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4. DIMENSIONS

41

25.4 mm through 50.8 mm ID, and 9.5 mm for sizes over 50.8 mm ID. See Table 1.

4.2

4.3

The ends of the tube shall be square within 3.0 mm for sizes up to, but excluding, 25.4 mm ID, 6.4 mm for sizes

When tubing is supplied in specific cut or long lengths, the length tolerances shall be as in Table 2.

End squareness shall be measured as the angle between a plane intersecting the long and short extremes of the

tube end and a plane perpendicular to the tube axis. The allowable maximum out-of-squareness is specified in

Table 1.
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5. WHEN A TUBE IS SUPPLIED AS A PREFORMED ITEM, THE TOLERANCE SHALL BE AS FOLLOWS

5.1 Squareness of Ends

The tolerance on squareness of ends of preformed parts shall be a minimum 15% of the nominal tube OD on all sizes
through 25.4 mm ID, 6.3 mm for sizes over 25.4 mm ID through 50.8 mm ID, and 9.5 mm for sizes over 50.8 mm ID. End
squareness shall be measured as described in 4.1.

5.2 Arms Lengths

Measured from end to intersection of nearest centerline. Each end shall be as described in Section 4. These tolerances
apply also to the length of an expanded end.

—

5.3 General Layol

Dimensions locating|bend intersections are to establish the theoretical centerline of the tube. Actual outside contour of the
tube must be held wjthin 4.8 mm in all planes with respect to the theoretical outside contour! 0 check contour, tube ends
should first be placgd in nominal position (it may have to be flexed to correct any distortion caused by handling after
vulcanization in the producing plant or in shipment) in a checking fixture made in accordance with usér requirements from
which contour deviation can be measured. Allowance shall be provided in the end-mbunting area of the fixture for the arm
length tolerances whjich are applicable.

When the ID of an gnd of the tube is enlarged, the wall gauge of the enlarged end normally changes. Allowable change
should be +0.8/-0.5 mm. The wall gauge within bends of a preformed tube. rhay differ from the gaugeg in straight portions.
The difference shall hot exceed 33%.
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Table 1 - Dimensions and tolerances

Nominal Inside Outside Maximum
Size Diameter Diameter" Out-of-Squareness
mm mm mm End Angle®

4.0 40+04 9.1+0.6 15.0 degrees
4.8 48+04 10.3+0.6 14.0 degrees
5.6 56+04 11.1+£0.6 14.0 degrees
6.4 64+04 127+ 0.6 14.0 degrees
7.0 7.0£04 13.5+0.6 14.0 degrees
7.9 7904 143+ 0.6 14.0 degrees
8.7 8704 15.1+£0.6 14.0 degrees
95 9504 5606 t4-0degrees
111 11.1+£0.6 18.3+0.8 14.0 degrees
12.7 127+ 0.6 19.8+0.8 14.0 degrees
15.9 15.9+0.8 23.8+0.8 13.0 degrees
19.1 19.1£0.8 28.6£0.8 13.0 degrees
25.4 254 +0.8 349+1.6 12:0.degrees
31.8 31.8+1.0 Not specified® 11.0 degrees
38.1 38.1+1.0 Not specified® 10.0 degrees
44.5 445+1.0 Not specified®) 10.0 degrees
50.8 50.8 + 1.0 Not specified® 9.0 degrees
57.2 57.2+1.0 Not specified® 8.0 degrees
63.5 63.5+ 1.0 Not specified® 7.0 degrees

Concentricity based on total indicator reading between(the inside bore and the outer surface of
the tube shall not exceed the values given as follows:

Sizes 6.4 mm and under: 0.762 mm

Sizes over 6.4 mm up to 12.7 mm: 1.016 mm

Sizes over 12.7 mm: 1.270 mm

These values were determined by the equation:
A=15 degrees - Kx D
where:
A = maximum out-of-squareness angle, rounded to the nearest 1.0 degree
K = 0.12 degree per mm of diameter (a slope factor derived from linear best-fit previous
squareness requirement)
D = nominal inside(diameter in millimeters

The wall gauge for Sizes 31.8 to 50.8 mm shall be between 4.3 to 5.9 mm, and for sizes 57.2 to
63.5 mm, between 4.3 to 6.4 mm.

Table 2 - Cut or long length tolerances

Length Precision Commercial
0-0.3 +3.0 +9.5/ -3.0

Over 0.3-0.6 4.8 +9.5/ 4.8
Over 0.6-0.9 +6.3 +12.7/ -6.3
Over 0.9-1.2 9.5 +12.7/ -9.5
Over 1.2-1.8 £12.7 +19.0/-12.7

Over 1.8 +1% +2%/ 0%
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6. TESTS

Procedures described by ASTM D380 are to be followed. All temperature tolerances are +2 °C, unless otherwise specified.
6.1 Qualification Testing

In order to qualify under this specification, tube or the assembly must meet all the applicable test requirements of Section 7.
Tube for testing will be 12.7 mm ID or agreed upon between supplier and user. The construction must be representative of
constructions of all other sizes. The impermeable layer thickness cannot be reduced with other sizes.

6.2 Frequency of Testing for Qualification

Qualification testing to be performed once each year except for permeation testing which only needs to be tested initially.

6.3 Inspection Testing
mbly, the following inspection tests shall apply: (7.1) burst, (7.2) vacuum’collapse, (7.11.1) original
resistance, and (7.6) electrical conductivity (if required).

On tube or the asse
adhesion, (7.12) kin}

6.4 Frequency of Testing for Inspection and Quality Acceptance Standards

Quality acceptance standards to be agreed upon between supplier and the original purchaser.

7. TEST REQUIREMENTS

7.1 Burst Test (Ingpection Test on All Sizes)

The minimum burst $hall be 350 kPa per ASTM D380.

7.2 Vacuum Collapse Test (Inspection Test on All Sizes)

For straight tube, a
collapse test shall b
vacuum for a minim

1 m length of tube or the assembly shall be held in a straight line. On preformeg
b performed on the finished part. No diameter shall decrease by more than 20%
m of 15 seconds and not more than 60 seconds. Tube sizes as listed in Table 3

d parts, the vacuum
during application of
shall be subjected to

the corresponding vacuum pressure:

Table 3 - Vacuum collapse minimum pressures

Tube ID Size Vacuum Pressure
mm kPa
<12.7 81
12740 25.4 34
>25.4 t044.5 14.3
4475 timittobeagreedupon between supplierandmanufacturer

7.3 Low-Temperature Flexibility (Qualification Test)
Fill tube with Reference Fuel C and seal both ends. Allow it to condition at 23 °C for 168 hours. Drain the fuel. Immediately
expose the tube around a mandrel that is ten times the nominal OD to a temperature of -40 °C for 24 hours. Bend the tube
or sample around the mandrel within 4 seconds while keeping both at -40 °C . It shall not fracture and shall not show cracks,
checks, or breaks in any of the layers of construction.
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7.4 Original Materi
The test procedure a
a. Original tensile s

b. Original tensile s

C.

al Properties (Qualification Test)
nd apparatus shall be in accordance with ASTM D412, where applicable.
trength of cover: 7 MPa min

trength of tube or laminated tube: 7 MPa min

Original elongation of cover: 150% min

d. Original elongation of tube or laminated tube: 150% min

7.5 Heat Resistance (Qualification Test)

Expose a 300 mm le|
is 100 °C, and 125 °
minimum of 2 hours
both inside and outs

7.6 Electrical Con
The purpose is to pr
The length of tube fo
shall be used for the
and firmly tighten. A
while applying 550 \
NOTE 1: The diamg
NOTE 2: The tube

NOTE 3: Ohmmete
7.7

Oil Resistancs

After immersion in IR
layer (or tube, in the
7.8 Fuel Resistan

After immersion in A

ngth tube for 1000 hours at the prescribed test temperature. The test temperafure
C for the T2 construction. Remove the tube from the oven and allow to cool to rod

Huctivity (Inspection Test on All Sizes)

pvide a conductive pathway to dissipate any static electrical buildup. This test is
that will be designated as electrically conductive.

Bend it over a mandrel having a diameter of ten times the nominal OD‘within 4
de. The tube shall show no cracks or breaks.

r the test shall be 610 mm, unless the part length is.shorter than 610 mm, in whick
test. Insert a brass, steel, or copper plug or fitting.into each end. Place clamps on
ttach the ohmmeter electrodes to the plugs ateach end. Measure the resistanc
DC (£50 V). The maximum resistance allowable is 10 MQ.

ter of the plug or fitting should be closéto the ID of the tube.

vhile under test should be placed”on a nonconductive surface.

" must have the capability of measuring resistance from 10! to 103 MQ at 550 VD

(Qualification Test)

M 903 oil for 70 hadrs, at 125 °C per ASTM D471, the volume change of a sample
case of a monglayer tube) shall not exceed +60%.

Ce (Qualifieation Test)

for a T1 construction
m temperature for a
seconds. Examine it,

equired only for tube

case the entire part
each end of the tube
e between the plugs

9]

taken from the outer

taken from the tube

a. Tensile change:

-45% max

b. Elongation change: -45% max

c. Volume change:

0 to 50%

5 TMReference Fuel C for 48 hours at 23 °C per ASTM D471, the physical properlies of the specimens

W@M@Mmﬁmm@iﬂﬂ&halnﬂ&mﬂﬁuﬁamﬁﬂ

imits as follows:

NOTE: If a laminated tube is used, the inner tube must be separated and tested alone. If a satisfactory test specimen
cannot be provided from the inner tube, then a lab prepared test slab is acceptable.
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7.9 Test for Extractables in Tube (Qualification Test)

a.

Apparatus and Reagents

ASTM Reference Fuel C (50% Toluene—50% Isooctane by volume)
Methanol, 99% minimum purity

Gooch crucible
Glass fiber filter,

Grade 934AH

Beaker—100 mL

Heating unit

Metal (aluminum or steel) plugs

Specimens: Tube under test shall be 300 mm long; plugged at both ends with metal (aluminum or steel) plugs to retain

the fluid. Calcul
between the inn

Procedure: Recgrd tube actual inside diameter, length, and inside surface area. Preferredymethog

to nearest 0.025
NOTE: Solubilit
Fill hose with AS

Allow to stand fq
affected by temp

Drain fluid from

Rinse inside of t
filling and add to

Remove solvent
temperature of 2

Take up residue

Filter this solutig
3.6 °F), methang

Place crucible in

Weigh the Gooc
of hose in conta

Rfe Inside suriace area based on the actual nside diameter of the tube for s
er ends of the inserted end plugs.

mm.
of waxy hydrocarbon is affected by temperature.
TM Fuel C.

r 24 hours at temperature of 23 °C + 2 °C with both-ends sealed. (Solubility of w
erature.)

nose into a tared beaker.

he specimen with an amount of fresh ASTFTM Fuel C approximately equal to the v
the original extraction.

by evaporation by heating at 80,t0:95 °C until no fuel odor is detectable, and then
3 °C £ 2 °C under a fume hood,for a minimum of 16 hours.

with 30 mL of room temperature, 23 °C + 2 °C, methanol.

n on the tared crucible, rinsing beaker twice with 10 mL of room temperature, 2

beaker and dry in a 65 to 90 °C (149 to 194 °F) oven to ensure complete evapor:

ctiwith ASTM Fuel C.

otal effective length

is with plug gauges

axy hydrocarbons is

plume of the original

store sample at room

B°C +2°C (73 °F *

htion of methanol.

h crucible and tared beaker and determine mass of extractables expressed as g/m? using surface area

Value for total waxy extractables shall be less than 2.50 g/m?.

7.10 Ozone Resistance

The test procedure and apparatus shall be in accordance with ASTM D1149, where applicable.

a.

Sample preparation: For straight tube, sufficient length shall be bent around a mandrel with OD eight times the nominal
OD of the specimen. The two ends shall be tied at their crossing with enameled copper or aluminum wire.

For preformed parts, prepare a specimen by cutting a strip of tube 12.7 x 100 mm long and tie specimen (cover out)
around a 12.0 mm diameter mandrel.
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c. After mounting, the specimen shall be allowed to rest in an ozone-free atmosphere for 24 hours at 23 °C. The mounted
specimen shall be placed in a test chamber containing ozone at 100 mPa + 5 mPa at a temperature of 40 °C for
70 hours. Remove the specimen from the chamber, allow to cool to a temperature of 23 °C. The specimen cover shall
be visually inspected under 7X magnification and must meet a “0” rating except for the area immediately adjacent to
the wire, which shall be ignored.

NOTE: This test applies to the cover only and cracks in the exposed tube or cut edges of the cover shall be ignored.

7.11 Adhesion

7.11.1 Original Adhesion (Inspection Test on All Sizes)

Cut 25 mm samples out of the tube in the transverse direction. The number of samples to be tested is dependent on the
construction of the tybe but should be enough 1o test the adhesion between all adjacent layers. VWhen jested in accordance

with ASTM D413, Machine Method, Strip Specimen—Type A, 180 degree Peel, the minimum force required to separate the
two layers shall be 1.4 N/mm or stock tear.

7.11.2 Aged Adhesjon (Qualification Test)
a. Sample conditioping:
1. Use tube frgm the permeation test (7.13).
2. Alternate me¢thod:
Plug one end of the tube to be tested. Fill with test fuel CM15.

Plug the other end in such a manner that it can be periedically removed. Expose the filled tub¢ to a temperature of
40 °C for 10p0 hours continuously. Change the fuel every 168 hours.

b. Cut 25 mm samples in the transverse direction. The humber of samples to be tested is dependenft on the construction
but should be ernough to test the adhesion betweén-all adjacent layers.

c. Condition the test samples in a 70 °C oven-for24 hours followed by 2 hours at 23 °C.

d. Test for adhesign in accordance with.ASTM D413, Machine Method, Strip Specimen—Type A, 180 degree Peel, the
minimum force required to separate the two layers shall be 1.0 N/mm or stock tear.

7.12 Kink Resistange (Inspection:Tiest on All Applicable Sizes)
NOTE: This test is not applicable for tube sizes greater than 12.7 mm ID, nor for formed tube.

This test should be derformed on a straight length of tube. When tested to the following procedure, a ball having a diameter
equal to one-half theé_neminal inside diameter of the tube shall pass freely through the tube. Use a fixture consisting of a
19 mm thick board or plate with holes and center distances shown in Table 4. Condition 300 mm long specimens of tube
for 2 hours at room temperature (23 °C). Insert one end of tube into board with end flush with opposite side of board.
Carefully bend tube along its natural curvature and insert the other end carefully into the second hole until it projects 63 mm
out the other side. After tube has been in this position for 5 minutes, insert a steel ball having a diameter equal to one-half
the tube nominal ID. The ball must pass freely from one end to the other.
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