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TUBING - MOTOR VEHICLE BRAKE SYSTEM HYDRAULIC 

FORE WORD 

This is a performance requirement qualification specification intended to give 
reasonable flexibility in the initial engineering selection of materials when 
fabricated by currently accepted manufacturing processes. 
be used for quality control purposes. 

It is not intended t o .  

1 .  SCOP E : 

This SAE Recommended Practice covers the tubing intended pcimarily for use as 
hydraulic brake lines on motor vehicles. It covers materials, manufacturing 
processes, and general properties required to meet the wide range of service 
encountered in automotive applications. To meet this need, it must be 
formed, assembled, handled, and installed in accordance with sound 
engineering and manufacturing practices. This specification covers on y the 
basic tubing and does not include attachments such as protective armor or end 
fittings. 
purposes. 

This document is not intended to be used for quality contro 
Design guidelines aile shown in Appendix A. 

2. REFERENCES: 

2.1 Applicable Documents: 

SAE 5533, Flares for Tubing 

SAE 51703, Motor Vehicle Brake Fluid 

ASTM 6 117 

ASTM Bulletin #187 of January 1953 

SAE Technical Board Rules provide that: ‘This report 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. 

Copyright 1990 Society of Automotive Engineers, Inc. 
All rights reserved. Printed in U.S..A. 
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3 .  MATERIALS: 

The m a t e r i a l ( s )  must be m e t a l l i c  and compat ib le w i t h  the  type o f  tube 
c o n s t r u c t i o n .  

4. CONSTRUCTION: 

The c o n s t r u c t i o n  must be l i m i t e d  t o  e i t h e r  of t he  f o l l o w i n g  types:  

4.1 M u l t i p l e  P l y  Tubing: 

Wherein t h e  p l i e s  are cont inuously  bonded by a m e t a l l u r g i c a l  bond, and i f  
made from separate s t r i p s ,  t he  j o i n t s  i n  ad jacent  p l i e s ,  which occur as a 
r e s u l t  o f  the forming opera t i on ,  are separated by a t  l e a s t  120 degrees 
( 2 . 1  r a d ) .  

4.2 Seamless Tubing: 

5 .  REQUIREMENTS: 

The t u b i n g  must m e e t  t he  f o l l o w i n g  requirements:  

5.1 B u r s t i n g  Strength:  

When t e s t e d  w i t h  h y d r a u l i c  pressure,  sect ions of t u b i n g  - w i t h  a minimum 
expanded l e n g t h  o f  18 i n  (45 .7  cm) - must be capable o f  w i ths tand ing  an 
i n t e r n a l  pressure o f  8000 p s i  (5.52 MN/m2). 

5.2 Bending P r o p e r t i e s :  

5.2.1 Using s u i t a b l e  bending f i x t u r e s ,  an adequate l e n g t h  of t u b i n g  must 
w i ths tand  bending around a mandrel whose diameter i s  equal t o  f i v e  t imes 
the  nominal diameter o f  the  tub ing ,  through 360 degrees (6.28 rad )  w i t h o u t  
k i  n k i  ng, c rack i  ng , or developi  ng o t h e r  f 1 aws . 

5.2.2 The r e d u c t i o n  i n  t u b i n g  o u t s i d e  diameter must n o t  exceed 20". 

5.2.3 A f t e r  t he  bending t e s t ,  t he  t u b i n g  must be capable o f  meeting the  
c o r r o s i o n  res i s tance  requirements (see 5 . 6 ) .  

5.3 F l a r i n g  Test:  

5.3.1 The t u b i n g  must be capable of being expanded over a tapered mandrel, 
hav ing a s lope (based on r a d i u s )  o f  one i n  ten,  u n t i l  t he  o u t s i d e  diameter 
a t  t he  expanded end i s  increased 20% w i t h o u t  c rack ing  or developing o t h e r  
f l aws .  Pr ior  t o  the expansion t e s t ,  the t u b i n g  must be c u t  o f f  square, 
edge crowned, and deburred. I t  must be h e l d  f i r m l y  and squarely i n  the  
d i e ,  and the punch must be guided on the a x i s  o f  the  t u b i n g .  

5.3.2 -The t u b i n g  must be capable o f  being f l a r e d  w i t h  double 45 degree ( 0 . 7 9  rad)  
( R I  f l a r e s  i n  accordance w i t h  SAE 5533. There must n o t  be cracks on the  

s e a l i n g  sur face nor o t h e r  imper fec t i ons  which would prevent  sea l i ng .  

- 2 -  
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5.4 Fat igue Resistance: 

S t r a i g h t  lengths o f  new tub ing,  when t e s t e d  as o u t l i n e d  i n  6.1, must have a 
minimum f a t i g u e  l i m i t  o f  24 O00 p s i  (16.55 MN/m2) a t  l o 7  c y c l e s  fo r  
s t e e l ,  or an e q u i v a l e n t  degree o f  f a t i g u e  r e s i s t a n c e  i f  made o f  o t h e r  
mater i a l  s .  

5.5 Heat Resistance: 

5.5.1 A f t e r  soaking a t  a temperature o f  425°F k 25 (218°C k 14) for  30 min k 5, 
the  t u b i n g  must be capable o f  meeting the b u r s t i n g  s t r e n g t h  requirements 
( s e e  5.1).  

5.5.2 A f t e r  be ing subjected t o  a temperature o f  425°F 25 (218°C 2 14) for 
30 min -r 5, the  t u b i n g  must be capable o f  the  c o r r o s i o n  r e s i s t a n c e  
requirements (see 5.6) .  

5.6 

5 . 6  

Corros ion Resistance: 

E i t h e r  o f  the  f o l l o w i n g  t e s t s ,  both o f  which are descr ibed i n  6.2, are 
s a t i s f a c t o r y  t o  assure compliance. 

1 S a l t  Spray T e s t :  A f t e r  60 days o f  exposure as descr ibed i n  6.2.1, the  
t u b i n g  must be capable o f  meeting the  b u r s t i n g  s t r e n g t h  r e  uirements ( s e e  
5.1) a t  a reduced i n t e r n a l  pressure of  2000 p s i  (1.38 MN/m P > .  

5.6.2 C y c l i c  Humidi ty T e s t :  A f t e r  170 c y c l e s  o f  exposure as descr ibed i n  6.2.2, 
the  t u b i n g  must be capable o f  meeting the  b u r s t i n g  s t r e n g t h  requirements 
( s e e  5.1) a t  a reduced i n t e r n a l  pressure o f  2000 p s i  (1.38 MN/mZ) .  

5.7 Impact Resistance: 

The t u b i n g  must  w i ths tand an impact load  o f  1.5 f t - l b  (0.21 kg-m) i n  the 
t ransverse plane by a 60 degree ( 1  rad)  inc luded angle hardened s t e e l  k n i f e  
edge. A f t e r  impact, the  t u b i n g  must be capable o f  meeting the  b u r s t  
s t r e n g t h  requirements ( s e e  5.1) .  

5.8 Brake F l u i d  C o m p a t i b i l i t y :  

The t u b i n g  and SAE 31703 RM-1 c o m p a t i b i l i t y  f l u i d  s h a l l ,  when t e s t e d  i n  
accordance w i t h  the  procedures o u t l i n e d  i n  6.3, m e e t  the  f o l l o w i n g  
requirements.  

5.8.1 Weight Loss: The t u b i n g  must n o t  experience a weight loss greater  than 
0.000007 oz per  i n 2  (0.02 mg/cm2) o f  i n t e r n a l  area. 

5.8.2 Sediment: The t e s t  brake f l u i d  must n o t  con ta in  more than 0.010 percent  
sediment by volume. 

5.8.3 pH: The pH value o f  the f l u i d  must n o t  be l e s s  than 7 nor more than 11.5 .  
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5.8.4 B o i l i n g  Point: The b o i l i n g  p o i n t  o f  the f l u i d  must n o t  have changed by 
more than 5°F (3°C) p l u s  0.09"F (0.050"C) for  each 1.8"F (1°C)  t h a t  the 
b o i l i n g  p o i n t  exceeds 437°F (235°C). 

6. 

6.1 

6.2 

TEST PROCEDURE: 

Fat igue Resistance: 

A standard r o t a t i n g  beam f a t i g u e  t e s t i n g  machine ( for  w i r e  or tub ing )  should 
be used for  t e s t i n g  t u b i n g  specimens by l oad ing  them as bent ,  pin-ended 
columns. 

A s e r i e s  o f  i d e n t i c a l  samples o f  a g iven k i n d  o f  t u b i n g  s h a l l  be t e s t e d  i n  
a i r  a t  room temperature a t  var ious  c a l c u l a t e d  l e v e l s  o f  maximum bending 
s t r e s s  u n t i l  f a i l u r e  by f r a c t u r e  occurs or u n t i l  an acceptably  l a r g e  number 
o f  c y c l e s  for  the ma te r ia l  t e s t e d  has been reached w i t h o u t  f a i l u r e  o f  the 
specimen. For each sample tes ted ,  the  va lue o f  a p p l i e d  s t ress  s h a l l  be 
p l o t t e d  v e r s u s  the number o f  cyc les  o f  s t r e s s  a p p l i c a t i o n s  t o  produce a 
t y p i c a l  S-N diagram f o r  the  k i n d  o f  t u b i n g  tes ted .  The f a t i g u e  l i m i t ,  the  
maximum s t r e s s  t h a t  a tube w i l l  w i ths tand fo r  the minimum s p e c i f i e d  number 
o f  cyc les ,  i s  determined by i nspec t i on  o f  the  S-N diagram obta ined.  

Corros ion Resistance: 

Prepare the  specimen by i n s t a l l i n g  tube nu ts ,  f l a r i n g  bo th  ends w i t h  double 
45 degree (0.79 rad)  f l a r e s  per  SAE 5533 and s e a l i n g  bo th  ends w i t h  
app rop r ia te  f i t t i n g s .  Clean the  assemblies by s imple immersion i n  t r i s o d i u m  
phosphate a t  160 t o  180°F (71 t o  82°C). 
2 i n  (5.08 cm) w i t h  wax or equ iva len t  t o  p r o t e c t  f i t t i n g s  aga ins t  cor ros ion .  

Coat bo th  ends fo r  a d is tance o f  

6.2.1 S a l t  Spray (Fog) T e s t :  Run t h i s  t e s t  as o u t l i n e d  i n  ASTM B 117.  

6.2.2 C y c l i c  Humidi ty T e s t :  Run t h i s  t e s t  as o u t l i n e d  i n  ASTM B u l l e t i n  #187 o f  
January 1953 (except as noted below). 
t h i s  b u l l e t i n . )  

(See Appendix B f o r  condensation o f  

a, 
b. The t e s t  sample must be e l e c t r i c a l l y  i n s u l a t e d  f rom the  cab ine t  and 

The d ipp ing  s o l u t i o n  no longer  conta ins  0.1% su lphu r i c  a c i d  by weight .  

from each o the r .  

6.3 Brake F l u i d  C o m p a t i b i l i t y :  

Form each p iece  o f  t u b i n g  ( t h a t  i s ,  e i g h t  f o r  3/16 OD - 4.75 mm - or smal 
o r  four i f  the  diameter i s  l a r g e r )  i n t o  a "U" shape about a 2 i n  5 118 
(50.8 mm 
(91 cm A 2.5) long be fore  bending. Measure and reco rd  the  l eng th  and 
i n t e r n a l  d iameter o f  each tube. Weigh the  tubes t o  the  neares t  0.0000035 
(0.1 mg). Support the formed tubes i n  an approp r ia te  f i x t u r e  so t h a t  the 
s t r a i a h t  sec t ions  o f  the  tubes are  v e r t i c a l .  F i l l  the  tubes t o  w i t h i n  2 

3.2) mandrel. Each p iece  o f  t u b i n g  i s  t o  be 36 i n  f 1 

e r  

oz 

n 
(5.1 ern) o f  the  open ends o f  the  tubes w i t h  brake f l u i d  conforming t o  
SAE 51703 RM-1. P l a c e  the f l u i d  tubes i n  an oven mainta ined a t  212°F A 3.6 
(100°C A 2) f o r  120 li 2. 
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6.3 (Continued): 

A f t e r  the t e s t ,  c o l l e c t  the t e s t  brake f l u i d  i n  a c lean beaker. Remove 
loose adher ing sediment f rom the i n t e r i o r  o f  the tubes by f l u s h i n g  w i t h  
water. Dry the tubes i n  an oven a t  212°F rt 3.6 (100°C 2)  f o r  30 min. 
Weigh the tubes t o  the nearest  0.0000035 oz (0.1 mg) and c a l c u l a t e  the 
weight l oss  per i n 2  (cm21 o f  i n t e r n a l  area. 

Determine the  percent  sediment by volume, the pH value and the b o i l i n g  p o i n t  
o f  the t e s t  brake f l u i d  per procedures s p e c i f i e d  i n  SAE 31703. 

- 5 -   
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APPENDIX A 

A .1  DESIGN GUIDELINES: 

The bes t  t u b i n g  w i l l  be u n s a t i s f a c t o r y  unless i t  i s  used p r o p e r l y .  The 
f o l l o w i n g  should be considered: 

a. Since t u b i n g  may s u f f e r  damage and/or loss o f  co r ros ion  res i s tance  as a 
r e s u l t  o f  gravel  impact, i t  should be adequately p ro tec ted  i n  areas o f  
p o t e n t i  a l  damage. 

b. Tubing should be adequately p ro tec ted  aga ins t  h o i s t  or towing f i x t u r e  
damage. 

c .  Tubing should be rou ted  or o therw ise  p ro tec ted  so t h a t  under no 
c o n d i t i o n  can t h e . t u b i n g  or i t s  p r o t e c t i v e  condu i t  come i n  contac t  w i t h  
any v i b r a t i n g  o r  moving component ( t h a t  i s ,  i f  the  t u b i n g  i s  a t tached t o  
the  frame, the underbody i s  one i t e m  considered t o  be a " v i b r a t i n g  
component"). 
p ipe ,  m u f f l e r ,  or c a t a l y t i c  conver te r  unless i t  i s  adequately p ro tec ted  
aga ins t  e x c e s s i v e  movement o f  the p ipe ,  m u f f l e r ,  o r  c a t a l y t i c  conver te r  

The t u b i n g  should never cross under (or over )  an exhaust 

such as may occur i f  a hanger f a i l e d .  

d .  Tubing should be so rou ted  t h a t  i t s  s t r e s s  
d u r i n g  f l e x i n g .  

e .  Tubing should be so rou ted  t h a t  i t  w i l l  not 
which w i l l  t r a p  s a l t  o r  o t h e r  de- ic ing  chem 

i m i t s  w i l l  n o t  be exceeded 

be i n ,  or form, a pocket 
c a l  s .  

f .  Tubing should avoid,  o r  be p ro tec ted  from, exhaust s y s t e m s  or o t h e r  
areas o f  e x t r e m e  heat.  

g. The des ign engineer should take i n t o  account poss ib le  e l e c t r o l y t i c  
co r ros ion  r e s u l t i n g  from contac t  between d i s s i m i l a r  meta ls  ( t h a t  i s ,  

t t i n g s ,  and mounting brake p ipes and p r o t e c t i v e  condu i t ,  c l i p s ,  f 
sur faces) .  

( R )  h. The des ign engineer should determine the  min 
based on brake s y s t e m  a c t u a t i o n  t i m e ,  Other 
t ime are:  

( 1 )  Brake f l u i d  v i s c o s i t y  
( 2 )  Operat ing temperature 
( 3 )  P i r i e  lena th  

mum t u b i n g  i n s i d e  diameter 
f a c t o r s  a f f e c t i n g  a c t u a t i o n  

(4) F l u i d  f l o w  r a t e  as determined by brake sys tem displacement 
requirements 

- 6 -  
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A.2 CYCLIC HUMIDITY TEST: 

F igure  A l  shows f o u r  o f  the  f i v e  main p a r t s  o f  the  apparatus: 
humid i f y ing  tower, the  hea t ing  cab ine t ,  the co r ros ion  chest ,  and the  d i p  
mechanism. 

the  

Not shown I s  a d r y i n g  t r a i n  which i s  used on p a r t  of the cyc le .  

A c v c l  i c v a r i  a t i o n  o f  humi 

L E V U N C  
BOTTLE OF a~ 

CowrioN 
AT 125 F 

FIGURE A l  

i t y  i s  ob ta ined b a s i c a l l y  by the  v a r i a t i o n  o f  the 
temperature o f  the  water i n  the  humid i f y ing  tower.  
water i s  cyc led  t h e r m o s t a t i c a l l y  between l i m i t s  such t h a t  the  r e l a t i v e  
humid i ty  o f  a i r  bubb l ing  through the  water w i l l  va ry  between about 50 and 
loo"/, when the  a i r  i s  brought  t o  125°F (52°C). Extension of the range o f  
r e l a t i v e  humid i ty  i s  accomplished by adding a d r y i n g  p e r i o d  t o  t h e  bas ic  
humid i ty  cyc le  descr ibed above. 
d r y i n g  p e r i o d  i s  switched on when the  r e l a t i v e  humid i ty  has descended t o  
about 50%. 
takes about 8 h. The lowest r e l a t i v e  humid i ty  r e g u l a r l y  ob ta ined i s  8 t o  
lo"/, and t h e  h ighes t  i s  100%. F igure  A2 po r t rays  the  cyc le  schemat ica l l y .  

The temperature o f  the 

The r e l a y  c i r c u i t  i s  so arranged t h a t  the  

The l e n g t h  o f  the  d r y i n g  p e r i o d  has been 3 h; the  e n t i r e  cyc le  

~ E , H R  

FIGURE A2 

- 7 -   
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A.2 (Cont inued):  

The d r y i n g  t r a i n ,  through which the  a i r  i s  swi tched d u r i n g  the  d r y i n g  
pe r iod ,  has a concentrated s u l f u r i c  a c i d  bubbler  fo r  p r imary  
dehumid i f i ca t i on .  The secondary stage i s  a des i cca t i ng  tower con ta in ing  
anhydrous ca lc ium s u l f a t e .  

The b lock  diagram o f  a i r  d i s t r i b u t i o n  i s  shown i n  F igure  A3 .  The 
humid i f y ing  tower and the  d r y i n g  t r a i n  are i n  p a r a l l e l ,  w i t h  the  solenoic 
va lves sw i t ch ing  the  a i r  f l o w  through one o r  the  o t h e r .  

- 

Drying 
Train Solenoid 

Corrosion 
Metered air Chest passed through 
NaOh solution 
to remove CO2 
from air 

Solenoid 
Valve 2 Humidifying 

1 1 

FIGURE A3  

The co r ros ion  c h e s t  i s  a coated s ta in less -s tee l  box w i t h i n  which the  
specimens are exposed. 
t h e r m o s t a t i c a l l y  mainta ined a t  125°F 2 (52°C f 1 ) .  Th is  125°F (52°C) 
temperature i s  an accentuated v a r i a b l e  l ead ing  t o  the a c c e l e r a t i o n  o f  the 
t e s t ;  i t  has been h e l d  constant  d u r i n g  the t e s t  procedure.  The a i r  l eav ing  
the chest  passes through a w e t  and d ry  bu lb  hygrometer used t o  show gross 
v a r i a t i o n s  i n  the r e l a t i v e  humid i ty .  

I t  i s  surrounded by a hea t ing  cab ine t  which i s  

The d i p p i n g  device i s  e s s e n t i a l l y  a l e v e l i n g  b o t t l e  ope ra t i ng  through a 
d r a i n  i n  the  bottom o f  the  co r ros ion  chest .  
extraneous va r iab les  are  in t roduced i n t o  the  t e s t  by the  d i p .  
s o l u t i o n  i s  heated t o  125°F (52°C) t o  prevent  c o o l i n g  the  chest .  The 
concent ra t ion  o f  s o l u t i o n  i s  1% sodium c h l o r i d e ,  and 1% ca lc ium c h l o r i d e .  
For the  f i r s t  d ip ,  the  s o l u t i o n  i s  siphoned i n t o  the  co r ros ion  chest and 
a l lowed t o  stand for about 25 min and then dra ined.  On each succeeding 
workday du r ing  the t e s t ,  the  d a i l y  d i p  i s  accomplished a t  t h a t  p o i n t  i n  the  
humid i t y  cyc le  where the r e l a t i v e  hùmid i ty  i s  c lose  t o  100% ( t h e  sho r t  
h o r i z o n t a l  l i n e  marked " d i p "  a t  about 25 h on F igure  3) t o  decrease the  
p e r t u r b a t i o n  o f  the  cyc le  due t o  the  d i p .  A f t e r  the  s o l u t i o n  has been 
siphoned i n  and has remained i n  the  chest  f o r  5 min, a lmost a l l  o f  i t  i s  
d ra ined and rep  aced th ree  t i m e s  t o  p rov ide  a washing a c t i o n .  
s o l u t i o n  i s  d ra  ned. 

By such a method very  f e w  
The d i p  

F i n a l l y  the 
This  ope ra t i on  takes about 20 t o  25 min/d.  

- a -  
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