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Chapter 12 

 
 الحاقُِ والحاقِات الإهلتروًُُ -أجهصَ وقىد اهديصي ًّ ُىع المطخُ 

Diesel Fuel Systems Of Pump-Injectors And Electronic Injectors Types 

 12.1ًُالمقدIntroduction

 12.2 الحاقُِ -وقىد اهديصي ذو المطخُ جهاش  
Fuel injection Pump system
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(Inline- pump system)(rotary fuel 

system)

 الحاقُِ -أجصاْ جهاش وقىد اهديصي ذو المطخُ 12.2.1
12.1

(fuel tank)(fuel filter)

(non-return valve)(fuel pump)

(pressure limiting valve)(air and fuel 

vapor bubbles restrictor)(pump-injectors)

(Fuel temperature sensor)(Fuel 

temperature reduction)

(0.2bar)

(0.2bar)(7.5bar)

7.5 bar
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شلى )
1

2
.1

لرطط جهاش اهىقىد ذو المطخُ 
 :)

– 
الحاقُِ
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2

1

1

1.0bar

Fuel Pump ًطخُ اهىقىد12.2.1.1

(Feeding pump)

(Fuel pump)

12.2(Rotor)

(Blocking vanes)
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 (: ًطخُ اهىقىد ذات اهدواز ثلاثٌ اهفصىص12.2شلى )

(pressure regulating valve for supply 

line)(strainer)

(supply line in 

the cylinder head)

(pressure regulating valve for fuel return line)

(From the return line in the cylinder head)

(Restrictor)
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 طسيقُ عٌى ًطخُ اهىقىد12.2.1.2
The Operating Method Of The Fuel Pump 

12.3

(chamber 1)

1

(chamber 4)

chamber 3

(chamber 2)

(chamber 

3)42

4231

31



355 

 طسيقُ تشػًى ًطخُ اهىقىد(: 12.3شلى )

 الحاقُِ -أُبىب تىشيع اهىقىد عوِ المطخات 12.2.1.3
The Fuel Distributor Pipe For Pump Injectors 

12.4a
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(aاُبىب تىشيع اهىقىد عوِ الحاقِات :) 

(bتدفق اهىقىد ًّ أُبىب تىشيع اهىقىد الى الحاقِات :) 

(c )ٌوزجىع اهىقىد اهفآض ًِها الى الحًص )اهوىْ الأحمس((: تدفق اهىقىد الى الحاقِات )اهوىْ اهبرتقاه 

(d ًُع اهىقىد المدفىع ًّ المطخ )(: اًتصاج اهىقىد اهفآض اهطاخّ اهساجع ًّ الحاقِات )اهوىْ أحمس
 )اهوىْ الأصفس(

 الحاقُِ -(: أُبىب تىشيع اهىقىد عوِ المطخات12.4شلى )
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 (Distributor pipe)(cross holes)

(fuel pump)12.4a

12.4b

12.4c

234

1

123

4

Pump Injector الحاقُِ - المطخ12.2.1.4ُ

(Injection cam)

(Roller-type rocker arm)(Ball 

pin)(pump piston)(piston spring)

(Solenoid valve needle)

(injector solenoid valve)(High-pressure chamber)

(Fuel return line)(Retraction 
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piston)(fuel supply line)(Injector spring)

(Injector needle damping element)

(Injector needle) (heat-insulation seal) 

(O-ring)12.5

pipe)(distributor

(Fuel supply line)

 الحاقُِ-(: المطخ12.5ُشلى )
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 كاًُ المطخُ هتخديد الحقّ الابتدآٌ واهسًٓطٌ.(: طسيقُ عٌى 12.6شلى )

(A flat trailing 

edge)

12.6

(High-

pressure chamber)(air bubbles)

12.5

 ًتطوبات خوًط اهىقىد والاحتراق12.2.2
Fuel Mixture And Combustion Requirements
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(: ازتفاع ضػط اهىقىد في الحقُِ الابتدآًُ )اهقٌُ اهصػيرَ( والحقُِ اهسًٓطًُ )اهقٌُ 12.7شلى )
 اهعاهًُ(.

(main injection cycle)

(pre-injection cycle)

12.7

Main Injection Cycle اهىقىد اهسًٓطًُ ّقحدوزَ 12.2.3
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nozzle valve

 طسيقُ عٌى المطخُ الحاق12.2.4ُِ
Operation Method Of The Pump Injection

(piston pump)(piston spring)

(high-pressure chamber)

 الحاقُِ – (: طسيقُ عٌى المطخ12.8ُشلى )
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12.8(Fuel pump)

(Injector 

solenoid valve)solenoid valve seat

(Injection cam)(Roller-type rocker arm)

12.9

)(fuel supply line

(Injector solenoid valve)

 تراق(: حقّ اهىقىد داخى غسفُ الاح12.9شلى )
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(Injector needle)

180bar

The Fuel Pre-Injection Cycle دوزَ حقّ اهىقىد الابتدا12.2.5ًُٓ

(hydraulic damping)

 (: اهتهدُٓ الهًدزوهًلًُ هوصٌاَ المِفح12.10شلى )
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12.10

(damping piston)

T(Injector spring 

chamber)

(leakage gap)

 (: ُهايُ دوزَ حقّ اهىقىد الابتدا12.11ًُٓشلى )
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(High 

pressure chamber)(Retraction piston)

(Damping piston)

needle)(Injector

12.11

The Main Fuel Injection Cycle دوزَ حقّ اهىقىد اهسًٓط12.2.6ًُ

(Pump piston)

(Injector solenoid valve)12.12

(Retraction piston)

300bar

(Injector spring)

2050bar
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 (: دوزَ حقّ اهىقىد اهسًٓط12.12ًُشلى )

(engine control unit)

(Solenoid valve spring)

(12.13
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 (: اُتهاْ دوزَ حقّ اهىقىد اهسًٓط12.13ًُشلى )

(Fuel supply line)12.13
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 إزجاع اهىقىد اهفآض الى الخصا12.2.7ْ
Returning The Fuel To The Tank 
 

12.14

(Restrictors)

(Retraction piston)

(Damping piston)

(Restrictors)12.14

V

(Fuel pump)

12.14(Restrictor)

(R))(fuel retain line
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 (: طسيقُ زجىع اهىقىد ًّ المطخُ الحاقُِ الى الخصا12.14ْشلى )

 دآسَ تبريد اهىقىد12.2.8
The Fuel Cooling Circuit

(Fuel pump)

12.15

(expansion tank)

(the fuel cooling pump)(auxiliary 

water cooler)(fuel radiator)

(Fuel temperature sender)

(Expansion tank)12.15

(700C)
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 الحاقُِ الى الخصاْ–(: دوزَ تبريد اهىقىد اهساجع ًّ المطخُ والمطخ12.15ُشلى )

 12.3جهاش اهىقىد ذو أُبىب تىشيع اهىقىد تحت اهطػط اهعاهٌ المشترن  
Common Rail Injection System 

(common rail pipe)

(in-line fuel pump system)
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(Rail accumulator or common rail)

12.169

.1

2(1800bar)

3(pre-injection)

(post-injection)

4

 أُبىب اهطػط اهعاهٌ المشترنأجصاْ جهاش اهىقىد ذو 12.3.1
Common Rail Fuel Injection System 

12.16

1 Transfer fuel pump

2

 

Fuel filter with preheating valve 

3 Auxiliary fuel pump 

4 Filter screen 

5 Fuel temperature sensor 

6 High pressure pump 

7 Fuel metering valve 

8 Fuel pressure regulator valve 

9 High pressure accumulator 
(Rail) 

10 fuel pressure sensor 

11

 

Pressure retention valve 
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12 Fuel injectors 

Transfer Fuel Pump ًطخُ تػريُ اهىقىد12.3.1.1

11.5

 . ًشبم اهتِعًف4 المطاعدَ. المطخُ 3. ًصفٌ اهىقىد ًع المطخّ الابتدآٌ 2. ًطخُ ُقى اهىقىد 1
. صٌاَ ًِعٍ ضػط 8. صٌاَ ًعايسَ اهىقىد 7. ًطخُ اهطػط اهعاهٌ 6. ًتخطظ حسازَ اهىقىد 5

. صٌاَ الاحتفاظ باهطػط 11 . ًتخطظ ضػط اهىقىد10. لدٌع اهىقىد المطػىط )ضػط عاهٌ( 9اهىقىد 
 . حاقِات اهىقىد12

 ط اهعاهٌ المشترن(: أجصاْ جهاش اهىقىد ذو أُبىب اهطػ12.16شلى )
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 ًصفٌ اهىقىد وصٌاَ اهتطخين الابتدا12.3.1.2ٌٓ
Fuel Filter With Preheating Valve

12.162

(paraffin crystallization)

Auxiliary Fuel Pump المطاعدَ ًطخُ اهىقىد12.3.1.3

12.17(Engine 

control module)ECM

(Roller-cell 

pump)11.15

 (: ًطخُ اهىقىد المطاعد12.17َشلى )

Filter Screen ًشبم أو شاشُ تِعًف اهىقىد12.3.1.4

12.18



374 

 (: ًشبم تِعًف اهىقىد12.18شلى )

 اهعاهًٌطخُ اهىقىد ذات اهطػط 12.3.1.5
High-Pressure Fuel Pump

(toothed belt)

(pump 

timing)12.19

 (: شلى لدطٍ لمطخُ اهىقىد ذات اهطػط اهعاه12.19ٌشلى )



375 

(Drive 

shaft)(Drive cam)

piston) (Pump(Roller)

(Piston spring)

(fuel metering valve)

(Fuel inlet)(fuel return)

(connection on the rail)

(Exhaust valve)

(Inlet valve)

(1800bar)

 ًطخُ اهىقىد ذات اهطػط اهعاهٌ.(: ًقطع عسضٌ في 12.20شلى )

12.20
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(fuel metering valve)

(overflow valve)(Intake valve)

(fine Filters)

 طسيقُ عٌى ًطخُ اهىقىد ذات اهطػط اهعاه12.3.1.6ٌ
The High Pressure Fuel Pump Operation 

12.21

fuel inlet) 

(Fuel 

metering valve)

(Intake valve)

 (: دخىي اهىقىد الى المطخُ ودفعُ بىاضطُ الملبظ الى خازج المطخُ.12.21شلى )
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(Intake valve)

(Exhaust valve)

12.21

(common rail)

Fuel Metering Valve صٌاَ المعايس12.3.1.7َ

(Compression Space)

(Engine Control Module)

12.22

12.22
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 (Fuel metering valve)(: صٌاَ تحديد كًٌُ اهىقىد 12.22شلى )

Overflow Valve صٌاَ إزجاع اهىقىد اهفآض12.3.1.8

(Overflow valve)

12.23

(Auxiliary pump)

(5bar)

(4.3bar)(5bar)(4.3bar)

(4.3bar)
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 Overflow valve)(: صٌاَ إزجاع اهىقىد اهفآض )12.23شلى )

 اهطًطسَ عوِ ضػط اهىقىد اهعاه12.3.1.9ٌ
Control Of The Fuel High Pressure

(two-controller concept)

(Fuel pressure 

regulator)(Fuel metering valve) 

 

(Engine Control 

Module)ECM
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 اهطًطسَ عوِ ضػط اهىقىد باضتخداَ صٌاَ ًعايسَ اهىقىد12.3.1.9.1
Control By The Fuel Metering Valve 

Rail

(common rail)

12.3.2.6

اهطًطسَ عوِ ضػط اهىقىد اهعاهٌ باضتخداَ صٌاَ تِعًٍ اهطػط12.3.1.9.2
Control By The Fuel Pressure Regulator Valve 

Rail High pressure Accumulator

12.24

12.24

(solenoid coil)

(Valve needle)(Valve Anchor)(valve springs)

(Return to Fuel tank)

(Electrical Connection)12.25

Valve springs

12.26
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(Return to fuel tank)

 (:اهطًطسَ عوِ ضػط اهىقىد باضتخداَ صٌاَ تِعًٍ اهطػط12.24شلى )

 (: أجصاْ صٌاَ اهطًطسَ عوِ اهطػط12.25شلى )



382 

(: صٌاَ تِعًٍ اهطػط ًفتىحاً ًطبباً خسوج اهىقىد ًّ أُبىب اهطػط اهعاهٌ )أبسه 12.26شلى )
 اهصٌاَ زاجعُ الى اهىزاْ(

 بطبب وصىي اهلهسباْ الى الموفات )أبسه اهصٌاَ ًتقدًُ الى(: صٌاَ تِعًٍ اهطػط ًػوق 12.27شلى )

 الأًاَ(

230)(1800bar

Valve Anchor

12.27
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 12.4حاقِات وقىد اهديصي Diesel Fuel Injectors 

Electronic Injectors الحاقِات الإهلترو12.4.1ًُُ

 حاقِات وقىد اهديصي ذات الموفات اهلهسبا12.4.1.1ًُٓ
Solenoid Fuel Injectors

12.281

2solenoid coil3

(over stroke spring)4

(Solenoid actuator)5(valve ball)

6(Valve-control chamber)7

(Nozzle spring)8(Pressure shoulder 

of nozzle needle9

Injection chamber10Injection 

orifice) 11(Solenoid valve spring)12

(Outlet restrictor)13(high 
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pressure fuel line)14(inlet restrictor)15

(Valve plunger)16(nozzle needle)

 طسيقُ عٌى الحاقِات ذات الموفات اهلهسبآًُ )الإهلتروًُُ(12.4.1.1.1
Solenoid Injector Operation 

(Rail High pressure Accumulator)12.28

a(sealed)b(lifting)C

(closing)

6159

12.28a(sealed)

1069

43

5

612

412.28b9

615

9816

7

1012.28b

1145

6

157

12.28C
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 (: حاقِات اهىقىد ذات الموفات اهلهسبآًُ )الإهلتروًُُ(12.28شلى)

(Fuel injection lag)

4

12

14

6

(Solenoid)(piezoelectric)

 12.5ًًُٓادَ اهبًصو اهلهسبا Piezoelectric 

(quartz(topaz)

(crystal ceramic)piezo ceramic

Actuators)(Piezo
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(a)ّ(: تمدد طبقُ اهبًصو )الأيم
(b ًُتقوص طبقُ اهبًصو عِد قوب قطب :)

اهلهسباْ )الأيطس(

(cطبقات اهبًصو :) 

 اهبًصو(: تمدد وتقوص طبقات 12.29شلى )

(0.13μm)(80 μm)

(12.29)

 12.6ًُٓحاقِات اهىقىد ًّ ُىع اهبًصو كهسبا  
Piezo Electrical Fuel Injector

12.30

(piezo electrical)

(Solenoid coil)

(75%)
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(Fuel 

inlet High pressure connection) (Electrical 

connection) (Pin-type Filter)

(Fuel return)(Piezo Actuator)

(Connecting Plunger)(plunger valve)

(Valve plunger spring)(Switching valve)

(Restrictor Plate)(Nozzle spring)

(sealing Ring)(Injector Needle)

Fuel Injection Process عٌوًُ حقّ اهىقىد12.6.1

Pilot Injection حقّ اهىقىد بلًٌُ لذدود12.6.1.1َ
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(A( )ّ(: شلى تخطًطٌ لأجصاْ الحاقُِ )الأيمb)(: شلى لدطٍ لأجصاْ الحاقُِ )الأيطس 

 (: أجصاْ الحاقُِ ًّ اهِىع المِشط اهبًصو12.30ٍشلى )

(Engine operation conditions)
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Secondary Injection اهىقىد اهجاُىيُ قِاتاح12.6.1.2

(Soot particles)

Main Injection كًٌُ اهىقىد اهسًٓطًُ المحقى12.6.1.3ُُ

 طسيقُ عٌى الحاقُِ ًّ ُىع اهبًصو12.6.2
The Operation Method Of Piezo Type Fuel Injector 

(common rail)

12.31

(Injector Needle)

springInjector

(injector Needle)

(Switching Valve)12.31

(Switching valve spring)
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control chamber

(Nozzle spring)

(10bar)

12.1611

(a )(: الحاقُِ قبى حقّ اهىقىد )اهًٌين   (b)(: جصْ ًّ الحاقُِ )اهًطاز 

 اهبًصو في حاهُ تىقف الحقّ(: الحاقُِ ًّ ُىع 12.31شلى )
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ECMElectric Control 

Module(piezo Actuator)

(Connecting Plunger)12.31a

 (: الحاقُِ ًّ ُىع اهبًصو في حاهُ حقّ اهىقىد12.32شلى )

(plunger 

valve)(switching valve)

12.32
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(Control champer

Overflow Restrictor)

Actuator)(Piezo

(Switching Valve)

Inflow 

Restrictor)

(Common Rail)

 12.33
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(aطسيقُ أُهاْ حقّ اهىقىد :)   (bحسكُ أجصاْ الحاقُِ هػوق ممس اهىقىد اهساجع :) 

 (: ُهايُ حقّ اهىقىد في الحاقُِ ًّ ُىع اهبًصو12.33شلى )

 12.7ّحاقِات اهبًصو الأُىاع الأخس ًّ Another Type Of Piezo-Injector 

(piezo Activator)

12.34

(Mushroom Valve)

valve control lever(driving valve piston)
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(Driving Spinder)(Nozzle Plunger)

(nozzle Spindle)

(Driving spindle)

(Mushroom Driving Valve 9)

driving valve piston 7

Driving Spindle

(ECM)(Piezo Activator)

(Valve control Lever 6)

(Driving Valve Piston 7)

(Mushroom Driving Valve 9)

(Driving Spindle 12)

Piezo Activator)

6

97
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(Nozzle Plunger 15)

17

 المِشط ذات اهبًصو الإهلتروًُُ اهىقىد حاقِات(: 12.34) شلى
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12.35

12.34

(Driving 

Valve Pin)(Driving Valve piston)

 (: حاقُِ اهىقىد الاهلتروًُُ ذات المِشط اهبًصوٍ عِد لحعُ حقّ اهىقىد12.35شلى )

 12.8الحاقِات الإهلتروًُُ اهتي تعٌى بطػط اهصيت  
Electronic Fuel Injectors Operating By The Oil Pressure 

12.36A

(Injector coils)
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DCB12.36

(High pressure oil inlet)(coils)

(Spool Valve)(Intensifier piston)

12.37(Spring)(plunger)

(Pintle)

 الحاقُِ اهتي تعٌى بطػط اهصيت عٌى طسيق12.8.1ُ
Injection Operation By The Oil Pressure 

(Fuel inlet)

(A) (B) 

  
(C) (D) 

 الهًدزوهًلًُ الحاقُِ أجصاْ(: 12.36) شلى
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 (: طسيقُ حقّ اهىقىد داخى غسفُ الاحتراق12.37) شلى
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(Spool Valve)12.37A

(Spool Valve

12.37B

12.37A

(Spool Valve)

(exhaust port)

 12.9ًُٓحاقِات وقىد اهديصي ًّ ُىع ذات الموفات اهلهسبا  
Solenoid Type Diesel Fuel Injectors 

12.38

(Solenoid)(Solenoid)

(Pilot needle)

(Pilot needle spring)(Ball)

(Control chamber)(Control 
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Plunger)(Needle spring)(Nozzle needle)

 

2.38B

Control plunger

12.38A

 طسيقُ عٌى الحاقُِ ذات الموفات اهلهسبا12.9.1ًُٓ
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(A) (B) 

 (: حاقُِ وقىد اهديصي ًّ ُىع ذات الموفات اهلهسبا12.38ًُٓشلى )

 12.10 حاقِات جهاش اهىقىد ًّ ُىع(PT)  
Pressure-Time Injectors of Fuel System of PT Type 
pressure (P)

Time (T)

P

(fuel pump)T

(injector cup)(T)

camshaft
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(orifice size

 (PT)أجصاْ الحاقُِ ًّ ُىع 12.10.1
(PT)

12.39

(Injector plunger)

(plunger Metering Edge)

(barrel)(Injector cup)

(Cup retainer)

(Adjustable orifice)(Fuel 

inlet)(Filter Screen)

(Check ball)

(Fuel 

Return)

(O-rings)

(injector link)

(Top 

Stop Adjusting Screw)(Top stop locknut)

(Adapter)(Washer)

 (PT)طسيقُ عٌى الحاقُِ ًّ ُىع 12.10.2

(metering orifice)
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 PT(: أجصاْ الحاقُِ ًّ ُىع 12.39شلى )

(metering orifice)

(Injector cup)

(cam follower)

12.40

(injection ramp)

(Injector 

cup)
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2.41

 اهىقىد داخى الحاقُِ واهصٌاَ اهلسوٍ(: ممس 12.40شلى )

(: طسيقُ حقّ اهىقىد ووعاْ الحاقُِ يعهس المجسّ حىي لذًطه12.41شلى )


