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RATIONALE
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1. SCOPE

This standard specifies the communications hardware and software requirements for fueling hydrogen surface vehicles
(HSV), such as fuel cell vehicles, but may also be used where appropriate with heavy-duty vehicles (e.g., buses) and
industrial trucks (e.g., forklifts) with compressed hydrogen storage. It contains a description of the communications hardware
and communications protocol that may be used to refuel the HSV. The intent of this standard is to enable harmonized
development and implementation of the hydrogen fueling interfaces.

This standard is intended to be used in conjunction with the hydrogen fueling protocols in SAE J2601 and nozzles and
receptacles conforming with SAE J2600.

1.1 Gaseous Hydrogen Fueling System Background

The overall hydroggn fueling sysiem consisis of a dispenser, HSV, and hydrogen fueling couplihg. The nozzle and
receptacle mechanigally couples the hydrogen fueling system (dispenser) and the HSV and allows-yydrogen gas to flow
between them. The|interface between the two is defined as the fueling interface. The data-is<tranismitted from the IR
transmitter on the HV to the IR (infrared) receiver on the dispenser. See Figure 1.

H2 Fueling Couplina
Data . Data

Hydrogen IR_ 3 | IR _ ok
Dispenjser Receiver 5 ‘ Transmitter yarogen

| | Ny | Vehicle

Hydrogen Nozzle : RPeeptacie | Hydrogen
\ \@@
FueellngE Interface

Figure 1 - Overall gaseous hydrogen fueling system
2. REFERENCES
2.1 Applicable Doguments

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

2.1.1  SAE Publicdtions

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J2579 Standard for Fuel Systems in Fuel Cell and Other Hydrogen Vehicles
SAE J2600 Compressed Hydrogen Surface Vehicle Fueling Connection Devices
SAE J2601 Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles
SAE J2601-5 High-Flow Prescriptive Fueling Protocols for Gaseous Hydrogen Powered Medium and Heavy-Duty

Vehicles
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21.2

IrDA Publications

Copies of these documents are available online at www.IrDA.org.

IrDA IrPHY 1.4

IrDA IrLAP 1.1

IrDA

IrDA Serial Infrared Physical Layer Specification
Serial Infrared Link Access Protocol

Physical Layer Measurement Guidelines V1.1, 8 Sept 2000

2.1.3 ANSI Publications

Copies of these documents are available online at https://webstore.ansi.org/.

CSAHGV 4.3
214

Available from [E(
Tel: +41 22 919 02 1

IEC 61508
IEC 61511
2.1.5 1SO Publica
Copies of these doc
ISO 17268

ISO 26262

2.2 Related Publig

The following public
Report.
2.2.1 SAE Publics

Available from SAE
and Canada) or +1 7

IEC Publications

Test Methods for Hydrogen Fueling Evaluation

N
2

Central Office, 3,
1, www.iec.ch.

rue de Varembe, P.O. Box 131, CH-1211 GeneV

a 20, Switzerland,

Functional Safety of Electrical/Electronic/Programmable Electronic Safety-Relaied Systems

Functional Safety - Safety Instrumented Systems forthe Process Industry Sect
ions

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

Gaseous hydrogen land vehicle refuelling connection devices
Road Vehicles - Functional Safety Related Publications
ations

btions are provided foriinformation purposes only and are not a required part o

tions

nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
24-776-4970 (outside USA), www.sae.org.

AS568

DI

this SAE Technical

D6-7323 (inside USA

Anrnepnpn Size Standard for ﬁ-PingQ

SAE J2574

SAE J2578

SAE J2601-2

SAE J2601-3

SAE J2601-4

SAE J2760

Fuel Cell Vehicle Terminology

Recommended Practice for General Fuel Cell Vehicle Safety

Fueling Protocol for Gaseous Hydrogen Powered Heavy Duty Vehicles
Fueling Protocol for Gaseous Hydrogen Powered Industrial Trucks

Ambient Temperature Fixed Orifice Fueling

Pressure Terminology Used in Fuel Cells and Other Hydrogen Vehicle Applications
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222 WE-NET Pu

blications

Lynch, F. (2002). Communication Between Vehicle Onboard Tanks and a Hydrogen Fueling System. WE-NET Task 7A-13,

HCI.

3. DEFINITIONS

3.1

AMBIENT TEMPERATURE

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

3.2 CHSS MEASURED TEMPERATURE

The measured temp
NOTE 1: If the vehi
dispenser
Due to the
measuren
NOTE 2: For vehicl
manufacty
approach
of MT is t¢
highest m

3.3 COMPRESSH
As defined in SAE J
pressure relief devid
vessel(s) and these
environment.

34 COMPRESSH

The total water volun
in the CHSS at the n

NOTE: The total ms

brature of the gas in the vehicle CHSS.

accuracy of the sensor, the vehicle manufacturer should considerthe toleranc

s with multiple tanks in the CHSS, the measured temperature in each tank c
rer should consider the best approach for transmitting a Single representative tem
s to transmit the lowest measured temperature from the tanks in the CHSS, since

determine when to end the fill based on a calculated pressure or density where
pasured temperature can be utilized in the criteria for sending an Abort signal.

D HYDROGEN STORAGE SYSTEM (CHSS)
2579, the compressed hydrogen storage system consists of the pressurized co
es (PRDs), shut-off devices(s), and all components, fittings, and fuel lines betw
shut-off device(s) that isolate the-stored hydrogen from the remainder of the

D HYDROGEN STORAGE-SYSTEM (CHSS) CAPACITY

ne of all the storage(vessels in the CHSS, or the total mass of hydrogen stored in a
ominal working pressure at 15 °C.

state of cha

3.5 COUPLING OR CONNECTION

ss of hydrogen stored in the CHSS at the nominal working pressure at 15 °C is ¢
ge.

tle contains a temperature measurement device for the purpose of sending a temperature signal to the
during fueling, this temperature is also assumed to be the average temperature of the gas in the vehicle.

of the temperature

ent and include them as criteria for the Abort and Measured Temperature signals.

n vary. The vehicle
berature as MT. One
the primary purpose
MT is an input. The

ntainment vessel(s),
ben the containment
fuel system and the

| the storage vessels

quivalent to a 100%

A joined assembly of a nozzle and receptacle that permits rapid coupling (or connecting) and decoupling (or disconnecting)
of fuel supply hose to the vehicle fuel system, as per SAE J2600.

3.6 DATA COMMUNICATIONS LINK

The data communications portion of the connector consists of an infrared emitter that is mounted in the HSV in close
proximity to the receptacle and infrared receivers that are located in the nozzle. These devices allow the HSV to send data
to the fuel dispensing system. Figure 2 illustrates the emitter and receiver placement.
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Receptacle full Receptacle Vehicle infrared
length .', transmitter
I
T2 ] B
A} -
=] [—
.. »
Nozzle Nozzle infrared
receiver
Figure 2 - Connector with infrared*communications link
3.7 DESIGN VERFICATION TEST

A method of testing
3.8 HYDROGEN I

The equipment requ
vehicle.

3.9 HYDROGEN
Any surface vehicle
3.10 NOZZLE

Device connected to

b product to assure that it meets all of\its' design specifications.
DISPENSING EQUIPMENT (DISPENSER)

ired to condition and transfer fuel from the station to vehicle storage for the pt

BURFACE VEHIGLEAHSV)

afuel dispensing system that engages the HSV receptacle and permits transfer of

rpose of fueling the

hat stores and.uses hydrogen as a fuel. An example of an HSV is a Fuel Cell Velpicle.

fuel. See coupling or

connection (see 3.5)

3.11 PRESSURE CLASS

The pressure class will be defined by the protocol’s nominal working pressure. The class is denoted by the letter H followed
by the nominal working pressure in MPa. For example, H70 is the pressure class for a hydrogen fueling protocol with a

NWP of 70 MPa.

3.12 RECEPTACLE

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.
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3.13 COMMUNICATIONS DEFINITIONS

3.13.1 COMMUNICATIONS FUELING

Communications fueling means that a valid data connection has been established from vehicle to fueling station dispenser

as described in SAE

J2799.

3.13.2 NON-COMMUNICATIONS FUELING

Non-communications fueling means that no valid data connection from vehicle to fueling station dispenser as per SAE
J2799 exists or that the received data has not been recognized as valid (or wished to be used) by the dispenser.

3.13.3 OPTIONAL DATA (OD Data)

Data contained in th
3.13.4 OPTIONAL
A set of data in the (
3.13.5 OPTIONAL

A signifier at the sta
Block.

3.13.6 DATA TYPH
3.13.6.1 DYNAMIQC
A type of data transr,
3.13.6.2 PERSIST
A type of data transr
3.13.6.3 STATICD

A type of data trans
change over the life

4. ABBREVIATION

e Optional Data Block.

DATA BLOCK (OD Block)

DD data field that contains a header and data.
DATA BLOCK HEADER (OD Header)

It of the Optional Data Block (see 3.13.5) used to designate the data contained

S
DATA
hitted from the vehicle to the station that'can change during fuelings.
ENT DATA
hitted from the vehicle to the,station that is fixed during the duration of the fueling
ATA

mitted from the vehicle to the station that is permanently programmed into the
pf the vehicle‘or component, except during authorized maintenance.

S AND.SYMBOLS

in the Optional Data

ehicle and does not

4.1 Symbols

dnmax distance nozzle maximum
dnmin distance nozzle minimum

dvmax distance vehicle maximum
dvmin distance vehicle minimum
In radius nozzle

Mrec radius receptacle

v

radius vehicle
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5. COMPRESSED HYDROGEN SURFACE VEHICLE TO STATION COMMUNICATIONS DEVICE

5.1 Non-ASIL/SIL Communications Assumptions

The IrDA communications defined in SAE J2799 have not been Automotive Safety Integrity Level (ASIL) or Safety Integrity
Level (SIL) classified to any standard at the time of publishing this standard. This means until ASIL/SIL certification is
achieved, the signals are not guaranteed to be accurate and the station is responsible to ensure that process requirements
are followed if it uses the communications signals.

The following are some of the guidelines that may be used to qualify components and systems for the station side SIL: IEC
61508/61511 and for vehicle side ASIL: ISO 26262.

5.2 Physical and Functional Requirements

5.2.1

Physical Lay

The infrared data li
specification, IrDA Ir
be compatible with g
5.2.1.1  Modulatio
The modulation sche
scheme is used, wh
duration is nominally
0.60 ps.
5.21.2 Byte Fram
The signal is organiz
Section B.3 of IrPHY

transmitted in serial
transmitted last. Bits

er Protocol Specification

hk uses an optical interface based on the 38400-baud interface specified by
PHY 1.4. The physical layer implements only a portion of the IrPHY specification,
tandard IrDA devices.

h Scheme

me defined below is described in Section 2.3 of IFPHY_1.4. A return-to-zero-inver
bre a “0” is represented by a light pulse and a “1” is-represented by no light puls
3/16 of the bit duration. The maximum pulse duration is 3/16 of the bit duratior]

ing

ed into IR frames, as shown in Figure.3;that have a direct correlation to UART frz
1.4. Each byte is transmitted asynchronously with a start bit, 8 data bits, and a s
byte order, with the least significant bit (LSB) transmitted first and the most
are transmitted at a rate of 38400 bits per second.

IrDA physical layer
And it is not meant to

fed (RZI) modulation
e. The optical pulse
, plus a tolerance of

mes as described in
top bit. Data bits are
significant bit (MSB)

Y
Startl( IR Frame Stop
' Data Bits ' B
Bt SR VSB Bit
D 1 0 1 0 0 1 1 0 1
Eit WVidth
Timels— 3/16 Bit Time

Figure 3 - IR frame

5.2.2 Data Link Layer Protocol Specification

The purpose of the data link layer is to ensure valid application data is transferred from the transmitting side to the receiving
side of the data link. The data link defined below is based on the low-speed asynchronous data link specified by IrDA IrLAP
1.1. The data link implements only a portion of the IrDA specification, and it is not meant to be compatible with standard
IrDA devices.
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5221

Data Link Control Characters

The following control characters are used for the data link framing as described in Section 10.1 of Ir(LAP 1.1.

.
BOF: Beginning
EOF: End of Fra
o

5222

(X)BOF: Extra Beginning of Frame character shall be OxFF hexadecimal.

of Frame character shall be 0xCO hexadecimal.

me character shall be 0xC1 hexadecimal.

CE: Control Escape character shall be 0x7D hexadecimal (see A.1.1).

Frame Check Sequence (ECS) Field

The frame check se
field shall be a 16-bi
for the CRC shall bg
significant byte.

An implementation ¢
sequence (FCS) img
5.2.2.3 Data Link
The application datg
data packets shall be
A single BOF chars

transmitted immedizs
following the applica

uence field detects errors in the received frame as described in Section 10,142 of

X16 + X12 + X5 + 1. The FCS is transmitted with the least significant-byte first

f the CRC-CCITT FCS algorithm for calculating the CRC hasbeen provided in
lementation section of the appendix.

Frame

packets are transmitted in data link frames as described in Section 10 of IrLAP
transmitted in data link frames. Five (X)BOF chatacters shall precede the data link
cter shall be transmitted at the start of the(data link frame. The application g
tely following the BOF character. A frame>check sequence field shall be tran
fion data packet. The data link frame shall*be terminated with an EOF character a

Table 1~ Data link framing

Ir(LAP 1.1. The FCS

CRC-CCITT cyclic redundancy check computed on the bytes in the application glata. The polynomial

ollowed by the most

he fast frame check

1.1. The application
frame transmission.
ata packet shall be
smitted immediately
s shown in Table 1.

| (X)BOF

BOF ApplicationData | FCS

|

EOF

5224 Transparg
A transparency char
control characters as
bytes, or FCS bytes|
transmitting the data

The transformation r

ncy

bcter is defined to-transform application data bytes (and FCS field bytes), which cg
described in Section 10.1.3 of Ir(LAP 1.1. The transmitting side of the data link sh3
, correspongding* to control characters (X)BOF, BOF, EOF, or CE into non-contrg
link frame:

nethod on the transmitting side shall be:

rrespond to data link
Il transform any data
| characters prior to

ccana (O bada dina-thae-data-byvda

a.

Insert a control

SCTOPCToE oyt pprectCumygtctata oy tcr

b. Exclusive OR the data byte with 0x20 hexadecimal.

The receiving side shall reverse the transformation whenever a CE byte is received in the data stream.

See Section B.2 for an IrDA frame example with the maximum transparency characters possible.

The receiving side shall reverse the transformation using the following method:

a. Discard the cont

rol escape (CE) byte.

b. Exclusive OR the data byte with 0x20 hexadecimal.
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The state machine shown in Figure 4 is an example of what must be implemented by the receiver to properly decode
received characters as described in Section 10.1.3 and 10.1.5 of IrLAP 1.1.

EOF

(X)BOF

AnyChar

All bytes received alf
(which cause a tran
complete data packs
5.2.3 Presentatiorn

The dispenser shall
protocol, for which it

5.2.3.1 Data Inted
5.2.3.1.1 DataTy
All data shall be tran|

5.2.3.1.2 Proper [

AnyChar

Figure 4 - Receiver transparency state machine

e discarded in state A until a BOF (or (X)BOF) is received. All bytes received on
ition from state B to state D, or from state C to state D) are inserted into the re
t has been decoded on the EOF event{which causes a transition from state D to
Layer Protocol Specification

attempt to support the standard-communications fueling process, as defined in th
has received all the required data that meet the required data integrity checks.

rity Checks
be
smitted_in"ASCII format.

Delimiter Check

the AnyChar events
Ceive data packet. A
state A).

e associated fueling

A single pipe character ("|" ASCIl, $7C hexadecimal) shall be used to delimit all pieces of data. All valid data shall be
contained between two pipe characters, as shown in Table 2.

Table 2 - Delimiter permutations and interpretations

[MP=010.0]VN=02.99| Proper format, both valid

MP=010.0]VN=02.99| MP not valid due to no leading delimiter

[MP=010.0]VN=02.99 VN not valid due to no trailing delimiter

[MP=010.0]|]VN=02.99| All data valid, redundant delimiter is not required
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52313

Proper Tag Check

The first two characters after the data delimiter shall contain a defined data tag. All tag comparisons shall be case-sensitive.

The third character after the delimiter shall be the

“_»

result in all data between the delimiters being discarded.

523.14

Properly Defined Value Check for Required Character Data

character (hexadecimal $3D). Any deviations from this format shall

All character data for a required data field shall be an exact match for a defined value. All defined data comparisons shall
be case-sensitive. Extra spaces or characters shall invalidate the data.

5.2.3.1.5

Properly Defined Value Check for Required Numerical Data

All defined numerical data positions shall be fueled using Teading and following zeros as required 1o fuél the defined format.

Extra spaces or char
defined value and le

pacters shall invalidate the data. All defined numerical data shall be greater thamor
5s than or equal to the maximum defined value, as shown in Table 3.

Table 3 - Value check permutations and interpretations

qual to the minimum

[MP=035.0] | Proper format

[MP=35.0| Not valid due to lack of leading zero

[MP=035| Not valid due to lack of decimal point and trailing zero

[MP=035.0] | Not valid due to extra space before numerical data

I[IMP=3.5E1| | Not valid, scientific notation not supported

[IMP=035.0] | Proper range

[IMP=100.1] | Not valid, data outside of defined data range (000.0 - 100.0)
5.2.3.2 Data Interyal Check

All required data fiel
the nominal transmig
requirement is to be
shall be considered

The only other exce
(FC=Abort) from the

5.2.3.21 Commu
The signal interval tq

5.3 Communicatio

sion interval (5 x 100 ms) to be considered valid, except for the OD data field, wh
10 x 100 ms. If none of the message meets this requirement within 5 x 100 ms,
ost.

btion to this requirement is that the dispenser shall respond to any properly formg
vehicle regardless of\whether the data has been received within its nominal trans

hications Interval Folerance
lerance shall be within +20% of interval time.

ns Hardware for Gaseous Fueling

s for a given fueling process shall be updated with properly formatted message ¢lata within five times

ere the data interval
the communications

tted abort command
mission interval.

smittar Roauiramants.
SHHESB8gtHOHOHT

e shall have at least one infrared transmitter as shown in Figure 5.

The sum of the infrared transmitter(s) on the vehicle shall have an effective half angle of a=55 degrees.

The center of the transmitter element(s) shall be located on the mounting surface at a radius of rv=rrec X 1.7 %

4 mm from the axis of the receptacle, where rrc is the largest radius of the standardized receptacle defined in

standards, such as SAE J2600 and ISO 17268. See Figure 5.

5.3.1  Vehicle Trar
5.3.1.1  The vehicl
5.3.1.2

See Figure 7.
5.3.1.3

connector
5.3.14

The external chassis of the vehicle transmitter(s) facing the receiver shall be at least dvmin from reference plane

z=0, which is the plane defined by the leading edge of the receptacle. dvmin is defined as the full length of the
standardized receptacle (the edge of the receptacle to the stop ring) plus 10 mm. See Figure 7 and Table 4.
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53.1.5

5.3.1.6

5.3.2

5.3.2.1

5.3.2.2

53.2.3

5.3.24

5.3.2.5

5.3.2.6

ove specified geometry, the minimum irradiance that the nozzle receiver will be r
/cm?, and the maximum irradiance that thé nozzle receiver will be required to dete
Table 4 - Definitidn of minimum and maximum infrared emitter and receiver distances for differe
dvmin (mm) dymax (mm) dimin (mm) dimax (mm)

H35 40 60 15 25

H35HF 55 75 20 40

H70 50 70 15 35

H70HF TBD TBD TBD TBD

NOTE: The H70HF

The external chassis of the vehicle transmitter(s) facing the receiver shall be at most dvmax from reference plane
z=0, which is the plane defined by the leading edge of the receptacle. dvmax is defined as the full length of the
standardized receptacle (the edge of the receptacle to the stop ring) plus 30 mm. See Figure 7 and Table 4.

The minimum intensity of the vehicle infrared emitter shall be 40 mW/sr within the range of the half angle. The
maximum intensity of the vehicle infrared emitter shall be 100 mW/sr within the range of the half angle.

Nozzle Receiver Requirements

The nozzle shall have at least three infrared receivers. The infrared receivers on the nozzle shall have a minimum

half angle

of b=55 degrees. See Figure 7.

The angle between adjacent nozzle infrared receivers shall be no more than c=120 degrees. See Figure 6.

The nozzl

largest radlius defined in the standard of the standardized receptacle defined in connécto

SAE J260

When the

the transmitter shall be at least dnmin from the reference plane z=0. dnmin is"defined as the I3

15 mm ar

25 mm. S¢e Figure 7 and Table 4.

When the
the transn
standardiz

For the af
be 100 uW

e receiver elements shall be located rm=rrec X 1.7 £ 4 mm from the axis of the nez
D and I1ISO 17268. See Figure 6.

nozzle is fully engaged with the receptacle, the external chassis of\the‘receivers
d the full length of the standardized receptacle (the edge of.the receptacle to
nozzle is fully engaged with the receptacle, the exterfial chassis of the receivers

itter shall be no more than dnmax=from the reference plane z=0. dnmax is defined as
ed receptacle (the edge of the receptacle to the stop ring) minus 5 mm. See Figu

dimensions.have not been defined in SAE J2600 or ISO 17268.

zle, where rrec is the
standards, such as

on the nozzle facing
rgest value between
the stop ring) minus

on the nozzle facing
the full length of the
e 7 and Table 4.

bquired to detect will
.t will be 50 mW/cm?.

nt connector sizes
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Receptacle

N\
\
\
\ Vehicle
| infrared
r I emitter

Receptacle

Nozzle
infrared
receiver

Figure 6 - Nozzle receiver (front view)
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d'.l'l'l"ﬂ.x

Plane z=0 —-4

dl.r min

Vehicle infrared
transmitter

-

7

T

5.4 Communicatio

5.4.1 Gaseous Fu

T2
il

eling Communications

Mozzle infrared
receiver

ns Definition (Version 01.10)

| EIn rningl

‘F._

dnmax 1

Figure 7 - Vehicle receptacle (side’view)

5.4.1.1 Data Definitions

5.4.1.1.1  Commupication Protocol Identifier
Tag: ID=
Type: Static
Units: Not Applicable
Range: SAE J2799
Example: [ID=SAE . J2799|
Interval: 100 ms
Direction; Vehicle to Dispenser

The vehicle shall tra
data. For this revisio

nsmit-the communication protocol identifier to the dispenser to aid in the decodi
h‘efithis standard, the ID shall be “SAE J2799”. The “_’symbol is to denote a spacs

ng of the transmitted
and used after SAE

in the identifier.

54.1.1.2

Data Communications Software Version Number

Tag: VN=

Type: Static

Units: Not Applicable
Format: #H H#

Range: 00.00 - 99.99
Example: [VN=01.10|

Interval: 100 ms

Direction: Vehicle to Dispenser
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The vehicle shall transmit its version number to the dispenser to aid in the decoding of the transmitted data. The major
revision shall be defined as the whole number portion of the version number. The minor revision shall be defined as the
decimal portion of the version number. Example: For version number 10.02, the major revision is 10 and the minor revision

is 02.

For this version of the communications definition, VN=01.10

54113 Total Volume

Tag: TV=
Type: Static
Units: Liters
Format: i #

[ Range: 0000.0 - 5000.0
Example: [TV=0200.0|
Interval: 100 ms
Direction: Vehicle to Dispenser

The vehicle shall trapsmit the total water volume of the CHSS in liters at the nominal working pressure

NOTE: This is also known as the CHSS volume.

54.1.1.4 Receptgcle Type

Tag: RT=

Type: Static

Units: Not(Applicable

Range: H25, H35, H50, H70 (as defined by
the SAE J2600 standard)

Example: [RT=H70|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the pressure class of its CHSS, as defined in 3.11. The dispenser shall ng
RT is less than the gressure class of the nozzle.

54115 Fueling Command

to the dispenser.

t dispense fuel if the

Tag: FC=

Type: Dynamic

Units: Not Applicable

Range (VN=01.10): Dyna, Stat, Halt, Abort
Example: |[FC=Dyna|

Intervar: TO0 ms

Direction: Vehicle to Dispenser
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The vehicle shall transmit the fueling command signal to inform the dispenser on how to handle the fuel flow. All stations
that are compliant with SAE J2799 shall use the following commands:

FC=Dyna Dispenser shall dispense fuel based upon the procedures defined in the appropriate fueling protocol in
SAE J2601.

FC=Stat The dispenser shall dispense fuel based upon the procedures defined in the appropriate fueling protocol in
SAE J2601.

FC=Halt  The dispenser shall pause the fueling process, using the procedures defined in the appropriate fueling protocol
in SAE J2601.

FC=Abort The dispenser shall terminate the fueling process and shall not dispense fuel until the dispenser fueling process
is restarfed by the operaior.

54.1.1.6 Measurgd Pressure

Tag: MP=

Type: Dynamic

Units: MPa

Format: i #

Range: 000.0-100.0
Example: [MP=043.7|

Interval: 100 ms

Direction: Vehicle o Dispenser

The vehicle shall trapsmit the measured CHSS gas pressure in MPa.

5.4.1.1.7 Measurgd Temperature

Tag: MT=

Type: Dynamic

Units: Kelvin

Format: i #

Range: 16.0 - 425.0
Example: [MT=353.0|

Interval: 100 ms

Directions Vehicle to Dispenser

The vehicle shall trapsmit the measured gas temperature of the hydrogen gas in the vehicle’s storage|tank in Kelvin.

54.1.1.8 Optional| Data

Tag. Ob=

Type: Static Persistent, or Dynamic

Units: None

Range: Any 0 to 74 Characters not
including "|"

Example: |OD=Parameter(s)|

Interval: 100 ms minimum

Direction: Vehicle to Dispenser

The vehicle may transmit this optional data set to the dispenser. The data shall contain any character except the delimiter
character ("|" ASCII, $7C hexadecimal). The optional data should not be viewed as an open configurable signal without a
secondary identification of the vehicle (to avoid misinterpetation of multiple signal definitions).
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5.5 Communications Definition (Version 02.00)

The following communication definitions in this section expand the range of total volumes for the TV parameter and provide
structured formatting rules for data communicated in the OD field. These changes from version 1.10 to 2.00 are needed to
facilitate new high flow fueling protocols such as SAE J2601/5. Communications definitions Version 02.00 may be used for
other fueling protocols that need an expanded OD field.

551 Gaseous Fueling Communications

5.5.1.1 Data Definitions

55.1.1.1 Data Communication Protocol Identifier

ag. ID=
Tlype: Static
Units: Not Applicable
Range: SAE J2799
Hxample: [ID=SAE_ J2799|
Ipterval: 100 ms
Direction: Vehicle to Dispenser,

The vehicle shall trgnsmit the protocol identifier to the dispenser to aid in the ‘decoding of the transmitted data. For this
revision of this stan@lard, the ID shall be “SAE J2799”. The “.” symbol is-t0'denote a space and uged after SAE in the
identifier.

5.5.1.1.2 Data Cgmmunications Software Version Number

Thg: IN=

Type: Static

Uhnits: Not Applicable
Fprmat: i

Rlange: 00.00 - 99.99
Ekample: [VN=02.00]

Irfterval: 100 ms

Diirection: Vehicle to Dispenser

The vehicle shall trgnsmit its versionnumber to the dispenser to aid in the decoding of the transmifted data. The major
revision shall be defined as the whole number portion of the version number. The minor revision shall be defined as the
decimal portion of the version number. Example: For version number 10.02, the major revision is 10 and the minor revision
is 02.

For this version of the cemimunications definition, VN=02.00

5.5.1.1.3 Total Volume

Tag: TV=

Type: Static

Units: Liters

Format: HHE #

Range: 0000.0 - 9999.9
Example: |[TV=0200.0|
Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the total water volume of the CHSS in liters at the nominal working pressure to the dispenser.

NOTE: This is also known as the CHSS volume.
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5.5.1.1.4 Receptacle Type

Tag: RT=

Type: Static

Units: Not Applicable

Range: H25, H35, H50, H70 (as defined by the
SAE J2600 standard)

Example: [RT=H70|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the pressure class of its CHSS, as defined in 3.11. The dispenser shall not dispense fuel if the

RT is less than the pressure class of the nozzle.

5.5.1.1.5 Fueling Command

Tiag: FC=

Tlype: Dynamic

Units: Not Applicable

Hange (VN=02.00): Dyna, Stat, Halt, Abort
EHxample: [FC=Dyna|

Interval 100 ms

Qirection: Vehicle to Dispenser

The vehicle shall trahsmit the fueling command signal to inform the dispenser on how to handle the fuel flow. The fueling
protocol shall define|the actions taken based upon the fueling command.

The fueling commands defined in SAE J2799 are:

e FC=Dyna-
e FC=Stat-.
e FC=Halt -
e FC=Abort -

Fueling protocols may define other fueling commands.

5.5.1.1.6 Measurgd Pressure

Tag: MP=

Type: Dynamic

Units: MPa

Format: #itt #

Range: 000.0 - 100.0
Example: [MP=043.7|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the measured CHSS gas pressure in MPa.
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5.5.1.1.7 Measured Temperature
Tag: MT=
Type: Dynamic
Units: Kelvin
Format: #HH #
Range: 16.0-425.0
Example: [MT=353.0|
Interval: 100 ms
Direction: Vehicle to Dispenser

The vehicle shall transmit the measured gas temperature of the hydrogen gas in the vehicle’s storage tank in Kelvin.

5.5.1.1.8 Optiona| Data
Tag: OD=
Type Static, Persistent, or Dynamic
Units None
Rangg: Any 0 to 240 Characters not including|"["
Example: |OD=Parameter(s)|
Interval: 100 ms minimum
Direction: Vehicle to Dispenser
5.5.1.1.8.1 Optional Data Block

The Optional Data (
contain any charact

character ("\" ASCII,

follow the previous o

The OD Header sha
composed of a strin

indicate the end of th
to be used in the hyq

Zero or more OD Data shall follow the-OD Header. Multiple OD Data are allowed to immediately follow

single comma chara

As specified in 5.2.3
field.

5C hexadecimal) shall indicate the end-of the block. Multiple data blocks are all
ne.

g of six to 15 characters. Asingle comma character ("," ASCII, $2C hexadeci
e OD Header. The OD Header should define the type of data that follows. OD He
rogen industry are dogumented in Appendix D.

cter ("," ASCIIL$.2C hexadecimal) should be used to delimit multiple OD Data.

1.2, a single*pipe character ("|" ASCII, $7C hexadecimal) shall designate the end

Table 5 - Examples of OD Data Blocks, OD Header, and OD Data

DD=) field, as defined in 5.5.1.1.8, may contain’zero or more OD data blocks. Th
br except the delimiter character ("|" ASCI,~$7C hexadecimal), end of OD data
ASCII, 5C hexadecifnal), and comma ("," ASCII, $2C hexadecimal). At the end of each OD data bloc

| immediately follow the data delimiter and OD= defined data tag (i.e., |OD=). The

e data block(s) shall
block character ("\"
k a single backslash
pwed to immediately

OD Header shall be

rjj;al) shall be used to

ders that are known

the previous one. A

of the Optional Data

Single OD data block
Single OD data

|OD=MCFHFG24,TVL=0250\|

Single OD data block
Multiple OD data

|OD=CATDHF24,TVL=0250,FM=090\|

Multiple OD data blocks
Multiple OD data

|OD= MCFHFG24,TVL=0250\CATDHF24, TVL=0250, FM=

090\
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5.6 Verification Tests
5.6.1 Verification Test, Verification of a Gaseous Hydrogen Communications System
5.6.1.1  Verification Test Setup

To qualify an SAE J2799 communications device, whether vehicle or station side, it shall be independently tested using a
verification test setup. The verification test setup shall consist of electronics capable of testing the full range of
receiver/transmitter locations, powers, and sensitivities as specified in 5.3.1 and 5.3.2. The verification test setup shall have
the transmitter and receiver positioned around a simulated receptacle, consisting of a shaft of stainless steel with a diameter
of 30 mm. Simulated light sources’ intensities and distance are specified by IrDA Physical Layer Measurement Guidelines
(see 2.1.2 and 2.2.2). The simulated light sources shall be directed toward and be positioned within line of sight of the
receivers. The apparatus shall be located in an environment with no ambient light. The verification test setup shall be
capable of includinga 38% transmittance filer in the 850 10 90U nm IR range placed 2 mm £ U.% mm in front of the
transmitter. The setyp shall not allow any transmitted or reflected IR light to pass around the filter:

The test setup showp in Figure 8 shall be used to perform the test scenarios listed in Table 6.

A
A 4

A A
v
A 4

Figure 8 - Verification test setup
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5.6.1.2 Test Scenario Definition
The scenarios listed in Table 6 shall be tested:

Table 6 - Test scenarios

Scenario 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
IR Filter Y Y Y Y Y Y N N N N N N Y Y Y Y
Simulated Sunlight Y N N Y N N Y N N Y N N N N N N
S_lmulated Fluorescent N Y N N Y N N v N N v N N N N N
Light

S_lmulated Incandescent N N Y N N Y N N Y N N Y N N N N
Light

Transml_tter - Recelyer 55 55 55 55 55 55 TS TS TS TS TS TS b 55 15 15
Separation (mm)

Orientation (degree$) 30 30 30 30 30 30 0 0 0 0 0 Q\H3p 30 30 | 30
Transmitter or Recefver | 5 | o5 | 55 | 18 | 18 | 18 | 26 | 26 | 26 | 18 | 18 |18 | 1B | 26 | 18 | 26
Radial Dimension (hm)

The orientation is de
Scenarios 1 through
scenarios, and scen

6 test the low signal to noise condition, scenarios 7 through\12 test the hig
brios 13 through 16 test a dark ambient light.
5.6.1.3

Transient |Lighting Test

In addition to the alpove scenarios, the transient effects of lighting shallrbe tested by repeating the

scenario in which a
10 seconds 5 secd

imulated light source is used. However, during transmission, the simulated light s
nds and then off for 10 seconds + 5 seconds.cFhis is repeated throughout the du
5.6.1.4

Transmisdion Definition

For each scenario s

fermined by setting the 0 degree reference to be where the transmitter directly alig

ecified above, the transmitting side shall send 65536 messages, each containing

ns with any receiver.
nest received power

poorest performing
urce is turned on for
tion of the test.

nine unsigned word

length numbers (1179648 bytes total). The algorithm te'generate the data to be transmitted is included as follows.

For Message Numbler=0 to 65535 step 1

For Word=0 to 8 step 1
Data(2*Word)=Low_|Byte(Message_Number)
Data(2*Word+1)=High_Byte(Message_Number)
Next

Call Transmit_Data

Next

Each message shall|containthe pre- and post-signal data as required for communications synchronization. The messages

shall not contain a ¢ata\lenhgth field, as the messages for this test are of fixed length. The messag
error-checking fields|_The transmit controller shall maintain a message frequency of 10 Hz.

es shall not contain



https://saenorm.com/api/?name=89eb4dfd3f7a4b7bdcf8b2ddf143c301

SAE INTERNATIONAL

J2799™ JUN2024

Page 22 of 39

5.6.1.5 Test Criteria

When the transmission is complete, the data will be checked bit-for-bit. The number of incorrect bits will be recorded to
determine the bit error ratio (BER) for the test as shown in Table 7.

The SAE J2799 syst

5.7 Verification of

CSA HGV 4.3 shall
SAE J2799.

Table 7 - Bit error ratio

Incorrect Bits BER
0 <1.060E-07
1 1.060E-07
10 1.060E-06
100 1.060E-05
1000 1.060E-04
N N/(1179648*8)

5.7.1 Examples of Verification Testing on Dispenser Side for CSA'HGV 4.3

5711 Demonstr

5.7.1.2 Responseldue to an incorrect CRC or incorrect'sequence of CRCs.

5.7.1.3 Responsegto data that is delayed.

5.7.1.4 Response|to data that is out of order.

6. NOTES
6.1 Revision Indic
A change bar (1) locs

indicates a completg

Btor

publications, nor in qocuments that contain editorial changes only.

6.2 Patents

em tested shall pass each defined test with a BER of less than 10-e)-4.
a Gaseous Hydrogen Communications System in a Dispenser

jefine additional testing to confirm that the station dispénser hardware may recei

btion of fueling with communications data from V.1.1 communications version.

ted in thelleft margin is for the convenience of the user in locating areas where te
editorial changes, have beefi'made to the previous issue of this document. An (R) symbol to the left

e the signals as per

chnical revisions, not
pf the document title

revisioh of the document, including technical revisions. Change bars and (R) ar¢ not used in original

One or more patents may apply to one or more aspects of the standards or the entire standard. By publication of this
standard, no position is taken with respect to the validity of this claim or of any patent rights in connection therewith. The
patent holder(s) has, however, filed a statement of willingness to grant a license under these rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such a license for the purpose of complying with the
standard. Details may be obtained from SAE International at http://www.sae.org/standardsdev/patents.htm.

PREPARED BY SAE FUEL CELL STANDARDS COMMITTEE


http://www.sae.org/standardsdev/patents.htm
https://saenorm.com/api/?name=89eb4dfd3f7a4b7bdcf8b2ddf143c301

SAE INTERNATI

ONAL

J2799™ JUN2024

Page 23 of 39

A1 FAST FRAME CHECK SEQUENCE IMPLEMENTATION

APPENDIX A - FAST FRAME CHECK SEQUENCE (FCS)

The following reference implementation of the CRC-CCITT FCS algorithm is an example for the correct calulation method,

which also takes care of the transparency character(s) (see 5.2.2.4).

In general, the CRC calculation steps are:

a. Use IrDA-Data-Block for calculation.

b. Invert data bytes before each XOR operation.

d. Finally, check transparency.

A.1.1 FCS Com

The following C codg¢ provides a CCITT-Tester for calculating the Frame Check Sequence:

Parts of the prograr
table-based method

butation Method

c. Reverse CRC rjsult before final XOR.

h may be used for online CCITT calculation at station sidé)with the received IR

I

/| CCITT-Tester for §

I

bAE J2799 VN=01.00

I/ includes:

#include "stdafx.h"
#include <string.h>
#include <stdio.h>

#include <conio.h>

R-Data, as well as a

/l CRC parameters (default values are for CCITT 16 Bit):

const int order=16;
const unsigned long
const int direct=1;
const unsigned long

const unsigned long

polynom=0x1021;

crcinit=0x0000;

crexor=0x00;


https://saenorm.com/api/?name=89eb4dfd3f7a4b7bdcf8b2ddf143c301

SAE INTERNATI

ONAL J2799™ JUN2024

Page 24 of 39

const int refin=1;

const int refout=1;

/[ ''order' [1..32] is the CRC polynom order, counted without the leading '1' bit

// 'polynom’ is the CRC polynom without leading 1" bit

// 'direct' [0,1] specifies the kind of algorithm: 1=direct, no augmented zero bits

/I 'creinit' is the initial

CRC value belonging to that algorithm

/I 'crexor' is the final
/I 'refin' [0,1] specifie

/I 'refout’ [0,1] specifi

/I SAE J2799 msg control codes

#define XBOF_sym
#define BOF_sym 0
#define EOF_sym 0

#define CE_sym 0x71

// Data character stri
/I no transparency

unsigned char msgd
/[ with transparency

unsigned char msgd

XOR value
s if a data byte is reflected before processing (UART) or not

es if the CRC will be reflected before XOR

DxFF // Extra Begin of Frame
CO // Begin of Frame
C1// End of Frame

D // Control Escape

bta[]="|ID=SAE- " J2799|VN=01.00|TV=0119.0|RT=H70|FC=Halt|MP=050.0|MT=2

hta-2[]="|ID=SAE ., J2799|VN=01.00|TV=0119.0|RT=H70|FC=Dyna|MP=025.1|M

73.0/";

T=234.0[";

/I internal global values:

unsigned long crcmask;

unsigned long crchighbit;

unsigned long crcinit_direct;

unsigned long crcinit_nondirect;

unsigned long crctab[256];
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/I subroutines

unsigned long reflect (unsigned long crc, int bitnum) {

/I reflects the lower 'bitnum' bits of 'crc'’

unsigned long i, j=1,

crcout=0;

for (i=(unsigned long)1<<(bitnum-1); i; i>>=1) {

if (crc & i) crcout|=j;

j<<=1;

}

return (crcout);

}

void generate_crc_table() {

/l make CRC lookup
inti, j;

unsigned long bit, cr
for (i=0; i<256; i++) {
crc=(unsigned long)i
if (refin) crc=reflect(d
crc<<= order-8;

for (j=0; j<8; j++){

bit=crc & crchighbit;

table used by table algorithms

<)

rc, 8);

cre<<= 1,

if (bit) crc"= polynom;

}

if (refin) crc=reflect(crc, order);

crc&= crcmask;
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crctabli]= crc;
}
}

unsigned long crctablefast (unsigned char* p, unsigned long len) {

// fast lookup table algorithm without augmented zero bytes, e.g., used in pkzip.

/I only usable with polynom orders of 8, 16, 24 or 32.

unsigned long crc=c
if (refin) crc=reflect(d
if (refin) while (len--
else while (len--) crc
if (refout?refin) cre=r
crch= crexor;

crc&= crcmask;

return(crc);

}

unsigned long crcbit
/I fast bit by bit algor
// does not use looku
unsigned long i, j, c,

unsigned long crc=c

cinit_direct;

rc, order);

crc=(crc << 8) ” crctab[ ((crc >> (order-8)) & Oxff) » *p++];
=(cre >> 8) A cretabl[ (cre & 0xff) A *p++];

bflect(cre, order);

pybitfast(unsigned char* p, unsigned long len) {
thm without augmented zero bytes.

p table, suited:for polynom orders between 1...32.
bit;

rcinit’ direct;

for (i=0; i<len; i++) {

c=(unsigned long)*p++;

if (refin) c=reflect(c, 8);

for (j=0x80; j; j>>=1)
bit=crc & crchighbit;

cre<<=1;

{

if (c & j) bit*= crchighbit;
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if (bit) crc"= polynom;
}
}

if (refout) crc=reflect(crc, order);
crc= crexor;

crc&= crcmask;

return(crc);

}

int msglen(unsigned|char * str)
{

int i=0;
while(*(str++))
i++:

return i;

unsigned long chk_transparency(unsigned int crc_in){
/Il transparency check
unsigned char crc_pprt1,crc_part2;

union{

unsigned long crc_value;
unsigned char crc_bytes[4];
}ere;

bool Transparency=false;

crc.crc_value=0;

crc_part1= (unsigned char)((crc_in>>8) & 0xff);
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switch (crc_part1)
{

case XBOF_sym:
case BOF_sym:
case EOF_sym:

case CE_sym:

crc.crc_bytes[3]= CE_sym;

crc.crc_bytes[2]= (cn
Transparency=true;
break;

default:
crc.crc_bytes[2]= crg

crc.crc_bytes[3]= 0;

crc_part2= (unsigne
switch (crc_part2)

{

case XBOF_sym:
case BOF_sym:

case EOF_sym:

c_part170x20);

- part1;

j char)(crc_in & 0xff);

case CE_sym:

crc.crc_bytes[1]= CE_sym;

crc.crc_bytes[0]= (crc_part220x20);

Transparency=true;
break;

default:

crc.crc_bytes[0]= crc_part2;

crc.crc_bytes[1]= 0;
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if (Transparency)
return crc.crc_value;
else

return crc.crc_bytes[0] | (crc.crc_bytes[2]<<8);

}

int _tmain(int argc, _[ITCHAR* argv([])

{

/I test program for checking four different CRC computing types that are:

/I crebitfast() and crgtablefast(), see above.
/[ parameters are at the top of this program.

/I Result will be printed on the console.

int i,ii;

unsigned long bit, crf;

unsigned char recchiar,*msgdata~ptr;

/I at first, compute cgnstant bit masks for whole CRC and CRC high bit

crcmask=((((unsigned long)1<<(order-1))-1)<<1)|1;

crchighbit=(unsigned long)1<<(order-1);

/I generate lookup table

generate_crc_table();
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/I compute missing initial CRC value

if (!direct) {

crcinit_nondirect=crcinit;

crc=crcinit;

for (i=0; i<order; i++]{

bit=crc & crchighbit;
cre<<=1;

if (bit) crc"= polynon;
}

crc&= crcmask;

crcinit_direct=crc;

}

else {

crcinit_direct=crcinit

crc=crcinit;

for (i=0; i<order; i++

bit=crc & 1;
if (bit) crc®= polynom;

crc >>=1;

if (bit) crc|= crchighbit;

}
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crcinit_nondirect=crc;

}

/I call CRC algorithms using the CRC parameters above and print result to the console

printf("\n");

printf("CCITT tester for SAE J2799 VN=01.00\nwritten on 20/05/2011 by J. Zaepf (GM APCE / ADAM OPEL AG)\n");

printf("(based on

printf("

CRC tester v1.3 written on 4th of February 2003 by Sven Reifegerste)\n");

printf("\n");
printf("Parameters:\n]
printf("\n");

printf(" polynom
printf(" order

printf(" crcinit

printf(" crcxor
printf(" refin

printf(" refout
printf("\n");

printf(" Default ms

\n")

: 0x%x\n", polynom);
: %d\n", order);
: Ox%Xx direct, 0x%x nondirect\n", crcinittdirect, crcinit_nondirect);
: 0x%x\n", crcxor);
: %d\n", refin);

: %d\n", refout);

g data 1:\n ID=SAE _,J2799|VN=01.00|TV=0119.0|RT=H70|FC=Halt|MP=050.0|}

printf(" Default msg data 2 (with transparency):\n

[ID=SAE _ J2799|VN

=01.00[TV=0119.0|RT=H70|FC=Dyna|MP=025.1|MT=234.0[\n\n");

IT=273.0[\n\n");

printf(" Enter msg d

ii=0;

recchar= _getch();

if (recchar==50)

4 P 141 101 ¢ £ " ’ o [URTIN
d SUMMYy O press 1 U £ 101 Uciadit LalCuliauoriarm ),

msgdata_ptr= msgdata_2;

else if (recchar==49)
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