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אאאא=אאאאא ×א

א 

אאZאאאCאא

Swc = Smc × HA 



٢١٢ א אא 

 אא אאא 



J٤٤J 

אאאאאאאאאאK
אאאאאאאאא

אK
אFEcupאאאא

Primary cupאאא،אאאSecondary 
 cupאKאאאאאאא

אKאאאאאאאא،א
אאאאK

אאאאאאאאאאKא
אאאאFאEא    

Outlet port،אאאאאאK
אאאאאא،א

אאאאKאאאאאQuick take-upK
אאאא

אאאאF٨WE
١K אאK٢K אK

٣K אאK٤K אאK














F٨WEאאאא 



٢١٢ א אא 

 אא אאא 



J٤٥J 

אאאW 
אאאאאאאא

אKאאאאאא
אאאאאF٩KE











אאאאא،א،
אאאאא

אאKאאאאאKאא
אאאאK

אאW
אא

אאKאאאאאאא،
אאאאאאא

אאKאאאאאאא
אאאK

אאW
אאאא،אאא

אאאאאKא
אK

F٩WEאאאWאא



٢١٢ א אא 

 אא אאא 



J٤٦J 

אאW
אאאאאאאא،א
אאאKאאא،אאא

אאFאEאא
אאאאF١٠KEאאאא

א،FEאא
KאK אא

FאEאאאאאKאאא
אאאאאK













אא
אאאאKאא

F١١KEאFאאאE
אאאאאאF١٢KE



F١٠WEאאא



٢١٢ א אא 

 אא אאא 



J٤٧J 

 
 
















• אBy-pass ports 

אאאאאאא،אאא
אאK

א Compensating ports 
אאאאאאא،

אאאאKא
אאK 

• אOutlet ports 
אאאאא

אאKא 

F١١WEאאא 

F١٢WEאאאאא 



٢١٢ א אא 

 אא אאא 



J٤٨J 

אאK
אאאResidual pressure check valve

אאאאאאאאאא
אאאאאאא

אאאאאאאא
F١٣Eאאאאאא،אא

אאאא
אK










 
אאאאאF١٥Eא

אאאFאאEO-ring
אאאאFEאאK

אאאאאאK
אאאKא

אאאאאאאאK


• אאא Primary cup  

אא
אאאKאאאא،אא

F١٣WEאא



٢١٢ א אא 

 אא אאא 



J٤٩J 

אאאאאאאאאK
אאאאאא

אאאKאאא
אאF١٤KE 

 
 
 
 
 
 
 



• אא Secondary cup  

אאKאאא
אאאא،אאאא

אאאאאאKF١٥E
אK












F١٥WE

F١٤WEאאא

FEאאFEאאא



٢١٢ א אא 

 אא אאא 



J٥٠J 

א

אאאא
אאKאאא

אK


אאא
o אאאאK 
o אאאאK 
o אאאאK 
 

אאאא
אאאאFאEאאא،אאא
אאKאאאא

אאאKאFאאאE
אאאF١٦KE










 



 

F١٦WEאאאא



٢١٢ א אא 

 אא אאא 



J٥١J 

אאאא 

אאאאאאא،
אאאאאאא

אאK
אאאאאאאאאאא

אאאאאאאאא
אאאאאאK

אאאאאא
אאא،אאא،אF١٧KE











אאאא

אאאא
אאFאאEאא

אאאאאKאאא
אאאאאאא

אאאF١٨KE
אאאאאאא

אK

F١٧WEאאא



٢١٢ א אא 

 אא אאא 



J٥٢J 











אאאאאאא


١JאאאSingle master cylinder 
FאאאאאאEF١٩E،

אאאאאKאK









٢Jאאא Dual (Tandem) master cylinder 
אאאאאKאא

אאאאF٢٠KE

F١٩WEאאא 

F١٨WEאאאא



٢١٢ א אא 

 אא אאא 



J٥٣J 













٣JאאאQuick Tack-up master cylinder 

אאאאאאא
אאאאK

אאאאאא
אאאאאאאK

אאאאאאאאא
אאאאאאF٢١KE




 
 
 
 
 




 

F٢٠WEאאאא

F٢١WEאאא 



٢١٢ א אא 

 אא אאא 



J٥٤J 

אאאאאאאאא
אאאאאאא

אאאאאאK
אאאאאאא

אאKאאאאאאאאאאא
אאאאK

אאאאא
אאאאאאאא

אאאאF٢٢Eאאאאא
אK

















F٢٢WEאא 



٢١٢ א אא 

 אא אאא 



J٥٥J 

٤JאאStep bore master cylinder
אאאאאאאאא

אאאאאאאאאא
אאF٢٣KEאאא

אKאאאאאK







٥JאאאCentral-Valve master cylinder 
אאאאא

אF٢٤KEאא
אאאאאאאאאK

אאאאאאאאאאא
אKאאאא

אאאאאא،א
אאאאאאK








F٢٣WEאא

F٢٤WEא



٢١٢ א אא 

 אא אאא 



J٥٦J 

אאאFאEאDual or split line braking systems 
אאאאFאE
אא،אאאאא

אאאאאאK
אאאאאFאאאEאאאאאא

FאKEאאא،א
אאאאK

אאאאאאאא،א
אאאאאא٣٠٪

٥٠٪אאK
אאאאאאאא

אאאאאאאאא،
F٢٥EאאאאאK 


 













 

F٢٥WEאאאאאאא



٢١٢ א אא 

 אא אאא 



J٥٧J 

F٢٦WEאאא

JאאJ،אא
אאאאאאא٣٠א٤٠٪

אאKאאאאאאK
Jאא،אאא٥٠٪

אאאאKאאאאאאא،
אאאאאאאאאא
FאKE

אאא????،א??????
אאאK


אאא

o אא 
אאאאאאאאFאאEK

אאאאKאא
אאFאEאאאא

אKF٢٦KE
 












٢١٢ א אא 

 אא אאא 



J٥٨J 

F٢٧WEאא

• אאא
אאאאאא

אאKאאאאאאא


אאאאK
F٢٧KE




 
 
 






o אא 
אאאאאאאK

אאאאאאאאאא
אאאא،F٢٨KE








F٢٨WEאא



٢١٢ א אא 

 אא אאא 



J٥٩J 

אאאאאF
אאאאE،אא

FאאאE،אא
אאK

אאBrake Fluids 

אאא
אאFאאEאאאאW

 Fאאאא
אאאKE 

 Fאאאא
אKE 

 אאאFאא
אאאKE 

 אאאK 
 אFאEא

FאאאאאKE 
 אאאFאאא

אאKE 
 אאFאאאאא

אאKE 
 אאFאEאאאאא

אאאK 
 אאאאאאK



٢١٢ א אא 

 אא אאא 



J٦٠J 

אאאא 

אאאאאאK 
Department of TransportationאאאDOTאא

אאW 

DOT 5 DOT 4 DOT 3 אא 
Silicone Polyglycol אא 

  א 
٥٢٦٠ ٥٢٣٠ ٥٢٠٥ אא 
٥١٨٠ ٥١٥٥ ٥١٤٠ אאF٢٪E

א א אא 
א א אא 
א

ABS 
א א 

 
• אאאאאא،

אאאאאאאאא
אאFאאEאא
אK 

אאא
 אאאאK 
 אאK 
 אאאKאאאאאאא

אאאאאK 
 אאאאא،א

 Kאאאא



٢١٢ א אא 

 אא אאא 



J٦١J 

 אאאאK
אאאאא

K 
 אאאאאאאאאאאK

אאאאK 
 אאאא،

אאאאאאאK 
אאאאאא 

אאאKאאאא
אאאK 

אאBrake lines and Hoses
אאאאאאאאא

F٢٩KEאאאאא
אFEF٣٠Eאאאאא،١٦\٣

F٦}٤Eאא٤\١F٤}٦Eאאא،١٦\٥
F٩}٧KE













 
F٢٩WEאאאFאאE



٢١٢ א אא 

 אא אאא 



J٦٢J 













אאאא،א
אאאא،א

אאKאאאאא
אאאKF٣١EאאאאK














F٣٠WEאאא،א
FאEאאאאK 

F٣١WEאאאא 



٢١٢ א אא 

 אא אאא 



J٦٣J 

FEאאאאאK
אאאא،F٣٢KE

 










אא

אאאW

١- אאאFאאKE
٢- אאאאK 


אאFאאאE

אאאאאאאאKא
אאאאKF٣٣Eאאאא،

אאאאKאא
אאאאאאאאאK


 
 



F٣٢WEא



٢١٢ א אא 

 אא אאא 



J٦٤J 










אאFאאאאE
אאאאאא

אא،אאאאא
אאאKאאאא

אאKאאKאא
،אF٣٤EאאאK




 

F٣٣WEאאאא

F٣٤WEאאאאא 



٢١٢ א אא 

 אא אאא 



J٦٥J 

אאא 
 אא،F٣٥KE 

 אא،F٣٦KE 
 אאא،F٣٧KE 




 
 
 


 




F٣٥WEאאא 

F٣٦WEאאא 

F٣٧WEאאאא 



٢١٢ א אא 

 אא אאא 



J٦٦J 

אאאPressure control valves

אאאאאKאאאא
אאאW

 אK 
 אK 
 אאK 

 
אMetering valve 

אאאאאאאאאאאאK
אאאאאאאKאא

אאאאאאKאאאא
אאאאFאEאאKאא

،אאF٣٨KKE












F٣٨WEא 



٢١٢ א אא 

 אא אאא 



J٦٧J 

אאאאאאא
אאא٧}٠٠}١K

אא
אא،אאאאאאK

אאאא
אאאאאאאK


אProportioning valve

אאאאאאאא،א
Kאאאאאא

אאאK
אאאאFE،

אאאFE،אאאFE،F٣٩KE


אאW
 K 
 אאK 
 אK 











F٣٩WEאאאא



٢١٢ א אא 

 אא אאא 



J٦٨J 

אאCombination valve

אאאאאאא
אא،F٤٠KE


























F٤٠WEאא



٢١٢ א אא 

 אא אאא 



J٦٩J 

אא
אאא

Brake Hydraulic System Service 

אאאאChecking Master Cylinder Fluid 
Level and Condition

אאאאאא
Kאאאאאא

אKאאא
אאאא،F١KE





 
 
 
 
 
 
 

אאאאאאK
אאאאKאאאאYMAX[

אאא،אאאאYMIN[א
אKאאאא

F٢EאאאK
אאאאאK

אאאאאא،א
אא

 


F١WEאאא



٢١٢ א אא 

 אא אאא 



J٧٠J 

F٢WEא 

F٤Eאא

 
 
 
 
 
 
 
 
 
 

אאא٦،אא
א٣אאאאF٣KE










אאאאאאאF٤KE









F٣WEאאא 



٢١٢ א אא 

 אא אאא 



J٧١J 

Gאאאאאאאא
FאEאאאאאK


אאאאאא

o אאא 
אאFא
אאאאKE 

o אאאאFאא
אא

אאאאKEא
אאאK 

o אאאאאא
אאK 

o אאאאאא
אאאFאאא–

אEאא
אאאאאK 

 
אא

אא،אא
אאאאאאK
 FאKE 
 FKE 
 אFא

KE 
 



٢١٢ א אא 

 אא אאא 



J٧٢J 

Gאאאאא
אKאYABS[אאא

אאאאאא
אאK



 









אאאאאאאBleeding Air from Hydraulic Circuits 

אאאאאאKאא
אאאאאאאאאאFאא

KE
אאאאאאאא

אאKאאאאאK
אאא

• אא K 
• אK 
• אאFKE 



W
• אאאאא

אאאאאK
• אאאאאK
• אאK
• אאאאאK 
• אאא،

אאאאא
אK



٢١٢ א אא 

 אא אאא 



J٧٣J 

F٥WEאאא 

אאאאאאאאאא
Jא،אאאא
FאאEאאKא

אאK

Jאאא،אאאא
אאK

Jאאאאאאא،אאא
אאאK

JאאאאאאK
אאאאאK

JאאKאא،א
אאאאK

JאאאאאאK

אאאאאאFאאWE

אאאאאאאאאא
אאK

JאאאאאאאאKא
אאK

JאאאאF٥KE








٢١٢ א אא 

 אא אאא 



J٧٤J 

F٦WEאאא

Jא،אאאF٦KE









JאFEFEאK
JאאאאאאK

אאאאאאW

١JאאFEאאW
JFאEאK

JאאאאK
Jאאאאא

אאF٧KE














F٧WEאא



٢١٢ א אא 

 אא אאא 



J٧٥J 

٢JאאאאאאאW

JאאאאאK

J،אאאאא
אאK

JאאאאK
JאאאאF٨KE








J
JאאK














W
Gאאאאאאאאא

אK
Gאאאאאאאאא

א،אאאא
אאאK

Gאאאאא
אאאאאאאKא

אא٢٥אאאK

F٨WEאאאאא 



٢١٢ א אא 

 אא אאא 



J٧٦J 

٣Jאא
אאאאאאאאאאאK

אאאאאא
אאאאאאאאאKF٩E

אאאאאאאאאK






 
 
 
 

אאאאאאא

K אאManual bleedingW 
אאא،אF١٠KE 











 
F١٠WEאאאאאא

F٩WEאאאאJJ 



٢١٢ א אא 

 אא אאא 



J٧٧J 

K אאPressure bleedingW 
אאאאא

א١٤٠FE،אF١١KE 











K אאVacuum bleedingW 
אFEא

אא،אF١٢KE 










 
F١٢WEאאאאאאא 

  صمام

F١١WEאאאאאא



٢١٢ א אא 

 אא אאא 



J٧٨J 

K אאאGravity bleedingW 
אאאאK

אFEאא،אF١٣KE 









Gא،،אאאK
Gא،אאאאאא

א،אF١٤KE












F١٤WEאא
אא،

FE 

F١٣WEאאאאא



٢١٢ א אא 

 אא אאא 



J٧٩J 

אאאאאMaster Cylinder Replacement 

אאאאאאאא
אא ABSK

Gאאאא
אK

אאאא
١K אאאK 
٢K אאFKE 
٣K אאאאאאא

אאאK 
٤K אאאאK 
٥K אאאאאF٢٤EF١٥KEאא

אאאאאאאK 









 


٦K אאאאאאK 
٧K אאאאאא

אאK 

F١٥WEאאא



٢١٢ א אא 

 אא אאא 



J٨٠J 

٨K אא،אאאאאאK 
٩K אאאאאאאא،א

אאאF١٦KE 
١٠K אאאאאאאא

אK 
١١K אאאאא،אא

אאאאאאאאK 
١٢K אאאאא،א

אאאאאאK









 
 

١٣K אאא
אאאאאאאאא

אK 

אאאאאא

JאאאW
אאאאאאאאא

א،אאא(Bench Bleeding)K

F١٦WEאא



٢١٢ א אא 

 אא אאא 



J٨١J 

١K אאאאאK 
٢K אאאK 
٣K אא،אאאאK 
٤K אאאאא،אא

אאאאK 
٥K אאאF١٧KE 
٦K אאאK 
٧K אאK 
٨K אאF٥J٧EאאK 
٩K אאFאEאא

אK 










 
JאאW

אאK
١K אאאאא

אK 
٢K אאאאא(MAX)K 

F١٧WEאאאאאאא



٢١٢ א אא 

 אא אאא 



J٨٢J 

٣K אאאאאא
אאאאאאאK

אאאאאKאאאאאK 
٤K אאאאאאאאK 
٥K אאאאאאK 
٦K אאאW 

aK אאאאאאא
אאאאאאא

אK 
bK אאאאאאא

אאאאFאEאאאא
אאאK 




















٢١٢ א אא 

 אא אאא 



J٨٣J 

FEאאMaster-CylinderOverhaul


אW

אאאא،אאא،אאא،
אאא،אא،אא،אאאאאK

אאאW

• אאאK 
• אאK  
• אK 
• אא،K 
• FLithium soap base glycol greaseKE 
• אK 


 

אאW 

١JאאאאאW
אאאאאאאאKF١E

F٢Eאא،F٣KE






W
• אאאא،

אK 
• אאאא،

אאK 



٢١٢ א אא 

 אא אאא 



J٨٤J 










 
 



















F١WEאאאא

F٢WEאאאא

F٣WEאאאא 



٢١٢ א אא 

 אא אאא 



J٨٥J 

F٤WEאא

٢Jאאאאאאאאא
אF٤EK








 
 
 
 
٣JאW
א،אאאאאאK

WאאאK

٤JאאW
אאאאאאאKאא

א،אאאK
אאאאאK

אאאאאK
אK








W
אא،

אאא



٢١٢ א אא 

 אא אאא 



J٨٦J 

٥JאאאאW
WאאאאאאאK

Jאאא،אאK
JאאאFאE،،،אK

،אאאאK
JאאאF٥KE













אK

٦JאאאWאאאאאא
F٦KE



F٦WEאא

F٥WEאאא



٢١٢ א אא 

 אא אאא 



J٨٧J 

אאאא،F٧Eאאאא،
אKאאא

אא،אאא
אKאאאאK

 
 
 
 
 
 
 




 


٧JאאW
אאאאאאK

K











F٧WEאא 

F٨WEאאאא 



٢١٢ א אא 

 אא אאא 



J٨٨J 

٨JאאאW
אאאאאאא

אאF٨KE


٩JאאאאW
אאאאאא،אאאא

K 

١٠JאאW
JאאאאאאK 

JאאאאאK 
JאאאאאאאK 
JאאאK 
JאK 
JאאאאKאאאאאK







٢١٢ א אא 

 אא אאא 



J٨٩J 

אאאאChecking and Replacing of Wheel Cylinder 
 

אאאאאW
١K אאK 
٢K אK 
٣K אאK 
٤K אאFאE 
٥K אאאא،אא

אאK 
٦K אאאאאאאF٩KE 
٧K אאאK 







F٩WEאאא



٢١٢ א אא 

 אא אאא 



J٩٠J 

אאW
١K אאאאK 
٢K אאאאאFא،א،אEא،

F١٠EאאאK 







 


٣K אאאאKאא
،אK 

٤K אאאאאא
אאא،אאאא

אאK 
٥K אאאאאאאאאK

אאאאאK 
٦K אאא،א

אא،אאאאK 
٧K אאאאא،אא 

F٠٠٥}٠F١٢٧}٠EאאF١FE٤}٢٥E
F٠٠٧}٠F١٧٨}٠EאאF١KE

אא(feeler gauge)אאK 
٨K א،אאא،

،F١١EאאאאK

F١٠WEאאא



٢١٢ א אא 

 אא אאא 



J٩١J 













אאW 
١K אאאאאאאאא

אאK 
٢K אאאאאאK 
٣K אאאאאK 
٤K אאאK 
٥K אאאFאאאאאKE 
٦K אK 










F١١WEאאאWJאא
אKJאאאKJאא

אאKJאאאאK

JאאאאאK

W
GאאאאK
GאאאאK
GאאאאאK
GאאאאאK



٢١٢ א אא 

 אא אאא 



J٩٢J 

אאChecking Brake Line Pipes and Hoses 

אאאאאאאאאא
אאאKאאא

،אאF١٢KE
 












F١٢WEאאאאא



٢١٢ א אא 

 אא אאא 



J٩٣J 

אאW
אאאא

F١٣KE















١- אאW 
FEאאאK
FEאאאאאאאאאF١٤KE










GאאK
GאאאK
GאאאאK
GאאאאאK

F١٣WEאא

F١٤E



٢١٢ א אא 

 אא אאא 



J٩٤J 

Gאאאאא
אאK

٢- אאW
FאEאאאK
FE،אאF١٥KE











٣JאאW
אאאאF١٦KE







F١٥E 

F١٦E
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אאאא Power Brakes


אאאPower-assisted brakes
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 אאאאאאאאFאאאאאאE
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אFאEאאאאאK
אאא אא
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• אאFאאאEK
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אאאVacuum Booster 
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אאאאאאאKא
אאאאKאאא

אאאFאא–
٣\١٢\١EאאKאFא

אאF٣٠EאאK
אF١٥J١٨EאאF١٠Eאאא

אF٢٠J٢١EאKF١EאאאK
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• אאW
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o אאאintegral booster אאאאא
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o אא A pressure multiplier or Hydrovac 
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אאא pressure differentialאא،א
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אאאאאא،אאא

אאKאאא،אא
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אאאHolding Position 
אאאאFאאE

אאאא
אאאאאאאאאאא

KF١٥EאאאאK
אאRelease Position
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אא 
אאBooster Force 

אאא(Fbs)א (∆p) אא(Abs) 
 













אאאאאW


: p1 אאאאFאאא
אאEK

: p2אאאאFא אאEK
Abs:אFzπL٤FEDbs)2x،DbsאK


אאאאאMaster Cylinder Force 
אאאאא(Fmc)אאאאא(Fr)

אאא  (Fbs) 




Fbs = ∆p x Abs

Fmc = Fr + Fbs

 p2 –  p1 =  ∆p 
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אא Booster Characteristic
אא(Bbs)אאאא FאאאאאFmcE

אאאאאFאאאאאאאFrE


 


אאאאאאאK
אא

אא( Fbs )W
אאאאא(Fmc)W


אSaturation-Point

אאאאאKאאא
אאאאאK

אאEnd of AssistanceאKnee pointאRun outK
אאאאאאאK 

אאאאאא א
אאKF١٨EאאאאאאFא

אEאאאאK







Bbs = Fmc / Fr                     
      =  (Fr + Fbs) / Fr       
      =  1 +  (Fbs /  FrE

Fbs = Fr ×  (Bbs  - 1E

Fmc = Fr  × Bbs
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אKאאאאא
אאKאאאאאאאא

אאאאאאאאK
 

F٢٢WEא 







٢١٢ א אא
 אא אאאא

 


J٢٠٦J 

אאאPower booster 
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אאאאאאאאא
אאKאאא
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F٢٣EK
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אאאאאאK
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،אא
אאאאF٢٤KE

אאאא
FאאLאאאKEאאKא

אאKאא
Kאאאאאאא

،אאאאא
F٢٧٠٠EK

F٢٣WEאאא
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אאא

Power Brake Service


אאאאאChecking the Power Brake Booster
אאFאEאאאא

אאאאאאK
אאאאאאאאK

אאאא،א
אאאFאאאKE

אא(Vacuum booster)אאא (Hydraulic brake-booster) אא
א(Elector hydraulic or Power booster)א

אKאאאאא
אא،אאאאאאאאאאK


אאאאא

אאאאאאאW
١JאאK
٢JFאEאאאאאאF

אאאאKE
٣JאאאKא
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FEא
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אאא

١J אאאאאאKאא
אאאאאK
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١Jאא
Jאאאאאאאא،F٢EK
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٤Jאאא

אאאא
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אאW
١Jאאאאאאא

אא،F٦EK
٢JאאאF١٧٢٠Eא

אKאא
אאK

٣Jאאא،אאא
אאK
אאאאאF١٧J٢٠EKא
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١K אאאאאא
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