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FOREWORD

This is a performance requirement qualification specification”intenddd to give
reasonable| flexibility in the initial engineering selection of materilals when
fabricated| by currently accepted manufacturing processes. It is not |intended to.
be used for quality control purposes.

1. SCOPE:

This SAE Recommended Practice covers the*tubing intended primarilly for use as
hydrauflic brake lines on motor vehicles’ It covers materials, manufacturing
procesgses, and general properties required to meet the wide rangd of service
encounftered in automotive applications. To meet this need, it myst be
formed|, assembled, handled, and installed in accordance with sound
enginepring and manufacturing practices. This specification covers only the
basic fubing and does not inglude attachments such as protective [armor or end
fittings. This document is:not intended to be used for quality dontrol
purposps. Design guidelinegs are shown in Appendix A.

2. REFERENCES:
2.1 Applifpable Documents:
SAE Jp33, Flaves for Tubing

SAE J[703,”Motor Vehicle Brake Fluid

ASTM B 117

ASTM Bulletin #187 of January 1953

SAE Technical Board Rules provide that: “This repart is published by SAE to advance the state of technical and engineering sciences.

The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.
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3. MATERIALS:

The material(s) must be metallic and compatible with the type of tube
construction.

4. CONSTRUCTION:
The construction must be limited to either of the following types:

4.1 Multiple Ply Tubing:

Wherein the plies are continuously bonded by a metallurgical bond) and if
made fron separate strips, the joints in adjacent plies, whichooécur as a
result off the forming operation, are separated by at least 1,20 degrees
(2.1 rad). '
4.2 Seamless |Tubing:
5. REQUIREMENTS:
The tubing must meet the following requirements«
5.1 Bursting |Strength:
When tesfjed with hydraulic pressure, sections of tubing - with a mipimum
expanded [tength of 18 in (45.7 cm) - must be capable of withstandinz an
internal [pressure of 8000 psi (5.52-MN/m2).

- 5.2 Bending PAroperties:

5.2.1 Using suitable bending fixtdres, an adequate length of tubing must
withstand bending around a mandrel whose diameter is equal to five times
the noninal diameter of 'the tubing, through 360 degrees (6.28 rad} without
kKinking, cracking, or developing other flaws.

5.2.2 The reduction in tubing outside diameter must not exceed 20%.

5.2.3 After the hending test, the tubing must be capable of meeting the
corrosipn \resistance requirements (see 5.6).

5.3 Flaring Test:

5.3.1 The tubing must be capable of being expanded over a tapered mandrel,
having a slope (based on radius) of one in ten, until the outside diameter
at the expanded end is increased 20% without cracking or developing other
flaws. Prior to the expansion test, the tubing must be cut off square,
edge crowned, and deburred. It must be held firmly and squarely in the
die, and the punch must be guided on the axis of the tubing.

5.3.2 °‘The tubing must be capable of being flared with double 45 degree (0.79 rad)
(R) flares in accordance with SAE J533. There must not be cracks on the
sealing surface nor other imperfections which would prevent sealing.
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Fatigue Resistance:

Straight lengths of new tubing, when tested as outlined_in 6.1, must have a
minimum fatigue limit of 24 000 psi (16.55 MN/m2) at 107 cycles for
steel, or an equivalent degree of fatigue resistance if made of other

materi

als.
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Spray Test: After 60 days of exposure as described in 6.
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5.8.4 Boiling Point:

6.
6.1

6.2

6.2.1
6.2.2

6.3

The boiling point of the fluid must not have chang

ed by

more than 5°F (3°C) plus 0.09°F (0.050°C) for each 1.8°F (1°C) that the

boiling

point exceeds 437°F (235°C).

TEST PROCEDURE:

Fatigue Resistance:

A standard rotating beam fatigue testing machine (for wire or tubing) should

be used for testing tubing specimens by loading them as bent, pin-en

columns.
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id Compatibility:

Form each piece of tubing (that is, eight for 3/16 OD — 4.75 mm - or smaller
or four if the diameter is larger) into a "U" shape about a 2 in + 1/8

(50.8 mm + 3.2) mandrel.
(91 cm + 2.5) long before bending.
internal diameter of each tube.

(0.1 mg).
straight

Each piece of tubing is to be 36 in + 1
Measure and record the length an
Weigh the tubes to the nearest 0.00
Support the formed tubes in an appropriate fixture so tha
sections of the tubes are vertical. Fill the tubes to with

d

00035 oz
t the

in 2 in

(5.1 cm) of the open ends of the tubes with brake fluid conforming to

SAE J1703

RM-1. Place the fluid tubes in an oven maintained at 212°

(100°C + 2) for 120 h + 2.

F+ 3.6
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6.3

(Continued):

After the test, collect the test brake fluid in a clean beaker. Remove
loose adhering sediment from the interior of the tubes by flushing with
water. Dry the tubes in an oven at 212°F + 3.6 (100°C + 2) for 30 min.
Weigh the tubes to the nearest 0.0000035 oz (0.1 mg) and calculate the
weight loss per in2 (cm?) of internal area.

Determine the percent sediment by volume, the pH value and the boiling point

of trn toct hraka Fluid ner nroceduras snacifiad in SAE 11703
e—re-t—eke——+i-c—per—proceaties—SpectHiea—h—Rt o
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APPENDIX A

A.1 DESIGN GUIDELINES:

The best tubing will be unsatisfactory unless it is used properly. The
following should be considered:

a. Since tubing may suffer damage and/or 1oss of corrosion res1stance as a
resul % ate :
potenfjial damage

b. Tubing should be adequately protected against hoist or towing fixture

damagdg. :

c. Tubing should be routed or otherwise protected so thatxunder no
condifiion can the .tubing or its protective conduit.come in conta¢t with
any vibrating or moving component (that is, if the tubing is attached to
the frlame, the underbody is one item considered to be a "vibrating
componlent"). The tubing should never cross under (or over) an exhaust
pipe, [muffler, or catalytic converter unless{it is adequately protected
againgt excessive movement of the pipe, muffler, or catalytic copverter
such ds may occur if a hanger failed.

d. Tubind should be so routed that its.stress 1imits will not be ex¢eeded
during flexing.

e. Tubingd should be so routed that it will not be in, or form, a pogket
which [will trap salt or other:-de-icing chemicals.

f. Tubing should avoid, or .be’ protected from, exhaust systems or other
areas |of extreme heat. )

g. The dgsign engineex should take into account possible electrolytic
corrogion resulting from contact between dissimilar metals (that|is,
brake |pipes antprotective conduit, clips, fittings, and mounting

(R) h. The ddsign engineer should determine the minimum tubing inside diameter
based lon“brake Fom actuation time Qther factors affecting actuation

time are:

(1) Brake fluid viscosity

(2) Operating temperature

(3) Pipe Tength

(4) Fluid flow rate as determined by brake system displacement
requirements

-— 6 — Distributed under license from the IHS Archive
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A.2 CYCLIC HUMIDITY TEST:

Figure Al shows four of the five main parts of the apparatus:

the

humidifying tower, the heating cabinet, the corrosion chest, and the dip

mechanism.

Not shown is a drying train which is used on part of t
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A.2

(Continued):

The drying train, through which the air is switched during the drying
period, has a concentrated sulfuric acid bubbler for primary
dehumidification. The secondary stage is a desiccating tower containing
anhydrous calcium sulfate.

The block diagram of air distribution is shown in Figure A3. The
humidifying tower and the drying train are in parallel, with the solenoid

valves switching the air flow through one or the other

Drying

/L Train

Solenoid

Vaive 1

Metered air Corrosion
p:fsed through Chest
NaOh solution
to[remove COo
from air

bd

Humidifying
’—] Tower

FIGURE A3

The corjrosion chest is a coated stainless-steel box within which the
specimens are exposed. It~is surrounded by a heating cabinet whigh is
thermosftatically maintained”at 125°F + 2 (52°C + 1). This 125°F ¢52°C)
temperalture is an accenfuated variable leading to the acceleration of the
test; it has been held)constant during the test procedure. The air Teaving
the chejst passes through a wet and dry bulb hygrometer used to shgw gross
variatipns in thesrelative humidity.

The dipping device is essentially a leveling bottle operating thrqugh a
drain ip the bottom of the corrosion chest. By such a method very few
extranepusivariables are introduced into the test by the dip. Thq dip
solution—ds—heated—to1265°F (52°C) to prevent cooling the chest. IThe
concentration of solution is 1% sodium chloride, and 1% calcium chloride.
For the first dip, the solution is siphoned into the corrosion chest and
allowed to stand for about 25 min and then drained. On each succeeding
workday during the test, the daily dip is accomplished at that point in the
humidity cycle where the relative humidity is close to 100% (the short
horizontal line marked "dip" at about 25 h on Figure 3) to decrease the
perturbation of the cycle due to the dip. After the solution has been
siphoned in and has remained in the chest for 5 min, almost all of it is
drained and replaced three times to provide a washing action. Finally the
solution is drained. This operation takes about 20 to 25 min/d.

—.  Distributed under license from the IHS Archive



https://saenorm.com/api/?name=e505e20f004e9b0c7d936f47d1855fff

