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  א        ،א אא  
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       א  א   ،א 
אא،אאK
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אא
א



١J١ א 

١J١J١  ؟א
א  א א   א א   

אKאאאK
א  א       Kא 

א   ?  א א  ?،א א 
،،Kאאא

אאKא
אאאאK



١J١J٢א
אאאאאW

١J אאאFאאאאEא
٢J אאאאK 
٣J אFאאאאKE 
٤J אאFאאאKE 

אאאאאאא
א  א     א א  א א   

א   א א  א  K א    
אאK

   א  א  א      
אאK

אאאאא
אK



א٢١٤אא
א
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١J١J٣ אאא
א       Wא ،אא   א  K 

אאאאאאאא
אKאאא

אאאאא K
 א א אFאא J Eא א   

 א אFא אJ KE    אא   
אאKאאאאאא

אאK


١J١J٤ אא
אאאאאאאאאאאK

אאאאאאא
אאאאאאאאK

Kאאאאאאאאא
א،אאאאא،אא

אא    א   א א     
אאKאא     אא  

אאאK
אאאא،א א،אאא

 Wא אא  א Kא  (Fluid System)    א’
‘  א א  א א ’ ‘ Kא א  

אאאא
אאK





א٢١٤אא
א
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١J٣אא 
 אFא E(Pneumatics) אאא אא  

אאאאאאאאא
F،KEKKKKKאאאאאאW

١K אא
٢K א 
٣K אאאא 
٤K אא 
٥K  FEאאא

אאאאאאאK 
٦K אאאאאאא 



אאאאאW
אאJא

• א(Clamping) 
• א (Shifting)  
• א (Positioning)  
• א (Orienting)  

Jאאא 
• א (Packaging)  
• א(Feeding) 
• אא(Metering)  
• אאא(Doors Control)  
• א(Turning and Inverting of Parts)  
• א (Sorting of Parts)  
• אא (Stacking of Components)  
• אא(Stamping and Embossing of Components)  



א٢١٤אא
א
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JאאW 
• א (Drilling)  
• אא(Turning)  
• א(Milling)  
• אFאE(Sawing)  
• א(Finishing)  
• א(Forming)  
• א(Quality Control)  


 אF١ Eא א א  א א א    

 א K ١אJ١ ١J٢ אא א א א
אאK١אJ١אאאא

א Kאא1אאא
   K א   ،  א א  אא2 
אאאאאאאK

א א א3،א א  Kא
אאאאאא

אאK
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 ١אJ٢אא  K    אא 

   Y   K אאא  א
    א  Kא א  א  א K

אאאאאאK
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١J٢ 
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١J٤ אא 
אFאEHydraulicsאאאאא

אאאאאאאא
 F ، KEKKKKKKא א  א א   

אאK
 אאW



- אאא(Stationary Hydraulics) 
- אאא (Mobile Hydraulics)  



אאא
   א א  Kא     א א א 
Kאאא

אאאאא(Mining)K

Kאאא

א א    אא אא
א א   א  א  K א  א  

     א  א Fאא אא E א 
א א   K ١אJ٣א א א   א 

(CNC) K   אא   א  א  א א 
אאאא(spindle)K
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א١J٤אאאKאא
אאאאא

אאאאאK











١J٣אCNC 

١J٤ 
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א
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KאאאW
א  א אא    א אא א  ،

א،אאא،אאK
א ١J٥אאאא

אא א א   ،   ، א א 
אאK












١J٥אאא
א ، אאא  ،א

אKאאא
א  א א א K  א א

אאאאK

١J٥א 
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١J٦אאאא


אאאאאאאW


١J אאאאא
٢J א
٣J אאאא
٤J אאאאאא
٥J אא
٦J אא
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אא
אאאא

 
٢J١

אאאאאאKאאאאא
אא

אאאאאאאאאא
אאאK

א  א אא   א אא אא א 
א   K       א     א 

אאK
א Wא  (P)  א (F) א א   א، (A) ،

אW 
 


אW[Pascal, Pa]   1Pa = 1 N/m2,  1bar = 100000N/m2 = 

105Pa 
אW[Newton, N]   1N = 1kg.m/s2  

אW      [m2] 


אW 
١Jא אAtmospheric Pressure (Pamb)W אא    א א  

אאאאאאFאE
٧٦٠א(1.0332 kg/cm2)(1.013 bar)א(14.7 lb/in2)
(14.7 psi)K

אא
א =



א٢١٤אא
א
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אאאאאPamb.F(barometric pressureW
אאאFאאEאאK

Kאאאאא
٢Jאא( absolute pressure) Wאאאא،

אאאאאאK


٣Jא אGauge Pressure (Pe) W      א   
אאאאאא

אאאאאאFאKE
אא א א  א   א  אFא  אא אE

FExcess Pressure (Pe >0))אאאאא
(Vacuum Pressure (Pe <0))K

 


אאאאאאאאא0 barK
 א ١J٦א א א  א Kא א  

)(PeאאאאאאאK 




 
 
 
 
 
 
 
 
 

 

אF١J٦Eאאא
אאאא 

 
אא

 

אא(Pabs)Zאא(Pe) Hאא(Pamb)



א٢١٤אא
א
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٤Jאא(Ps)Hydrostatic PressureWאא

אאאא١אJ٧KאאW


W
- PsWאא [Pascal, Pa]K
-  ρWא [kg/m3]K
- gWאא  [m/s2]K 
- hWאאאא[m] 
-  












١W
א100 barאKאא7.85 cm2K

אא؟ 
אW                            P = 100 bar = 1000 N/cm2 

A = 7.85 cm2 
   F = P. A

F = 2
28571000

cm
cm.N⋅    

F = 7850N 
 

 

Ps = ρ. g. h

١אJ٧אא 



א٢١٤אא
א
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٢W

15 000 NK
אAאאאאאא75 bar؟

אW
        F = 15000N                                            
P = 75 bar = 75. 105 Pa 

P
FA =  

   
Pa
N

51075
15000
⋅

=  

   = 0.002 N
mN 2⋅  

A    = 0.002m2 = 20cm2 


٥J אWאm (kg)(sec.)t
A (m2)،אQW

   



W

- ρ:א[kg/m2]
- mWא[kg] 
- tWא[sec]


אV(m/s) W





 

ρt
mQ
×

=

A
QV =



א٢١٤אא
א
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٢J٢ אאF(Continuity principle
אאאא

W
Q1 = Q2 

 
A1 x V1 = A2 x V2 

 

1
2

1
2 V

A
AV ×= 


٢J٣ א

אאאאאאא
  א א    FF   א      K

אKEE
אאא אאאא

אאאאאK
    א  א א א  א  א 

אW
APF ×=

W
- אFE  F[N] 
- אFEP[Pa]
- אFE      A[m2] 

 
א)א( א)x(W[j or N-m]

אאאFא        d [m] 


W = F x d 



א٢١٤אא
א
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٢J٤אאא
    (Boyle-Mariottes Law)  א  א א 

אאא  Kאא 
אאאKW


P1 x V1 = P2 x V2 = P3 x V3 = Constant 




 
 
 
 
 





 ٣W
אא

7
1אKאאאPeאא

אאK
אW 

2211 VPVP ⋅=⋅  

2

1
12 V

VPP ⋅=  

7
1

1

2 =
V
V

 

barkPaPP amb 11001 ===  
barkPaP 7700712 ==×=  

P2 =  
barkPakPa)(ambPabsPeP 6600100700 ==−=−=  

 

١אJ٨
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א
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٢J٥אא 
 Pascal’s LawWא

אF١אJ٩KEאאא
 

 
 
 
 
 
 
 
 
 
 
 


٤Wאאא

א אאא א 
Fאא١J١٠KEאאאאA1אא

A2KאF1 אאאאP1W

1

1
1 A

FP =  

 Wא א א ١ א  ٢
אאK

W 

2

2
2 A

FP =                   
1

1
1 A

FP =       

א  אא א א אא 
W

P1 =P2 

١אJ٩
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א
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אאW

2

2

1

1

A
F

A
F

=  

F1F2A1A2אאK،F1A2W
 

2

21
1 A

FAF ⋅
=    

1

21
2 F

FAA ⋅
=  

א
1

2

A
A

F2 F1א

אאאK
 
 

 
 
 
 
 
 
 
 
 

 
 

٥W 
אאאאא١אJ١١Kאא

 1500 kg Kא א F1א  א א   אA1 

A2 WA1 = 40cm2A2 = 1200cm2K
אW

m = 1500kg     אW  
F2 = m.g אאאW

 
 

١אJ١٠אאא 

2

21
1 A

FAF ⋅
=



א٢١٤אא
א
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  F1   = 2120
15000040 2

m.
Nm. ⋅

 

F1 = 500N 
 






 
 
 
 


 

 

٢J٦
   

אאWאאאא8 cm2א
אא200barK 

 
אאWאא F1 = 500N א ٤אאא א 

אאKאאA2אאאF1100NK


א אWא א א Ps   א  
ρ = 1000kgאh = 15mK


אא אW    א V1 = 0.8 m3  V2 = 0.4 m3K   

אאP2אאאP1 = 3 barK
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אא 

אאאאאא
 

٣J١  
אאאאאאאא

אאKאאא
 א    א אא א     א 

  K   אא  א א  א   K   
אFאאEאF،،،

   KEKKK א אא    א אא    א
אK 


٣J٢א 

   אאאאאF٢אJ١א
٢J٢ KE א אא אאFE

א א  Fא KEא א 
אאאK

אאאW 


J א Power source  
J אFאאSensorsE
J אFאProcessorsE
J א   Control elements
J אFאActuators E
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 ٢אJ١אא 

א
J 
J א
J א
J א 

א 

א 

א
J 
J א 
J  
אא

 

א 

א
א

J 
J א
J ، 

 

א א
J א

א 

אא 

א
אא،

א
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٢אJ٢ א 


א






א

א

א





א
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Wאאאאא 
א٢J٣אא   א אא  אK

אאאאאKאא
א    א אא אא     א  K א

אאאאאאאאאאא
אאאKאאאאא

 אאא   אא    Fא  KEא  
א  א אאא א א א

אאFא KEא אאא
אאאK

 
 
 

 
 







 

א٢J٤אאאKאא
אאאא1Sא1א2אא1AK
אאאאאKאא،א

אא       א   K   א אא 
3אKאאאאאK،אא

אא1AKאאאא0Z
0SK

٢אJ٣אאאא 

١Kא٢ אKא



א٢١٤אא
אא
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٢אJ٤אאא 



א٢١٤אא
אא
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٣J٣אאא 

אאאאאW 

אאאK
אאK

אאאאאאא א

אא

אאאא
אK

א


Kאאא

אאאאאK

א
אאאאא

K
אאאאK


א

אאאאאא
.

 
אאאK 

אאאאW 
 

אאאאא

א
אא

אאאאK
אאאאאאK

א
אאא،אאא

אK
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٣J٤אא 
 

אאא،אאW
• אא 
•  
•  

אאאKאא،אאאא
אאKאאאאW

• א 
• אא 
• אאא 
• אא 
• אאא 
•  
• א 

  



א٢١٤אא
אא
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٣J٤J١אא CompressorsW
 א  א     אא  F א א E  

KאאאKאאאאאא
אאK

א אא   א א  א אא א  ،א 
אאאאאK

א٢J٥אאאאאW


אאא
Types of 

Compressors 

 
Reciprocating  
compressor 

א
 Rotary

 Compressor 

 
Piston 

Compressor 

 
Diaphragm 
Compressor 

א
Flow Compressor

  
Radial flow 
Compressor

  
Axial-flow 
Compressor

?? 
Roots Compressor

 

 
Twin-shaft screw 

Compressor 

א
Sliding vane Compressor 

٢אJ٥אאא 



א٢١٤אא
אא

 
 

- ٢٧ - 

אאאK
١J(reciprocating piston compressor)F٢אJ٦WE

אאאאKאאאאK
אאאאאK

אW 
J א(single stage compressor)K600kPa (6 bar) 
J א(two stage compressor)K1500kPa (15 bar) 

 

 
 
 
 
 
 
 




 

٢J
 (radial flow compressor) F٢אJ٧E

אאאאאKאאאK
אאאאאאK
אאא1000kPa (10 bar)

٢אJ٦



א٢١٤אא
אא
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٣J(axial flow compressor)F٢אJ٨E
אאאאאKאאאK

אאאאאאאאK
J אא .600kPa (6 bar)K












٤Jא(sliding vane compressor-rotary compressor)

א אא אא Fא E
אאKאאFאאE

א    א א     א  Kא 
אאאאאK 

J א(single stage compressor)K400kPa (4 bar) 

٢אJ٧ 

٢אJ٨ 



א٢١٤אא
אא
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J אא(two stage compressor)K800kPa (8 bar) 
 

 
 
 
 
 
 
 
 
 
 
٣J٤J٢

אאאF٢אJ١٠E 
אאאאא

אאאאאאKאאאאא
אאאאKאאאא

א  א  א Kא א    א אא  
אאKאאאאאאאאא

K
 

 
 
 
 
 
 
 
 
 
 
 

 


٢אJ٩א

 א
אא 

אא 

 

א



٢אJ١٠אאא 



א٢١٤אא
אא
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٣J٤J٣ אService Unit W 
אאאאאא

אW
١Jאא 
٢Jא 
٣Jא 

אאאאK
אאאאאKאאא

Kאאאאא
אאאאא٢J١١K 


















٢אJ١١א 
א 

א 
א



א٢١٤אא
אא
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אאאאאא

F٢אJ١٢KE
















אאאאא

אK
١JאאFאE(Air filter with water separator) 

         א אא   א א
אאF٢אJ١٣KE

Kאאאאאאאא
אKאא،אאאאא

א   Kא אא אא  
אאאאאאKאאא

אאאK

 ٢אJ١٢אא


FE

 )ب(



א٢١٤אא
אא
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  א א      א א   א א 
אאא אK 

 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
٢Jא(Pressure Regulator)

אFאאEאאFא
אKEא(Diaphragm)Kאא

א א     K  א א   K א 
אFאאאEאאא

Kאאאאאאא
א  Kא א   א  א א K אא א

٢אJ١٣אא 

א

א 

אא 

א 

א



א٢١٤אא
אא
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אאאא Kא
אK 


 










 


٣Jא(lubricator)

א א א   א ، א אא   
אא٢אJ١٥Kאאאאאאא

אאאאאאKKאאאא
KאאFאEאאאאאK




٢אJ١٤א
Pressure Regulator 








א٢١٤אא
אא
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٢אJ١٥א

א
א

א



א

 







א٢١٤אא
אא
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אאאאאW























 
 
 
 
 

 

 

א
J
Jא
Jאא

א
J

Jא–

Jא–

J

Jא



Jא–


Jאא–

Jא–




٢אJ١٦אאאאא



א٢١٤אא
אא
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אאא
אאאא

 
  אא   אא א  א א  

KאFאאאאEKKKKKאא
K

א א     אא אאא
אאאKאאאא

אאKאא
אאאא

אאאאKאאא
אאא Kאאא

   א א א א K א  א  
אאאאאאאK

  אא  א    א  א
   א א K    א אא  א 

אאאאK


אאאW


١Jאאאאאא
٢Jאאאאאאא
٣Jאאאאא
٤Jאאאאאאא 







א٢١٤אא
אא
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٤J١אאאא(Single acting cylinders)  
אאאאאאאאאK

אאאאFאאKEאא
אאאאF٢אJ١٧KE 

אאאאאFאE
אא  א אא Kא   א      א א 

FאאEאאאאאK
אאא،א

אK
אאאאאאאאא

٣L٢KאאK
אאאאW
• אא(Piston cylinder) F٢אJ١٧E 
•   אא(Diaphragm cylinder)F٢אJ١٨WE א،

אKKK 
•    אא(Rolling diaphragm cylinder) W  א

אK 
 

 
 
 
 
 
 
 
 
 

 
 
 

 

٢אJ١٧אא
  Single acting cylinder 

א



א٢١٤אא
אא
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٤J٢אאאא(Double acting cylinders) 

אF٢J١٩Eאא Kאאא،א
א אא    אא  אאא   א  ،

אKאאאאא
אאKאאאאאא

אאKאאFאEאא
 א   א א א  א  א   א 

אאא א  Kא  אאא K
אאאאאא٤L٢אא٥L٢

א٥אL٣אאאK
 אא א   א (branching) ، א(ejection) ،א

(clamping)KKK


٢אJ١٨אא
Diaphragm cylinder

אא

א



א٢١٤אא
אא
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אאאא،W


• אא(Piston cylinder) F٢אJ١٩FEE 
• אאאאאF٢אJ١٩FEE 

Double-acting cylinder with adjustable end position cushioning 

• אאאאF٢אJ٢٠E 
 Cylinders with through piston rod 

• אאאאF٢אJ٢١E 
Tandem double-acting cylinder 






















Kאאאא

Kאאא

٢אJ١٩אאאא 



א٢١٤אא
אא
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٢אJ٢٠אאא 

٢אJ٢١אאא 



א٢١٤אא
אא
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٤J٣אאאא(Rodless cylinders) 
אאאאא  Kא

אאאאKאאא
אKאאאאאאאאא

אאא
אאאא، W

• אא(Band or cable cylinder) F٢אJ٢٢E 

• אאF٢אJ٢٣E 
Sealing band cylinder with slotted cylinder barrel 

• אאF٢אJ٢٤E 
Cylinder with magnetically coupled slide 


אא(Band or cable cylinder) F٢אJ٢٢E

אאאאאא
אאאאK

 
 
 
 
 


 
 
 



٢אJ٢٢א(Band or cable cylinder) 



א٢١٤אא
אא
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אאF٢אJ٢٣E 
Sealing band cylinder with slotted cylinder barrel 

אאאאאאאאK
אאאאאK

אאאאאK
 












אאCylinder with magnetically coupled slide 

 א א  אא א א       
אאאאא Kאאא

אא   Kאא אאא
אאK






 
 
 
 
 


 

٢אJ٢٣א 
Sealing band cylinder with slotted cylinder barrel 

٢אJ٢٤א 
Cylinder with magnetically coupled slide 



א٢١٤אא
אא
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٤J٤אאFאאאאאאE(Rotary cylinders and Swivel drive) 
אאאאאKאאא

א  Kא א  א      א
אFאאEאKא٢אJ٢٥٢J٢٦K 

 
 

 
 
 
 
 
 
 
 
 




 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

٢אJ٢٥אאא( Swivel drive) 

٢אJ٢٦אאאא  (Rotary cylinder) 



א٢١٤אא
אא
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٤J٥אאאא א(ISO) 
 














٤J٦אאא א(ISO)













Jאא

Jאא

Jאאא

Jאאא

Jאאא

Jאאאא

Jאא אא

א٢J٢٧אאא

- אא

- אאא 

- א 

- אאא

א٢J٢٨אא



א٢١٤אא
אא

 
 

- ٤٥ - 

אא
אא 

 
אאאW


١J אא
٢J א   א א א א אא א 

אאK 
٣J אאאאאא


٤J א
٥J אא  W א א א Fא 

אאאאאE
٦J אK



א٢١٤אא
אא

 
 

- ٤٦ - 

٥J١
אאאאאאאא

אKאאאאאאאK
 א    אא אאא Kא א

אאאאאאK
אאW

١J אאWאאאאK
٢J אWאK
٣J אWאאK 



٥J٢ אא(Directional control valves) 
א،אאאאאKא

א      אא   א K א    
אKאאW



•  אאFא E(Number of ports or openings) W
F٢E،KKK 
• א(Number of positions)WF٢E،٣،KKKK 
•   (Method of actuation) W  ،  ،

،KKK 
• אא(Methods of return actuation)W،

אKKK 
٢אJ٢٩אאDIN ISO 1219K

אK
FEאאKאא

אאאKאאא
אאאאאאאאאF

אKEאTK



א٢١٤אא
אא

 
 

- ٤٧ - 

אאNormal positionWאאאK

 אא אInitial positionWאא  א אא    א   
אאאאאK

 
אDIN ISO 5599-3אאאא

 א אאא א Kאאאא٢J٣٠
א  א א   K א    א    

א٢אJ٣١KאאW 


• W                     3/2-way valve 
• W           4/2-way valve         
• W       5/3- way valve 


אאW



 K  Poppet Valves Wא    א א
א،א،KאאאK
אKאאאא

אאאK

 Kא א א Sliding Valves Wא א    

  א(spool)  (flat slide)  Kא א  
א א  א אא א   א א   

 ،א א  א        א 
אK 



א٢١٤אא
אא

 
 

- ٤٨ - 














 

ISO 5599-3
א
א

אא

١P א
٢،٤A, Bא




א

٣،٥R, Sא


١٠Zאא١א٢
١٢Y, Zא١א٢
١٤Zא٣א٤

א



٨١،٩١Pz





 
Jאא

J אא

JאאאאאאאK

JאאאאK

JFאאאEאK
אאאאאK

٢אJ٢٩אאא DIN ISO 1219 

٢אJ٣٠אאאאאא 



א٢١٤אא
אא

 
 

- ٤٩ - 































 
 







 

٢אJ٣١א


J אK

J  

J א 
J א 

J א 


J 
J  

J 

J  

J א 


J א
J א 


J 
J  


J 

٢אJ٣٢אDIN ISO 1219 



א٢١٤אא
אא

 
 

- ٥٠ - 

٥J٢J١٢L٢(2/2-way valve)Wאא٢L٢
F،KEא(on-off valve)،

אאFאאאEאאאK
אאאאא(ball seat)K

 
٥J٢J٢٣L٢ (3/2-way valve)F٢אJ٣٤WEאא٣L٢

٣Kא٣אאאא
אאKאאאאא٢א

אאאKאאאאאאא١
  ٢אK א   א  א    K   א

אאאאאאKא،א١٢א
א אא   K       א אא

אK
 




 
 
 
 





 



 

 

٢אJ٣٤א٣L٢W ،אא
     3/2-Way Valve: Ball Bearing Seat, Normally Closed Position 

אאW אW 



א٢١٤אא
אא

 
 

- ٥١ - 

 א٢J٣٥  ٣L٢ (Disc seat)א Kא
KאאאאK

אאאאK
א٣L٢אאאאK



٢אJ٣٥א٣L٢W ،אא 

3/2-Way Valve: Disc Seat, Normally Closed Position 

אאW אW 



א٢١٤אא
אא

 
 

- ٥٢ - 

א٣L٢א אאאא١٢
אאKא٢J٣٦٣L٢אאKא،א

١٢א א٣ Kאא
٣אאא٢٣אאאא

١א٢Kאאא
אK٣אא١٢Kא،،

אKאא٣L٢אאא
אאאאאאאאK












٢אJ٣٦א٣L٢W ،אא 

       3/2-Way Valve: Disc Seat, Normally Open Position  

אW אאW



א 



א٢١٤אא
אא

 
 

- ٥٣ - 

א٢J٣٧אKאא
א א א K   א א (shut-off valve) 

אK
 
 

 







א٢J٣٨٣L٢אKא١٢K
א א  א  א     אא   K 

١א٢Kא١٢אאא
אKאא١٢Kאא٢

٣אKאאאאאאאK

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

٢אJ٣٧א٣L٢W ،אא 

    3/2-Way Valve: Hand Slide, Normally 
Cl d P iti

אאW אW 

٢אJ٣٨א٣L٢א،אא 

     3/2-Way Valve Single Pilot, Normally 
Closed Position



א٢١٤אא
אא

 
 

- ٥٤ - 

٥J٢J٣אאאאF٢אJ٣٩WE אא
א אאא  

אאאאאאKאאא
Kאאאאאאאא

אאאאK
אאאאאKא

 א  א א      א אא  א
אK

 
 




















٢אJ٣٩אאPilot Control 

1

        א



א٢١٤אא
אא

 
 

- ٥٥ - 

א٢J٤٠٣L٢אא،אאאK
א   א אא א     Kאא 

אא אאKא٢٣
אא אא١٢  Kא אא

א אא  א K א  א א
אא Kא٢J٤٠ ٢J٤١אא

٣אL٢אאאאאאאK

  

٢אJ٤١א٣L٢אא،א،אא 
     3/2-Way Roller Lever Valve, Pilot Operated, Normally Open 

٢אJ٤٠א٣L٢אא،א،אא 
  3/2-Way Roller Lever Valve, Pilot Operated, Normally Closed 


 א 

א

א 



א٢١٤אא
אא

 
 

- ٥٦ - 

א٢J٤٢٣L٢אא،א
אאKאאאאKא

אא       Kא א  א   א 
אKאאאאאאאאאK



٢אJ٤٢٣L٢א،


א،אא 

       3/2-Way Roller Lever Valve, Pilot Operated,  



א٢١٤אא
אא

 
 

- ٥٧ - 

٥J٢J٤אא٤L٢
אא٤L٢FE
אאאKKא٢J٤٣٤L٢Kאא

 אא א ٢אא٤٣ K  א  
 א אא  ١ ٤  ٢ ٣ K  א ٣ 

אKאאאאאאK 
 א א٤L٢  W  ،א א  ،א  ،א
،K








אא א

٢אJ٤٣א٤L٢،א
     4/2-Way Directional Valve, Disk Seat 



א٢١٤אא
אא

 
 

- ٥٨ - 

א٢J٤٤٤L٢אאKאא
אאאאK٤L٢

אא٣L٢KאאKאאא
אF١٢١٤Eאאא

אאאאאK











٥J٢J٥אא٤L٣
 א ٢J٤٥  ٤L٣         

אאKאאא٤L٢
        א      א  אא 

אאאK






٢אJ٤٥א٣L٤،

4/3-Way Plate Slide Valve, Mid-Position Closed 

٢אJ٤٤א٤L٢א
     4/2-Way Double Pilot Valve, Longitudinal Flat Slide 



א٢١٤אא
אא

 
 

- ٥٩ - 

٥J٢J٦אא٥L٢W
אא٥L٢אא

א KK א ٢J٤٦  ٥L٢    א   K
אאK

א٥L٢W،،K






 
 

 
 
 
 
 
 
 
 

 
 
 




٢אJ٤٦א٥L٢א
5/2-Way Double Pilot Valve, Pneumatically Actuated, Both Sides



א٢١٤אא
אא

 
 

- ٦٠ - 

א٢J٤٧٥L٢אK
אאאKאאא١א٢٤K

אאKאאאא
א١٢١٤K




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






 




 

٢אJ٤٧٥L٢א
  5/2-Way Double Pilot Valve, Suspended Disk Seat 

 





א٢١٤אא
אא

 
 

- ٦١ - 

٥J٢J٧אא٥L٣W
אא٥L٣،א٢אJ٤٨،

אאאאKאאאאאא
אאאKאW

J אאאא١٢אא١٢K 
J אאאא١٤אא١٤K 
J אאאא

אK 
J אאאאאאא 
J אאאאK 
J    א א   אאא  א 

K 


 
 
 
 
 

٢אJ٤٨א٥L٣אא
  5/3-Way Valve, Pneumatically Actuated, Both Sides 

אאW

אאW 

אאW 



א٢١٤אא
אא

 
 

- ٦٢ - 

אאW














 

J ٢L٢אא

J ٣L٢אא 

J ٣L٢אא 

J ٤L٢K 

J ٥L٢ 

J ٥L٣KאאK 

٢אJ٤٩ אא 

א

אFאE
 



א٢١٤אא
אא

 
 

- ٦٣ - 

٥J٣א א 
 

٥J٣J١אאNon-return Valve: 
א   א  Fא א Eא א     א 

FאאEF٢אJ٥٠KEאאאאF
12EאאאאK

אאאאF21Eאא
אאאאK

אW،،K









 

 ٢אJ٥٠  Non-return Valve 

1 2 

א 



א٢١٤אא
אא

 
 

- ٦٤ - 



٥J٣J٢אFאאEDual-Pressure Valve (AND Function):
     1 1F3 E 2F ٢אJ٥١ KE א 

אא אאא Kא
 א א K   1 1F3 Eא א

אאאKאאא،אאאK
 א אא  ، א  א א   א א א 2K














٢אJ٥١אFאEDual-Pressure Valve (AND Function) 



א٢١٤אא
אא

 
 

- ٦٥ - 

٥J٣J٣FאFE٢אJ٥٢EShuttle Valve (OR Function)W 
אאאKא

11F3E2Kאאא11F3Eא
א  א א א אאא א2 Kא 

א11F3Eא2אא
אKאאאאאאאאK


 

 
 
 
 
 
 
 
 
 
 


 
 


٢אJ٥٢FאE
  Shuttle Valve (OR Function) 



א٢١٤אא
אא

 
 

- ٦٦ - 

٥J٣J٤אאאQuick Exhaust Valve: 
אאאא F٢אJ٥٣KEאא

אאא12F١KEאאא3
א אK אאF٢Eאאא 

1אKאאא23K
א אא  א א   אא   א א K

    א   א  ،        
אאאK

 
 

١ ٢אJ٥٣
Quick Exhaust Valve   

٢ 



א٢١٤אא
אא

 
 

- ٦٧ - 

٥J٤אאFlow Control Valves 


٥J٤J١אאאThrottle ValveW
אאFLא Eא  א  

   א  א    אF ٢אJ٥٤ KE
אאאאאKאאאאא

אאא א Kאא
אאאK


٥J٤J٢אא،،One-Way Flow Control ValveW

אאאא،אאFאאEא
א  F٢אJ٥٥ KEאא א

אאא א א1א2 K
אאאאא

FKE 


 



٢אJ٥٤
Throttle Valve 

٢אJ٥٥
One-Way Flow Control Valve 

١ ٢

א 



א٢١٤אא
אא

 
 

- ٦٨ - 

אא 








 
 
 
 
 




אאW



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

J 

J  

J FאE 

J אFאE 

J אא

٢אJ٥٦א

J 

J  

٢אJ٥٧אא 



א٢١٤אא
אא

 
 

- ٦٩ - 

٥J٥א Pressure Valves 


٥J٥J١אPressure RegulatorW
אאאF٢אJ٥٨KE

אאאאKא
   (Diaphragm) K    א    א  

אא Kאא  Kאאא
אאKאאאאא

אא  א K  אא אא 
 א  אא א   א   א א   K

 א  א אא  א  א  א K 
אאK 




 
 
 













٢אJ٥٨א
Pressure Regulator 








א٢١٤אא
אא

 
 

- ٧٠ - 

٥J٥J٢אא،אאW 
       Time Delay Valve, Normally Closed  

אאW٣L٢
אאאF٢אJ٥٩KEאאF١אEא

1 Kא12אאאאא
FאאEאאאא٣L٢Kא

   א     א   1א  2 Kאא א 
אאאאאאאא

12F٢אKEאאאא12אא
٣L٢Kא12אאאאאא

אאאאאKאאא2א
3K
 



٢J٥٩ אא،אא
, Normally Closed Time Delay Valve

٢ ١ 

 א

אאא 



א٢١٤אא
אא

 
 

- ٧١ - 

  ٥J٥J٣WPressure Sequence Valve 
  א א א      א א 12 ،א 

٣אL٢אאאא 2 F٢אJ٦٠KEאא٣L٢
א א  א  א  א  12א     

אK

















٢אJ٦٠
Pressure Sequence Valve 



א٢١٤אא
אא

 
 

- ٧٢ - 

אW







 
J 
 

-


J 

J  

J 
 

٢אJ٦١א 



א٢١٤אא
אא

 
 

- ٧٣ - 

אא
אא 

٦J١ 
אאאKא

אאW
J א Power source  
J אFאאSensorsE
J אFאProcessorsE
J א   Control elements
J אFאActuators E

 
א٢Jא٦٣אאK 

א،אא،W
• 0אWא 
•  1א ،2 KKKא    א Kא   

FאאEא،
אאKאאאאK 

 
א،א

אW


0Z1, 0Z2… א
1A, 2A… אFאאEKKKK
1V1, 1V2… א FאEKKKK
1S1, 1S2… אF،،EKKK 





٢J١ אא 



א٢١٤אא
אא

 
 

- ٧٤ - 

 
 

 


 ٢אJ٦٢אא 

א
J 
J א
J א
J א 

א 

א 

א
J 
J א 
J  
אא

 

א 

א
J א
J 
J א
J ، 

 

א א
J א

א 

אא 

א
אא،

א



א٢١٤אא
אא

 
 

- ٧٥ - 







٢אJ٦٣ א 


א






א

א

א





א



א٢١٤אא
אא

 
 

- ٧٦ - 


אאאאאW

• אאא 
 אאאאאא •
• אאא 
• א   א  K אא א  א א 

אאאאW 
 






• אK 


 











 



א٢١٤אא
אא

 
 

- ٧٧ - 

٦J٢אאאאאאאאא 
אאאאאאאאאK

 א  א א אא         
 Kא אא

אאא،אאאאא
40 mmא7mm 

 

٦J٢J١אאאאא 
٣L٢אאאאא٢J

٦٥ KאאאאאאFאאKE
אאאאFאKE

 
 

 
 









 א٢J٦٦אאא א א  Kאא אא
 א1אS א ١ א٢   אא1A Kא

אאא אא Kאאא
אאאאאKאאאא٣K

אאאאאK،אאאא
  1A Kאא אאאא  ،

0אZא0SK

٢אJ٦٥אאאא 

١Kא٢ אKא



א٢١٤אא
אא

 
 

- ٧٨ - 



























٢אJ٦٦אאאאאא 



א٢١٤אא
אא

 
 

- ٧٩ - 


٦J٢J٢אאאאא 

 א א ٥L٢ א  אאא    א 
٢J٦٧Kאאאאאאא

 אאFא א KEא א 
אאFאKE














א٢J٦٨אאאאאאאKא
אאאא1אSא١א٤אא1AK

אאאאאאKאאאאאא
א٢א٣ Kאא،אא א

אאאאאאא٥K
א،אאאאאKא

אא א K אא٤L٢
אאאK






٢אJ٦٧אאאא 

١Kאא ٢Kא



א٢١٤אא
אא

 
 

- ٨٠ - 

























٢אJ٦٨אאאאא



א٢١٤אא
אא

 
 

- ٨١ - 


Wאאא٤L٢KאאאK

אאאK


٦J٣אאאאאאאאא
 

אאא  א א     א אא
אאאKא

   א  א אא
א  א א K     ، ،

אאאאאאאאK

٦J٣J١אאאאא

W אא K א
 א א     F ٢אJ٦٩ KE אאא 

אאK














٢אJ٦٩אא 



א٢١٤אא
אא

 
 

- ٨٢ - 

אF٢אJ٧٠EWאאאאאא 1A 
אאK٣L٢אאK11Vא

2אאאא3Kאא1Sאאא
١٢א1VKאאאאאאאאK

אא12אאKאא،
אא   K א  א א 1Sא  K א 12

1Vאאאא1VאKאא
אאאאא1אVK



א٢١٤אא
אא

 
 

- ٨٣ - 



٢אJ٧٠אאאאא



א٢١٤אא
אא

 
 

- ٨٤ - 


٦J٣J٢אאאאא 

א1SFא٢J٧٢Eאאא14א1V
אKאא1A Kאא14אא K

אאא1SאKא141Vאאא
א1Vא Kאאאא

אאאKאאאK



א٢١٤אא
אא

 
 

- ٨٥ - 



٢אJ٧١אאאאא 



א٢١٤אא
אא

 
 

- ٨٦ - 

Wאאאא Kאאא
٣L٢KאאאאKאאאאK


٦J٤אאWANDOR



אא??(AND)אKאא
1א1(3)אאא2K

 א אא? ?(OR)א Kא
אא11(3)א2K

 
٦J٤J١אאAND 

Wאאא٣L٢אא1S2
א٣L٢،1S1Kאאאאא

אK
 

אWא٢J٧٢אאאאא،א
KאאאאK

א11(3)אא1V1א2א1S1
1S2 Kא٣L٢א א א، 1S2، א

1אV2KANDאאKא
٣אL٢،1S1،2אKאא٥L٢،1V2،

אא1A Kאאא 1S11S2،א
ANDא   א     K א  א 14 א

1אV2 אאאא1S11S2Kא1V2
אאאK









א٢١٤אא
אא

 
 

- ٨٧ - 












 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٢אJ٧٢אאאKANDK 



א٢١٤אא
אא

 
 

- ٨٨ - 

Wאאא٣L٢KאאאאKW


 W א א    אF ٢אJ٧٣ KE  אא1A  
  אאא א  א    K א  א   אא   
אאאKאאאאאאאK

 











 
 
 
 

٦J٤J٢אאOR 
WאאאאKאא

אאאK
אWא٢J٧٤אאאאא،א

KאאאאK
א١1(3)אא1V1א٢אא

1S11S2Kאאאאא1S11S2
١א1(3)אא1V1K ORאא

   ٢א Kא   א  א א א א  
  א K א  א 1V2אא   Kא א  ،

٢אJ٧٣



א٢١٤אא
אא

 
 

- ٨٩ - 

 א   א 1S1 1S2 א 1V1א  
אK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ٢אJ٧٤אאאKORK



א٢١٤אא
אא

 
 

- ٩٠ - 

W א     א F ٢אJ٧٥ KE אא
אא Kא،אאא K

   ٣L٢א א א K א  א אא
אאאK 











٢אJ٧٥א



א٢١٤אא
אא

 
 

- ٩١ - 

٦J٥אאא 
Wאא٣L٢Kאאא

א Kאאאאא Kאא
אKKאאאאK

 
אW

אאא٤L٢F٢אJ٧٦E٥L٢F٢אJ٧٧ KE
אKא٤L٢٥L٢

א(Memory Function)Kאאאא
אKאאאא

KאאאאFאאאאאEאאא
אאאאKא1V1אאאאא

אאאאאאאK
 א  א  א 1S1 א   ١٤א  א

1V1Kא1V1אאאKאאאאא
א1V2א1V3 K

אאKא1V1אא1S1K
א1S2 א   12 א  א1V1 Kא

1V1אאאאאאאאKאאא
א 1V2 K א א1S2א 1V1 

.


 
 



א٢١٤אא
אא

 
 

- ٩٢ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٢אJ٧٦אאאאא٥L٢K

٢אJ٧٧אאאאא٤L٢K 



א٢١٤אא
אא

 
 

- ٩٣ - 

Wאא F٢אJ٧٨ KE אא
אK٣L٢אא

א א א  K אאא א    אאא
א  א   א   א K  א  אא

אKאאאאאאאK 

















 
 
 
 
 
 
 

٢אJ٧٨אאאא 



א٢١٤אא
אא

 
 

- ٩٤ - 

٦J٦אאא 
WאאF٢אJ٧٩Eא

אאאKאאאאאאK
אאא،אאאK

  
 

 

אWא٢J٨٠אאאאא،א
    Kא אא   א   Kא 

אא ، א א א   1S2 K א  ٣ א
אאאאאאKאאא

אאא Kאא1S1،א١1(3)
 א  1אV1  AND א  א  ١٤ א

1אV2Kא1V2אאאאאאK
א1V2אא١א1V4Kאאאא

אאאאאאאאאא
٣א K אא   א אא 

אאKאא1S11S2،ANDא
1V1 K א  1V2  א א א   א  

אאKא1V3אאK 

٢אJ٧٩



א٢١٤אא
אא

 
 

- ٩٥ - 

 
 
 
 





















٢אJ٨٠אאאאאא 



א٢١٤אא
אא

 
 

- ٩٦ - 



٦J٧אא  
WאאF٢אJ٨١KE

 אF     E א א א K
אאאאאאאKאK

 




 
 
 
 
 
 
 
 







אWא٢Jא٧٢אאאאא،א
KאאאאK


אא א  א، א א א  א אא    

אאאKא אאאא،
אאאא٥L٢אאאאKא

אא 1Sא  14אא א1V2K
 א 1V2א אא  אאא א  א   K א

א1אSא1V2Kאאא
אאאאKאאאאK

 א 12אא  א1V1   א  

٢אJ٨١



א٢١٤אא
אא

 
 

- ٩٧ - 

א1אAKאאאאאאא
א،אא٣L٢ Kאא12א1V2K

א1V2אאאאאאאK
אאאאאאאאאK

אאאאא
אאK




٢אJ٨٢אאאאאא



א٢١٤אא
אא

 
 

- ٩٨ - 

W
אאF٢אJ٨٣KEא

אאאאאאאאK
א א   א   Kא   א   

אא KאאאאאKאא אא
אאאK
























٢אJ٨٣
 



א٢١٤אא
אא

 
 

- ٩٩ - 

٦J٨אאTime Delay Valve:
WאאאF٢אJ٨٤KEא

 אא Kאא אא   T = 6 seconds
א   Kאא    א K  א 

אאK

אWא٢Jא٨٥אאאא،
KאאאאK

אאאאא،אאאא
٥L٢אא  אא Kאא אא

1S2،אאאאאאאאK
א1S11S2אאKא1S2 

אאאאא1S2א
אK

אא،א1V1א14
1אV3 Kא1V3אאאאאא

א Kאאאא 1V5FאאKE
אאא،אאא1S2K

،ANDא1V1אאא14אא
1אV3א א  K אא 1S1

 Kאאא

٢אJ٨٤אאא 



א٢١٤אא
אא

 
 

- ١٠٠ - 



אא،א1S3אאאאאא
1V2אא א א1V2 Kאאאאא

אאא1V2Kא،א٣L٢א
1V3א12אא1V3  Kא1V3

אאא אאאאא Kא
 א א 1אV4 Kאא   ،  א 1S3אא  
אא1אV2אאאאאא1S3K

אא٣L٢א1V3אKאא

٢אJ٨٥אאאאאאא



א٢١٤אא
אא

 
 

- ١٠١ - 

12א1V3Kאאא،א1S2
אK

٦J٩    אאאאאא 


٦J٩J١אאאאא 
א אא   אאא  א  אא א  K

    א  (Displacement diagram) Kא  
אאאKאאאא،אא

א Kא א  א א  אא  Kא א  
א ،אאא،א אא  

KאאאאאאW
• אא Roller lever valve with idle return     
• אאTime delay valve 

• Double pilot valve (Reversing valve) 

אא،אאאאאK
 

٦J٩J٢אא
Wאאאא٢J٨٦K

 א  א אאאאא   א א א
אKאאאאKא

 Kאאא


אWאאאאא
אKאא٣L٢Kאאא،אא

א א2S11S2א Kא2S1
א1אS1אאאK


 



א٢١٤אא
אא

 
 

- ١٠٢ - 

אאאאאW

 

 
 
 
 
 
 
 
 
 
 

١ K א   א 1S1 ، א א  ٥L٢ ،1V2 ،  
א1אAKאאK



٢Kאא1A،א1S3Kאא
٥L٢،2V،אא2AKאאאK


٣  K אא ، א 2S3 K
1אV2אא1AK



٤Kאא1A،א1S2א
2VKאא2Aא2S1אK



٥Kאאאא אא1S1K
 
 

 
 
 
 
 
 
 
 
 
 

אאW1S12S1אא1A 
אאW1S3  אא2A
אאW2S2  אא1A
אאאW1S2 אא2A
אאW 2S1  אאא(Initial position) 



א٢١٤אא
אא

 
 

- ١٠٣ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



٢אJ٨٦ 



א٢١٤אא
אא

 
 

- ١٠٤ - 














א

٢
J

٨٨


א


א



א

א



א






א٢١٤אא
אא

 
 

- ١٠٥ - 

אאW



אאW








א٢١٤אא
אא

 
 

- ١٠٦ - 

אאW





אאאW







א٢١٤אא
אא

 
 

- ١٠٧ - 

אאW






 

 
 



 

 

 

אאאא

 

  

אאא
ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ< 

אאאא 








א


א



٣



אא٢١٤א
אא

 
 
 

- ١٠٩ - 

 
 

 א   K אא א
אאאא Kאא

אאאאאאK



 
 
 
 



אא٢١٤א
אא

 
 
 

- ١١٠ - 

אא
א

 
٧J١אאאאDirect current and alternating current

 א א אא Kא
FאEאאאאאאאאא

אKאאאאא
אאK

אאWאאאאF٣אJ١KE
•  א א א א א  א א אא

אאא،אאאFDCEDirect CurrentK 
• אאאאאאאאK 

 
 
 
 
 
 

 
 
 
 
 
 

 

א٣J٢א
   F א א    KEא   א   

FONEאאFאKEאאאא
אאKאאאא

אאאאאאאאK
 

٣אJ١אאאאא

  



אא٢١٤א
אא

 
 
 

- ١١١ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 

٧J٢ Ohm's Law 
אא

אאאאKאא
אאאKאאאאKא

    א  א   ،   א  
 Kאא

 

אאElectrical resistance 
א אא אא א   אא 

א א Kאאא  Kא אאאא
אKאאאאאאאK 

 

אSource emf  
אאאא،אאא

אאא(electromotive force)K 
 

               ٣אJ٢אDC circuit  



אא٢١٤א
אא

 
 
 

- ١١٢ - 

Wאאאאאאאא
אאW

• אאאאאK 
• אאאK 

 

אאElectrical power 
א،אאאאאא،

אאאאK
אאאFאאE

 FאאE אFאאאאE،
א،אא

אא،אאאאK


אאאאK
P = V. I 

W
VWאVoltage (Volt, V)
IWאCurrent (Ampere, A)
PW אPower (Watt, W)

 

W٥L٢24 V  DCK
א60 OhmK؟א

אWאאW

 A.
R
VI 40

60
24

=== 

אאאW
P = V. I = 24×0.4 = 9.6 W 



אא٢١٤א
אא

 
 
 

- ١١٣ - 

 

٧J٣אFunction of a solenoid  
        F ٣אJ٣E.א  

אא Kאאאאאאאא
אK

 
 
 
 











 

אאStructure of a solenoid. 

אW
•   K א  א א א

אאאK
• אאKאאאא

K
 .אאאאאאאא

 

٣אJ٣

אא 
א

א 



אא٢١٤א
אא

 
 
 

- ١١٤ - 

אאApplications of solenoids  

 א  א    א א  א א 
אKאאאאK

• אאאאאK 
• אאאאאK 

 


٧J٤אFunction of a capacitor 
אKא

FאS1א٣J٤EKא
KאאאאKאא

KאאאFFEFaradK
אאאFאS2א٤}٣Eא

אאK
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٤א 

א א 



אא٢١٤א
אא

 
 
 

- ١١٥ - 

٧J٥אא F٣אJ٥E Function of a diode 
אאאאאW

• אא،אK 
• אאאאK 

אאאאאא אא 
(The current is rectified)Kאאאאאאאאא

אK
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٥אא



 



אא٢١٤א
אא

 
 
 

- ١١٦ - 

٧J٦אאאא 
א   ،א א א א  א א  אאא 

FMultimeterKEאאאאאW
• אאא،אאאK 
• אאאK 

אאאאאKאאא
אVoltmeter  אאאאAmmeterK



Wא،א٢٤Kאא
F230V EאאאאאK

אאאK
אאאאאאאW

• אאאK 
• אאאא(Voltmeter or Ammeter, AC or DC, Resistance)  

• אאאאאK 
•  א    א א  א    F א א

אאKE 
• אK 
• אאK 
• אאאאאאאK 
• אאאFאאאKE 
• אאאא،אאאאאK 

 
אVoltage measurement 

   א  א (voltmeter) אא  Kא 
אאאKאאא



אא٢١٤א
אא

 
 
 

- ١١٧ - 

אאאא
אK 

 

אCurrent measurement
א    א  (Ammeter) א  אא  K א  

א K  א     א  א      
אK 



אResistance measurement
אDCW

• אאWאאאא،א
אאאK 

• א א Wאא  א  א  ،א   
(Ohmmeter)אאKאאK 

  א  Fא     E   אא  F א
short-circuitEFאopen circuitEK

W אאאאאאאACK 


אאSources of error 
אאאאא 

אK אאאאאK
אאאא،א

٥}٠א٥}٠٪אאאK


  
 
 



אא٢١٤א
אא

 
 
 

- ١١٨ - 

אא
אא

 
٨J١אPower supply unit pressure 

  א       א א K
אאאאF٣אJ٦EKאא

אW
•   א אK א א  א א  

Fא٢٢٠ E אF٢٤
KE

• א(rectifier)אאאא
אאאK

• אאא
אאK 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٦א


transformer rectifier  אstabilization



אא٢١٤א
אא

 
 
 

- ١١٩ - 

٨J٢אאאPush button and control switches 

אאאאאKאא 
א (push button) א(control switches)K 

• אאאKא
אאאאK

• אאאא
אאK 

 
  אאFENormally open contact (make)  

אאאאאאאאאFאאE
F٣אJ٧KEאאאאאאא

אאאאאאK


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٧אאFE –
Normally open contact (make) – section and symbol

א 



אא٢١٤א
אא

 
 
 

- ١٢٠ - 

 אאFENormally closed contact (break)
אאאאאאאא

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Changeover contact
א   א   א   א א   

א  K א    אא     Kאא  
אK

  
 

٣אJ٨אאFE–
Normally closed contact (break) – section and symbol 

٣אJ٩–
Changeover contact – section and symbol 



אא٢١٤א
אא

 
 
 

- ١٢١ - 

 

٨J٣אאאאSensors for measuring displacement an pressure 
 א   א   ، ،א  K

אאאאאאW
• אאאאK
• K
• אאK 



אאLimit switches
אאאאK

א   א א  Kא א  ،א  ،  
אא،אאFא٣J١٠KE

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ١٠–
Limit switch – section and symbol

אא
אא 

١K
٢K
٣Kאאא
٤K
٥K
٦K

F
אאE 

F
אאE 



אא٢١٤א
אא

 
 
 

- ١٢٢ - 

 
אאProximity switches

    א א  א   
KאאKאאאאW
• 
• 
• 
• 



אאReed switch
 Kא K

אאאK
אאאאאאאאא

אאאא
א K   א   אא  א א א  

F٢}٠Eאא
אK



אא٢١٤א
אא

 
 
 

- ١٢٣ - 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאElectronic sensors
אאאאא،W
• א 
• א
• אא.

אאאא
א.

 
אאאאPositive and negative switching sensors

אאאא
• אאאWאאאK

אאאאאאK
• א אא Wא    א    א  K

אאאאאאאאK

٣אJ١١–א
  Reed switch – normally open contact 



אא٢١٤א
אא

 
 
 

- ١٢٤ - 


אאאInductive proximity sensors

אאאF١E،F٢EF٣KE،
א א אא Kא א

א אא ،אא  K א א א א 
אK

 א א אא א   א  א 
אאK

 



אא٢١٤א
אא

 
 
 

- ١٢٥ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאא      Capacitive proximity sensor  
אאאאאא

א Kאאאאאא
אKאאאא،א،א

אאאKאאאאאא،
אאאאאאאאאאK

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ١٢
      Inductive proximity sensor

٣אJ١٣
      Capacitive proximity sensor 



אא٢١٤א
אא

 
 
 

- ١٢٦ - 

 
אאאOptical proximity sensor 

אאאאאא
אאאK 

 אאא    א   א(Semiconductor light-emitting diodes (LEDs)) 

،،א.אאאא
    K   א אאא (photodiode)אא א

KאאאW
• אא 
•  
•  



אאאOne-way light barrier 
אKאאא

אKאאאאK 
 
 
 
 
 
 
 

 

٣אJ١٤אא
      One-way light barrier 

   

א 



אא٢١٤א
אא

 
 
 

- ١٢٧ - 

Reflective light barrier 
אאאאKאאא

אאKאאאאK
   
 
 
 
 
 
 
 

 
Diffuse reflective optical sensor 

אאאKאאאא،א
אKאאK

 
 
 
 
 
 
 
 

 
 

٣אJ١٥
   Reflective light barrier 

 

 

 



א 

  

 

٣אJ١٦
Diffuse reflective optical sensor 

 

 

 

 

א 
 



אא٢١٤א
אא

 
 
 

- ١٢٨ - 

אPressure sensors 
אאW

• אאFE
• אאFE
• א 


אאMechanical pressure switch
אא،אאאא

אאאK
 
 
 
 
 











אאElectronic pressure switches
 א  אא  K א   א   

א K א  א א    א    
אאאK

٣אJ١٧
Piston-actuated pressure switch  



אא٢١٤א
אא

 
 
 

- ١٢٩ - 

אאAnalogue pressure sensors
אFaE٣J١٨אאאKא

אF١ E א א   א  Kא   א  
אF٢EKאFbE٣J١٨אאא

FcE٣J١٨א א א א  א  א  K  
אאא،١٢٢٤

Kא



אא٢١٤א
אא

 
 
 

- ١٣٠ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ١٨
Construction and characteristic curve of an analogue pressure sensor 

١K
٢K
٣K 

١K٢K٣Kא٤KO٥Kא
٦K٧K 







אא٢١٤א
אא

 
 
 

- ١٣١ - 

٨J٤אאRelays and contactors 
א W     א K  

      א  א  K א
אאאאKא

אאאאאKאK
  א א ، אא   א א 

Kאאא
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


אApplications of relays
אאאאW

• אא
• אא
• א
• אאאאא 

אאאאאאאאאאK

 

٣אJ١٩א
  Construction of a relay 




א 

א 
א

א



אא٢١٤א
אא

 
 
 

- ١٣٢ - 

٨J٥אאאProgrammable logic controllers, PLC
אאאאKPLC 

אאאאאאאK
אאWאאPLCאאF٣אJ٢٠E

אאW
• אאא  FאאאאE.
אאאא •
• אאא

 א א אאא אא  א
אK

 
 

 

 
 
 
 
 

٣אJ٢٠אאאPLC  



אא٢١٤א
אא

 
 
 

- ١٣٣ - 

 

٨J٦אאא 
א٢אL٢א2/2-Way Solenoid Valve without Pilot Control 

א٣J٢١א٢L٢אא Kא
א١٢ Kא،

אאאאא١א٢K
 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٢١א٢L٢א
2/2-Way Solenoid Valve without Pilot Control 



אא٢١٤א
אא

 
 
 

- ١٣٤ - 

אאPilot controlled directional control valve 
אאK

• אאא١אK 
• א،אאאא١אK 

א٣J٢٢אW
• אא،אאKאא

אאאFאFFE٣J٢٢KE 
• א   ،א  א א  א א  

FאFFE٣J٢٢KE 

  
 
 
 

٣אJ٢٢אא
 Directional Control Valve with Pilot Control

FE FE
א 

א 



אא٢١٤א
אא

 
 
 

- ١٣٥ - 

א٣L٢ אPilot controlled 3/2-way valve 
 א٣J٢٣٣אL٢ אK

• אא،אאאא
אFאFE٣J٢٣KE٢א٣K 

• א   ، א   א   א א ١Fא
FE٣J٢٣ KEא  א א א  א א  א K

א٢א٣אא١٢K א
אאאאאK 

• אא،אאK 
 
 

 
  



٣אJ٢٣א٣L٢،א،
אאK

Pilot controlled 3/2-Way solenoid valve, 
normally closed with manual override 

 

FE FE



אא٢١٤א
אא

 
 
 

- ١٣٦ - 

א٥L٢ א אPilot controlled 5/2-way single solenoid valve
א٣J٢٤٥אL٢אK

• אא،אאאFאFE٣J٢٤KE١א
א٢א٤א٥K 

• אאאאאFאFE٣J٢٤KE
אא،١אא٤א٢א٣K 

• אא،אאאK 
• אאא٨٤K 

 

 
 

 
 

 
 
 



٣אJ٢٤א٥L٢א، 
אPilot controlled 5/2-Way single solenoid valve 

FE

FE



אא٢١٤א
אא

 
 
 

- ١٣٧ - 

א٥L٢،א Pilot controlled 5/2-Way double solenoid valve      

א٣J٢٥٥אL٢ אK
• אא،א١٢א٤

٥FאFE٣J٢٥KE 
• אא،אאאFאFE٣J٢٥KE

אא،١אא٤א٢א٣K 
• אא،אאא

אאאK 
א،אאאא

אאאאK
 

٣אJ٢٥א٥L٢،א
 Pilot controlled 5/2-Way double solenoid valve 

FE

FE



אא٢١٤א
אא

 
 
 

- ١٣٨ - 

א٥L٣،אFא،אKE 
5/3-way valve with exhausted initial position  

א٣J٢٦אא٥אL٣ אאK
• א א ،א א    א 

 אF אFE٣J٢٦ KE ٢א א  ٣ א ٤ א  ٥
א١K 

• אאא،אאאFאFE٣J
٢٦KEאא،١אא٤א٢א٣K 

• אאא،אאאFאFE٣J
٢٦KEאא،١אא٢א٤א٥K 

• אאאKא،א
אK 

 

٣אJ٢٦א٥L٣،א
FאאKE 

Pilot controlled 5/3-Way double solenoid valve 
(Mid-position exhausted). 

FE

FE

FE



אא٢١٤א
אא

 
 
 

- ١٣٩ - 

אא
אא


٩J١אאאאאאא 

 א      א  א  K
אא א  אאא א 

א  Kאאאאא(PLC)א  
אאאאאאא

א K   א   אא   
K



אאאDirect and indirect control 
WאאאאS1א

אא(a)٣J٢٧אאאאK 
 

٩J١J١אאא אא 
 

אאאא Direct control of a single-acting cylinder
א(b)٣J٢٧א א אאאאא  K

א  א ، א  א 1Y1 א  א٣L٢ K 
א  אאא K א  אא 

אאKאאאאK
 

אא אאIndirect control of a single-acting cylinder 
א  א  א  א  א אF ٣אJ٢٧E ،  א 

1אY1א  K1  א   א   
אא.אאאאאKא

אאאK



אא٢١٤א
אא

 
 
 

- ١٤٠ - 

 

٣אJ٢٧אאאאא
(aאאא(bאאאא
(cאאאא



אא٢١٤א
אא

 
 
 

- ١٤١ - 


٩J١Jא٢אאאאא 
 
 WאאאאS1א

אK


א W א (a)٣J٢٨ (b)٣J٢٨ א אא  א٢L٤
א٥L٢KאאאאאאאK 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



אא٢١٤א
אא

 
 
 

- ١٤٢ - 

 
 
 

 

٣אJ٢٨אאאאא
(aאאאא٤L٢(bאאאא٥L٢
(cאאאא(dאאאא 



אא٢١٤א
אא

 
 
 

- ١٤٣ - 

٩J٢אאLogic Operations 
אאאא،אאא

אK


אאאFאEParallel connection (OR circuit)
אאאא)א(a)٣J٢٩(b)٣J٢٩(S1S2K

אאאאא)א(c)٣J٢٩(d)٣J٢٩(K
• אאאאאאאאאK 
• אאאאאK 
• אאאא،אK 



אא٢١٤א
אא

 
 
 

- ١٤٤ - 

 
 










 
 









٣אJ٢٩אאאFא??OR CircuitE
(aאאאאא
(bאאאאא
 (cאאאא
(dאאאא 



אא٢١٤א
אא

 
 
 

- ١٤٥ - 

אאFאE(AND circuit) Series connection 

אאא)א(a)٣J٣٠(b)٣J٣٠(אS1S2
אKאאאא)א(c)٣J٣٠(d)٣J٣٠(K

• אאאאאאאא
אK 

• אאאאאאK 
• אאאא،אאK 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



אא٢١٤א
אא

 
 
 

- ١٤٦ - 

 
 





















 

٣אJ٣٠אאFא??AND CircuitE
(aאאאאא
(bאאאאא
 (cאאאא
(dאאאא 



אא٢١٤א
אא

 
 
 

- ١٤٧ - 

٩J٣אא
 א ٣J١ ٣J٢  ? ?(OR) ? ?(AND) Kא א 

אאאאאאW
• ٠WאאאK 
• ١WאאאK

  
  

אS1אS2


אS1S21Y1

٠٠٠
١٠١
٠١١

١١١



  

אS1אS2


אS1S21Y1

٠٠٠
١٠٠
٠١٠

١١١


٣אJ١א??OR operation 

٣אJ٢א??AND operation 



אא٢١٤א
אא

 
 
 

- ١٤٨ - 

٩J٤א Signal storage 
 א אא  ،  אא א  א  K א  א

א ،  אא   אא   K ،  
אאאKא

אאאאאK
אא    Signal storage with double solenoid valve 

אאא
K

 

אאאא
Manual forward and return stroke control with double solenoid valve 

אא אאFS1 W،S2 WE
)א(a)٣J٣١(b)٣J٣١(K

 א  א       ) א(c)٣J٣١
(d)٣J٣١(KאאS1،א1Y1Kא

אאKאא،אאא
אKאאS2،א1Y2Kא

אאKאS2אK
 

אאא
Automatic return stroke control with double solenoid valve 

אאאאS1א
 א  א   K א ٣J٣٢(b)٣J(c)٣٢ אא

אאKאאS1אא
  ،א א 1Y2 א א 1S2א  K 

אS1،אאK
 



אא٢١٤א
אא

 
 
 

- ١٤٩ - 

אאאOscillating movement with double solenoid valve
 אאאS1 Kא

אאאאK
א ، א א  א  W א א  א   א

)א(b)٣J٣٣(c)٣J٣٣( KאS1אא
א،אא1S2אKא

אא،אS1KאאS1،
אאK

 
 



אא٢١٤א
אא

 
 
 

- ١٥٠ - 

 
 
 
 
 
 
 
 

٣אJ٣١אאא
(aאאאאא
(bאאאאא
 (cאאאא
(dאאאא 



אא٢١٤א
אא

 
 
 

- ١٥١ - 

 
 

 
 
 
 
 
 
 

٣אJ٣٢אאאא


(aאאאאא
(bאאאא

 
b)



אא٢١٤א
אא

 
 
 

- ١٥٢ - 

 

٣אJ٣٣אאאאא
(aאאאאא
(bאאאא
(cאאאא 



אא٢١٤א
אא

 
 
 

- ١٥٣ - 

אאFאאאEא Relay circuit with latching 
א א“ON”אא אא(a)٣٢}٣،א

אK1K אא“ON”אאאK1א،
אאK“ON”KאאאK

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א א  א  “OFF”  א   א   K 
אא“ON”“OFF”אאKאא?א

?Dominant ON latching circuit) (.
א אא (b)٣J٣٢א אא (a)٣J٣٢א

א“ON”א א “OFF”אאא K
אא?א?Dominant OFF latching circuit) (.

 

٣אJ٣٤אאFאאאELatching circuit
(a Dominant ON
(bDominant OFF 



אא٢١٤א
אא

 
 
 

- ١٥٤ - 

אאאאא
Manual forward and return stroke control via relay with latching function 
אאאאאאS1אא
אאS2KאאK

אאאאS1אא
  Kאאאאאא S2K

אאאאא،
אאYא?Dominant OFF relay circuit) (.



אא٢١٤א
אא

 
 
 

- ١٥٥ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٣٥אאא
(aאאאאא
(bאאאאא
(cאאא 



אא٢١٤א
אא

 
 
 

- ١٥٦ - 

٣J٧J٥אא Delay 
אא،אא  K
א،،אאא

(time relay)אK
 

אאאאcylinder with timing Control of a 
אאאS1אאא

F٣אJ٣٦KE



אא٢١٤א
אא

 
 
 

- ١٥٧ - 

 
 
 

٣אJ٣٦אאאFא
E

(aאאאאא
(bאאא 



אא٢١٤א
אא

 
 
 

- ١٥٨ - 

١-٣אאאא 
 Sequential control with signal storage by double solenoid valves 

אאא א
אא(latching relays)K

אאאאאאK
 

Wא(Feeding device) 
 א٣J٣٧  אא K  אא 

1A2A1B12B2(proximity inductive switches)K 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣אJ٣٧ 



אא٢١٤א
אא

 
 
 

- ١٥٩ - 

אאאאW Displacement-step diagram for the feeding device 
 

אאאאאאאא“START”K
אאW

• אאWאא1AKאא 
• אאWאא2AKאאא 
• אאWאא1AK 
• אאאWאא2AK 

א“START”K
אאאאאאאא٣J٣٨

  

 
 

 
 
 

٣אJ٣٨אאאאא 

א1אA 

א2אA 

אא



אא٢١٤א
אא

 
 
 

- ١٦٠ - 

אאאא
אאאאא٣J

٣٩אאאK 
  

 

 
 

٣אJ٣٩אאאא 



אא٢١٤א
אא

 
 
 

- ١٦١ - 

אאאא
א  א    א   א א אא    

אאאאK٣אJ٤٠אאK 

 
 
 
 
 
 
 
 
 
 




 
 
 


 
 
 
 
 


 




אאW

אאאאאWאא 

אאאאאWא אא 

אאאאאWאא 



אא

אאאאאWאאא 

٣אJ٤٠אאאא 



אא٢١٤א
אא

 
 
 

- ١٦٢ - 

אSensor evaluation
 א אא  א       א א א 

אKאאאאא
אאאKאאאא

 אא אF٣אJ٤١ KEאא 1B1א ، א 
אK1אאאK

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

٣אJ٤١אאאא 



אא٢١٤א
אא

 
 
 

- ١٦٣ - 

אאאFirst sequence step 
אאאW

• אא1AאFא1אB1אK1E 
• אא2AאFא2אB1אK3E 
• אא“START”(S5)K 

אא،אK6Kא1Y1
א1אAK

 
 
 
 









٣אJ٤٢אאאאאאא



אא٢١٤א
אא

 
 
 

- ١٦٤ - 

אאאSecond sequence step
אא1A،א1B2אא

אKא2Y1אא2AK
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



٣אJ٤٣אאאא
אא אא 



אא٢١٤א
אא

 
 
 

- ١٦٥ - 

אאאThird sequence step
אא2A،א2B2אא

אKא1Y2אא1AK

 
 
 











٣אJ٤٤אאאאאאא
אאאK 



אא٢١٤א
אא

 
 
 

- ١٦٦ - 


אאאאFourth sequence step

אא1A،א1B1אא
אאKא2Y2אא2AK א٤٥}٣אאא

אאאאאאK
 


 

 
 


 

٣אJ٤٥אאאא 



 

 

 

אאאא  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

 אאאא





א




א
 

٤



א٢١٤אאא
אאאאא

 
 

- ١٦٧ - 


אא

אאא


١٠J١אאHydraulic power supply unit 
א  א     א א  א א א 

אF٤אJ١WE
• א 
• א 
• א 
• א 
• אא 
• א 
• א 
• א 

  ،א              
אאK

א٤J٢אאאK



א٢١٤אאא
אא

 
 

- ١٦٨ - 


  
 



אא 

א

א

אא 

אא 

 

א 

אFE 

א٤J١אא

א 

א 



א٢١٤אאא
אא

 
 

- ١٦٩ - 

 
 






















אא

٣L٢ 

 



  א 

٤אJ٢אאאא 

אא



א٢١٤אאא
אא

 
 

- ١٧٠ - 

 

١٠J٢אDrive  

 א F  ،אא א  Eא א  Kא 
אאאאאאא א

א א  אא K א  ٤J٣    
K

 
 
 

 
 
 
 
 
 
 
 
 




 

١٠J٣אאHydraulic Pump
 א  א א  א  א א א 

 F  KEא אא א  K
 א  א א אאא ،  א  א 

אאאאאאאאאאW


- א א Wא א  א א א א
אאאאK

- אא א W א   א א א  א
אאאאאאKאאאFאKE

٤אJ٣



א٢١٤אאא
אא

 
 

- ١٧١ - 







א
א

 
 

א
  

א
 

א
א 

א
 


 





אא 


אא 

א
 

 

٤אJ٤אא



א٢١٤אאא
אא

 
 

- ١٧٢ - 



 

א
 

א
א 

א
 

 




 






א א
(r.p.m) 

א
אא

(cm3)

א
א

(bar)

א
א

٤אJ٥אאא



א٢١٤אאא
אא

 
 

- ١٧٣ - 

 WGear pump
אאאאאאאאאK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אא
א٤J٦KאS  אKאא

אWאאאאאאKאא
א א   א  ، א    אK

אאאאאP א
א   א א  Kא   א א  א 

אKאאאא
K 



א

א 
א 

٤אJ٦Gear pump



א٢١٤אאא
אא

 
 

- ١٧٤ - 

١٠J٤אCouplings    

אאאאאאאא
א K     א   א  א 

א   א  אא     K   א  
אאאאאW

•  
•  
• אאK

  

١٠J٥אאReservoir 

אאאאאאW
• אאאK
• אאK
• אאאאאאאאK
• אאאאאאאKKK 

אאאאאאW
• אK
• אאאאאאK
•   א אא    א א א   F

KEאא،אא
• אK 
• אK 

   
 
 
 
 
 
 
 
 





א٢١٤אאא
אא

 
 

- ١٧٥ - 

١٠J٦אFilters 


אאאK


אאW
אאאאW



• אאאאא،،،א،
،אאאאK  

• אאאא،אאאאא،
אא،אאאK

  א ٤J٧א      א    א 
K 

 
 
 
 




٤אJ٧אא



 

א א

א 

אZ 



א٢١٤אאא
אא

 
 

- ١٧٦ - 

١٠J٧אאCoolers
 א א، א  א   א   א  

אאKאאאאאKאא
אאאאאאאאKאאא٥٠–

٦٠  K    א  אא  א  
אאאאאK

  א   א א      
(thermostat)אאאאK

אאאW
 

• אWא٢٥K
• Wא٣٥K
• אאWאאאK 



 א٤J٨٤J٩אK
 

 

 

 

٤אJ٩א ٤אJ٨



א٢١٤אאא
אא

 
 

- ١٧٧ - 

١٠J٨א Heaters 

אאאאאאK
א א  א א K  א א א א א 

אK א          א
א٤J١٠אK

 

 
 
 
 
 
 


 














٤אJ١٠



א٢١٤אאא
אא

 
 

- ١٧٨ - 

אא
אאאא

 
 אאא   א   K א

אאאKאאאW


Kאאא •
• אאאK 


 א٤J١١ ٤J١٢א א ٣J١٣א

אאאאאK




א٢١٤אאא
אא

 
 

- ١٧٩ - 

١١J١אאא Single-acting cylinder 
אאאאאא

אאKא٤J١١אאK
 

 



 

١K Wiper 
٢K אVenting screw 
٣K אאPiston rod 
٤K אאCylinder barrel 
٥K אאCylinder rod bearing 
٦K אSeal 
٧K אMounting screw 

٤אJ١١אא
Single Acting Cylinder 



א٢١٤אאא
אא

 
 

- ١٨٠ - 

١١J٢אאאDouble Acting Cylinder  
אאאא  אאא

אאKא٤J١٢אאK
. 
 
 



١K Piston 
٢K אאPiston rod  
٣K אאCylinder rod bearing 
٤K אAnnular piston surface
٥K אPiston surface 

٤אJ١٢אא 
Double Acting Cylinder 



א٢١٤אאא
אא

 
 

- ١٨١ - 



 

٤אJ١٣אאאא

א
אא אא אא 

אא
 

אא
א

 

אא



 

אא
 

אא


 

אא


 

א٢W١
FאW


אKE

א
אK

אא
(A1=A2)

אZ
א

א
אא

אK 

א
 

א 

אאא 



א٢١٤אאא
אא

 
 

- ١٨٢ - 

١١J٣אא Hydraulic valves 
١١J٣J١אאPressure valves  

   א    א   א  א   
אK



- אW אאאאאא
אK

- א  W   א  א  א א 
אאK 



א٤J١٤אאK 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א
Pressure relief valve


    א


Two-way pressure 
regulator     א

א
Three-way pressure 
regulator

٤אJ١٤אא



א٢١٤אאא
אא

 
 

- ١٨٣ - 

      Pressure relief valvesאJא
     א   (poppet valves)  

(slide valves)KאאאW
• אאאא 

 
• אאאאK 

א٤J١٥אאKאא
אאאאאאא

א٤J١٦K
אאאW

• אאאFZp1.A1K 
• אאאK 
• אאאאא،אא

אאK 
• א  א  א א ، א      א 

אאK 
  

 א٤J١٧אאK
 
 
 












א٢١٤אאא
אא

 
 

- ١٨٤ - 



 
 

 

٤אJ١٥אא 



א٢١٤אאא
אא

 
 

- ١٨٥ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






٤אJ١٦א



א٢١٤אאא
אא

 
 

- ١٨٦ - 

 
 
 
 






 
 

אW
JאSafety valves:  א   

א،אא K א א א 
אאK



Jא Brake valves Wא  א  אאא 
אאאאאK



JאאSequence valveWאא
אאK 




٤אJ١٧א 



א٢١٤אאא
אא

 
 

- ١٨٧ - 

Jא  Pressure regulators 
אא،אא

אאK
א٤J١٩אא

אאK


 



٤אJ١٨אא



א٢١٤אאא
אא

 
 

- ١٨٨ - 

אאאאאאאF٤אJ١٩WE
• אאאKא(A)א(1)

א(3)אאאK 
• אאאא،אאא

אאאKאאK 
• אאא(A)،אK

  
 
 








٤אJ١٩אא 

אאW

אW



א٢١٤אאא
אא

 
 

- ١٨٩ - 

١١J٣J٢אא 
Kאאא،אא

    א א    א א K 
אאאDIN 150129K

א٣J٢٠٢L٢אK















אא
אאאאאF٤אJ٢١WE

• אK
• אאK 
• אאK 
• אאאאK 
•        א  (L) 

אK

٤אJ٢٠٢L٢ 



א٢١٤אאא
אא

 
 

- ١٩٠ - 

 
 




 
 
 
 
 
 
 
 
 
 
 
 
 
 



אאאW
• ٢L٢
• ٣L٢
• ٤L٢
• ٥L٢
• ٤L٣

 

א٤J٢٢אאאFאאKE
אאאאאK

  

 

אאK

אאK
אאאK


אאא

אאK


K



K



K



א אK
 

٤אJ٢١אא 



א٢١٤אאא
אא

 
 

- ١٩١ - 

 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

٤אJ٢٢אא

אא(P,A) 
 

אא  (P    A) 
 




٢L٢




٣L٢ 

٤/٢ 
 

٥L٢ 

٤L٣ 

٤L٣ 

٤L٣ 

٤L٣ 

٤L٣ 

אא(P,T     A)


אא(T,P      A) 

אא 
(P        B, A       T) 

אא 
(A       R, P       B, T) 

א
(P, A, B, T) 

אא
(P         T, A, B) 

אאH 
(P          A        B         T) 

א
א(P, A        B     T)

אא
(P          A        B, T) 



א٢١٤אאא
אא

 
 

- ١٩٢ - 

١Jאא٢L٢2/2-way valve 

אא٢L٢(A)(P)F٤אJ٢٣E
אאא Kא٢٣}٤٢L٢

א٤J٢٤٢L٢FKE 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 












٤אJ٢٣٢L٢،
2/2 way valve, spool design 

אאWPAאWPA

٤אJ٢٤٢L٢FE
2/2 way valve, poppet design 



א٢١٤אאא
אא

 
 

- ١٩٣ - 

  ٤אJ٢٥ א  א    א ٢L٢
٣אJ٢٦אאאאK









 



















٤אJ٢٥אאא



א٢١٤אאא
אא

 
 

- ١٩٤ - 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٤אJ٢٦אאא٢L٢ 



א٢١٤אאא
אא

 
 

- ١٩٥ - 

٢Jא٣אL٢3/2-way valve 

אא٣L٢(A)(P)אא(T)
F٤אJ٢٧KEאאאW

• אאWP A TK 
• אWאT PAK 

אא٣L٢אאWPAאאK
א٤J٢٨אאא٣L٢K

  

  
  



















٤אJ٢٧٣L٢،FE
3/2 way valve, poppet design 



א٢١٤אאא
אא

 
 

- ١٩٦ - 




 




 
 


 

٤אJ٢٨אאא٣L٢K 

KאאKאאא



א٢١٤אאא
אא

 
 

- ١٩٧ - 

٣Jאא٤L٢4/2-way valve 

א א٣L٢(A) (B) (P)  
 אא(T)F ٤אJ٢٩ ٤J٣٠ KEא    א   

אW
• אאWאPB A TK 
• אWאPABTK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

א٤J٣٠٤L٣Kא אא
LK 

 

 
 

 
 
 
 
 
 

 
 

٤אJ٢٩٤L٢ 
4/2 way valve with three control pistons 

٤אJ٣٠ ٤L٢ 
4/2 way valve with two control pistons 



א٢١٤אאא
אא

 
 

- ١٩٨ - 

א٤L٢אאKאאFאE
٣L٢٢L٢K

אאא٤L٢،W
• אאאF٤אJ٣١E 
• אאK 
• אאK 

אאא٥L٢א٤L٢אאא
א٤J٣٢K

 





















٤אJ٣١אאא٤L٢K 

Kאא 
Kאאא 



א٢١٤אאא
אא

 
 

- ١٩٩ - 

 
 
 

 
 
 

٤אJ٣٢אאא٥L٢K 
 



א٢١٤אאא
אא

 
 

- ٢٠٠ - 

٤Jא٤אL٣4/3-way valve 

 א ٤J٣٣     ٤L٣ K א א ٤L٣
א٤אL٣אאא،،

٢L٢Kא٤J٣٤אא٤L٣א
אאאK

٤אJ٣٣٤L٣،אאא 



א٢١٤אאא
אא

 
 

- ٢٠١ - 
















 



 
 







אא٤L٣אאאא٤J٣٥K

אא–א



אא–



אא–H



אא–א


אא–

٤אJ٣٤אא٤L٣ 



א٢١٤אאא
אא

 
 

- ٢٠٢ - 





٤אJ٣٥אאא٤L٣K 

Kאא Kאאא 
 



א٢١٤אאא
אא

 
 

- ٢٠٣ - 

١١J٢J٣אNon-return valves  
אאאאאאKא

אאאאאאאאW
 א   F       א E א  

KאאאאאאK


אW
•  
• 

  

١JSpring loaded non-return valve 
 א ٤J٣٦      K א  (p1) א   

אאא
 א(p2) K   א א א א  ،   א  

אאא(p2)אW
p1 > p2 + pF 

 

א(pF)אW
  

 
 א٤J٣٧אאאKאא

אאאW
- א   ،א  א   א  א א 

אK
- אאאאאאK



א٣J٣٨אאK
 
  



א٢١٤אאא
אא

 
 

- ٢٠٤ - 

 
 

 
 
 
 
 
 
 
 
 
 
 
 











א 

א  

 

א،Acone 

٤אJ٣٦



א٢١٤אאא
אא

 
 

- ٢٠٥ - 











 
 
 

٤אJ٣٧אא



א٢١٤אאא
אא

 
 

- ٢٠٦ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 


 

 




، (lockable)K
אאK

 
 

، (de-lockable)K

אאK



FאE

،
 (de-lockable)

 

٤אJ٣٨אא



א٢١٤אאא
אא

 
 

- ٢٠٧ - 

٢JPiloted non-return valve 

א٤J٣٩אאאאW
• BA 
• AB 
• BAWאאXאא

אאBAK
  




















 
 
 

٤אJ٣٩
Piloted non-return valve

BA

AB

BA 



א٢١٤אאא
אא

 
 

- ٢٠٨ - 

אא
 א  א א אא  ٤J٤٠ ،   א א

K
אאאא٣L٢אKאא٤L٢א

אאאאאאK
אא٣L٢אאאXאא

א Kאאאאאא
٤L٢אאאKאא٤L٢،אאאא

אאאאK


 



















٤אJ٤٠א
K 



א٢١٤אאא
אא

 
 

- ٢٠٩ - 

١١J٢J٤אאFlow control valves 
    א  א   אא א  K

 אאא  אK
אאאKאאאא

אאWאאאאK
אאאFאEאא

אאאKאאאK
אאK

٤אJ٤١אא٤J٤٢٤J٤٣
אאאאאKאאא٤אJ

٤٤אאK


١Jאא(Restrictors)אא(Orifice valves)



אא 

אא א 

  

א
א(Q)

א
א(Q) 

٤אJ٤١אא 



א٢١٤אאא
אא

 
 

- ٢١٠ - 

٢JאאאOne-way flow control valve  
 
 



























٤אJ٤٢אא
One-way flow control valve 



א٢١٤אאא
אא

 
 

- ٢١١ - 

٣JאאTwo-way flow control valve  
  

٤אJ٤٣אא
Two-way flow control valve 



א٢١٤אאא
אא
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٤אJ٤٤אאא 
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- ٢١٣ - 

 

2/2-way valve  ٢L٢ 
3/2-way valve  ٣L٢ 
4/2-way valve  ٤L٢ 
4/3-way valve  ٤L٣ 
5/2-way valve  ٥L٢ 
5/3-way valve  ٥L٣ 

  
Absolute pressure אא

Actuators  א
Air compressor  א 

Air bleeder אאאא
Air distribution אא 

Air dryers א 
Air filter א 

Air lubricator  א 
Air motor  א 

Air reservoir  אא 
Air preparation equipment  אאא

Air supply  א 
Ambient אאאא

Analogue control  
Applications  

   
Barometer אא

Binary control  
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- ٢١٤ - 

Check valves אא 
Circuit diagram א 

Clamping devices  
Components  
Compressor  

Compressed air regulators א 
Condensate א 

Coordinated motion  
Components  
Compressor  

Compressed air regulators אאא 
   

End position cushioning אא 
Energy א 

   
Fault finding  

Filters  
Fitting of valves א 

Flow compressors  אא 
Flow control elements  אא 

Flow control valves אא 
Fluid   FE 
Force  

Friction א
   

Gauge pressure אאא
Gear motors   

  
Handling technology א 
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- ٢١٥ - 

Heater  
Hydraulic  

  
Idle roller lever valve א 

Indirect control of a pneumatic cylinder אאאא
Input element  

   
Lettering system  א 

Line 
Linear actuators אא 

Linear motion   
Logic control  אא 

Lubrication א 
   

Non-return valves אא 
  

Operational safety א 
   

Pilot control system א 
Piston force א 

Piston motors  
Pneumatic elements  

Poppet valves  
Positional sketch   

Power components א 
Pressure control valves אא 

Pressure level א 
Pressure regulator א 

Pressure sequence valve  
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- ٢١٦ - 

Processors: Valves and logic elements אW 
  

Quick exhaust valve א 
  

Reciprocating compressor  
Reservoir א 

Rodless cylinder  אאא 
Roller lever valve  אא

Rotary actuators  א 
Rotary motion א 

Rotary piston compressor א 
  

Seal א
Sequence control 
Sequence valves  

Shut-off valves אא 
Shuttle OR valve FE 

Signal flow  
Single-acting cylinder אאא 

Slide valves 
Sliding-vane motors א 

Standards  
  

Tandem double-acting cylinder  אאאא
Throttle valve  

Time delay valve  אא
  

Vent hole  
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