 obs ob/ ol S/o IS 14%) 60J 600 oJZ cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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Table D32 - H35 FM120 tfinai - 248.6 L < Vchss < 1000 L and 350 L < TVL <1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32 | 30 | 28 | 26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | -10 | -8 | -6

50 163 163 163 163 176 | 206 | 241 281 328 397 | 497 | 626 | 798 | 1005 | 1247 | 1523 | 1834 | 2182

45 163 163 163 163 163 163 175 | 208 | 256 316 | 390 | 478 | 579 698 | 834 | 991 | 1174 | 1378

40 163 163 163 163 163 163 163 177 | 213 | 258 | 315 | 383 | 462 551 650 | 761 887 | 1028

35 163 163 163 163 163 163 163 174 | 209 | 254 | 309 | 377 | 454 541 638 | 746 | 869 | 1005

30 163 163 163 163 163 163 163 163 187 224 271 327 394 470 552 641 742 853

25 163 163 163 163 163 163 163 163 168 200 239 287 344 410 482 560 644 737

20 163 163 163 163 163 163 163 163 163 180 213 254 303 361 424 493 567 646

15 163 163 105 103 103 105 105 103 103 100 190 232 270 3L/ 369 449 516 588

10 163 163 163 163 163 163 163 163 163 163 180 212 251 298 350 409 471 537

5 163 163 163 163 163 163 163 163 163 163 163 183 215 252 296 346 400 | 458

0 163 163 163 163 163 163 163 163 163 163 163 163 185 216 253 294 341 392

-5 163 163 163 163 163 163 163 163 163 163 163 163 183 214 249 290 336 387

-10 163 163 163 163 163 163 163 163 163 163 163 163 181 211 246 287 332 382

-15 163 163 163 163 163 163 163 163 163 163 163 163 179 208 243 283 328 377

-20 163 163 163 163 163 163 163 163 163 163 163 163 7 206 240 279 324 373

-25 163 163 163 163 163 163 163 163 163 163 163 163 175 203 237 276 320 368

-30 163 163 163 163 163 163 163 163 163 163 163 163 173 201 234 272 316 364

-35 163 163 163 163 163 163 163 163 163 163 163 163 171 198 231 269 312 359

-40 163 163 163 163 163 163 163 163 163 163 163 163 169 196 228 265 308 355

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2570 | 2994 | 3455 | 3954 | 4488 | 5048 5619 | 6191 | 6758 | 7315 | 7855 | 8373 | 8937
45 1602 | 1841 | 2096 | 2367 | 2663 | 2985 | 3326 | 3686 | 4069 | 4472 | 4894 | 5328 | 5171
40 1184 | 1352 | 1533 | 1728 | 1936.] 2158 | 2391 | 2636 | 2895 | 3167 | 3453 | 3750 | 4(58
3b 1155 | 1317 | 1490 | 1674 | 18707| 2076 | 2292 | 2516 | 2751 | 2995 | 3250 | 3511 | 3479
3D 976 | 1108 | 1250 | 1401. {1562 | 1732 | 1908 | 2092 | 2283 | 2482 | 2688 | 2900 | 3117
2b 840 950 | 1069 | 1196,% 1331 | 1473 | 1622 | 1776 | 1936 | 2103 | 2276 | 2453 | 2635
2D 733 827 928 | 1036 | 1151 | 1273 | 1400 | 1532 | 1669 | 1812 | 1960 | 2112 | 2268
1B 666 749 838 934 | 1036 | 1145 | 1258 | 1376 | 1498 | 1626 | 1758 | 1894 | 2032
10 608 682 762 848 940 | 1037 | 1139 | 1244 | 1355 | 1470 | 1589 | 1711 | 1835
L 519 582 649 720 796 877 962 | 1050 | 1143 | 1240 | 1340 | 1444 | 1850
( 446 502 560 620 685 753 825 899 978 | 1060 | 1146 | 1235 | 1326

D 441 496 553 614 677 744 815 888 966 | 1047 | 1131 | 1218 | 1307

0 486 491 547 607 669 736 805 878 954 | 1034 | 1117 | 1202 | 1289
-15 430 | 485 541 600 662 727 796 867 942 | 1021 | 1102 | 1186 | 1372

0

5

425 | 479 535 593 655 719 787 857 931 | 1008 | 1088 | 1171 | 1255

4260 474 529 587 84T 74 778 84T 926 9961075 T +156—T1238

-30 415 | 469 524 581 640 703 769 838 909 984 | 1062 | 1141 | 1223
-35 410 | 463 518 574 633 696 761 828 899 973 | 1049 | 1127 | 1207
-40 405 | 458 512 568 627 688 752 819 889 961 | 1037 | 1114 | 1192
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Table D33 - H35 FM120 tfinai - 1000 L < Vcuss £ 2000 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32 | 30 | 28 | 26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | -10 | -8 | -6

50 229 | 230 | 231 232 | 260 | 296 | 339 | 388 | 446 538 | 649 | 779 | 925 | 1091 | 1276 | 1485 | 1723 | 1991

45 228 | 228 | 229 | 230 | 231 232 263 | 307 362 | 428 | 508 | 607 | 722 851 990 | 1138 | 1301 | 1480

40 226 | 227 | 228 | 229 | 230 | 231 233 | 260 302 354 | 416 | 490 | 579 681 793 | 913 | 1040 | 1175

35 226 | 227 | 228 | 229 | 230 | 231 233 | 258 | 299 350 | 411 484 | 571 671 782 | 900 | 1024 | 1156

30 225 226 227 229 230 231 232 234 269 312 363 425 | 498 583 678 782 893 | 1008

25 225 226 227 228 230 231 232 233 244 281 324 376 | 438 510 592 683 782 886

20 224 225 227 228 229 230 231 233 234 254 292 336 389 450 521 600 688 782

15 224 225 220 2206 229 230 2371 232 234 231 270 310 300 4711 474 545 625 71

10 224 225 226 227 228 230 231 232 233 234 251 286 328 377 433 497 569 648

5 223 224 225 227 228 229 230 231 233 234 235 250 284 324 369 422 481 547

0 222 224 225 226 227 228 230 231 232 233 234 235 248 281 319 362 411 466

-5 222 224 225 226 227 228 230 231 232 233 234 235 246 279 316 358 407 | 462

-10 222 224 225 226 227 228 229 231 232 233 234 235 244 276 313 355 403 | 457

-15 222 224 225 226 227 228 229 231 232 233 234 235 242 274 310 352 399 | 453

-20 222 224 225 226 227 228 229 231 232 233 234 235 240 272 308 349 395 | 448

-25 222 224 225 226 227 228 229 231 232 233 234 235 238 269 305 345 392 444

-30 222 224 225 226 227 228 229 231 232 233 234 235 237 267 302 342 388 | 440

-35 222 224 225 226 227 228 229 231 232 233 234 235 237 265 300 339 384 | 435

-40 222 224 225 226 227 228 229 231 232 233 234 235 236 263 297 336 381 431

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50 2321 | 2700 | 3117 | 3575 | 4076 | 4619 5193 | 5793 | 6415 | 7050 | 7689 | 8319 | 8937
45 1679 | 1895 | 2129 | 2383 | 2663 | 2985 | 3326 | 3686 | 4069 | 4472 | 4894 | 5328 | 5171
40 1320 | 1476 | 1643 | 1824 | 2019.| 2228 | 2448 | 2681 | 2929 | 3191 | 3469 | 3760 | 4062
3b 1297 | 1447 | 1608 | 1780 | 1964 7| 2160 | 2365 | 2580 | 2807 | 3045 | 3294 | 3552 | 3818
3D 1129 | 1256 | 1390 | 1532 |(1685 | 1846 | 2015 | 2191 | 2376 | 2570 | 2773 | 2982 | 3198
2b 994 | 1105 | 1220 | 1342,% 1471 | 1607 | 1750 | 1898 | 2054 | 2217 | 2386 | 2561 | 2441
2D 880 981 | 1083 | 1190 | 1302 | 1420 | 1542 | 1670 | 1803 | 1943 | 2088 | 2238 | 2392
1B 802 897 9931091 | 1193 | 1299 | 1409 | 1523 | 1642 | 1767 | 1897 | 2030 | 2167
1D 733 821 941 | 1003 | 1097 | 1195 | 1295 | 1398 | 1506 | 1618 | 1735 | 1855 | 1979
L 620 697 778 861 946 | 1033 | 1120 | 1209 | 1301 | 1397 | 1496 | 1598 | 1103
( 528 594 665 740 817 896 976 | 1056 | 1137 | 1220 | 1306 | 1394 | 1485

D 523 588 659 733 809 888 966 | 1046 | 1126 | 1208 | 1293 | 1379 | 1468

0 517 583 652 725 801 879 957 | 1036 | 1115 | 1196 | 1279 | 1364 | 1452
-15 512 577 646 718 794 871 948 | 1026 | 1104 | 1184 | 1266 | 1350 | 1436

0

5

507 571 639 711 786 863 939 | 1016 | 1094 | 1173 | 1254 | 1336 | 1420

562 565 633 T04 778 854 930007 T 1084 T +162 124213231406

-30 497 560 627 698 771 846 922 998 | 1074 | 1151 | 1230 | 1310 | 1391
-35 492 554 621 691 764 838 913 988 | 1064 | 1140 | 1218 | 1297 | 1377
-40 488 549 615 684 756 831 905 980 | 1055 | 1130 | 1207 | 1285 | 1364
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Table D34 - H35 FM120 tfinai - 2000 L < Vcuss <5000 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32 | 30 | 28 | 26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | -10 | -8 | -6

50 573 | 575 | 577 | 578 580 | 582 585 | 616 706 | 814 | 941 | 1093 | 1269 | 1473 | 1699 | 1944 | 2203 | 2475

45 569 | 571 572 575 577 | 580 | 583 | 586 589 | 659 | 752 861 988 | 1135 | 1301 | 1486 | 1687 | 1903

40 565 | 567 | 570 | 573 575 | 578 | 581 584 587 590 | 621 703 | 798 | 907 | 1031 | 1170 | 1325 | 1495

35 564 | 567 | 570 | 573 576 | 578 | 581 584 587 590 | 614 694 | 787 | 893 | 1013 | 1148 | 1298 | 1462

30 563 566 569 572 574 577 580 583 586 589 592 614 691 780 879 991 | 1117 | 1256

25 562 565 567 570 573 576 579 582 585 588 591 593 614 688 772 866 972 | 1089

20 561 563 566 569 572 575 578 581 584 586 589 592 595 613 684 764 854 953

15 560 563 obb obo of1 or4 o o6l 063 060 200 o1 ov4 o9/ [sy44 698 777 865

10 559 562 565 567 570 573 576 579 582 585 587 590 593 596 599 640 711 789

5 557 560 563 566 569 571 574 577 580 583 586 588 591 594 597 600 608 672

0 556 558 561 564 567 570 572 575 578 581 584 587 589 592 595 598 601 603

-5 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 601 603

-10 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 601 603

-15 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 600 603

-20 555 558 561 564 567 570 572 575 578 581 584 586 589 592 595 598 600 603

-25 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-30 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-35 555 558 561 564 567 569 572 575 578 581 584 586 589 592 595 598 600 603

-40 555 558 561 564 567 569 572 575 578 581 583 586 589 592 595 598 600 603

MATc ¢C)

IFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
5D 2759 | 3060 | 3384 | 3738 | 4127 | 4553 5013 | 5507 | 6036 | 6596 | 7197 | 7823 | 8447
45 2128 | 2358 | 2593 | 2836 | 3093 | 3367 | 3656 | 3964 | 4293 | 4646 | 5021 | 5415 | 5826
40 1678 | 1869 | 2065 | 2266 | 2471.] 2680 | 2894 | 3116 | 3348 | 3593 | 3852 | 4123 | 4407
3b 1639 | 1822 | 2011 | 2204 | 24007| 2599 | 2800 | 3006 | 3219 | 3442 | 3675 | 3917 | 4167
3D 1406 | 1566 | 1733 | 1906. |(2083 | 2263 | 2442 | 2623 | 2805 | 2993 | 3186 | 3385 | 3589
2b 1218 | 1356 | 1503 | 1657,%1 1816 | 1980 | 2145 | 2309 | 2475 | 2642 | 2811 | 2982 | 3156
2D 1064 | 1183 | 1311 | 1447 | 1590 | 1738 | 1889 | 2041 | 2195 | 2349 | 2504 | 2658 | 2812
1B 963 | 1069 | 1184-\"1306 | 1437 | 1573 | 1713 | 1855 | 1999 | 2144 | 2290 | 2435 | 2579
1D 876 971 | A0Z3 | 1184 | 1302 | 1427 | 1556 | 1688 | 1823 | 1960 | 2099 | 2236 | 2373
L 743 820 904 996 | 1095 | 1201 | 1312 | 1428 | 1548 | 1672 | 1798 | 1925 | 2052
( 638 701 771 847 929 | 1019 | 1113 | 1213 | 1318 | 1428 | 1541 | 1656 | 1173

D 632 694 763 838 919 | 1006 | 1099 | 1197 | 1300 | 1407 | 1518 | 1631 | 1746

0 626 688 755 828 908 994 | 1085 | 1181 | 1282 | 1387 | 1496 | 1607 | 1119
-15 620 681 747 820 898 982 | 1072 | 1166 | 1265 | 1368 | 1475 | 1584 | 1694

0

5

615 675 740 811 888 971 | 1059 | 1151 | 1248 | 1350 | 1455 | 1561 | 1669

609 668 733 863 878 9601046 +137 T 1232113321435 T t539—T1645

-30 606 662 725 794 869 949 | 1034 | 1123 | 1217 | 1314 | 1415 | 1518 | 1622
-35 606 656 718 786 860 939 | 1022 | 1110 | 1202 | 1297 | 1397 | 1498 | 1600
-40 606 650 712 778 851 928 | 1010 | 1096 | 1187 | 1281 | 1379 | 1478 | 1578
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Table D35 - H35 FM120 tfina - 5000 L < Veuss £ 7500 L and 350 L < TVL < 1000 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32 | 30 | 28 | 26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | -10 | -8 | -6

50 860 | 862 865 | 867 | 869 | 872 875 | 879 | 884 | 965 | 1096 | 1249 | 1426 | 1632 | 1865 | 2124 | 2409 | 2715

45 853 | 856 | 858 | 860 | 864 | 868 | 872 | 877 | 881 885 889 | 993 | 1121 | 1267 | 1433 | 1618 | 1826 | 2055

40 847 | 849 | 853 | 857 | 861 865 | 870 | 874 | 878 | 882 886 | 891 913 | 1021 | 1143 | 1280 | 1434 | 1605

35 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878 | 882 886 | 891 900 | 1005 | 1122 | 1254 | 1402 | 1565

30 842 847 851 855 859 863 868 872 876 880 885 889 893 897 980 | 1089 | 1210 | 1346

25 840 845 849 853 857 862 866 870 874 878 883 887 891 895 899 956 | 1058 | 1171

20 839 843 847 851 856 860 864 868 872 877 881 885 889 893 897 902 935 | 1030

15 837 842 o40 6ol 604 600 obs cb/ o/l 1145 oy 60J ststs sie )4 cJb 900 904 939

10 836 840 844 849 853 857 861 865 869 874 878 882 886 890 894 898 903 907

5 833 838 842 846 850 854 858 862 867 871 875 879 883 887 891 895 900 904

0 831 835 839 843 847 851 856 860 864 868 872 876 880 884 888 892 896 901

-5 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 901

-10 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-15 831 835 839 843 847 851 855 860 864 868 872 876 880 884 888 892 896 900

-20 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-25 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-30 831 835 839 843 847 851 855 859 864 868 872 876 880 884 888 892 896 900

-35 831 835 839 843 847 851 855 859 863 868 872 876 880 884 888 892 896 900

-40 830 835 839 843 847 851 855 859 863 868 82 876 880 884 888 892 896 900

MATc ¢C)

ZFT;’ 4 | -2 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
50D 3038 | 3370 | 3712 | 4064 | 4435 | 4832 5254 | 5705 | 6189 | 6705 | 7249 | 7812 | 8389
45 2303 | 2565 | 2837 | 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
40 1794 | 1997 | 2214 | 2443 | 2682.| 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1745 | 1938 | 2143 | 2360 | 2587 7| 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
3D 1495 | 1656 | 1830 | 2015|2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
2b 1296 | 1432 | 1579 | 1737, 1906 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 1136 | 1251 | 1376 | 1511 | 1656 | 1811 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 3049
1B 1032 | 1133 | 1243-\"1363 | 1492 | 1629 | 1775 | 1927 | 2085 | 2250 | 2419 | 2590 | 2162
10 942 | 1032 | A130 | 1236 | 1350 | 1474 | 1604 | 1740 | 1884 | 2034 | 2190 | 2348 | 2508
L 908 912 958 | 1045 | 1139 | 1240 | 1348 | 1463 | 1585 | 1713 | 1847 | 1986 | 2128
( 905 909 913 917 972 | 1056 | 1146 | 1242 | 1344 | 1452 | 1567 | 1687 | 1811

D 905 909 913 917 961 | 1043 | 1130 | 1224 | 1323 | 1429 | 1541 | 1657 | 1477

0 905 909 913 917 949 | 1030 | 1115 | 1207 | 1304 | 1407 | 1515 | 1628 | 1745
-15 904 909 913 917 939 | 1017 | 1101 | 1190 | 1285 | 1385 | 1491 | 1601 | 1415

0

5

904 909 913 917 928 | 1005 | 1087 | 1174 | 1267 | 1364 | 1468 | 1575 | 1485

904 968 913 CaNg 924 993074 T t159 T 1249 T 1+345 T 1445 T t550—1657

-30 904 908 912 917 921 982 | 1060 | 1144 | 1232 | 1325 | 1424 | 1525 | 1631
-35 904 908 912 916 921 971 | 1048 | 1129 | 1216 | 1307 | 1403 | 1502 | 1605
-40 904 908 912 916 920 960 | 1035 | 1115 | 1200 | 1289 | 1383 | 1480 | 1580
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D.1.4 H35 FM120 tanal Tables - Conservative

Table D36 is the conservative tfinal table to be used when the CHSS volume is indeterminate in Equation C42 or C43.

NOTE: The tfina values in this table are the most conservative tina values from Tables D1 through D23, accounting for
tfinal_min. In other words, if tinal_min > tfinal fOr the Vcuss of the table, this tina value is not considered because it would

not be utilized.

Table D36 - H35 FM120 tiinar - Conservative

MATc (°C)
(Tg;’ 40 | 38 | 36 | 34 | -32 | -30 | 28 | 26 | 24 | 22 | 20 | -18 | -16 | 14 | 12 | 10 | -8 | -6

50 163 163 163 163 163 163 199 282 419 538 705 841 997 | 1473 | 1699|2124 | 2409 | 2715

45 163 163 163 163 163 163 163 192 256 376 508 658 776 912 | 4301 |[1486 | 1687 | 2055

40 163 163 163 163 163 163 163 163 185 258 315 443 579 728 845 972 | 1325 | 1495

35 163 163 163 163 163 163 163 163 180 254 309 437 571 718 833 9568 | 1298 | 1462

30 163 163 163 163 163 163 163 163 163 192 271 381 453 583 721 830 947 | 1071

25 163 163 163 163 163 163 163 163 163 167 204 287 397 510 592 724 827 937

20 163 163 163 163 163 163 163 163 163 163 178 254 303 412 521 636 726 824

15 163 163 163 163 163 163 163 163 163 163 163 194 276 327 437 545 659 748

10 163 163 163 163 163 163 163 163 163 163 163 175 251 298 398 461 569 680

5 163 163 163 163 163 163 163 163 163 163 163 163 176 252 296 389 448 547

0 163 163 163 163 163 163 163 163 163 163 163 163 163 176 253 294 382 436

-5 163 163 163 163 163 163 163 163 163 163 163 163 163 172 249 290 377 | 432

-10 163 163 163 163 163 163 163 163 163 163 163 163 163 168 246 287 332 427

-15 163 163 163 163 163 163 163 163 163 1638 163 163 163 165 194 283 328 | 422

-20 163 163 163 163 163 163 163 163 163 163 163 163 163 163 189 279 324 | 418

-25 163 163 163 163 163 163 163 163 163 163 163 163 163 163 185 276 320 | 413

-30 163 163 163 163 163 163 163 163 163 163 163 163 163 163 181 272 316 | 409

-35 163 163 163 163 163 163 163 163 163 163 163 163 163 163 177 269 312 404

-40 163 163 163 163 163 163 163 163 163 163 163 163 163 163 173 265 308 | 400

(\-_}\' MATc (°C)

2:?“1‘)’ 4 | -2 OQ\’Q 4 6 8 | 10 | 12 | 14 | 16 | 18 | 20
50 3038 | 3370 ’§(:)‘ 4064 | 4488 | 5048 | 5619 | 6191 | 6758 | 7315 | 7855 | 8373 | 8937
45 2303 | 2565 \2ﬁ37 3118 | 3407 | 3702 | 4000 | 4306 | 4626 | 4963 | 5320 | 5692 | 6(82
4D 1678 | 1997\ 2214 | 2443 | 2682 | 2929 | 3179 | 3431 | 3687 | 3947 | 4212 | 4483 | 4163
3b 1639 [-1938 | 2143 | 2360 | 2587 | 2820 | 3055 | 3292 | 3532 | 3774 | 4018 | 4264 | 4%14
30 1406\ ~1566 | 1733 | 2015 | 2211 | 2416 | 2625 | 2838 | 3054 | 3272 | 3492 | 3711 | 3930
26 1054 | 1356 | 1503 | 1657 | 1816 | 2084 | 2269 | 2459 | 2654 | 2853 | 3054 | 3254 | 3454
2D 929 | 1037 | 1311 1447 | 1590 | 1738 | 1973 | 2142 | 2316 | 2496 | 2680 | 2864 | 349
1 5 : 844 944 1048 1306 1437 1573 1713 1855 2085 | 2250 2419 2590 | 2962
10 768 861 958 | 1058 | 1302 | 1427 | 1556 | 1688 | 1823 | 2034 | 2190 | 2348 | 2508
5 648 728 813 902 994 | 1087 | 1312 | 1428 | 1548 | 1672 | 1798 | 1986 | 2128
0 528 594 692 770 852 937 | 1024 | 1111 1318 | 1428 | 1541 | 1656 | 1773
-5 523 588 685 762 843 928 | 1013 | 1099 | 1300 | 1407 | 1518 | 1631 1746
-10 517 583 678 755 835 918 | 1003 | 1088 | 1282 | 1387 | 1496 | 1607 | 1719
-15 512 577 672 747 827 909 993 | 1078 | 1163 | 1368 | 1475 | 1584 | 1694
-20 507 571 665 740 818 900 983 | 1067 | 1151 | 1350 | 1455 | 1561 1669
-25 470 565 659 732 810 891 974 | 1057 | 1140 | 1332 | 1435 | 1539 | 1645
-30 465 560 652 725 802 883 964 | 1047 | 1129 | 1314 | 1415 | 1518 | 1622
-35 460 554 646 718 795 874 955 | 1036 | 1119 | 1297 | 1397 | 1498 | 1600
-40 455 549 640 711 787 866 946 | 1027 | 1108 | 1190 | 1379 | 1478 | 1578
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D.1.5 H35 FM60 or H70 FM60/FM90/FM300 tinal Tables - Option A

Tables D37 through D59 are the H35 FM60 or H70 FM60/FM90/FM300 tsnal tables for the application of Advanced Option A
in Equation C44.

Table D37 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - Vchss 248.6 L and 50 L < TVL < 200 L

MATc (°C)
(Tg; 40 | 38 | -36 | 34 | 32| 30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 188 246 350 520 773 | 1122 | 1596 | 2245 | 3190 | 4672 | 6805 | 8712 | 10212 | 11395 | 12380 | 13227 | 13971 | 14640

45 177 192 248 336 | 465 638 859 | 1131 | 1457 | 1838 | 2283 | 2804 | 3415 | 4116 | 4892 | 5720 | 6561 | 7383

40 177 177 197 250 325 428 56+ 723 15T 13411381 1655 t960—T2297 126637 3059 | 3488 | 3951

35 177 177 189 238 307 402 525 677 855 | 1057 | 1281 | 1529 | 1799 | 2089 | 2399/ 2726 | 3072 | 3436

30 177 177 177 204 254 323 413 526 659 812 982 | 1170 | 1374 | 1593.[v1824 || 2067 | 2322 | 2590

25 177 177 177 179 218 269 337 422 526 645 778 926 | 1088 | 1262, 171445 | 1637 | 1839 | 2050

20 177 177 177 177 191 231 283 349 430 524 632 751 882 | 1024 | 1174 || 1332 | 1498 | 1671

15 177 177 177 177 177 207 250 304 371 450 541 643 755 877 | 1007 || 1143 | 1287 | 1437

10 177 177 177 177 177 188 224 269 325 391 468 556 652 758 871 990 | 1116 | 1248

5 177 177 177 177 177 177 191 225 267 317 375 443 519 603 693 789 892 | 1000

0 177 177 177 177 177 177 177 193 225 264 309 362 422 489 562 641 725 814

-5 177 177 177 177 177 177 177 187 218 255 299 350 408 472 543 619 701 788

-10 177 177 177 177 177 177 177 182 212 248 289 338 394 456 525 599 678 762

-15 177 177 177 177 177 177 177 178 206 240 280 327 381 441 507 579 656 738

-20 177 177 177 177 177 177 177 177 200 233 271 316 368 427 | 491 560 635 715

-25 177 177 177 177 177 177 177 177 195 226 263 307 356 413 | 475 542 615 692

-30 177 177 177 177 177 177 177 177 190 220 255 297 345 400 | 460 525 596 671

-35 177 177 177 177 177 177 177 177 185, 214 248 288 334 387 | 445 508 577 650

-40 177 177 177 177 177 177 177 177 181 208 241 279 324 375 | 431 493 559 630

MATc (°C)

Tamb

o | 420
50 15269 | 15846 | 16357
45 8161 | 8889 | 9567
40 4438 | 4941 | 5456
35 3817 | 4206 | 4602
30 2867 | 3156 | 3451
25 2269 | 2495 | 2726
20 1851 | 2036 | 2226
15 | 1593 | 1753 | 1917
10 | 1386 | 1527 | 1671

5 1113 | 1230 | 1350

0O QNo. 41006 4107
\v AA~] TOUS o

-5 879 | 974 | 1072
-10 851 943 | 1038
-15 824 | 914 | 1006
-20 799 | 886 | 976
-25 774 | 859 | 947
-30 751 | 833 | 919
-35 728 | 808 | 892
-40 706 | 785 | 866
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Table D38 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 500 L and 50 L < TVL < 200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 191 232 | 287 | 364 | 518 741 | 1042 | 1433 | 1932 | 2565 | 3391 | 4481 | 5855 | 7356 | 8763 | 9993 | 11066 | 12028

45 177 183 | 217 | 270 | 357 | 479 644 | 853 | 1107 | 1403 | 1746 | 2140 | 2592 | 3112 | 3697 | 4349 | 5064 | 5819

40 177 177 177 | 218 | 273 350 453 | 584 | 744 | 930 | 1142 | 1380 | 1645 | 1938 | 2257 | 2602 | 2979 | 3388

35 177 177 177 | 21 264 336 434 | 557 | 709 | 885 | 1084 | 1305 | 1549 | 1813 | 2096 | 2397 | 2718 | 3058

30 177 177 177 188 229 283 357 450 566 701 855 | 1027 | 1217 | 1422 | 1640 | 1871 | 2115 | 2373

25 177 177 177 177 202 245 302 375 465 571 693 832 984 | 1149 | 1325 | 1512 | 1708 | 1915

20 177 177 177 177 182 216 262 319 391 476 575 687 812 949 | 1094 | 1249 | 1412 | 1584

15 177 177 177 177 17rf 196 230 269 349 417 oUT oJo [4AS) o4 950]| 1085 | 1228 | 1378

10 177 177 177 177 177 183 216 257 308 370 442 525 618 721 833 951 | 1077 | 1209

5 177 177 177 177 177 177 187 219 259 306 362 426 500 582 671 767 870 979

0 177 177 177 177 177 177 177 191 222 259 303 354 413 479 551 630 715 805

-5 177 177 177 177 177 177 177 187 218 254 296 346 403 467 538 614 697 785

-10 177 177 177 177 177 177 177 184 213 248 289 337 393 456 524 599 680 766

-15 177 177 177 177 177 177 177 180 209 243 283 329 383 444 511 584 663 747

-20 177 177 177 177 177 177 177 177 205 237 276 322 374 434 | 499 570 647 729

-25 177 177 177 177 177 177 177 177 201 232 270 314 365 423 | 487 556 632 712

-30 177 177 177 177 177 177 177 177 197 228 264 307 357 413 | 475 543 617 695

-35 177 177 177 177 177 177 177 177 193 223 258 300 348 403 | 464 530 602 679

-40 177 177 177 177 177 177 177 177 189 219 253 293 340 394 | 453 518 588 663

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 12890 13659 | 14373

45 6596 | 7363 | 8103
40 3828 | 4292 | 4777
35 3418 | 3791 | 4176
30 2644 | 2924 | 3214
25 2131 | 2354 | 2585
20 1763 | 1948 | 2139
15 1535 | 1696 | 1862
10 1348 | 1491 | 1639

5 1094 | 1213 | 1335

0 901 | 1001 | 1104
-5 878 976 | 1077
-10 857 952 | 1050
-15 836 929 | 1025
-20 816 907 | 1001
=25 797 886 978
-30 779 865 955
-35 761 846 933
-40 743 827 912
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Table D39 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 1000 L and 50 L < TVL < 200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 268 325 | 401 500 | 627 784 | 981 | 1311 | 1758 | 2317 | 3024 | 3939 | 5107 | 6464 | 7830 | 9079 | 10216 | 11226

45 211 246 | 289 | 343 | 410 | 490 | 624 813 | 1048 | 1327 | 1650 | 2021 | 2447 | 2932 | 3479 | 4091 | 4768 | 5494

40 177 | 200 | 230 | 265 | 306 364 | 458 577 | 725 | 900 | 1102 | 1331 | 1586 | 1870 | 2178 | 2512 | 2877 | 3274

35 177 191 219 | 252 | 290 353 | 442 556 | 697 | 862 | 1053 | 1266 | 1503 | 1760 | 2037 | 2331 | 2645 | 2980

30 177 177 190 217 253 305 373 460 568 695 842 | 1008 | 1192 | 1393 | 1607 | 1834 | 2076 | 2330

25 177 177 177 193 227 269 323 391 476 576 693 826 973 | 1135 | 1308 | 1492 | 1686 | 1891

20 177 177 177 177 206 241 285 340 408 | 489 583 691 812 945 | 1088 | 1241 | 1402 | 1573

15 177 177 177 177 192 225 2bU 307 36O 454 21O o0/ (V4 ozl 991 1084 | 1225 | 1374

10 177 177 177 177 179 207 240 281 330 390 459 539 630 730 839 956 | 1080 | 1212

5 177 177 177 177 177 184 211 244 282 328 383 445 517 597 684 778 880 988

0 177 177 177 177 177 177 188 215 246 283 326 376 433 408 569 646 729 819

-5 177 177 177 177 177 177 185 211 242 278 320 368 424 487 557 632 713 801

-10 177 177 177 177 177 177 182 208 238 273 314 361 416 477 545 618 698 783

-15 177 177 177 177 177 177 179 205 234 268 308 354 4Q7 467 533 605 683 767

-20 177 177 177 177 177 177 177 201 230 263 302 347 399 458 522 593 669 751

-25 177 177 177 177 177 177 177 198 227 259 296 341 391 448 512 581 655 735

-30 177 177 177 177 177 177 177 195 223 254 291 334 384 440 501 569 642 720

-35 177 177 177 177 177 177 177 192 219 250 286 328 376 431 491 557 629 705

-40 177 177 177 177 177 177 177 189 216 246 281 322 369 422 481 546 616 691

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 12144 12971 | 13723

45 6250 | 7004 | 7744
40 3701 | 4154 | 4630
35 3333 | 3702 | 4083
30 2598 | 2876 | 3164
25 2106 | 2328 | 2558
20 1751 | 1936 | 2126
15 1530 | 1691 | 1857
10 1350 | 1493 | 1640

5 1102 | 1220 | 1342

0 913 | 1013 | 1116
-5 893 990 | 1091
-10 874 968 | 1067
-15 855 948 | 1043
-20 837 927 | 1021
=25 826 908—T—1000
-30 803 889 979
-35 787 871 959
-40 771 854 940
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Table D40 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 1500 L and 50 L < TVL < 200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 366 | 433 | 521 634 | 777 | 958 | 1188 | 1487 | 1889 | 2430 | 3101 | 3808 | 4673 | 5859 | 7114 | 8330 | 9457 | 10481

45 286 328 | 377 | 436 | 508 593 694 | 848 | 1068 | 1329 | 1634 | 1986 | 2390 | 2849 | 3366 | 3943 | 4581 | 5270

40 234 | 265 | 300 | 340 | 384 | 436 514 | 626 | 765 | 930 | 1121 | 1339 | 1585 | 1857 | 2155 | 2479 | 2832 | 3216

35 223 | 253 | 286 | 323 | 365 | 414 499 | 606 | 738 | 895 | 1075 | 1280 | 1507 | 1756 | 2024 | 2311 | 2617 | 2944

30 195 220 248 279 313 366 431 514 616 736 876 | 1034 | 1211 | 1405 | 1613 | 1835 | 2070 | 2320

25 177 194 217 245 283 328 381 447 527 623 733 860 | 1002 | 1158 | 1326 | 1504 | 1695 | 1895

20 177 177 197 225 258 297 342 396 461 538 628 731 847 975 | 1114 | 1262 | 1419 | 1586

15 177 177 169 211 247 270 310 b4 4719 469 obZ 0971 90 ob’l 98727 1111 | 1248 | 1394

10 177 177 177 199 226 258 294 336 385 | 442 508 585 672 768 873 986 | 1108 | 1236

5 177 177 177 179 203 230 261 296 336 381 433 493 562 639 723 814 913 | 1018

0 177 177 177 177 183 206 233 263 297 335 377 425 480 542 611 685 766 853

-5 177 177 177 177 180 203 230 259 293 330 371 418 472 532 599 672 751 836

-10 177 177 177 177 178 200 226 256 288 325 365 411 463 523 588 659 736 819

-15 177 177 177 177 177 198 223 252 284 320 360 404 465 513 577 647 722 803

-20 177 177 177 177 177 195 220 248 280 315 354 398 448 504 567 635 709 788

-25 177 177 177 177 177 192 217 245 276 310 348 391 440 496 557 623 696 773

-30 177 177 177 177 177 190 214 241 272 306 343 385 433 487 547 612 683 759

-35 177 177 177 177 177 187 211 238 268 301 338 379 426 479 537 601 670 745

-40 177 177 177 177 177 185 208 234 264 297 333 373 419 471 528 591 658 731

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 11429 12286 | 13076

45 | 5992 | 6723 | 7446
40 3631 | 4071 | 4535
35 3291 | 3653 | 4028
30 2584 | 2858 | 3143
25 2107 | 2326 | 2554
20 1762 | 1944 | 2132
15 1547 | 1705 | 1870
10 1372 | 1512 | 1657

5 1129 | 1245 | 1366

0 945 | 1043 | 1144
-5 926 | 1021 | 1120
-10 908 | 1000 | 1097
-15 890 980 | 1074
-20 872 961 | 1053
=25 856 9421032
-30 840 924 | 1012
-35 824 907 993
-40 809 890 975
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Table D41 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 2000 L and 50 L = TVL < 200 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | -32 | -30 | -28 | -26 | 24 | -22 | -20 | -18 | -16 | -14 | 12 | -10 | -8 -6
50 426 493 577 683 817 985 1198 | 1473 | 1837 | 2325 | 2943 | 3628 | 4376 | 5466 | 6659 | 7857 | 8991 | 10044
45 337 382 433 491 559 641 736 890 | 1094 | 1340 | 1628 | 1961 | 2345 | 2782 | 3275 | 3826 | 4437 | 5103
40 276 310 348 391 437 488 573 679 811 966 | 1147 | 1356 | 1591 | 1853 | 2140 | 2454 | 2797 | 3170
35 264 296 333 373 417 478 559 661 786 934 | 1106 | 1301 | 1519 | 1759 | 2019 | 2298 | 2597 | 2917
30 232 259 289 323 371 427 492 572 669 784 916 | 1068 | 1238 | 1425 | 1626 | 1842 | 2072 | 2317
25 205 229 259 295 337 385 441 506 583 675 781 901 | 1037 | 1188 | 1351 | 1525 | 1710 | 1907
20 189 212 240 272 309 351 399 454 518 592 679 778 889 | 1012 | 1146 | 1290 | 1444 | 1608
15 180 201 226 299 2069 321 STAl 420 arf o4 [SXS) /700 96 903 | 10197]| 1144 | 1279 | 1421
10 177 191 213 240 271 306 346 391 441 498 562 636 720 813 9157 1025 | 1143 | 1268
5 177 177 194 217 243 273 308 346 389 436 488 546 612 687 769 857 953 | 1055
0 177 177 177 197 220 246 276 309 346 386 430 479 532 592 659 731 810 895
-5 177 177 177 195 217 243 272 305 341 381 424 472 524 583 648 719 796 878
-10 177 177 177 193 215 240 268 301 337 376 418 465 517 574 638 707 782 863
-15 177 177 177 190 212 237 265 297 332 371 413 459 509 565 627 695 769 848
-20 177 177 177 188 209 234 261 293 328 366 407 452 502 557 618 684 756 833
-25 177 177 177 186 207 231 258 289 323 361 402 446, 495 549 608 673 744 819
-30 177 177 177 184 204 228 255 285 319 356 396 440 488 541 599 662 732 806
-35 177 177 177 182 202 225 252 281 315 351 391 434 481 533 590 652 720 793
-40 177 177 177 180 200 222 248 278 311 347 386 428 475 525 581 642 708 780

MATc €C)
-l;amb -4 N’
(°C)
50 11012 11890 12708
45 | 5807 | 6527 | 7246
40 3575 | 4007 | 4462
35 3258 | 3614 | 3985
30 2576 | 2847 | 3128
25 2115 | 2331 | 2556
20 1780 | 1959 | 2145
15 1571 1727 | 1889
10 1401 1539 | 1682
5 1164 | 1278 | 1397
0 985 | 1080 | 1180
-5 967 | 1059 | 1156
-10 949 | 1040 | 1134
-15 932 | 1021 1113
-20 916 | 1002 | 1093
=25 966 985—T—1073
-30 885 968 | 1054
-35 870 951 1036
-40 856 935 | 1018
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Table D42 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 2500 L and 50 L < TVL < 200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 483 553 | 635 | 738 | 867 | 1028 | 1231 | 1492 | 1835 | 2289 | 2869 | 3531 | 4228 | 5256 | 6403 | 7577 | 8717 | 9781

45 382 | 431 485 | 546 | 614 692 | 784 | 941 | 1137 | 1372 | 1647 | 1968 | 2338 | 2760 | 3236 | 3770 | 4364 | 5013

40 313 350 | 391 437 | 486 547 | 632 736 | 862 | 1012 | 1187 | 1387 | 1615 | 1869 | 2149 | 2455 | 2790 | 3156

35 300 335 | 374 | 417 | 468 537 | 619 | 718 | 839 | 982 | 1147 | 1335 | 1546 | 1780 | 2033 | 2306 | 2599 | 2914

30 263 292 326 371 423 482 550 630 724 835 963 | 1110 | 1274 | 1456 | 1653 | 1863 | 2089 | 2330

25 237 266 300 340 385 437 496 562 639 728 830 948 | 1080 | 1226 | 1384 | 1554 | 1736 | 1930

20 222 248 278 313 353 399 450 508 573 646 730 826 934 | 1055 | 1185 | 1326 | 1476 | 1637

15 211 234 2bZ 294 33571 312 4719 LY4 23U 290 ob/ 30 o44 946 | 1001 1183 | 1314 | 1454

10 200 222 248 277 310 348 391 439 493 551 615 687 769 860 9597] 1066 | 1181 | 1304

5 184 203 225 250 279 312 348 390 435 | 485 539 598 663 735 815 901 995 | 1095

0 177 186 206 228 252 280 312 348 388 | 431 478 528 582 642 706 777 854 937

-5 177 184 203 225 250 277 308 344 383 | 426 471 521 575 633 696 765 840 922

-10 177 182 201 223 247 274 305 339 378 | 420 465 514 567 624 686 754 827 907

-15 177 180 199 220 244 271 301 335 373 | 415 459 508 569 616 676 742 814 892

-20 177 179 197 218 241 268 297 331 369 | 409 454 501 5562 608 667 731 802 878

-25 177 177 195 215 238 264 294 327 364 | 404 448 495 545 599 658 721 790 864

-30 177 177 193 213 236 261 290 323 359 399 442 488 538 592 649 711 778 851

-35 177 177 191 211 233 258 287 319 355 394 437 482 531 584 640 701 767 838

-40 177 177 189 209 231 255 283 315 351 389 431 476 524 576 632 691 756 826

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 10760 11658 | 12489

45 | 5705 | 6415 | 7129
40 .| 3553 | 3977 | 4426
351 3249 | 3600 | 3967
30 | 2585 | 2851 | 3130
25 | 2134 | 2347 | 2569
20 | 1806 | 1983 | 2166
15 | 1602 | 1756 | 1915
10 | 1435 | 1570 | 1711

5 1202 | 1314 | 1431

0 1026 | 1119 | 1217
-5 1008 | 1099 | 1195
-10 991 | 1080 | 1173
-15 975 | 1062 | 1152
-20 959 | 1044 | 1132
=25 A —T—1027 113
-30 929 | 1010 | 1095
-35 914 | 994 | 1077
-40 900 | 979 | 1060
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Table D43 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 3000 L and 50 L < TVL < 200 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 535 608 692 792 916 | 1069 | 1262 | 1507 | 1825 | 2243 | 2776 | 3401 | 4037 | 4980 | 6051 | 7180 | 8300 | 9366
45 423 475 532 596 665 743 838 989 | 1176 | 1400 | 1662 | 1969 | 2321 | 2724 | 3180 | 3691 | 4261 | 4887
40 346 385 429 478 530 602 688 789 911 | 1056 | 1224 | 1417 | 1636 | 1882 | 2153 | 2450 | 2775 | 3131
35 332 369 411 457 519 592 675 773 889 | 1027 | 1186 | 1368 | 1572 | 1798 | 2044 | 2310 | 2596 | 2903
30 292 325 367 415 470 533 604 684 777 884 | 1009 | 1151 | 1310 | 1486 | 1677 | 1883 | 2104 | 2340
25 270 301 338 380 429 484 545 615 692 779 879 993 | 1121 | 1263 | 1418 | 1584 | 1762 | 1952
20 252 280 313 350 393 442 496 557 625 699 781 874 980 | 1097 | 1224 | 1361 | 1509 | 1666
15 239 265 299 S1610) ${5}°) 4135 403 [Nk [SY4%) 046 19 1510]0) SicK| 992 1105 1223 | 1351 1488
10 228 252 279 311 346 387 433 483 539 600 666 738 817 906 | 1003/ 1108 | 1221 | 1342
5 209 230 254 281 312 346 385 429 477 530 586 647 712 784 861 946 | 1038 | 1136
0 192 211 232 255 282 312 346 384 426 471 521 573 629 690 755 823 899 980
-5 190 209 229 253 279 309 342 379 420 466 514 566 622 681 745 812 885 965
-10 188 207 227 250 276 305 338 375 415 460 508 559 614 672 735 801 873 951
-15 186 205 225 248 273 302 334 370 411 454 502 552 606 664 725 790 861 937
-20 185 203 223 245 270 298 330 366 406 449 496 546 599 656 716 780 849 923
-25 183 201 220 243 267 295 327 362 401 444 490 539 592 648 707 770 837 910
-30 181 199 218 240 265 292 323 358 396 438 484 533 585 640 698 760 826 897
-35 180 197 216 238 262 289 319 353 391 433 478 526 578 632 690 751 815 885
-40 178 195 214 235 259 286 316 349 387 428 472 520 571 625 681 741 805 873

MATc (CC)
-l;amb -4 N’
(¢C)
50 10360 11278 12127
45 5567 | 6252 | 6957
40 3519 | 3933 | 4373
35 3232 | 3577 | 3939
30 2590 | 2853 | 3127
25 2153 | 2363 | 2582
20 1833 | 2007 | 2188
15 1633 | 1785 | 1942
10 1470 | 1603 | 1743
5 1242 | 1352 | 1467
0 1068 | 1160 | 1256
-5 1051 | 1140 | 1235
-10 1034 | 1122 | 1214
-15 1018 | 1104 | 1194
-20 1003 | 1087 | 1174
=25 98810701156
-30 974 | 1054 | 1138
-35 960 | 1038 | 1120
-40 946 | 1023 | 1104
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Table D44 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - VcHss 5000 L and 50 L < TVL < 200 L

MATc (°C)
-(ragl)’ -40 | -38 | -36 | -34 | -32 | -30 | -28 | -26 | 24 | -22 | -20 | -18 | -16 | -14 | 12 | -10 | -8 -6
50 727 817 916 | 1026 | 1149 | 1290 | 1464 | 1684 | 1960 | 2311 | 2754 | 3283 | 3855 | 4614 | 5526 | 6527 | 7571 | 8606
45 569 632 702 779 861 948 | 1070 | 1214 | 1383 | 1585 | 1821 | 2095 | 2411 | 2773 | 3182 | 3641 | 4156 | 4728
40 463 510 566 634 713 801 899 | 1007 | 1128 | 1264 | 1416 | 1593 | 1794 | 2020 | 2269 | 2543 | 2844 | 3176
35 449 499 558 626 702 788 884 989 | 1106 | 1236 | 1381 | 1547 | 1734 | 1942 | 2169 | 2415 | 2683 | 2971
30 415 460 511 570 637 711 794 886 986 | 1094 | 1213 | 1343 | 1489 | 1652 | 1830 | 2021 | 2228 | 2450
25 385 426 471 523 581 646 719 800 888 982 | 1083 | 1192 | 1311 | 1442 | 1585 | 1741 | 1908 | 2087
20 359 395 436 482 533 591 656 727 805 889 978 | 1073 | 1174 | 1285 | 1402 | 1530 | 1669 | 1817
15 341 374 4711 493 [$100) 003 SN 4 Y44 46 029 907 993 [ 1085 | 1183 | 12887] 1398 | 1518 | 1647
10 324 354 389 428 471 519 572 632 697 768 844 923 | 1008 | 1097 | 11907 1289 | 1394 | 1507
5 296 323 353 386 424 465 511 561 618 679 744 814 888 966~|V1046 || 1130 | 1219 | 1312
0 271 295 322 351 383 419 459 503 551 604 661 723 788 867 929 || 1002 | 1079 | 1159
-5 269 292 319 348 380 415 454 497 545 597 654 714 779 847 918 990 | 1066 | 1144
-10 266 290 316 345 376 411 450 492 539 591 646 706 770 837 907 978 | 1053 | 1130
-15 264 287 313 342 373 407 445 487 534 584 639 698 761 828 896 967 | 1040 | 1116
-20 262 285 310 338 369 403 441 482 528 578 632 690 752 818 886 956 | 1028 | 1102
-25 260 283 308 335 366 399 436 477 522 572 625 683 744 809 876 945 | 1016 | 1089
-30 258 280 305 332 363 396 432 472 517 566 618 675 736 799 866 934 | 1004 | 1076
-35 255 278 302 329 359 392 428 468 512 559 611 667 727 790 856 923 993 | 1064
-40 253 275 300 327 356 388 424 463 506 554 605 660 719 782 846 913 981 | 1052
MATc €C)

-l;amb -4 N’

(°C)

50 9603wy 10540 | 11414

45 5348 | 6002 | 6676

40 3537 | 3925 | 4340

35 3281 | 3608 | 3953

30 2687 | 2937 | 3200

25 2277 | 2477 | 2687

20 1975 | 2140 | 2314

15 1785 | 1929 | 2080

10 1629 | 1756 | 1889

5 1410 | 1514 | 1624

0 1243 | 1331 | 1421

-5 1227 | 1312 | 1401

-10 1211 | 1294 | 1381

-15 1195 | 1277 | 1362

-20 1180 | 1260 | 1344

=25 66— t244—T1326

-30 1151 | 1229 | 1309

-35 1138 | 1214 | 1292

-40 1124 | 1199 | 1276
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Table D45 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 248.6 L and 200 L < TVL <350 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 189 256 377 585 903 1360 | 2013 | 3001 | 4770 | 7977 | 10501 12166 | 13436 | 14481 15363 | 16154 | 16858 | 17511

45 177 198 | 262 364 | 518 730 | 1003 | 1343 | 1756 | 2247 | 2828 | 3523 | 4342 | 5284 | 6305 | 7331 | 8302 | 9204

40 177 177 | 205 | 265 | 354 476 | 635 | 832 | 1065 | 1332 | 1633 | 1970 | 2345 | 2761 | 3214 | 3703 | 4232 | 4790

35 177 177 197 | 252 333 445 | 592 774 | 989 | 1233 | 1504 | 1803 | 2129 | 2480 | 2852 | 3245 | 3660 | 4094

30 177 177 177 214 272 353 459 593 752 935 | 1138 | 1362 | 1605 | 1865 | 2139 | 2427 | 2729 | 3044

25 177 177 177 187 230 290 370 471 593 734 892 | 1068 | 1259 | 1464 | 1680 | 1905 | 2142 | 2388

20 177 177 177 177 201 246 307 385 480 592 718 859 | 1014 | 1180 | 1356 | 1541 | 1734 | 1936

15 177 177 177 177 162 220 2bY 333 4711 oUd 611 37 863 | 1005 | 1157|| 1316 | 1483 | 1657

10 177 177 177 177 177 198 239 292 357 | 435 526 628 742 865 997/ 1136 | 1283 | 1435

5 177 177 177 177 177 177 202 241 290 348 417 496 585 683 789 901 | 1020 | 1145

0 177 177 177 177 177 177 177 205 242 287 340 402 472 561 636 727 825 929

-5 177 177 177 177 177 177 177 199 235 277 328 388 455 531 613 702 797 897

-10 177 177 177 177 177 177 177 193 227 268 317 374 439 512 592 678 770 867

-15 177 177 177 177 177 177 177 188 220 260 306 361 424 494 571 655 744 838

-20 177 177 177 177 177 177 177 183 214 251 296 349 409 477 552 633 719 811

-25 177 177 177 177 177 177 177 178 208 244 287 337 395 461 533 611 695 785

-30 177 177 177 177 177 177 177 177 202 237 278 326 382 446 515 591 673 760

-35 177 177 177 177 177 177 177 177 197 230 269 316 369 431 498 572 651 736

-40 177 177 177 177 177 177 177 177 191 223 201 305 357 417 | 482 553 630 712

MATc €C)

Tamb

o -4 -2 0
(¢C)

50 1810w 18662 | 19181
45 10039 | 10813 | 11524

40 5381 | 5978 | 6579
35 4541 | 4995 | 5454
30 3372 | 3707 | 4051
25 2644 | 2907 | 3175
20 2145 | 2359 | 2578
15 1838 | 2023 | 2212
10 1594 | 1757 | 1923

5 1276 | 1411 | 1549

0 1038 | 1151 | 1267
-5 1003 | 1112 | 1225
-10 970 | 1076 | 1185
-15 938 | 1041 | 1148
-20 908 | 1008 | 1111
=25 879 ST7T—T—107T
-30 851 946 | 1044
-35 825 917 | 1013
-40 799 889 982
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Table D46 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - Vchss 500 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 190 230 286 419 645 991 1486 | 2167 | 3111 | 4448 | 6438 | 9012 | 11407 | 13294 | 14838 | 16145 | 17282 | 18291
45 177 182 226 302 422 603 853 | 1177 | 1580 | 2060 | 2627 | 3294 | 4074 | 4977 | 5993 | 7085 | 8224 | 9346
40 177 177 189 240 314 423 574 771 | 1013 | 1299 | 1626 | 1997 | 2412 | 2873 | 3377 | 3926 | 4521 | 5161
35 177 177 185 232 303 405 547 733 962 | 1229 | 1532 | 1871 | 2243 | 2648 | 3080 | 3538 | 4024 | 4536
30 177 177 177 205 258 334 440 578 751 954 | 1185 | 1444 | 1729 | 2036 | 2362 | 2707 | 3070 | 3451
25 177 177 177 184 226 284 365 471 604 763 946 | 1151 | 1377 | 1623 | 1883 | 2158 | 2447 | 2749
20 177 177 177 177 201 248 311 394 499 626 772 939 | 1123 | 1325 | 1539 | 1766 | 2004 | 2254
15 177 177 177 177 189 229 207 SLY4 430 o4 bbb oUY 9o/ 147 1321 1524 | 1731 1948
10 177 177 177 177 177 206 251 309 383 474 580 703 841 992 | 11654 1328 | 1511 | 1702
5 177 177 177 177 177 180 214 259 315 384 466 561 670 791 921 | 1061 | 1210 | 1368
0 177 177 177 177 177 177 188 222 266 319 383 459 545 642 749 863 986 | 1117
-5 177 177 177 177 177 177 184 218 260 311 373 447 531 625 729 841 961 | 1088
-10 177 177 177 177 177 177 181 213 254 304 364 435 517 609 710 819 936 | 1061
-15 177 177 177 177 177 177 177 209 248 297 355 424 504 593 692 799 913 | 1034
-20 177 177 177 177 177 177 177 205 243 290 346 413 491 578 674 778 890 | 1009
-25 177 177 177 177 177 177 177 201 238 283 338 403 478 564 657 759 868 984
-30 177 177 177 177 177 177 177 197 233 277 330 393 466 549 641 740 847 960
-35 177 177 177 177 177 177 177 193 228 271 322 384 455 536 625 722 826 937
-40 177 177 177 177 177 177 177 190 224 265 315 374 444 523 610 705 807 915

MATc Q)
-l;amb -4
(¢C)
50 19214 20074 | 20835
45 | 10427 | 11427 | 12372
40 5844 | 6548 | 7268
35 5070 | 5617 | 6173
30 3849 | 4259 | 4679
25 3065 | 3389 | 3722
20 2514 | 2781 | 3055
15 2174 | 2406 | 2644
10 1902 | 2106 | 2316
5 1533 | 1704 | 1880
0 1256 | 1399 | 1548
-5 1223 | 1363 | 1507
-10 1192 | 1328 | 1468
-15 1162 | 1295 | 1431
-20 1134 | 1263 | 1396
=25 +106—T—1232 1362
-30 1080 | 1203 | 1330
-35 1054 | 1175 | 1299
-40 1029 | 1148 | 1269



https://saenorm.com/api/?name=88d4a35d80f03703ef5ccbad572cb4fb

SAE INTERNATIONAL

J2601™-5 FEB2025

Page 183 of 253

Table D47 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 1000 L and 200 L < TVL <350 L

MATc (°C)
-(ragl)’ -40 | -38 | -36 | -34 | -32 | 30 | -28 | -26 | -24 | 22 | -=20 | -18 | <16 | 14 | -12 | -10 -8 -6
50 268 324 400 499 625 806 | 1174 | 1675 | 2328 | 3165 | 4252 | 5693 | 7509 | 9480 | 11314 | 12944 | 14380 | 15660
45 211 246 288 343 409 543 744 | 1011 | 1348 | 1752 | 2225 | 2774 | 3408 | 4136 | 4960 | 5876 | 6869 | 7907
40 177 200 229 264 318 409 535 702 913 | 1165 | 1458 | 1792 | 2166 | 2581 | 3035 | 3530 | 4068 | 4653
35 177 191 219 251 311 398 518 678 879 | 1118 | 1394 | 1705 | 2049 | 2425 | 2827 | 3256 | 3713 | 4197
30 177 | 177 | 190 | 225 | 274 | 341 433 | 554 | 707 | 891 | 1104 | 1346 | 1613 | 1905 | 2217 | 2546 | 2896 | 3264
25 177 | 177 | 177 | 205 | 245 | 299 371 | 466 | 586 | 731 | 900 | 1093 | 1308 | 1543 | 1795 | 2061 | 2343 | 2638
20 177 | 177 | 177 | 188 | 223 | 267 325 | 400 | 496 | 613 | 750 | 907 | 1083 | 1277 | 1486 | 1707 | 1941 | 2187
15 177 177 177 177 200 240 290 $1510) 447 o471 0o/ 192 940 113 1294 1487 1692 1907
10 177 | 177 | 177 | 177 | 195 | 229 272 | 327 | 396 | 481 | 582 | 699 | 832 | 979 | 1138/ 1308 | 1488 | 1679
5 177 | 177 | 177 | 177 | 177 | 203 238 | 280 | 334 | 400 | 478 | 569 | 674 | 791V 919 | 1057 | 1205 | 1362
0 177 | 177 | 177 | 177 | 177 | 182 211 | 246 | 288 | 340 | 402 | 474 | 558 | 663,) 757 870 | 992 | 1123
-5 177 | 177 | 177 | 177 | 177 | 180 208 | 242 | 283 | 334 | 394 | 465 | 547 | 640 | 742 852 | 972 | 1099
-10 177 | 177 | 177 | 177 | 177 | 177 205 | 239 | 279 | 328 | 387 | 456 | 537V]) 627 | 727| 835 | 952 | 1077
-15 | 177 | 177 | 177 | 477 | 177 | 177 202 | 235 | 274 | 323 | 380 | 448 |.526 615 | 713 819 | 933 | 1055
-20 177 | 177 | 177 | 177 | 177 | 177 200 | 232 | 270 | 317 | 373 | 4400}-516 | 603 | 699 803 | 915 | 1034
=25 | 177 | 77 | 177 | 477 | 177 | 177 197 | 229 | 266 | 312 | 367 | 431/ 506 | 591 | 685| 787 | 897 | 1014
-30 177 | 177 | 177 | 177 | 177 | 177 194 | 225 | 262 | 307 | 360 |~424 | 497 | 580 | 672 772 | 880 | 994
=35 | 177 | 177 | 177 | 177 | 177 | 177 192 | 222 | 258 | 302 | 354 | 416 | 488 | 569 | 659 757 | 863 | 975
-40 177 | 177 | 177 | 177 | 177 | 177 189 | 219 | 255 | 297 |\348 | 409 | 479 | 559 | 647 | 743 | 847 | 957
MATc C)

-l;amb -4 N’

(C)

50 16810 17850 18804

45 8964 | 9993 | 10975

40 | 5281 | 5941 | 6627

35 4707 | 5235 | 5778

30 | 3650 | 4051 | 4464

25 | 2948 | 3269 | 3599

20 | 2445 | 2710 | 2984

15 | 2132 | 2364 | 2603

10 1879 | 2084 | 2295

5 1527 | 1699 | 1876

0 1261 | 1405 | 1555

-5 1234 | 1375 | 1521

-10 | 1209 | 1346 | 1488

-15 | 1184 | 1318 | 1457

-20 | 1161 | 1292 | 1427

=25 +138—T1266—T1399

-30 | 1116 | 1242 | 1371

-35 | 1094 | 1218 | 1345

-40 | 1074 | 1195 | 1319
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Table D48 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 1500 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | -32 | -30 | -28 | -26 | 24 | -22 | -20 | -18 | -16 | -14 | 12 | -10 | -8 -6
50 366 433 520 633 777 957 | 1187 | 1551 | 2102 | 2789 | 3642 | 4711 | 6038 | 7592 | 9252 | 10859 | 12359 | 13739
45 286 327 376 436 507 592 765 | 1002 | 1303 | 1665 | 2091 | 2584 | 3150 | 3795 | 4520 | 5326 | 6208 | 7157
40 233 265 300 339 384 465 580 731 922 | 1153 | 1423 | 1733 | 2082 | 2471 | 2896 | 3358 | 3864 | 4412
35 222 252 285 323 372 455 566 711 894 | 1114 | 1370 | 1662 | 1986 | 2342 | 2725 | 3134 | 3571 | 4036
30 195 219 247 283 334 400 486 598 739 909 | 1109 | 1336 | 1590 | 1869 | 2168 | 2486 | 2824 | 3183
25 177 193 223 260 304 358 427 516 628 763 921 | 1103 | 1308 | 1533 | 1776 | 2034 | 2309 | 2599
20 177 181 207 240 279 325 382 454 544 654 782 931 | 1099 | 1285 | 1486 | 1701 | 1930 | 2171
15 177 177 190 220 2071 303 393 4715 495 260 bJo o4 oY | 1131 T306 || 1494 | 1694 | 1906
10 177 177 186 213 246 283 329 383 449 530 626 737 863 | 1004 | 1158/ 1324 | 1501 | 1688
5 177 177 177 194 221 254 291 336 388 451 526 613 713 826 949 || 1083 | 1228 | 1382
0 177 177 177 177 201 229 261 299 342 392 452 522 602 693 793 903 | 1022 | 1150
-5 177 177 177 177 198 226 258 295 338 387 445 514 592 682 780 887 | 1004 | 1129
-10 177 177 177 177 196 224 255 291 334 382 439 506 583 670 767 872 986 | 1109
-15 177 177 177 177 194 221 252 288 329 377 433 498 574 660 754 857 969 | 1089
-20 177 177 177 177 192 219 249 285 325 372 427 491 565 649 742 843 953 | 1071
-25 177 177 177 177 190 216 246 281 321 367 421 484 556 639 730 829 937 | 1052
-30 177 177 177 177 188 214 244 278 317 363 415 477 548 629 718 815 921 | 1035
-35 177 177 177 177 186 212 241 275 314 358 409 470 539 619 707 802 906 | 1017
-40 177 177 177 177 184 209 238 272 310 354 404 463 531 609 695 789 891 | 1001

MATc €C)
-l;amb -4
(°C)
50 149960 16144 | 17202
45 8143 | 9134 | 10105
40 5004 | 5628 | 6280
35 4527 | 5038 | 5567
30 3559 | 3951 | 4357
25 2903 | 3218 | 3544
20 2425 | 2688 | 2959
15 2128 | 2357 | 2595
10 1885 | 2089 | 2299
5 1545 | 1714 | 1890
0 1286 | 1429 | 1577
-5 1262 | 1401 1546
-10 1239 | 1375 | 1516
-15 1217 | 1350 | 1488
-20 1196 | 1326 | 1461
=25 751362 1434
-30 1155 | 1280 | 1409
-35 1135 | 1258 | 1385
-40 1116 | 1237 | 1361
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Table D49 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 2000 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 426 493 576 683 817 985 | 1199 | 1529 | 2030 | 2656 | 3428 | 4383 | 5562 | 6968 | 8513 | 10077 | 11580 | 12981
45 336 381 432 491 559 650 815 | 1034 | 1312 | 1651 | 2051 | 2516 | 3051 | 3661 | 4346 | 5110 | 5953 | 6864
40 276 310 348 390 446 530 640 782 961 | 1178 | 1433 | 1728 | 2062 | 2435 | 2844 | 3292 | 3781 | 4313
35 264 296 332 374 439 520 627 764 936 | 1143 | 1386 | 1664 | 1976 | 2319 | 2690 | 3088 | 3515 | 3970
30 231 258 295 342 398 465 549 657 790 951 | 1140 | 1357 | 1601 | 1871 | 2161 | 2472 | 2803 | 3154
25 210 239 274 315 364 421 491 577 684 812 963 | 1137 | 1333 | 1551 | 1787 | 2039 | 2308 | 2592
20 198 224 255 291 335 385 445 516 603 707 830 972 | 1134 | 1314 | 1509 | 1719 | 1942 | 2180
15 189 213 247 219 3190 ${510) 414 arf [S1eV4 o4’z 46 [STAl 1070 1106 1330 1519 | 1715 1923
10 181 203 229 260 296 338 387 444 510 588 680 787 908 | 1045 | 1194/| 1355 | 1528 | 1712
5 177 187 210 236 268 304 345 393 447 510 582 666 763 872 992 || 1122 | 1263 | 1414
0 177 177 193 216 243 274 311 352 398 450 509 576 654 743 840 947 | 1063 | 1188
-5 177 177 191 214 241 272 307 348 394 445 503 569 646 732 828 932 | 1046 | 1168
-10 177 177 189 212 239 269 304 344 389 440 497 562 637 722 816 918 | 1030 | 1150
-15 177 177 188 210 236 266 301 341 385 435 491 555 629 712 804 905 | 1014 | 1131
-20 177 177 186 208 234 264 298 337 381 430 486 548 620 702 793 891 999 | 1114
-25 177 177 184 207 232 261 295 334 377 426 480 541 612 693 782 879 984 | 1097
-30 177 177 183 205 230 259 292 330 373 421 475 535 605 684 771 866 969 | 1080
-35 177 177 181 203 228 256 289 327 369 416 469 529 597 675 760 854 955 | 1064
-40 177 177 180 201 226 254 286 324 365 412 464 522 590 666 750 842 942 | 1049

MATc Q)
-l;amb -4 N’
(¢C)
50 | 142800 15471 | 16569
45 7849 | 8794 | 9760
40 4888 | 5497 | 6139
35 4452 | 4955 | 5476
30 3526 | 3912 | 4314
25 2892 | 3204 | 3528
20 2430 | 2690 | 2959
15 2142 | 2369 | 2604
10 1906 | 2107 | 2315
5 1574 | 1741 | 1915
0 1321 | 1462 | 1608
-5 1299 | 1436 | 1579
-10 1277 | 1411 | 1551
-15 1257 | 1388 | 1524
-20 1237 | 1365 | 1498
=25 27T t343—TH47S
-30 1198 | 1322 | 1450
-35 1180 | 1301 | 1426
-40 1162 | 1281 | 1404
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Table D50 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 2500 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 483 552 635 738 867 | 1028 | 1231 | 1549 | 2020 | 2608 | 3333 | 4227 | 5324 | 6639 | 8110 | 9637 | 11131 | 12545
45 382 430 484 545 613 714 874 | 1082 | 1347 | 1669 | 2052 | 2498 | 3012 | 3600 | 4261 | 4998 | 5815 | 6701
40 312 349 391 436 507 593 701 839 | 1011 | 1218 | 1463 | 1747 | 2070 | 2432 | 2831 | 3267 | 3745 | 4266
35 299 334 374 431 500 584 688 822 987 | 1186 | 1419 | 1687 | 1990 | 2324 | 2686 | 3076 | 3494 | 3942
30 265 301 344 395 455 526 611 716 | 845 | 1001 | 1182 | 1392 | 1629 | 1891 | 2175 | 2479 | 2804 | 3151
25 248 281 319 364 417 479 551 636 740 865 | 1011 | 1179 | 1369 | 1582 | 1812 | 2059 | 2323 | 2603
20 234 263 297 337 384 439 502 574 660 762 881 | 1019 | 1176 | 1351 | 1541 | 1746 | 1966 | 2200
15 223 250 2071 S1Y SbZ 4711 408 054 610 oY/ ol 920 [ 1056 1207 1375 1552 1744 1949
10 213 238 267 302 341 387 439 498 566 644 733 838 956 | 1089 | 12357/ 1392 | 1562 | 1742
5 197 219 245 274 308 348 393 443 501 565 636 719 813 919~V1036 || 1164 | 1302 | 1450
0 182 202 225 251 280 314 353 398 447 502 562 629 705 792 887 992 | 1105 | 1228
-5 181 201 223 249 278 312 350 394 443 497 556 622 697 782 875 978 | 1089 | 1209
-10 180 199 221 246 275 309 347 390 438 492 550 616 689 772 864 964 | 1074 | 1191
-15 178 197 219 244 273 306 343 386 434 487 544 609 681 762 853 951 | 1059 | 1174
-20 177 196 218 242 271 303 340 382 430 482 539 602 673 753 842 939 | 1044 | 1157
-25 177 195 216 240 268 300 337 379 425 477 533 596 665 744 831 926 | 1030 | 1141
-30 177 193 214 238 266 298 334 375 421 472 528 590 658 735 821 914 | 1016 | 1125
-35 177 192 212 236 264 295 331 371 417 467 522 583 651 727 811 903 | 1002 | 1110
-40 177 190 211 234 261 292 328 368 413 463 517 577 644 718 801 891 989 | 1094

MATc (CC)
-l;amb -4 N’
(¢C)
50 13851 15069 16186
45 7639 | 8598 | 9558
40 4829 | 5429 | 6061
35 4417 | 4914 | 5430
30 3517 | 3899 | 4297
25 2899 | 3207 | 3528
20 2447 | 2703 | 2970
15 2165 | 2389 | 2621
10 1934 | 2133 | 2339
5 1607 | 1772 | 1944
0 1359 | 1497 | 1642
-5 1338 | 1472 | 1614
-10 1317 | 1449 | 1586
-15 1297 | 1426 | 1561
-20 1278 | 1404 | 1536
=25 1259138311512
-30 1241 | 1362 | 1488
-35 1223 | 1342 | 1466
-40 1206 | 1323 | 1444
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Table D51 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 3000 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 534 607 691 791 916 | 1065 | 1258 | 1560 | 1996 | 2539 | 3205 | 4020 | 5014 | 6203 | 7553 | 8995 | 10450 | 11859
45 422 474 532 595 664 773 927 | 1126 | 1376 | 1680 | 2042 | 2466 | 2954 | 3512 | 4140 | 4841 | 5619 | 6468
40 346 385 429 488 563 651 758 891 | 1056 | 1255 | 1489 | 1761 | 2072 | 2421 | 2805 | 3227 | 3690 | 4195
35 331 369 420 482 556 643 747 875 | 1035 | 1225 | 1449 | 1707 | 1998 | 2321 | 2673 | 3051 | 3460 | 3897
30 302 342 388 443 507 581 668 772 897 | 1047 | 1223 | 1425 | 1653 | 1908 | 2184 | 2481 | 2799 | 3139
25 284 319 360 409 465 531 606 693 794 915 | 1057 | 1220 | 1404 | 1610 | 1834 | 2076 | 2335 | 2610
20 267 299 336 379 430 487 553 629 715 814 931 | 1065 | 1217 | 1387 | 1573 | 1773 | 1989 | 2219
15 255 284 516 3006 400 4906 [Nk 200 oo4 97 s1eY4 9oc [ T100 1246 1470 1585 | 1774 1975
10 243 271 303 340 382 431 486 549 619 698 786 887 | 1003 | 1133 | t2767| 1430 | 1596 | 1774
5 225 249 277 309 346 388 435 489 550 616 689 770 862 967~V1081 || 1206 | 1342 | 1487
0 208 230 254 283 315 351 393 439 492 549 612 681 756 840 934 || 1037 | 1149 | 1269
-5 207 228 253 280 312 348 389 436 487 544 606 674 749 831 923 | 1024 | 1133 | 1252
-10 205 227 251 278 310 345 386 432 483 539 600 667 741 822 912 | 1011 | 1119 | 1235
-15 204 225 249 276 307 342 382 428 479 534 594 661 733 813 902 999 | 1105 | 1218
-20 203 223 247 274 305 339 379 424 474 529 589 654 726 804 891 987 | 1091 | 1202
-25 201 222 245 272 302 337 376 420 470 524 583 648 719 796 882 975 | 1077 | 1187
-30 200 220 244 270 300 334 373 416 466 519 578 642 71 788 872 964 | 1064 | 1172
-35 198 219 242 268 297 331 369 413 461 515 573 635 704 780 862 953 | 1051 | 1157
-40 197 217 240 266 295 328 366 409 457 510 567 629 697 772 853 942 | 1039 | 1143

MATc Q)
-l;amb -4 N’
(¢C)
50 | 13186w) 14422 | 15568
45 7375 | 8309 | 9253
40 4743 | 5328 | 5946
35 4363 | 4851 | 5360
30 3499 | 3876 | 4269
25 2901 | 3206 | 3523
20 2462 | 2716 | 2979
15 2188 | 2410 | 2640
10 1962 | 2159 | 2363
5 1642 | 1805 | 1975
0 1399 | 1535 | 1678
-5 1378 | 1511 | 1651
-10 1359 | 1489 | 1625
-15 1340 | 1467 | 1600
-20 1321 | 1446 | 1576
=25 130414261554
-30 1286 | 1406 | 1531
-35 1270 | 1387 | 1510
-40 1254 | 1369 | 1489
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Table D52 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 5000 L and 200 L < TVL <350 L

MATc (°C)
-(rag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 725 815 914 | 1024 | 1147 | 1288 | 1462 | 1740 | 2110 | 2567 | 3124 | 3800 | 4615 | 5588 | 6709 | 7952 | 9270 | 10606
45 568 630 700 777 | 884 | 1013 | 1164 | 1346 | 1570 | 1840 | 2159 | 2532 | 2964 | 3460 | 4018 | 4642 | 5340 | 6110
40 473 530 597 675 765 868 985 | 1118 | 1272 | 1453 | 1666 | 1912 | 2192 | 2510 | 2861 | 3249 | 3676 | 4144
35 469 526 592 669 757 858 973 | 1103 | 1253 | 1427 | 1630 | 1864 | 2128 | 2424 | 2747 | 3099 | 3480 | 3891
30 438 | 489 547 615 | 692 781 880 992 | 1118 | 1259 | 1419 | 1605 | 1815 | 2049 | 2304 | 2580 | 2879 | 3200
25 410 | 456 508 568 | 637 715 803 901 | 1010 | 1129 | 1262 | 1412 | 1583 | 1774 | 1982 | 2207 | 2451 | 2711
20 385 | 427 | 473 527 | 588 658 736 823 920 | 1025 | 1139 | 1266 | 1406 | 1565 | 1738 | 1926 | 2129 | 2346
15 368 | 406 [ 449 499 | 55H 619 690 777 859 | 955 | 1058 | 1172 | 1296 | 1433 | 1585 || 1749 | 1927 | 2117
10 351 387 | 427 473 | 525 583 649 723 805 | 893 988 | 1091 | 1202 | 1324 | 1457/ 1602 | 1759 | 1928
5 323 355 390 430 | 475 526 582 646 717 793 876 965 | 1060 | 1162~V1271 | 1387 | 1516 | 1654
0 298 327 358 394 | 433 | 477 526 581 642 710 782 860 944 | 1082y1" 1125 | 1224 | 1330 | 1444
-5 297 325 356 391 430 | 473 522 577 637 704 776 853 935 | 1023 | 1115 | 1212 | 1316 | 1428
-10 295 323 354 388 | 427 | 470 518 572 632 698 769 846 927V[)1014 | 1105 | 1201 | 1303 | 1412
-15 293 321 352 386 | 424 | 467 515 568 627 | 692 763 839 920 1005 | 1095 | 1189 | 1290 | 1397
-20 292 319 349 383 | 421 464 511 564 623 | 687 757 832 912 996 | 1085 | 1178 | 1278 | 1383
-25 290 317 347 381 419 | 460 507 559 618 | 681 751 825 904 988 | 1075 || 1167 | 1266 | 1369
-30 288 315 345 379 | 416 | 457 503 555 613 | 676 745 818 897 979 | 1066 || 1157 | 1253 | 1355
-35 287 313 343 376 | 413 | 454 500 551 608 | 671 739 811 889 971 | 1057 || 1146 | 1242 | 1342
-40 285 311 341 374 | 410 | 451 496 547 604 | 665 733 805 882 963 | 1048 || 1136 | 1230 | 1329
MATc €C)

-l;amb -4 N’

()

50 11916 13163 | 14347

45 | 6942 | 7816 | 8715

40 4655 | 5202 | 5786

35 4330 | 4794 | 5282

30 3542 | 3902 | 4280

25 2989 | 3280 | 3585

20 2578 | 2820 | 3075

15 2320 | 2532 | 2754

10 2107 | 2295 | 2491

5 1802 | 1958 | 2121

0 1567 | 1698 | 1835

-5 1548 | 1676 | 1810

-10 1530 | 1655 | 1786

-15 | 1513 | 1635 | 1763

-20 1496 | 1615 | 1741

=25 HA80—T—t597 T t719

-30 1464 | 1579 | 1699

-35 | 1448 | 1561 | 1679

-40 1433 | 1544 | 1659
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Table D53 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - Vchss 500 L and 350 L < TVL < 800 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 190 231 291 435 686 | 1079 | 1652 | 2462 | 3627 | 5398 | 8142 | 11228 | 13600 | 15496 | 16998 | 18289 | 19436 | 20458
45 177 182 229 311 443 644 927 | 1296 | 1758 | 2314 | 2976 | 3763 | 4692 | 5779 | 6980 | 8258 | 9542 | 10771
40 177 177 192 245 326 447 616 838 | 1112 | 1436 | 1808 | 2231 | 2707 | 3237 | 3818 | 4452 | 5141 | 5881
35 177 177 187 238 314 427 587 796 | 1054 | 1356 | 1699 | 2083 | 2505 | 2964 | 3454 | 3974 | 4525 | 5104
30 177 177 177 209 267 351 468 623 818 | 1046 | 1307 | 1598 | 1919 | 2265 | 2633 | 3020 | 3428 | 3857
25 177 177 177 188 233 297 386 505 655 833 | 1038 | 1269 | 1523 | 1799 | 2091 | 2398 | 2721 | 3060
20 177 177 177 177 207 258 327 420 538 680 845 | 1031 | 1238 | 1464 | 1704 | 1957 | 2223 | 2502
15 177 177 177 177 191 233 291 506 400 000 [#/45} oob [ TUb4 1239 1400 1686 | 1917 | 2159
10 177 177 177 177 177 213 262 326 409 511 631 769 923 | 1093 | 1274/| 1467 | 1670 | 1883
5 177 177 177 177 177 186 223 272 334 411 503 611 732 868~V1014 || 1170 | 1336 | 1512
0 177 177 177 177 177 177 194 232 280 340 412 496 593 702 821 950 | 1087 | 1233
-5 177 177 177 177 177 177 191 227 274 331 401 483 578 684 800 924 | 1058 | 1200
-10 177 177 177 177 177 177 187 223 268 323 391 471 562 666 779 901 | 1031 | 1170
-15 177 177 177 177 177 177 184 218 262 316 381 458 548 648 759 878 | 1005 | 1140
-20 177 177 177 177 177 177 180 214 256 308 371 446 533 632 739 855 980 | 1112
-25 177 177 177 177 177 177 177 209 250 301 362 435 520 616 720 834 955 | 1084
-30 177 177 177 177 177 177 177 205 245 294 353 424 507 600 702 813 932 | 1058
-35 177 177 177 177 177 177 177 202 240 287 345 414 494 585 685 793 909 | 1033
-40 177 177 177 177 177 177 177 198 235 281 337 404 482 570 668 774 887 | 1008

MATc (CC)
-l;amb -4
(¢C)
50 | 21398 22257 | 23047
45 | 14931 | 12095 | 13985
40 6663 | 7457 | 8265
35 5705 | 6321 | 6940
30 4304 | 4763 | 5233
25 3412 | 3774 | 4146
20 2791 | 3089 | 3394
15 2410 | 2668 | 2931
10 2104 | 2332 | 2564
5 1695 | 1885 | 2079
0 1387 | 1546 | 1711
-5 1350 | 1505 | 1665
-10 1315 | 1466 | 1622
-15 1282 | 1429 | 1580
-20 1250 | 1394 | 1541
=25 1220135911568
-30 1190 | 1327 | 1467
-35 1162 | 1295 | 1432
-40 1135 | 1265 | 1399
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Table D54 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 1000 L and 350 L < TVL < 800 L

MATc (°C)
-(raé”;’ -40 | -38 | -36 | -34 | 32 | -30 | 28 | -26 | 24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 267 | 323 | 397 | 495 | 620 | 817 | 1216 | 1759 | 2463 | 3356 | 4500 | 5988 | 7849 | 9953 | 12032 | 13937 | 15645 | 17186
45 210 | 245 | 287 | 341 | 407 | 559 785 | 1090 | 1478 | 1944 | 2489 | 3126 | 3867 | 4724 | 5698 | 6783 | 7961 | 9187
40 177 | 199 | 228 | 263 | 323 | 424 567 | 762 | 1010 | 1309 | 1657 | 2055 | 2502 | 3002 | 3553 | 4157 | 4822 | 5547
35 177 | 190 | 218 | 251 | 317 | 414 552 | 739 | 978 | 1263 | 1593 | 1965 | 2378 | 2830 | 3317 | 3838 | 4398 | 4993
30 177 | 177 | 190 | 227 | 280 | 355 | 461 | 604 | 788 | 1010 | 1268 | 1561 | 1885 | 2239 | 2618 | 3021 | 3450 | 3904
25 177 | 177 | 177 | 208 | 252 | 312 395 | 507 | 652 | 829 | 1036 | 1272 | 1535 | 1823 | 2131 | 2458 | 2804 | 3169
20 177 | 177 | 177 | 192 | 229 | 278 346 | 435 | 552 | 694 | 863 | 1057 | 1274 | 1514 | 1771 | 2043 | 2332 | 2637
15 177 177 177 To1 214 29/ 310 391 490 (o4 [£Y4 924 113 1522 194/ 1786 | 2039 2306
10 177 | 177 | 177 | 177 | 201 | 239 289 | 354 | 439 | 544 | 669 | 815 | 981 | 1164 | 1363/ 1574 | 1799 | 2035
5 177 | 177 | 177 | 177 | 181 | 212 252 | 302 | 368 | 449 | 546 | 661 | 792 | 939-[V1100 | 1273 | 1458 | 1655
0 177 | 177 | 177 | 177 | 177 | 191 223 | 264 | 315 | 379 | 456 | 547 | 653 | 772,\ 904 | 1046 | 1200 | 1365
-5 177 | 177 | 177 | 177 | 177 | 188 221 | 260 | 311 | 373 | 448 | 538 | 641 | 759 | 888| 1028 | 1179 | 1339
-10 | 177 | 177 | 177 | 177 | 177 | 186 218 | 257 | 306 | 367 | 441 | 529 | 631YD 746 | 873 | 1010 | 1158 | 1315
-15 | 177 | 177 | 177 | 177 | 177 | 185 216 | 254 | 302 | 362 | 434 | 520 |.®620 733 | 858| 992 | 1137 | 1292
-20 | 177 | 177 | 177 | 177 | 177 | 183 213 | 251 | 298 | 356 | 427 | 5124610 | 721 | 843| 975 | 1118 | 1269
=25 | 177 | 177 | 177 | 177 | 177 | 181 211 | 248 | 294 | 351 | 421 | 503/ 600 | 709 | 829 959 | 1099 | 1247
=30 | 177 | 177 | 177 | 77 | 177 | 179 209 | 245 | 290 | 346 | 414 |~495 | 590 | 697 | 815 943 | 1080 | 1226
=35 | 177 | 177 | 177 | 77 | 77 | 177 206 | 242 | 286 | 341 | 408 | 487 | 580 | 685 | 801| 927 | 1062 | 1205
-40 | 177 | 177 | 177 | 77 | 77 | 177 204 | 239 | 283 | 336 |~402 | 480 | 571 | 674 | 788| 912 | 1045 | 1185
MATc C)

-l;amb -4 N’

(C)

50 18589y 19858 | 21027

45 10436 | 11646 | 12808

40 .| 6327 | 7148 | 7992

35" 5624 | 6275 | 6947

30 | 4383 | 4881 | 5397

25 | 3553 | 3951 | 4364

20 | 2956 | 3286 | 3628

15 | 2585 | 2873 | 3170

10 | 2283 | 2538 | 2801

5 1861 | 2075 | 2296

0 1539 | 1720 | 1908

-5 1510 | 1686 | 1869

-10 | 1481 | 1654 | 1832

-15 | 1454 | 1623 | 1797

-20 | 1428 | 1593 | 1763

=25 HO3—Tt565—"T—1731

-30 | 1379 | 1537 | 1700

-35 | 1356 | 1511 | 1670

-40 | 1333 | 1485 | 1641
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Table D55 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 1500 L and 350 L < TVL < 800 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 364 | 430 | 517 | 629 | 770 | 948 | 1177 | 1552 | 2110 | 2795 | 3626 | 4640 | 5873 | 7335 | 8963 | 10665 | 12359 | 13974

45 285 326 | 375 | 433 | 504 590 782 | 1041 | 1373 | 1772 | 2242 | 2784 | 3407 | 4119 | 4919 | 5815 | 6804 | 7871

40 233 | 264 | 299 | 338 | 382 | 473 600 | 770 | 988 | 1254 | 1565 | 1923 | 2328 | 2779 | 3275 | 3819 | 4416 | 5069

35 222 | 252 | 285 | 321 375 | 465 588 | 754 | 965 | 1221 | 1520 | 1860 | 2240 | 2657 | 3108 | 3592 | 4113 | 4670

30 194 219 247 284 339 411 508 637 802 | 1004 | 1240 | 1511 | 1813 | 2146 | 2504 | 2887 | 3295 | 3729

25 177 193 224 262 310 369 448 551 683 844 | 1035 | 1255 | 1503 | 1776 | 2070 | 2384 | 2718 | 3072

20 177 182 210 244 285 336 401 485 593 724 880 | 1062 | 1268 | 1496 | 1742 | 2006 | 2287 | 2584

15 177 177 199 2371 209 319 STAl 444 74 030 [4319) 9427 [ T122 [ 1322 15387]| 1770 | 2017 | 2279

10 177 177 190 219 254 295 346 409 490 588 705 843 | 1000 | 1177 | 1368/ 1574 | 1794 | 2027

5 177 177 177 200 229 265 307 359 421 498 591 699 824 966~(VI121 || 1290 | 1471 | 1664

0 177 177 177 183 209 240 276 319 370 | 431 505 592 693 808 935 | 1074 | 1225 | 1386

-5 177 177 177 182 207 238 274 316 366 | 426 499 585 684 797 922 | 1059 | 1207 | 1366

-10 177 177 177 180 206 236 271 313 363 | 422 493 578 675 787 910 || 1044 | 1190 | 1346

-15 177 177 177 179 204 234 269 310 359 | 417 488 571 667 776 898 | 1030 | 1173 | 1326

-20 177 177 177 178 203 232 267 307 356 | 413 482 564 659 766 886 || 1016 | 1157 | 1308

-25 177 177 177 177 201 230 264 305 3562 409 477 557 651 757 874 | 1003 | 1141 | 1289

-30 177 177 177 177 200 228 262 302 349 | 404 471 551 643 747 863 989 | 1126 | 1272

-35 177 177 177 177 198 227 260 299 346 | 400 466 544 635 738 852 976 | 1111 | 1254

-40 177 177 177 177 197 225 258 297 342 396 461 538 627 729 841 964 | 1096 | 1238

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 15503 16921 | 18244

45 8993 | 10134 | 11268
40 | 5777 | 6530 | 7319
351 5262 | 5881 | 6524
30 4190 | 4671 | 5171
25 3446 | 3836 | 4241
20 2898 | 3224 | 3562
15 2555 | 2840 | 3136
10 2272 | 2527 | 2789

5 1869 | 2082 | 2303

0 1559 | 1739 | 1927
-5 1534 | 1711 | 1894
-10 1511 | 1684 | 1862
-15 1489 | 1657 | 1832
-20 1467 | 1632 | 1804
=25 HH46—T—1608—T—t776
-30 1426 | 1585 | 1749
-35 1406 | 1562 | 1724
-40 1387 | 1540 | 1699
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Table D56 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 2000 L and 350 L < TVL < 800 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 422 | 488 570 675 | 808 976 | 1188 | 1563 | 2086 | 2735 | 3529 | 4505 | 5697 | 7119 | 8705 | 10358 | 11988 | 13536

45 334 378 | 429 | 487 | 554 | 660 836 | 1071 | 1377 | 1750 | 2190 | 2701 | 3288 | 3959 | 4714 | 5557 | 6493 | 7512

40 274 308 | 346 | 388 | 451 540 661 820 | 1023 | 1272 | 1566 | 1906 | 2293 | 2726 | 3203 | 3726 | 4302 | 4933

35 262 | 294 | 330 | 377 | 445 532 651 806 | 1004 | 1244 | 1527 | 1852 | 2216 | 2619 | 3055 | 3526 | 4033 | 4576

30 230 258 298 346 | 405 478 573 696 852 | 1041 | 1265 | 1524 | 1815 | 2137 | 2485 | 2858 | 3257 | 3683

25 212 241 277 320 372 435 513 613 738 891 | 1072 | 1283 | 1521 | 1785 | 2071 | 2377 | 2705 | 3054

20 200 226 259 298 344 399 466 548 651 777 926 | 1100 | 1297 | 1518 | 1758 | 2015 | 2291 | 2583

15 192 216 240 202 329 319 4359 oU7 oI/ 706 630 986 | 1158 | 1352 [ 1562 1789 | 2031 | 2289

10 184 207 235 268 307 354 408 473 551 646 759 891 | 1043 | 1213 | 1399/ 1600 | 1816 | 2046

5 177 192 216 245 279 319 365 419 483 558 647 752 873 | 1009~+V1160 || 1324 | 1502 | 1692

0 177 178 199 225 254 289 329 376 429 | 491 563 647 745 866 980 || 1115 | 1262 | 1421

-5 177 177 198 223 253 287 327 373 426 | 487 557 641 737 847 968 || 1101 | 1246 | 1402

-10 177 177 197 222 251 285 325 370 423 | 483 552 635 730 838 957 || 1088 | 1231 | 1384

-15 177 177 196 221 249 283 322 367 419 | 479 547 628 722 829 947 || 1076 | 1216 | 1366

-20 177 177 195 219 248 281 320 365 416 | 475 542 622 715 820 936 || 1063 | 1201 | 1349

-25 177 177 194 218 246 279 317 362 413 | 471 537 616 707 811 926 || 1051 | 1187 | 1333

-30 177 177 192 216 244 277 315 359 409 | 467 533 610 700 803 916 || 1039 | 1173 | 1316

-35 177 177 191 215 243 275 313 356 406 | 463 528 605 693 794 906 || 1027 | 1159 | 1300

-40 177 177 190 214 241 273 311 354 403 | 459 524 599 687 786 896 || 1016 | 1146 | 1285

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 14984+ 16326 | 17565

45 8594 | 9705 | 10820
40 | 5618 | 6349 | 7121
35 5156 | 5763 | 6397
30 | 4136 | 4610 | 5106
25 | 3422 | 3807 | 4209
20 | 2893 | 3215 | 3551
15 | 2561 | 2844 | 3138
10 | 2287 | 2539 | 2800

5 1894 | 2104 | 2323

0 1590 | 1768 | 1954
-5 1568 | 1743 | 1924
-10 | 1547 | 1717 | 1895
-15 | 1526 | 1693 | 1867
-20 | 1506 | 1670 | 1840
=25 8716481814
-30 | 1468 | 1626 | 1789
-35 | 1450 | 1605 | 1765
-40 | 1432 | 1585 | 1742
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Table D57 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vchss 2500 L and 350 L < TVL < 800 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 478 547 | 628 | 729 | 856 | 1017 | 1219 | 1567 | 2053 | 2654 | 3387 | 4277 | 5356 | 6640 | 8099 | 9667 | 11267 | 12837

45 379 | 427 | 481 541 608 723 | 894 | 1119 | 1408 | 1763 | 2183 | 2674 | 3238 | 3883 | 4609 | 5421 | 6325 | 7312

40 310 347 | 388 | 439 | 513 605 | 723 | 877 | 1072 | 1309 | 1591 | 1919 | 2293 | 2713 | 3176 | 3686 | 4248 | 4864

35 298 332 | 374 | 435 | 508 598 | 714 | 864 | 1054 | 1284 | 1555 | 1869 | 2222 | 2614 | 3040 | 3500 | 3997 | 4531

30 266 303 347 400 | 464 542 636 756 907 | 1089 | 1305 | 1554 | 1837 | 2150 | 2490 | 2855 | 3248 | 3668

25 251 284 323 371 428 495 576 674 796 944 | 1119 | 1322 | 1552 | 1810 | 2090 | 2390 | 2712 | 3055

20 237 267 303 346 397 456 526 609 710 832 977 | 1145 | 1336 | 1551 | 1785 | 2038 | 2309 | 2597

15 227 255 209 3206 319 429 495 obo 090 [4°Y4 888 | 1035 | 1202 1390 [ 1595 1817 | 2056 | 2310

10 218 244 275 312 355 405 464 531 610 703 814 942 | 1089 | 1255 | 1437/ 1634 | 1846 | 2072

5 202 226 253 285 323 366 416 474 540 615 702 805 923 | 1056~V1203 || 1364 | 1538 | 1725

0 188 210 234 262 295 333 376 426 483 546 618 701 797 906y 1" 1026 || 1159 | 1303 | 1459

-5 188 208 233 261 293 330 374 423 479 542 614 695 790 897 | 1016 || 1146 | 1288 | 1441

-10 187 207 231 259 291 328 371 420 476 538 609 689 782 888 | 1006 || 1134 | 1273 | 1424

-15 186 206 230 258 289 326 369 417 473 534 604 683 75 880 995 || 1122 | 1259 | 1407

-20 185 205 229 256 288 324 366 415 469 530 599 678 768 872 985 | 1110 | 1245 | 1391

-25 184 204 228 255 286 322 364 412 466 527 595 672 762 863 976 || 1099 | 1232 | 1375

-30 183 203 226 253 284 320 361 409 463 523 590 667 755 855 966 || 1087 | 1219 | 1360

-35 182 202 225 252 283 318 359 406 459 519 586 661 749 847 957 || 1076 | 1206 | 1345

-40 181 201 224 250 281 316 357 403 456 515 581 656 742 840 948 || 1066 | 1193 | 1330

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 143350 15742 | 17052

45 8367 | 9457 | 10559
40 | 5534 | 6251 | 7010
35 5102 | 5702 | 6328
30 4114 | 4584 | 5074
25 3420 | 3801 | 4199
20 2903 | 3222 | 3555
15 2579 | 2859 | 3150
10 2311 | 2560 | 2819

5 1924 | 2132 | 2350

0 1626 | 1801 1985
-5 1605 | 1777 | 1956
-10 1584 | 1753 | 1928
-15 1565 | 1730 | 1902
-20 1546 | 1708 | 1876
=25 152716861851
-30 1510 | 1666 | 1827
-35 1492 | 1645 | 1804
-40 1475 | 1626 | 1782
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Table D58 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 3000 L and 350 L < TVL < 800 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 529 | 601 685 | 784 | 907 | 1058 | 1247 | 1597 | 2053 | 2622 | 3316 | 4161 | 5184 | 6405 | 7795 | 9296 | 10833 | 12340

45 418 | 470 | 527 | 590 | 662 786 | 948 | 1160 | 1433 | 1767 | 2165 | 2629 | 3164 | 3776 | 4463 | 5233 | 6090 | 7031

40 343 382 | 428 | 493 | 571 664 | 780 | 929 | 1116 | 1342 | 1611 | 1924 | 2283 | 2687 | 3133 | 3625 | 4167 | 4763

35 329 370 | 424 | 488 | 565 658 | 772 918 | 1100 | 1320 | 1579 | 1879 | 2219 | 2598 | 3011 | 3458 | 3942 | 4463

30 305 345 393 450 518 599 695 812 958 | 1134 | 1341 | 1581 | 1854 | 2157 | 2488 | 2845 | 3228 | 3640

25 287 323 367 418 | 479 550 633 731 850 994 | 1163 | 1359 | 1582 | 1832 | 2104 | 2398 | 2714 | 3051

20 271 304 344 390 | 444 508 581 666 766 885 | 1025 | 1188 | 1374 | 1583 | 1811 | 2058 | 2324 | 2608

15 260 291 3206 STAl 421 479 040 [ey4¢} (V4 oo 93Y | 101 1224 1427 | 1628 1845 | 2079 | 2329

10 250 279 313 353 399 452 514 585 666 758 866 991 | 1135 | 1297 | 14/4/| 1667 | 1875 | 2098

5 232 258 288 322 363 409 463 524 592 669 756 856 972 | 1102~V1246 | 1404 | 1575 | 1759

0 216 239 266 296 332 372 419 472 532 598 671 754 847 964y ¥ 1073 || 1203 | 1345 | 1498

-5 215 238 264 295 330 370 416 469 528 594 667 749 841 946 | 1063 || 1191 | 1331 | 1482

-10 214 237 263 293 328 368 414 466 525 590 662 743 834 938 | 1054 || 1180 | 1317 | 1466

-15 213 236 262 292 326 366 411 463 522 586 658 738 828 931 | 1044 || 1169 | 1304 | 1450

-20 212 235 261 290 325 364 409 460 518 582 653 733 822 923 | 1035 || 1158 | 1292 | 1435

-25 211 234 259 289 323 362 407 458 515 579 649 728 815 915 | 1027 || 1147 | 1279 | 1421

-30 210 232 258 287 321 360 404 455 512 575 645 723 809 908 | 1018 || 1137 | 1267 | 1406

-35 209 231 257 286 319 358 402 452 509 571 640 718 803 901 | 1009 | 1127 | 12565 | 1392

-40 208 230 256 285 318 356 400 449 506 568 636 713 798 894 | 1001 || 1117 | 1244 | 1379

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 13778w) 15127 | 16388

45 | 8042 | 9097 | 10176
40 5413 | 6109 | 6849
35 5021 | 5609 | 6225
30 4079 | 4541 | 5025
25 3410 | 3786 | 4180
20 2910 | 3225 | 3555
15 2595 | 2872 | 3161
10 2334 | 2581 | 2838

5 1955 | 2161 | 2377

0 1663 | 1836 | 2018
-5 1643 | 1813 | 1991
-10 1624 | 1791 | 1965
-15 1606 | 1769 | 1940
-20 1588 | 1749 | 1916
=25 1574 17291892
-30 1555 | 1709 | 1870
-35 1538 | 1690 | 1848
-40 1523 | 1672 | 1827
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Table D59 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - Vcrss 5000 L and 350 L < TVL < 800 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 724 814 912 | 1022 | 1145 | 1286 | 1468 | 1771 | 2158 | 2634 | 3215 | 3917 | 4757 | 5754 | 6902 | 8179 | 9549 | 10955
45 567 629 699 780 894 | 1027 | 1186 | 1379 | 1621 | 1915 | 2263 | 2671 | 3144 | 3686 | 4296 | 4980 | 5744 | 6590
40 477 536 604 685 778 887 | 1012 | 1158 | 1329 | 1535 | 1776 | 2058 | 2381 | 2746 | 3154 | 3604 | 4103 | 4653
35 474 532 600 680 773 881 | 1004 | 1148 | 1316 | 1516 | 1750 | 2021 | 2329 | 2674 | 3054 | 3467 | 3919 | 4408
30 444 497 558 630 712 807 916 | 1039 | 1181 | 1342 | 1532 | 1751 | 2000 | 2279 | 2584 | 2917 | 3277 | 3666
25 419 466 522 586 660 744 841 949 | 1072 | 1209 | 1365 | 1546 | 1751 | 1982 | 2235 | 2509 | 2806 | 3126
20 395 439 489 547 614 689 776 873 981 | 1101 | 1235 | 1385 | 1558 | 1752 | 1965 | 2196 | 2446 | 2715
15 379 420 40/ [SY40) 0062 [$}eY4 7371 ol 920 | 1050 1190 | 1284 1436 1007 1794 1998 | 2219 | 2456
10 364 402 446 496 553 617 691 774 866 967 | 1077 | 1198 | 1332 | 1484 | 1650/| 1831 | 2029 | 2240
5 337 371 410 454 503 559 623 695 775 863 958 | 1061 | 1174 | 1297~(V1433 || 1581 | 1743 | 1918
0 313 344 378 417 461 510 566 628 699 776 859 950 | 1047 | 11582, 1266 || 1388 | 1523 | 1669
-5 312 342 377 415 459 508 563 625 695 772 855 945 | 1041 | 1145 | 1258 || 1378 | 1511 | 1655
-10 311 341 375 414 457 506 561 622 692 768 850 939 | 1035V[)1139 | 1250 || 1368 | 1499 | 1641
-15 310 340 374 412 455 503 558 620 688 764 846 935 |,.1030] 1132 | 1242 || 1359 | 1488 | 1627
-20 309 339 372 411 453 501 556 617 685 760 842 9304024 | 1125 | 1234 || 1350 | 1477 | 1614
-25 307 337 371 409 451 499 553 614 682 756 837 925/| 1018 | 1119 | 1226 || 1341 | 1466 | 1601
-30 306 336 370 407 450 497 551 611 679 753 833 920 | 1013 | 1112 | 1219 || 1332 | 1455 | 1589
-35 305 335 368 406 448 495 548 608 675 749 829 915 | 1007 | 1106 | 1212 || 1324 | 1445 | 1576
-40 304 334 367 404 446 493 546 605 672 745 825 910 | 1002 | 1100 | 1204 || 1315 | 1435 | 1564

MATc (CC)
-l;amb -4 N’
(¢C)
50 12351 13696 14982
45 7510 | 8485 | 9498
40 5256 | 5905 | 6600
35 4934 | 5492 | 6080
30 4083 | 4525 | 4991
25 3469 | 3830 | 4211
20 3003 | 3307 | 3626
15 2710 | 2977 | 3257
10 2466 | 2703 | 2952
5 2106 | 2304 | 2512
0 1826 | 1993 | 2169
-5 1809 | 1973 | 2145
-10 1793 | 1953 | 2121
-15 1776 | 1934 | 2099
-20 1761 | 1915 | 2077
=25 17461897 T 20656
-30 1731 | 1880 | 2036
-35 1716 | 1863 | 2016
-40 1703 | 1847 | 1997
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D.1.6 H35 FM60 or H70 FM60/FM90/FM300 tinal Tables - Option B
Tables D60 through D71 are the H70 tiina tables for the application of Basic Option B in Equation C45.

Table D60 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - 248.6 L < Vchss < 1000 L and 50 L < TVL < 200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 268 325 401 520 773 | 1122 | 1596 | 2245 | 3190 | 4672 | 6805 | 8712 | 10212 | 11395 | 12380 | 13227 | 13971 | 14640

45 21 246 289 343 | 465 638 859 | 1131 | 1457 | 1838 | 2283 | 2804 | 3415 | 4116 | 4892 | 5720 | 6561 | 7383

40 177 200 230 265 325 428 561 723 915 | 1134 | 1381 | 1655 | 1960 | 2297 | 2663 | 3059 | 3488 | 3951

35 177 191 219 252 307 7402 525 677 855 | 1057 1281 1529 1799208923997 2726 | 3072 | 3436

30 177 177 190 217 254 323 413 526 659 812 982 | 1170 | 1374 | 1593 | 1824/| 2067 | 2322 | 2590

25 177 177 177 193 227 269 337 422 526 645 778 926 | 1088 | 1262-[v1445 | 1637 | 1839 | 2050

20 177 177 177 177 206 241 285 349 430 524 632 751 882 | 1024,V 1174 | 1332 | 1498 | 1671

15 177 177 177 177 192 223 260 307 371 450 541 643 755 877 | 1007 || 1143 | 1287 | 1437

10 177 177 177 177 179 207 240 281 330 391 468 556 652 758 871 990 | 1116 | 1248

5 177 177 177 177 177 184 211 244 282 328 383 445 519 603 693 789 892 | 1000

0 177 177 177 177 177 177 188 215 246 283 326 376 433 498 569 646 729 819

-5 177 177 177 177 177 177 185 211 242 278 320 368 424 487 557 632 713 801

-10 177 177 177 177 177 177 182 208 238 273 314 361 416 477 545 618 698 783

-15 177 177 177 177 177 177 179 205 234 268 308 354 407 467 533 605 683 767

-20 177 177 177 177 177 177 177 201 230 263 302 347 399 458 522 593 669 751

-25 177 177 177 177 177 177 177 198 227 259 296 341 391 448 512 581 655 735

-30 177 177 177 177 177 177 177 195 223 254 291 334 384 440 501 569 642 720

-35 177 177 177 177 177 177 177 192 219 250 286 328 376 431 491 557 629 705

-40 177 177 177 177 177 177 177 189 246 246 281 322 369 422 481 546 616 691

MATc (°C)
Tamb

: 4 | 2] o0
CC)

50 15269 | 15846 | 16357

45 | 8161 | 8889 | 9567
40 | 4438 | 4941 | 5456
35 | 3817 | 4206 | 4602
30 | 2867 | 3156 | 3451
25 | 2269 | 2495 | 2726
20 | 1851 | 2036 | 2226
15 | 1593 | 1753 | 1917
10 | 1386 | 1527 | 1671
5 1113 | 1230 | 1350
0 913 | 1013 | 1116

L QQ0 faYaYal 4004
[v) TIO I TOIT

-10 874 | 968 | 1067
-15 855 | 948 | 1043
-20 837 | 927 | 1021
-25 820 | 908 | 1000
-30 803 | 889 | 979
-35 787 | 871 | 959
-40 771 | 854 | 940
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Table D61 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - 1000 L < Venss <2000 L and 50 L < TVL <200 L

MATc (°C)
2:;; 40 | 38 | -36 | 34 | 32| -30 | 28 | -26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10| -8 | -6

50 426 | 493 | 577 | 683 | 817 | 985 | 1198 | 1487 | 1889 | 2430 | 3101 | 3939 | 5107 | 6464 | 7830 | 9079 | 10216 | 11226

45 337 382 | 433 | 491 559 | 641 736 | 890 | 1094 | 1340 | 1650 | 2021 | 2447 | 2932 | 3479 | 4091 | 4768 | 5494

40 276 310 | 348 | 391 437 | 488 573 | 679 | 811 966 | 1147 | 1356 | 1591 | 1870 | 2178 | 2512 | 2877 | 3274

35 264 | 296 | 333 | 373 | 417 | 478 559 | 661 786 | 934 | 1106 | 1301 | 1519 | 1760 | 2037 | 2331 | 2645 | 2980

30 232 259 289 323 371 427 492 572 669 784 916 | 1068 | 1238 | 1425 | 1626 | 1842 | 2076 | 2330

25 205 229 259 295 337 385 441 506 583 675 781 901 | 1037 | 1188 | 1351 | 15625 | 1710 | 1907

20 189 212 240 272 309 351 399 454 518 592 679 778 889 | 1012 | 1146 | 1290 | 1444 | 1608

15 180 201 220 290 289 321 STAl 420 arf’ o471 615 700 90 903 [ T0T9|| 1144 | 1279 | 1421

10 177 191 213 240 271 306 346 391 441 498 562 636 720 813 91%7] 1025 | 1143 | 1268

5 177 177 194 217 243 273 308 346 389 | 436 488 546 612 687 769 857 953 | 1055

0 177 177 177 197 220 246 276 309 346 386 430 479 532 592 659 731 810 895

-5 177 177 177 195 217 243 272 305 341 381 424 472 524 583 648 719 796 878

-10 177 177 177 193 215 240 268 301 337 376 418 465 517 574 638 707 782 863

-15 177 177 177 190 212 237 265 297 332 371 413 459 509 565 627 695 769 848

-20 177 177 177 188 209 234 261 293 328 366 407 452 502 557 618 684 756 833

-25 177 177 177 186 207 231 258 289 323 361 402 446 495 549 608 673 744 819

-30 177 177 177 184 204 228 255 285 319 356 396 440 488 541 599 662 732 806

-35 177 177 177 182 202 225 252 281 315 351 391 434 481 533 590 652 720 793

-40 177 177 177 180 200 222 248 278 311 347 386 428 475 525 581 642 708 780

MATc €C)
Tamb

: 4 | ~2] 0
(¢C)

50 12144 12971 | 13723

45 6250 | 7004 | 7744
40 3701 | 4154 | 4630
35 3333 | 3702 | 4083
30 2598 | 2876 | 3164
25 2115 | 2331 | 2558
20 1780 | 1959 | 2145
15 1571 | 1727 | 1889
10 1401 | 1539 | 1682

5 1164 | 1278 | 1397

0 985 | 1080 | 1180
-5 967 | 1059 | 1156
-10 949 | 1040 | 1134
-15 932 | 1021 | 1113
-20 916 | 1002 | 1093
=25 966 985—T—1073
-30 885 968 | 1054
-35 870 951 | 1036
-40 856 935 | 1018
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Table D62 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - 2000 L < Venss <3000 L and 50 L < TVL <200 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | -32 | -30 | -28 | -26 | 24 | -22 | -20 | -18 | -16 | -14 | 12 | -10 | -8 -6
50 535 608 692 792 916 | 1069 | 1262 | 1507 | 1837 | 2325 | 2943 | 3628 | 4376 | 5466 | 6659 | 7857 | 8991 | 10044
45 423 475 532 596 665 743 838 989 | 1176 | 1400 | 1662 | 1969 | 2345 | 2782 | 3275 | 3826 | 4437 | 5103
40 346 385 429 478 530 602 688 789 911 | 1056 | 1224 | 1417 | 1636 | 1882 | 2153 | 2455 | 2797 | 3170
35 332 369 411 457 519 592 675 773 889 | 1027 | 1186 | 1368 | 1572 | 1798 | 2044 | 2310 | 2599 | 2917
30 292 325 367 415 470 533 604 684 777 884 | 1009 | 1151 | 1310 | 1486 | 1677 | 1883 | 2104 | 2340
25 270 301 338 380 429 484 545 615 692 779 879 993 | 1121 | 1263 | 1418 | 1584 | 1762 | 1952
20 252 280 313 350 393 442 496 557 625 699 781 874 980 | 1097 | 1224 | 1361 | 1509 | 1666
15 239 265 299 S1610) ${5}°) 4135 403 [Nk [SY4%) 046 19 1510]0) SicK| 992 | T1037]| 1223 | 1351 1488
10 228 252 279 311 346 387 433 483 539 600 666 738 817 906 | 1003/ 1108 | 1221 | 1342
5 209 230 254 281 312 346 385 429 477 530 586 647 712 784 861 946 | 1038 | 1136
0 192 211 232 255 282 312 346 384 426 471 521 573 629 690 755 823 899 980
-5 190 209 229 253 279 309 342 379 420 466 514 566 622 681 745 812 885 965
-10 188 207 227 250 276 305 338 375 415 460 508 559 614 672 735 801 873 951
-15 186 205 225 248 273 302 334 370 411 454 502 552 606 664 725 790 861 937
-20 185 203 223 245 270 298 330 366 406 449 496 546 599 656 716 780 849 923
-25 183 201 220 243 267 295 327 362 401 444 490 539 592 648 707 770 837 910
-30 181 199 218 240 265 292 323 358 396 438 484 533 585 640 698 760 826 897
-35 180 197 216 238 262 289 319 353 391 433 478 526 578 632 690 751 815 885
-40 178 195 214 235 259 286 316 349 387 428 472 520 571 625 681 741 805 873

MATc (°C)
-l;amb -4 N’
(°C)
50 11012 11890 12708
45 | 5807 | 6527 | 7246
40 3575 | 4007 | 4462
35 3258 | 3614 | 3985
30 2590 | 2853 | 3130
25 2153 | 2363 | 2582
20 1833 | 2007 | 2188
15 1633 | 1785 | 1942
10 1470 | 1603 | 1743
5 1242 | 1352 | 1467
0 1068 | 1160 | 1256
-5 1051 1140 | 1235
-10 1034 | 1122 | 1214
-15 1018 | 1104 | 1194
-20 1003 | 1087 | 1174
=25 98810701156
-30 974 | 1054 | 1138
-35 960 | 1038 | 1120
-40 946 | 1023 | 1104
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Table D63 - H35 FM60 or H70 FM60/FM90/FM3000 tsinar - 3000 L < Vchss < 5000 L and 50 L = TVL =200 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 727 817 916 | 1026 | 1149 | 1290 | 1464 | 1684 | 1960 | 2311 | 2776 | 3401 | 4037 | 4980 | 6051 | 7180 | 8300 | 9366
45 569 632 702 779 861 948 | 1070 | 1214 | 1383 | 1585 | 1821 | 2095 | 2411 | 2773 | 3182 | 3691 | 4261 | 4887
40 463 510 566 634 713 801 899 | 1007 | 1128 | 1264 | 1416 | 1593 | 1794 | 2020 | 2269 | 2543 | 2844 | 3176
35 449 499 558 626 702 788 884 989 | 1106 | 1236 | 1381 | 1547 | 1734 | 1942 | 2169 | 2415 | 2683 | 2971
30 415 460 511 570 637 71 794 886 986 | 1094 | 1213 | 1343 | 1489 | 1652 | 1830 | 2021 | 2228 | 2450
25 385 426 471 523 581 646 719 800 888 982 | 1083 | 1192 | 1311 | 1442 | 1585 | 1741 | 1908 | 2087
20 359 395 436 482 533 591 656 727 805 889 978 | 1073 | 1174 | 1285 | 1402 | 1530 | 1669 | 1817
15 341 374 4711 493 [$100) 003 SN 4 Y44 46 029 907 995 | 106 1185 1286 1398 | 1518 1647
10 324 354 389 428 471 519 572 632 697 768 844 923 | 1008 | 1097 | 1190/| 1289 | 1394 | 1507
5 296 323 353 386 424 465 511 561 618 679 744 814 888 966~V1046 || 1130 | 1219 | 1312
0 271 295 322 351 383 419 459 503 551 604 661 723 788 857 929 || 1002 | 1079 | 1159
-5 269 292 319 348 380 415 454 497 545 597 654 714 779 847 918 990 | 1066 | 1144
-10 266 290 316 345 376 411 450 492 539 591 646 706 770 837 907 978 | 1053 | 1130
-15 264 287 313 342 373 407 445 487 534 584 639 698 761 828 896 967 | 1040 | 1116
-20 262 285 310 338 369 403 441 482 528 578 632 690 752 818 886 956 | 1028 | 1102
-25 260 283 308 335 366 399 436 477 522 572 625 683 744 809 876 945 | 1016 | 1089
-30 258 280 305 332 363 396 432 472 517 566 618 675 736 799 866 934 | 1004 | 1076
-35 255 278 302 329 359 392 428 468 512 559 611 667 727 790 856 923 993 | 1064
-40 253 275 300 327 356 388 424 463 506 554 605 660 719 782 846 913 981 | 1052

MATc (CC)
-l;amb -4 N’
(¢C)
50 10360 11278 12127
45 5567 | 6252 | 6957
40 3537 | 3933 | 4373
35 3281 | 3608 | 3953
30 2687 | 2937 | 3200
25 2277 | 2477 | 2687
20 1975 | 2140 | 2314
15 1785 | 1929 | 2080
10 1629 | 1756 | 1889
5 1410 | 1514 | 1624
0 1243 | 1331 | 1421
-5 1227 | 1312 | 1401
-10 1211 | 1294 | 1381
-15 1195 | 1277 | 1362
-20 1180 | 1260 | 1344
=25 66— t244—T1326
-30 1151 | 1229 | 1309
-35 1138 | 1214 | 1292
-40 1124 | 1199 | 1276
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Table D64 - H35 FM60 or H70 FM60/FM90/FM300 tfinai - 248.6 L < Vchss < 1000 L and 200 L < TVL = 350 L

MATc (°C)
-(raé"; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 268 324 400 585 903 1360 | 2013 | 3001 | 4770 | 7977 | 10501 | 12166 | 13436 | 14481 | 15363 | 16154 | 17282 | 18291
45 211 246 288 364 518 730 | 1003 | 1343 | 1756 | 2247 | 2828 | 3523 | 4342 | 5284 | 6305 | 7331 | 8302 | 9346
40 177 200 229 265 354 476 635 832 | 1065 | 1332 | 1633 | 1997 | 2412 | 2873 | 3377 | 3926 | 4521 | 5161
35 177 191 219 252 333 445 592 774 989 | 1233 | 1532 | 1871 | 2243 | 2648 | 3080 | 3538 | 4024 | 4536
30 177 177 190 225 274 353 459 593 752 954 | 1185 | 1444 | 1729 | 2036 | 2362 | 2707 | 3070 | 3451
25 177 177 177 205 245 299 371 471 604 763 946 | 1151 | 1377 | 1623 | 1883 | 2158 | 2447 | 2749
20 177 177 177 188 223 267 325 400 499 626 772 939 | 1123 | 1325 | 1539 | 1766 | 2004 | 2254
15 177 177 T77 T77 208 pL) 796 360 227 54T (§1519) 809 967 | T14T | 1327 ]| 1524 | 1731 | 1948
10 177 177 177 177 195 229 272 327 396 481 582 703 841 992 | 11654 1328 | 1511 | 1702
5 177 177 177 177 177 203 238 280 334 400 478 569 674 791 921 || 1061 | 1210 | 1368
0 177 177 177 177 177 182 211 246 288 340 402 474 558 653 757 870 992 | 1123
-5 177 177 177 177 177 180 208 242 283 334 394 465 547 640 742 852 972 | 1099
-10 177 177 177 177 177 177 205 239 279 328 387 456 537 627 727 835 952 | 1077
-15 177 177 177 177 177 177 202 235 274 323 380 448 526 615 713 819 933 | 1055
-20 177 177 177 177 177 177 200 232 270 317 373 440 516 603 699 803 915 | 1034
-25 177 177 177 177 177 177 197 229 266 312 367 431 506 591 685 787 897 | 1014
-30 177 177 177 177 177 177 194 225 262 307 360 424 497 580 672 772 880 994
-35 177 177 177 177 177 177 192 222 258 302 354 416 488 569 659 757 863 975
-40 177 177 177 177 177 177 189 219 255 297 348 409 479 559 647 743 847 957
MATc €C)

-l;amb -4

(¢C)

50 19214 20074 | 20835

45 10427 | 11427 | 12372

40 5844 | 6548 | 7268

351 5070 | 5617 | 6173

30 3849 | 4259 | 4679

25 3065 | 3389 | 3722

20 2514 | 2781 | 3055

15 2174 | 2406 | 2644

10 1902 | 2106 | 2316

5 1533 | 1704 | 1880

0 1261 | 1405 | 1555

-5 1234 | 1375 | 1521

-10 1209 | 1346 | 1488

-15 1184 | 1318 | 1457

-20 1161 | 1292 | 1427

=25 +138—T1266—T1399

-30 1116 | 1242 | 1371

-35 1094 | 1218 | 1345

-40 1074 | 1195 | 1319
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Table D65 - H35 FM60 or H70 FM60/FM90/FM300 ttinai - 1000 L < Vcrss < 2000 L and 200 L < TVL <350 L

MATc (°C)
-(raé”; -40 | -38 | -36 | -34 | -32 | 30 | -28 | -26 | -24 | 22 | -=20 | -18 | <16 | 14 | -12 | -10 -8 -6
50 426 | 493 | 576 | 683 | 817 | 985 | 1199 | 1675 | 2328 | 3165 | 4252 | 5693 | 7509 | 9480 | 11314 | 12944 | 14380 | 15660
45 336 | 381 | 432 | 491 | 559 | 650 815 | 1034 | 1348 | 1752 | 2225 | 2774 | 3408 | 4136 | 4960 | 5876 | 6869 | 7907
40 276 | 310 | 348 | 390 | 446 | 530 640 | 782 | 961 | 1178 | 1458 | 1792 | 2166 | 2581 | 3035 | 3530 | 4068 | 4653
35 264 | 296 | 332 | 374 | 439 | 520 627 | 764 | 936 | 1143 | 1394 | 1705 | 2049 | 2425 | 2827 | 3256 | 3713 | 4197
30 231 | 258 | 295 | 342 | 398 | 465 549 | 657 | 790 | 951 | 1140 | 1357 | 1613 | 1905 | 2217 | 2546 | 2896 | 3264
25 210 | 239 | 274 | 315 | 364 | 421 491 | 577 | 684 | 812 | 963 | 1137 | 1333 | 1551 | 1795 | 2061 | 2343 | 2638
20 198 | 224 | 255 | 291 | 335 | 385 445 | 516 | 603 | 707 | 830 | 972 | 1134 | 1314 | 1509 | 1719 | 1942 | 2187
15 189 213 2417 210 219 ool 414 arf 902 042 46 ol T0T0 1100 1530 1519 1715 1923
10 181 | 203 | 229 | 260 | 296 | 338 387 | 444 | 510 | 588 | 680 | 787 | 908 | 1045 | 1194/ 1355 | 1528 | 1712
5 177 | 187 | 210 | 236 | 268 | 304 345 | 393 | 447 | 510 | 582 | 666 | 763 | 872-[V)992 | 1122 | 1263 | 1414
0 177 | 177 | 193 | 216 | 243 | 274 311 | 352 | 398 | 450 | 509 | 576 | 654 | 743,/ 840| 947 | 1063 | 1188
-5 177 | 177 | 191 | 214 | 241 | 272 307 | 348 | 394 | 445 | 503 | 569 | 646 | 732 | 828 932 | 1046 | 1168
-10 177 | 177 | 189 | 212 | 239 | 269 304 | 344 | 389 | 440 | 497 | 562 | 637V 722 | 816 918 | 1030 | 1150
-15 | 177 | 177 | 188 | 210 | 236 | 266 301 | 341 | 385 | 435 | 491 | 555|629 712 | 804| 905 | 1014 | 1131
-20 177 | 177 | 186 | 208 | 234 | 264 208 | 337 | 381 | 430 | 486 | 548(~620 | 702 | 793 891 | 999 | 1114
=25 | 177 | 177 | 184 | 207 | 232 | 261 295 | 334 | 377 | 426 | 480 | 541, 612 | 693 | 782 879 | 984 | 1097
-30 177 | 177 | 183 | 205 | 230 | 259 292 | 330 | 373 | 421 | 475 |~535 | 605 | 684 | 771 866 | 969 | 1080
-35 | 177 | 177 | 181 | 203 | 228 | 256 289 | 327 | 369 | 416 | 469 | 529 | 597 | 675 | 760| 854 | 955 | 1064
-40 177 | 177 | 180 | 201 | 226 | 254 286 | 324 | 365 | 412 |64 | 522 | 590 | 666 | 750 842 | 942 | 1049
MATc C)

-l;amb -4 N’

(C)

50 16810 17850 18804

45 8964 | 9993 | 10975

40 | 5281 | 5941 | 6627

351 4707 | 5235 | 5778

30 | 3650 | 4051 | 4464

25 | 2948 | 3269 | 3599

20 | 2445 | 2710 | 2984

15 | 2142 | 2369 | 2604

10 1906 | 2107 | 2315

5 1574 | 1741 | 1915

0 1321 | 1462 | 1608

-5 1299 | 1436 | 1579

-10 | 1277 | 1411 | 1551

-15 | 1257 | 1388 | 1524

-20 | 1237 | 1365 | 1498

=25 27T t343—TH47S

-30 | 1198 | 1322 | 1450

-35 | 1180 | 1301 | 1426

-40 | 1162 | 1281 | 1404
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Table D66 - H35 FM60 or H70 FM60/FM90/FM300 ttinar - 2000 L < Vcrss < 3000 L and 200 L < TVL <350 L

MATc (°C)

-(I;ag; -40 | -38 | -36 | -34 | 32 | -30 | -28 | -26 | -24 | 22 | -20 | 18 | -16 | -14 | 12 | -10 | -8 -6
50 534 607 691 791 916 | 1065 | 1258 | 1560 | 2030 | 2656 | 3428 | 4383 | 5562 | 6968 | 8513 | 10077 | 11580 | 12981
45 422 474 532 595 664 773 927 | 1126 | 1376 | 1680 | 2052 | 2516 | 3051 | 3661 | 4346 | 5110 | 5953 | 6864
40 346 385 429 488 563 651 758 891 | 1056 | 1255 | 1489 | 1761 | 2072 | 2435 | 2844 | 3292 | 3781 | 4313
35 331 369 420 482 556 643 747 875 | 1035 | 1225 | 1449 | 1707 | 1998 | 2324 | 2690 | 3088 | 3515 | 3970
30 302 342 388 443 507 581 668 772 897 | 1047 | 1223 | 1425 | 1653 | 1908 | 2184 | 2481 | 2804 | 3154
25 284 319 360 409 465 531 606 693 794 915 | 1057 | 1220 | 1404 | 1610 | 1834 | 2076 | 2335 | 2610
20 267 299 336 379 430 487 553 629 715 814 931 | 1065 | 1217 | 1387 | 1573 | 1773 | 1989 | 2219
15 255 284 516 3006 400 4906 [Nk 200 oo4 97 s1eY4 9oc [ T100 1246 1470 1585 | 1774 1975
10 243 271 303 340 382 431 486 549 619 698 786 887 | 1003 | 1133 | t2767| 1430 | 1596 | 1774
5 225 249 277 309 346 388 435 489 550 616 689 770 862 967~V1081 || 1206 | 1342 | 1487
0 208 230 254 283 315 351 393 439 492 549 612 681 756 840 934 || 1037 | 1149 | 1269
-5 207 228 253 280 312 348 389 436 487 544 606 674 749 831 923 | 1024 | 1133 | 1252
-10 205 227 251 278 310 345 386 432 483 539 600 667 741 822 912 | 1011 | 1119 | 1235
-15 204 225 249 276 307 342 382 428 479 534 594 661 733 813 902 999 | 1105 | 1218
-20 203 223 247 274 305 339 379 424 474 529 589 654 726 804 891 987 | 1091 | 1202
-25 201 222 245 272 302 337 376 420 470 524 583 648 719 796 882 975 | 1077 | 1187
-30 200 220 244 270 300 334 373 416 466 519 578 642 71 788 872 964 | 1064 | 1172
-35 198 219 242 268 297 331 369 413 461 515 573 635 704 780 862 953 | 1051 | 1157
-40 197 217 240 266 295 328 366 409 457 510 567 629 697 772 853 942 | 1039 | 1143

MATc Q)
-l;amb -4 N’
(¢C)
50 | 142800 15471 | 16569
45 7849 | 8794 | 9760
40 4888 | 5497 | 6139
35 4452 | 4955 | 5476
30 3526 | 3912 | 4314
25 2901 | 3207 | 3528
20 2462 | 2716 | 2979
15 2188 | 2410 | 2640
10 1962 | 2159 | 2363
5 1642 | 1805 | 1975
0 1399 | 1535 | 1678
-5 1378 | 1511 | 1651
-10 1359 | 1489 | 1625
-15 1340 | 1467 | 1600
-20 1321 | 1446 | 1576
=25 130414261554
-30 1286 | 1406 | 1531
-35 1270 | 1387 | 1510
-40 1254 | 1369 | 1489
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