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 1-1 א
אאאאאאאא

Kאאא،אא
אאאאKאא

אKאא
אאאאאאK 

אאא
אאאאאאאJ

אJאאאאא
א،אאאאא

K،אאאאאא
אאאאאאאאאא

Kאאאאא


2-1 אאand Measurement  Inspection
אאאאא

אאאאאKא 
(Metrology)א(Measurement)،א(Inspection) א(Calibration)K

אא
אאאKאא،אאא

אאאאאאאFmeter, mEאא
אאאאאKאא

אאאאא
אאKאאאאאא

אאאאאאא
FEאאאK

אאאאאאאא
אאאאאא(Gauges)K
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אאאאא(Standards) א
אא(Systematic Errors) Kא–א

אאאא–אאאאאא 
(Gauge Blocks)אאא،א

Kאא،אא،אא
אאאK



אאאאאא
אאאאאאK

אאאאאאאאאא
אאאאאאאא

אאאKאאא
אאאאאא

אאא،אW
 

 -1אאאא20 ±2/1K 
 -2אא50 % ±5%K
-3 אאאK
-4 אאאאאK 
 -5אאאאאאK

 

 3-1 אאFMeasurement UnitsE
א،אא

אאאאאאאאK
،אאאאאאאאאאא

אאKאאאאאא
אאאאאאא

אאאאKאאא
אאא،אא
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אKאאאאא
Kאאא

אאאאאאאFSIEא
אא1960Kאא

אאאאאאא
אאאF1-1KEאאא

א)1-1(אאאאF1-2KEאאא
אא1875אאא

אאאK


אF1-1WEאאאאאא
אא אא

אm 

אאkg 

אs

אאA 

אאK 

אmol 

אcd 

אאאrad 

אאאsr 

 
אאאא

אאאאאאKא
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א) 1-2(אאאאאא
אאאאא

אm2

אm3 

אHz 

אאkg/m3 

אאm/s 

אאm/s2

אאrad 

אאאrad/s 

אאאrad/s2 

אN

אN/m2 



אא،אאא
אאאא 86-אKאא

1650763.73אאK1982אאא
אא

8299,792,45
1 K

 
אאאאאא

אא 103 (1000)א אא א א
106אK)1-3(אאאאא1012

10-18Kאאאאאא
אאאאאאאKא)1-

4(אאאאאאאFSIE.אאאא
אא       א

אאאאאK    
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א)1-3(Wאאא
אאאא

 Tא 1012

109 G 

106 M 

103 k 

102 h 

10 da 

10-1d 

10-2c 

10-3 m 

10-6 µ 

10-9 n 

10-12 p 

10-15f 

10-18 a 




א)1-4(WאאאאאFSIEאא
אאאאאא

א )SI( 
אmile 1 = 1760  1 1.609=  ميل (km)

אyard 1 = 31 91.44 = ياردة   (m)  
אfoot, ft 1 = 12 1 30.48  = قدم (cm)  

אInch, in in 1 25.4 = بوصة (mm)  
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1-4  אFInstruments for Dimentional MeasurementsE 
אאאאאא

אאאאאא
אאאW 

 -1 אאK 
 -2 אאאK 
 -3 אאK 

אאאאאאאא
אאאאאK 

 
 1-4-1 אא(Rulers) 

אאF)1-1((אאאאא
אאאאאאאאא1005

אא100،300،500K
אאא،אא

אאאא0.5א
אK




א)1-1(WאאK


אאאאא)2-1( FEFE

אאא،אאא
K
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FE


FE

א)2-1(WאאאאK
 

2-4-1 אא(Dividers)
אא،אא

אאאאKאא،א
אאאאאא )3-1(K

אאFE0.01K

                                         
אאאאאא

א)3-1:(אאK


1-4-3אאאא(Vernier Caliper) 
،אאאאאאאא

אאאא
אאאK

،אא
אאאK
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1-3-4-1 אאא                    
אאאF)1-4((

א،אאאאאא،
Kאאאאאא،א

אאאKאאאא
אאאFאאE

אאאK


א) 1-4(WאאאאאK 


אאאאאא
אאאאא
אאאא،אא

FאEאא،K
 
 אאאאאאא

אאאא1F)1-5(EKאא
אFE،אאאKא

אF+1Eא،אאא
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א
ن

ن
+1

Kאאאאאאא

אF
1+ن

1E،אאאאאא

אK


א)1-5(:אאK

אא،
אאKאאאאאF+1E=10

0.1= 10/1א Kאא =20/1 = 0.05 K
אאאאא

אאאKאאאאF)1-6(E،
1910אF9אאEKא
אאאאאאא

K 



א)1-6(WאאאK



2-3-4-1 אאאאא
אאאא،אאאאאאא

אאאW
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-1אK 
 Kאאא2-
-3א،אא

אאK 
-4אאאאK 
-5אאאאאK 
-6אאא،אא،אא

FאEK 
 

אאאאאאא،
אאKאא،אא

אאאאא)7-1(א)2(2=  20א
א8= אFאאאאאא

אE،אאאא28Kאא
אאאאא

אKF7-1(א14 א،אא
א=א ×אא، =0.05 × 14= 0.7F

אאאא20 =
 =

20
1= 0.05 Eאאאאא

אאW
אא =28 + 0.7 = 28.7K





א(7-1):אאאאאK
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אאאאאאא
אאאאאאא

אKK(8-1)אאאאאאאא
K





Wאא16.8 =Wאא 3.45 =Wאא20.26 =

א(8-1)WאאאאאK

3-3-4-1 אאאא
،אאאאאא

(Dial Caliper)א)1-9(אא
אאKאאאא0.02 

0.001"Kאא(Digital Caliper)א)1-10(K
אאא0.010.0005"K

אאאא
אאאאאK




א)1-9(WK 
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א)1-10(:אאK




אאאאא

אKא (Depth Gauge) א)1-11(،
אאאאKאK




א)1-11(WאK

אאאאא
אאאFאEאאאאא

אאאאKאאא،،
אאאאאW

 
 -1 אאאאאאאK 
 -2 אאאאK 
-3 אאאK


אאאא)1-12(

א א 
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א (Height Gauge)אאאK
א،א،

אKאאאאאFאKE


4-4-1א(Micrometer)
אאאאאאא

אאאאF01/10KEא
אאאאאאאאאא

אאאKאא
אאK






א )1-12( :אאאאK
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1-4-4-1 א 
אF)1-13 (אאאא

אאאאאאאא
אאאKאא

אאא10NFEאK
אאאאאאאF

אEאאאאא،
אאאאאאK 

 
   א   א     א א

 א א  אא  א א     א
א K א א א  אא

אאKאא
אא א א אא،א אא

אFאאאKEא)1-14(אאאFא
אE38.5FE17FEאK 

 

 
א)1-13(WאאK 
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،אאאאאא
אאא،אאאFE

א،אאאא ×אKK
אא،אאא= 0.5 ،אא

FאאאE50،א =
50

5.001.0 = K
)1-14(אאאK





א)1-14(WאאK


2-4-4-1אא(Outside Micrometer) 

)1-15(אאאאא
אKאאא،

25،2550،5075،א
1000Kאא 40 אאK




א)1-15( WאאאK

 
אאא

אאK)1-16(אאא
אאאFEאאא،FE،אאאא
FEא،אאFKE
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FEFE


FEFE

א)1-16( WאאאאאK


1-4-4-3א(Depth Micrometer) 

אאאאאאK
א،)1-17( ،

א،אאאאא
אאאאאא،אK

אאאKאאא
אאא،א

אאאאKאאא
אאאאאאאאא

אאKא
אא)1-18 (

،אאאא
Kאאאאא،א

אK  
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א)1-17(WאK



 
א)1-18(WאאK


  4-4-4-1 אאא(Inside Micrometer) 

،אאאאאאאאאא
)1-19 (FEKאאאא

אאאאאאאאK
אאאא،אא

אאאאא،אאא
אאאאאא

Kאא)1-19 (FE،
אאאאאאאאK
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FEא25 אFKEאK 

א)1-19(WאאאאK

5-4-1 אאGauge Blocks
אא،אאאאא

אאאאאאאאאאK
אא،אאאאאא

אK،אא)1-20(אאא
،Kא

אאאאא
אאאאKאא

אF12E،
אאאאאK

אאאאא،א
אאאא


א)1-20(WאאאאK
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،אאאאא
،אאאאא0.00006

0.00045KאISODIN،אאאא
אW 


-100Wא)0.06 ±ميكرون (،אאK
 -2:0אא0.12 ±K

3- :10.2 ±אאאא،K
-4:2،א0.45 ±K

אאK


אאא(CERA Blocks)א،
 )1-21(Kאאאאא

אאאא،א،
אאאK




א )1-21(WאאאאאK



אא،אא
א،אKאאא

אאK)5-1 (אא
112Wא1.0005F9Eאא
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1.001 1.009FאE0.001KF(49
א1.01א0.01א1.49

49) Eא0.524.5א0.5א،
4)Eאא25،50،75،100 25K


(5-1)WאאK

אFEאאאFEאא
0.0005 1.0005 1 

0.001 1.001 ، 1.002 ، 1.003، ...… ،1.008 ، 1.009 9 
0.01 1.01 ، 1.02 ، 1.03 ، 1.04، .. … ،1.48 ، 1.49 49 
0.5 0.5،1  ، 1.5 ، 2 ، 2.5، …… ،23.5، 24، 24.5 49 
25 25 ، 50 ، 75 ، 100 4 



א)6-1(אאאא88
אאאאKאאא

אא،אאא
אאאK


(6-1):אאK

אFEאאאFEאא
0.0005 1.0005       1  

0.001 1.001 ، 1.002 ، 1.003، .… . ،1.008 ، 1.009       9 
0.01 1.01 ، 1.02 ، 1.03 ، 1.04، .. … ،1.48 ، 1.49      49 
0.5 1.5  ،2، ……  ،8.5 ، 9 ، 9.5      19    
10  10 ، 20 ، 30، …….. ،80 ، 90 ، 100      10 





אאאאאאא
אאאאאא

אאאKאאא
אא،אאא

אאאאאאאKאאאא
א
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אאKאאאאא
אאאאא(5-1)K 



אאFEאאאFE
50.39225, 23, 1.39, 1.002
67.98450, 15.5, 1.48, 1.004 
70.61560, 8.5, 1.11, 1.005 
5.62952.5, 1.12, 1.009, 1.0005



אאא 1אא،
67.984،א،W 

50, 13.5, 1.48, 1.004K


6-4-1א)Dial Gauges(
אאאאאא

אאאאאאאאKא
אFEא

אאא)1-22(Kא
א،אאאאאא

،אא،אאאא
אאא100אKאא1אא

אKאאאאאאK 
)1-23(FEאאאא

)1-23(FKE)1-23(FE،אא
א،אאK
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א)1-22(:אאאK

 




FEFEFE

א)1-23(:אאK
 

 
1-5 אFאאEFInspection of ThreadsE
1-5-1אאאFTypes of ThreadsE

אאאא،אאאא
אאאא{אאאאFא

אEאKאאאא
 א  א  אK   ،אא  א א  

אאאאאאאאKאאא
אאא،אאאא،אאאא
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אDINאאאאISOKא
א   אא אא Kאאאא 

אאFEאאאאא
אאאKאאאא

KאאאאאאאK


2-5-1אאא(Gauges for Thread Inspection) 
    א  א   אא   א 

אאKאאאאאא
אא  א א  א  א )1-24( Kאא  א  

אאאא ،אאאאא
אאאא (Thread plug gauges)  Kאא (GO)אא

אא{אא{אאNO GO) (
אאאאאאא{

א א     Kא  א א א א   
 Kאאאאאא


 

 
אא

א


אא
א)1-24(WאאאאאאK



אאאא،אאF
אאאE 

)1-25( FEאאF )1-25(FEEאא
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אאאאאFאEF
EאאאF)1-25( FEEK

 

FEFEFE
א )1-25(WאאאאK


אאאאאK

אאאאאא
 )1-26(FKEאאא،F

)1-26( FEE،אאאאאאKא
אאאא،אאאא

א،אאאאאאK



 )ب( )أ(

)1-26(WאאאאK


אאאאא،א
אאא،אאאאאא(Pitch 

gauges)א)1-27(FEאא،



113אא

א
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א )1-27(FKEאאאא،
אKאאאא

אאאאאאאא
)1-27(FKEאאאאאא

אא1-28(א(K


 

               
          FE

    
FE


FE

א )1-27(WאאאאאאאאK


   
אא 

 

      
א

א)1-28(WאאאK

 
אאאאאא

אאא،אאא
، אאא)1-29( FKEאא

Microscope)E،א)1-29(FE،
אאאK
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FE


 

  


FE

א)1-29(WאאF(Profile ProjectorאאK 
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א
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)1( אאאאאאאאאK



FE


FE


FE

FE
 F2E אאאאאא =34.28،אאא
68.25 = Kאאאאא،א



א   

א10 2050
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F3EאאאאאאאאK 

 
 
\ 

 F4Eאאאא،אאא
1،،אאא (5-1) (1-6)و:

FE79.633KFE128.7385K
FE 19653.مم .     FE 99.123مم . 



 

- 1 - 

 

אאאא  

אא  

א
א




 

2
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אאWאא


אא
אאאאאא 


אא

אאאאW
• אאאאא 
• אאאאא 
• אאאאא


אאא

אאא100K٪


אא 
4


אא

אאאא
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1-2
א א   אא   א א א א 

אאאFאאאEאאK،א
F1-2Eאאאאאאאא

אאאאFאEאאא K
 אא  ،א  ، א א      

אאאאאאK
אאאאאאאא،אאאK




 




2-2אאאאFMeasurement units for anglesE 
אאאאאFoEאא،

אאא360אKאאאF1o = 60'E،
א   F1' = 60"Eא  א א   ، K א א

אאאF (radאאאאאאπ2
، π אאאאF

7
22

≈πE،אא
אאKא א   א  אא  ،אא  א  

אאW
אאאאFE=   אאאF(o× 

360
2π

אאא  =  (o)אאאאFE × 
π2

360

אאF90EF
2
πEאאאF180EF π KE

אאא،אאFLKE

F1-2WEאאאK 



113אא
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אאאFאEא1א
אאK


 2- 3 אאאא
1J2J2אא(Simple Protractor) 

אאאאאא،F2-2E،אא
 אאאאאא Kא

א אא،א K،א
אאא115א،אא65 ،

אאאW90 FH 90 ْ- 65E=115Kא)3-2(
אא α FאאאE  βFא

אאEאאאאאK





 2-2-2אא
 א א(Universal Bevel Protractor)    א א

א  Kא א א א   א
12 א

F4-2KEאאאאאo
12
1'5 =K

א 2-2)(WאאK א)3-2(WאאאאאK 



113אא
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אאאאא45o
אא30oK


אא90o א،א،،

אאאאא
אא(5-2)K




א) 4-2(Wאא 




אאאאא(Universal Optical Protractor)א
F6-2EאאאאK

אאאאא،א
אאאKאאאא،5'

אאK


א)5-2(WאאאאאאK 



113אא
אא
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2-2-3אאאFAngle GaugesE

אאאאאאאאאK 
א אא   א אא א א אא Fo90E، א 

F7-2KEא אאאאא
א120FאאאE، 135 FאאEאF8-2KE








אאאFF2-8Eאא

אאאK


אF8-2WEאאא אK

א)2-7(Wאאא 

א)6-2(WאאאK 



113אא
אא
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2-2-4אאא     (Angle Gauge Blocks) 

 אא    א א א  א F 9-2)EE،
      א  אא   K 

 אא  א   א  o99אא    
א K  אא  אא    א א    א 

אאK


אאא،א،א16 
W

אאW1,3,5,15,30,45FoE
אאW1,3,5,20,30F'E
אאW1,3,5,15,30F"E

 
 

 
א)9-2(Wאאא

     א   ، א  אא א 
אאאאאאאאא  Kאאא

  א   א Kאא   ،א    א  
א ،א   אא   א א אא א 

אאאאאKאאא)10-2.( 





113אא
אא

 
 

- 36 - 






 3-2אאFInsturements for slope measurementsE

א،אאאאא
אאFאאEאאאK

אאאאאK
אאאאK


2-3-1אא  (Sine Bar) 

אא  F )11-2 EE אא   F  =sin E
א א         K  א   

אא ،100 200 300  Kא א
אא2-12(א(א،

א،אאא،KKא
אאאאא

Kאאאאאא
אF(αK 

 


א(11-2):אאK

א)10-2(WאאאאאאאK 
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א(12-2)WאאאאאאK



אאF(sin αאW

L
E

=αsin
: E،אאאLאאF=אKE

 אא אא)L = (100אאא ،
FEE=37.623אא،Fsin αEW



       
L
E

=αsin

37623.0=
100

623.37
=

אאאW
°= 1.22 α  

 α  =  22 o 6' 1"    
F13-2Eאאאאאא

א،אאאאאאאאא
،אאאאאF5،

10،KEKKKאאאאאאאא
אאאאאאK

אאאאאאF
2
α(tanאW 





113אא
אא
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אF13-2WEאאאאאאאאאK


l
dd

22
tan 21 −=

α 

،12 ,ddWאאאאאאאFDE
lWאאאאא)D(K



2-3-2אאא (Level Gauge) 
אאאאאFאאEאא،

אאאאאא،
אאKאאא(Block level) א) (14-2א

،אאא
אFEאאאKא

אאאאFEאא،אאאא
אאאאאK

אאאא0.03 0.5
אאאאKאאאא

אא180،אאאאאK
אא (Digital Protractors)  אאאאאK

אאאאאאא
) 15-2.( 

 



113אא
אא
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אF14-2WEאאאK




אF15-2WEאאK

 

אאאאא)16-2(
(Frame level)אאאא
אאא،אאאאא

אא. 
 

 
אF16-2WEאאאאK

   (Electronic Level Gauge) אא  2-4-3
אאא?1K

אאאK
،אאאאא

אא،אאאK
אאאאאאאא،אא

אאאK)17-2(
אאאאאK



113אא
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אF17-2WEאאK

2-4-4אא  (Tapering Inspection Gauges) 
אאאאאאאאא

א،F18-2KE
אאאאאאאא

א،אאאאאא
אאאK




אאאאאאאא

   א א  א א  אא  א  
  א،אא אא א

א)18-2(Wאאא 



113אא
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אKאאאא،
אאאאאאאK
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 (1)אאאאאאאאאFEFKE



FאE

FE



FE


FE

 
(2) אא אאKאאאאא

37.25א، אאאאאאאא
אאW

FE 100K
FE 200K



(3)אא(13-2)،אאאאא5 = ،
אאאF

2
αEאאא350 = אא،

א180 =،120אKאאאאאאK
F4Eא(3)אאאאאא10 = K 



 

 

אאאאאא  

אא  


א

א





א
 

3
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אאWאאא


אא
אאאאאאאא


אא

אאאאW
 אISOאא •
• אאאISO, DIN 
• אאאא 
• אאאאאא 


אאא

אאא100K٪


אא 

4


אא
אאאא 
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 1-3 

אאאאאא
אאאKאאאאא

 א  Fא א E     אFאא E 
אKאאאאא

אאאאאF
א א  א   א אא    KE  אא

אאאאאאאא
אאאאאאאאK



אאאאאאא
אאKאאאאאאאאא

אאאאא
אאKאאאא

אאאאאא
K،אאאאא
אFאEאאאא

אKאאא
אאאאאאאא

אK


2-3אFTolerancesE 
1-2-3

אאאאאא
א،F1-3Eא. 





113אא
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א)1-3(WאאK



א(Shaft)Wאא(Hole)א،א
W

אאK
אא(Nominal value, N )WאאאאK

אא )Upper tolerance, Ao:(אאאאא
K

אא( Lower tolerance,Au )Wאאאאא
K

א (Base line) WאאאאאאK
אא(Upper limit, G )W،אאא

K W
0ANG +=



113אא
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 الأعلى التفاوت

 دنى الأالتفاوت

אאK) Lower limit,(W،א
אKW

uANK +=
אאא(Upper and lower limit)WאאאK

אא(Actual value, I ) :،אאא
אא،W
GIK ≤≤

אא (Allowable tolerance, T )  Wאאאא
אאאאK

W
KGT −=

 WuAAT −= 0
אאאאאW


  009.0

004.025+
−φ   


 
0ANG +=

mmG 009.25009.025 =+=
                   uANK +=

mmK 996.24)004.0(25 =−+=
אאFIWE

mmImm 009.25996.24 ≤≤
אאFTWE

           KGT −=

mmT 013.0996.24009.25 =−=


                           mmT 013.0)004.0(009.0 =−−= 

אא 



113אא
אאא
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3-2-2  אאאאא
אא
אאאאאאאא

)2-3(Kאא )µm(Kאאאאא
אאא،אאאאא

אאאKא
אאF2-3KKEאאא

W 


J אאאא،אא
אאK

J אאא،א
אאאאאאK

Eאא،אאאאK
Eאאאא،

אאאאאאK
Eאאאא،אא

אאK
 


א) 2-3(WאאאאK


Wאא K, G, T, Au, Aoאאאא

)(a(o)א{אא)N = (60 K



113אא
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WאFaEאא

         0ANG +=
mmG 024.60024.060 =+=

  uANK +=
mmk 995.59)005.(60 =−+=

 KGT −=
mmT 029.0995.59024.60 =−=

mµ29=
uAAT −= 0

mmT 029.0)005.0(024.0 =−−=
          mµ29=

 
אאאאאאאא

א،אאFEאא
אאאא)2-3(K


  3-2-3אאאאא

אאאאאאאא
אKאאFEא

אאאKFE
אאאאKא

א،אאאא
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)3-3 (KאאF(w, q, o, l, I,W, Q ,O, L, Iא
אאאאא)(za, zb, zc, ZA, ZB,ZCK

אISO،אאא
(js, fg, ef, cd, JS, FG, EF, CD)א10אא،

א28אK
 





אא

אאא،אאא
אISO،אא1180{אא

אאאאאKא
אFאאEא1

500אאאאאKאאW
13
36

610
1018אK



1-3)Eאאאאא
118אISOKאאא

אאאאאאאאא

א(3-3)WאאאאאK
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אאKאא =20א6hאא،13
אאא،25 =150 א

F6hEKאאאא)2-3(א
אאISOא3400K 



)1-3(W ISO K

אאFE
355 315 280 250 225 200 180 160 140 120 100 80 65 50 40 30 18 10 6 3  من
400 355 315 280 250 225 200 180 160 140 120 100 80 65 50 40 30 18 10 6 حتى

אFE  
e13 -20 -

200 
-25 -
245 

-32 -
302 

-40 -
370 

-50  
-440 

-60  
-520 

-72 
-612 

-85  
-715 

-100  
-820 

-110 
-920 

-125  
-1015 

f6 -10 
-18 

-13 
-22 

-16  
-27 

-20  
-33 

-25  
-41 

-30  
-49 

-36 
-58 

-43  
-68 

-50  
-79 

-56 
-88 

-62  
-98  

f7 -10 
-22 

-13 
-28 

-16  
-34 

-20  
-41 

-25  
-50 

-30  
-60 

-36 
-71 

-43  
-83 

-50  
-96 

-56 
-108 

-62  
-119  

g5 -4  
-9 

-5 
-11 

-6  
-14 

-7  
-16 

-9  
-20 

-10  
-23 

-12 
-27 

-14  
-32 

-15  
-35 

-17 
-40 

-18  
-43 

g6 -4 
-12 

-5 
-14 

-6  
-17 

-7  
-20 

-9  
-25 

-10  
-29 

-12 
-34 

-14  
-39 

-15  
-44 

-17 
-49 

-18  
-54 

g7 -4  
-16 

-5  
-20 

-6  
-24 

-7  
-28 

-9  
-34 

-10  
-40 

-12 
-47 

-14  
-54 

-15  
-61 

-17 
-69 

-18  
-75 

h5 -0 
-5 

-0  
-6 

-0  
-8 

-0  
-9 

-0  
-11 

-0  
-13 

-0 
-15 

-0  
-18 

-0  
-20 

-0 
-23 

-0  
-25 

h6 -0 
-8 

-0 
-9 

-0 
-11 

-0 
-13 

-0  
-16 

-0  
-19 

-0 
-22 

-0  
-25 

-0  
-29 

-0 
-32 

-0  
-36 

h7 -0 
-12 

-0  
-15 

-0  
-18 

-0 
-21 

-0  
-25 

-0  
-30 

-0 
-35 

-0  
-40 

-0  
-46 

-0 
-52 

-0  
-57 

h8 -0 
-18 

-0  
-22 

-0  
-27 

-0 
-33 

-0  
-39 

-0  
-46 

-0 
-54 

-0  
-63 

-0  
-72 

-0 
-81 

-0  
-89 

h10 -0 
-48 

-0  
-58 

-0  
-70 

-0 
-84 

-0  
-100 

-0  
-120 

-0 
-140 

-0  
-160 

-0  
-185 

-0 
-210 

-0  
-230 

h11 -0 
-75 

-0  
-90 

-0  
-110 

-0 
-130 

-0  
-160 

-0  
-190 

-0 
-220 

-0  
-250 

-0  
-290 

-0 
-320 

-0  
-360 

j6 +6 
-2 

+7 
-2 

+8  
-3 

+9  
-4 

+11  
-5 

+12  
-7 

+13 
-9 

+14  
-11 

+16  
-13 

+16 
-16 

+18  
-18 

js6 +4 
-4 

+4.5 
-4.5 

+5.5 
-5.5 

+6.5  
-6.5 

+8  
-8 

+9.5  
-9.5 

+11 
-11 

+12.5 
-12.5 

+14.5  
-14.5 

+16  
-16 

+18 
-18 

k5 +6 
+1 

+7  
+1 

+9  
+1 

+11  
+2 

+13  
+2 

+15  
+2 

+18 
+3 

+21 
+3 

+24  
+4 

+27 
+4 

+29  
+4 

m7 +16 
+4 

+21  
+6 

+25  
+7 

+29  
+8 

+34  
+9 

+41  
+11 

+48 
+13 

+55 
+15 

+63  
+17 

+72 
+20 

+78  
+21 

n5 +13 
+8 

+16  
+10 

+20  
+12 

+24  
+15 

+28  
+17 

+33  
+20 

+38 
+23 

+45 
+27 

+51  
+31 

+57 
+34 

+62  
+37 

p6 +20 
+12 

+24  
+15 

+29  
+18 

+35  
+22 

+42  
+26 

+51  
+32 

+59 
+37 

+68 
+43 

+79  
+50 

+88 
+56 

+98  
+62 

r6 +23 
+15 

+28  
+19 

+34  
+23 

+41  
+28 

+50  
+34 

+60  
+41 

+62
+43 

+73
+51 

+76 
+54 

+88
+63 

+90 
+65 

+93
+68 

+106 
+77 

+109
+80 

+113  
+84 

+126  
+94 

+130 
+98 

+144 
+108

+150
+114



113אא
אאא
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)2-3(:ISO K
אאFE  

  3 6 10 18 30 40 50 65 80 100 120 140 160 180 200 225 250 280 315 355

 6 10 18 30 40 50 65 80 100 120 140 160 180 200 225 250 280 315 355 400

אFE  
E13 +200 

+20 
+245 
+25 

+302 
+32  

+370 
+40 

+440  
+50 

+520  
+ 60 

+612 
+72 

+715  
+85 

+820  
+100 

+920 
+110 

+1 015 
+125 

F6 +18  
+10 

+22 
+13 

+27 
+16  

+33 
+20 

+41  
+2 

+49  
+ 30 

+58  
+36 

+68  
43 

+79 
+50 

+88  
+56 

+98 
+62 

F7 +22 
+10 

+28 
+13 

+34 
+16  

+41 
+20 

+50  
+25 

+60  
+ 30 

+71  
+36 

+83  
43 

+96 
+50 

+108  
+56 

+119 
+62 

F8 +28 
+10 

+35 
+13 

+43 
+16  

+53 
+20 

+64  
+25 

+76  
+ 30 

+90  
+36 

+106  
43 

+122 
+50 

+137  
+56 

+151 
+62 

G7 +16 
+4 

+20  
+5 

+24 
+6  

+28 
+7 

+34  
+9 

+40  
+10 

+47  
+ 12 

+54 
+14 

+61  
+15 

+69  
+17 

+75 
+18 

G8 +22 
+4 

+27  
+5 

+33 
+6  

+40 
+7 

+48  
+9 

+56  
+10 

+66  
+ 12 

+77 
+14 

+87  
+15 

+98  
+17 

+107 
+18 

H6 +8 
0 

+9  
0 

+11 
0  

+13 
0  

+16  
0 

+19  
0 

+22  
0 

+25 
0 

+29  
0 

+32  
0 

+36 
0 

H7 +12 
0 

+15  
0 

+18 
0  

+21 
0  

+25 
0 

+30  
0 

+35  
0 

+40 
0 

+46  
0 

+52 
0 

+57 
0 

H8 +18 
0 

+22  
0 

+27 
0  

+33 
0  

+39  
0 

+46  
0 

+54  
0 

+63 
0 

+72  
0 

+81  
0 

+89 
0 

H9 +30 
0 

+36  
0 

+43 
0  

+52 
0  

+62  
0 

+74  
0 

+87  
0 

+100 
0 

+115  
0 

+130  
0 

+140 
0 

H10 +48 
0 

+58  
0 

+70 
0  

+84 
0  

+100  
0 

+120  
0 

+140  
0 

+160 
0 

+185  
0 

+210  
0 

+230 
0 

H11 +75 
0 

+90  
0 

+110 
0  

+130 
0  

+160  
0 

+190  
0 

+220  
0 

+250 
0 

+290  
0 

+320  
0 

+360 
0 

J6 +5 
-3 

+5  
-4 

+6 
-5  

+8 
-5  

+10  
-6 

+13  
-6 

+16  
-6 

+18 
-7 

+22  
-7 

+25  
-7 

+29 
-7 

JS7 +6 
-6 

+7.5  
-7.5 

+9 
-9  

+10.5 
-10.5  

+12.5  
-12.5 

+15  
-15 

+17.5  
-17.5 

+20 
-20 

+23  
-23 

+26  
-26 

+28.5 
-28.5 

K7 +3 
-9 

+5  
-10 

+6 
-12  

+6 
-15  

+7  
-18 

+9  
-21 

+10  
-25 

+12 
-28 

+13  
-33 

+16  
-36 

+17 
-40 

M8 +2 
-16 

+1  
-21 

+2 
-25  

+4 
-29  

+5  
-34 

+5  
-41 

+6 
-48 

+8 
-55 

+9 
-63 

+9 
-72 

+11 
-78 

N7 -4 
-16 

-4  
-19 

-5 
-23  

-7 
-28  

-8  
-33 

-9  
-39 

-10 
-45 

-12  
-52 

-14  
-60 

-14 
-66 

-16 
-73 

P8 -12 
-30 

-15 
-37 

-18 
-45  

-22 
-55  

-26  
-65 

-32  
-78 

-37 
-91 

-43  
-106 

-50  
-122 

-56 
-137 

-62 
-151 

R6 -12 
-20 

-16 
-25 

-20 
-31 

-24 
-37  

-29 
-45  

-35  
-54 

-37 
-56 

-44
-66 

-47
-69 

-56 
-81 

-58 
-83 

-61
-86 

-68
-97 

-71 
-100

-75  
-104 

-85 
-117 

-89 
-121 

-97
-133

-
103

-
139

 



  א  א א א  א א   א 
 א   א   אא   א א 

אאאאK(4-3)FE(g6, h6, f7)
אאאK אאא    

(4-3)FE،אאא 
 (F7, H13, H7)אאאאאאK



113אא
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FE FE 

א (4-3) WאאאאK
 

3J3אאFFitsE 
אאא א א

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

FEאאאאFא
אאKEאאאא

א א   Kא אא א  א א  א א
אאא(Shaft)א(Hole) K،אא

אאאאא،אאאאאKא
א אאא  א א  א  א    

،אא    אאאא 
אKאאאאFאEא

א  K 30  H9/f5 φ אאא =30
א  H9 אf5  Kאא א  Wאאא

אאאאאאא،אK
 

FE אאאFClearance FitE 
אאאאאאא

א א אאא
    .(5-3) א   א אא אFא
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 א   א אא  KE א  א  א)H(א 
)f(אא،אא)d(א،

א  K  א א      ، 
אאW

אא)Upper Clearance, Cg( Wאאאא )GH(
אאא)Ks.( 

sHg KGC −=
אאLower Cclearance, Ck)(:אאא א)KH(

אאא)Gs(K
SHk GKC −=

אאאאFTfEאW
            Kgf CGT −=






 

FE  אאאאFInterference Fit)  
א אא אאא

אאא،אאאא
)(6-3Kא

FאאEאKאא
אאאאFאEאFאE

אKאאאאאא

א(5-3):אאאK



113אא
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אא،א)H( )s(אKא
  א  ، א   Fza Eא   K   

אאאאW


אאא)Upper Fit, Ug(Wאאאא)Gs(אא
א)KH.(

HSg KGU −=
אאאLowe Fit, Uk) (:אאאא)Ks(אא

אGH)(K
HSk GKU −=




 

 

FE  אאא (Transition Fit)  
אאאאא،א

 (7-3)אא ،א
אאאאאא.  




 

א(6-3)WאאאאK

א(7-3):אאאK
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W
אא H7/g6   φ50א Cg  CkאאאאK

 
א

)1-3()2-3(W
W0=uA       , mA µ250 =

WWmA µ250 −=       , mAU µ9−=
   א    א   ،א אא   א אא

אאא    א  א    K،א א  
אאאאW

      0ANG += 
       mmGH 025.50025.050 =+=

      uANK +=
                  mmK H 0.50050 =+=

   mmGS 991.49)009.0(50 =−+=
   mmKS 975.49)025.0(50 =−+=

                              SHg KGC −=
  mm050.0975.49025.50 =−=

                               HSK KGC −=
         mm009.0991.4950 =−=

אאאאFTfEאW
Kgf CCT −=

            mm041.0009.005.0 =−=
 

אאאאאאאKא
אאאאאאאאא

אאאאא
אאKאאא

Kאאאא
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 1-3-3א (Shaft-based system)
 אא א אhא אא

 א אא      אF א א Eאא 
אאאאK)8-3(W



אhA Hא
אhJ Nאא
אhP ZCאא








א  א א  א אא   א    
א א  K א  )9-3(אאאא    

אא
אK

א(8-3)WאK
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3-3-2א  (Hole-based system) 

אא  H ،(10-3)،א
אאאאאאאW

אHa hא
אHj  nאא
אHp zcאא








א  א א אא   א א   אא  
אאKא) 11-3( אאא

 א،א   א א  א א א
א     א K  א א  ISO  אא

א(10-3):אK

א(9-3) :אK
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אאאאKאאאא
אאאאאאK




 

 4-3אאאFLimit GaugesE
 אאאאאאא

אא،אאאא،א
אKאאאא(Plug Gauges)א،א
  Gauges)(Snap  (Ring Gauges)א  K   )12-3(

אאאאאאא ،א
אאא(Go gauge)אאא،אא

אאא(No Go gauge)،אאא
אאKא،אאאאא

א،אאאאאאK
אאאאא

אאאאאK






א(12-3)Wאאאא 

א
א 

א
א 

א(11-3)Wالثقب  .
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אאאאאא 

  א  ،א )13-3(א  א   ، K  א
אאאK

 
 

  
 
 



א،אאאא
אאא(Double End)F)3-14( FEEא، (Single End) FF3J

14EFEEאא،)Adjustable(F)3-14( FEEא
،אאא

אאא،אאאKאא
F)3-15(EאK 


           


FWE


FWEא


FE

א)3-14(WאאאK
                 

א)13-3(Wאאאאא 

אא
FE

אא
FE 
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א)3-15(Wאאאאא

    אאאא،אא3-16(א(
א،אK

אאאא،אK
 
 

                               
 א)3-16(WאאאK
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Fאאאאאאאאא

אאEK 




F1Eא T,K,Gϕ 30 H 7K}30.021،30،0.021{


F2EאאFCg(CkFUgUkEFCg(UkאW
FאEH7/g625 ϕ      }41،7،{
FE H7/n625 ϕ}6،28،א{
FEH11/s625 ϕ}41،7،א{
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F3Eאאאאאא،אאK






F4Eאא  אאK


                   אא
אא

ϕ25 D10/f7 
 

50H11/n6ϕ


75 H7/s6ϕ


אאFEAo
אאFEAu

אאFEI
אאFEAo
אאFEAu

אאFEI
א CgFאאUgEאFE
אCkFאאUkEאFE

אא
 
 
)5 (אK,G   ϕ50 H8  = 0.065 mmCg،

 Ck = 0.2 mmKאא (T)אא
אא(Tf)K



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

אא  

אא  




א


 

4



אאא
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אWאאא


אא
אאאא


אא

אאאאW
• א 
• אאא 
• אאאא 
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 1-4  

אאא،אאא
אאאאא

אKאאאא
אאKאא

אאKאאאאאא
אא،אאאאאא

אK


אאא
אאאאKאא

،،אא
)(1-4א،א

אאאKאאאאאא
אאאK

 
א(1- 4) WאאK

 

2-4 אאא
אאאאאאא

אאאאאאאK
אאאאא(2-4)W



FE א (Deviation) Wאאאאאא
،אאאא(2-4)אFKEאא

،אאאאא
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אאא،אא
אאK 

 
FE א(Waviness): (2-4)FEאאאאא

،אאאאא،אאא
אKאא1،25א0.02

،0.05K 

 



FEאאJאאFE

FEFE




FEאאFEFE


א)2-4(WאאאאאK


FEא :(Grooves) אאאא

אא،אאK
(2-4)FEאK


FEא:(Notches)אא(2-4)FE،

אאאאאאאK
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אאאאאאאאא
،אאא

F2-4FKEE


א(Surface Roughness)،אא
א،א0.005،0.25א0.000025،0.012K

אאאFאאEא،אא
אאK


 3-4א   (Roughness parameters) 

א،א
אKאאאא

אאאאאK
אW


4-3-1אא(Arithmetic average roughness, Ra)

אאאאאאאאKא
אאאF(3-4)EאKא

אא(rn)(N) ،W


∑
=

=
N

n
na r

N
R

1

1




 
(3- 4) WאאRaK
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2-3-4א(Roughness depth, Rt)
אאאאאאKאא

אאאאא،א
Kאא

אK


3-3-4אFאאE(Maximum peak height, Rp)
אאאאאאאKאא

אאאאאKאאאא
אאאאאאא،

אאאK


4-3-4אא ( Minimum valley depth, Rv)
אאאאאאאKא(4-4)

א Rt, Rp, RvאאאW
 

vpt RRR +=


 
א(4- 4) WאRtאRpK 

 

5-3-4אא(Rz)
אאאF((5- 4)  ),,,,( 54321 ppppp

אאF54321 ,,,,( vvvvvאאKא ISO(5-4)
W 

5
)()(

R 5432154321
z

vvvvvppppp ++++−++++
=
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א(5- 4) WאאRzK

 
6-3-4אאאא(Root mean squared roughness, Rq)
אאאאKאא

אאאKאא: Rq


∑
=

=
N

n
nq r

N
R

1

21


 : NאK
 :rnאאאK



אאאאא،א
אKא

אאאאK


W
אאאאא18אW





א

123456789101112131415161718

אא
(µm) 

719271917159313151911221383111



אא.Rt, Rz, Ra, Rq
Wא

(4- 4) א  RtW
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11 vpRt −=
µm26127 =−=



אRq, Ra, Rz،אאW


5
)()( 5432154321

z
vvvvvppppp

R
++++−++++

=

µm8.16
5

)87331()1919192227(
z =

++++−++++
=R



∑
=

=
N

n
na r

N
R

1

1


µm89.12
18

)111381322111915133915171927197(Ra =
+++++++++++++++++

=


∑
=

=
N

n
nq r

N
R

1

21




mR q µ58.14
18

1113..........27197(
....

222222

=
++++++

=

4-4אFMeasurement of RoughnessE
אאא

אא،אאאאK
אF

،،،KEKKKאאאK
אאאK



4-4-1אאאא
   א    א   א א 

،אאאאאK
א  א א     א   א  א  

אKאא،
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א  ،א  א    )Rt(  אא)Rp(א 
א)Ra .(،אאא

א،)6-4(א
Kאאא

 
א )6-4:( אאאאאא 

 
 2-4-4אא(Surface quality instrument) 

אא
אאRt, Rp, Ra)(אאאKאא

אא،אאK)7-4( 
אאאאאאFstylusE

15אא
אKאFE

אאK،א
אאKאאא

א1 5אאKאאא
א{א  אאא א

)7-4(Wא



אאא
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אאאKאאא
אא)8-4(Kא

א،אFאEא
אאאאK

אFאאאא
אאאEאKאא

אאאKאאFאאE
100,000אאאK

אא20100א
א)9-4(K





א)8-4(WאK



 
א)9-4(WK



אאאאא
אא10-4)(FKE،א

אאאאא
אא 500,000א،
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אאאKאאK
אאאא

F10-4() ب(K



FE

 
 


FE

א)10-4:(אאאאK
 
4-5 אאאFSurface finish specification standardsE 

אאאאא
אאאאאאאא

אאא،אK
ISOא13021978א

אאאKF11-4Eאא
אFRa, Rp, RtEאF،א،،EKKKKKKKK

F،،אאKKKKKKKE




 
א)11-4:(אאISO.
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אא ISOאאאאא
א140 DIN1960، אFEא

אF1-4Eאאאא
אK 



)1-4(WFEאאאאK
FE

א
אא


אא

אא

• אאאאאאא
FאאאKE 
• אאאאFאאאאKE 
• אאאאFאאאKE 
• אאFאאא{אאאאKE 
• אאFאאKE


אא

אא

• אאאאאאא
FאKE 
• אאאאFאאKE 
• אאאFאאאKE 
• אאFאאKE 
• אFאאאאKE 
• אFאאאאKE


אא

אא

• אאאאFאKE 
• אאאאFאאאא

אKE 
• אאאFאאKE 
• אאFאאKE

א


א ،אאאאK

אאאאFאאא،،א
א،אאKE

אאאאאאאאאK
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אאFאאE،א
אאאאאאK

אF(Rt،F30%E،אא
אאאאK)4-12(

אאאאא
،אאאאאK




א)4-12:(אאאאK

 
 

 אאאא 4-6
 אאאא،א

אאאאKF2-4Eאאא
אאאKאאאאאא

אISOKא،אאא
ϕ60 h7  ،אאאא

א)50-120(אאאFE،
אF7(א(Eאא،،א)Ra(אאא

אא2.5µmK אאא
אאאאFאא

،אKEKKKאF1-3Eא{אא
)T = 30µm(،אא10%אאאא

אK
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) 2-4(WאאאאK
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(1)W

FEאאאאאא
FEאאא
(2)אאאאא13

Rq, Ra, Rtאא،א



א

1 2 3 4 5 6 7 8 9 10111213

אא
(µm) 

3 19221530192719301222145 


}27،18.2،19.9{


 (3)אאאאאא،(2-4)

Kאאאא
FEאא ϕ40 H6K
FEאאϕ100 n7ϕ100 H7
FEאאϕ8 h6 ϕ8 H6K 
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1-5
אאאאאאא

אא
אKאאא،א

אאאאאאאאא
(1-5)Kאאאאאא

،אאא{אא
אאאאאאK

 


אאFE

אאא

 

א
אא



אאא
א

א(1-5)WאאאK


אאאא،אאא
אאא،אFאאEאא

אאאאKא
אאאאאאF(2-5)Eא

K



א 2-5)(WאאאאK

 



113אא
אא

 
 

- 79 - 

2-5אאאFTypes of Geometrical tolerancesE


אאאא
א .ANSI Y14.5M-1982 



א(Form tolerance) Wאאא
אאKWאאאאאאאK

א(Profile tolerance)Wאא،א
،אאאKאאא

K

א (Direction tolerance) Wא
KאאאאאאאאK

א (Position tolerance) Wאאאא
אאאK

אאאאאK

א (Circular roundout tolerance) Wא
אאאאKאא(360o)

KאאK


،אאא
(1-5)אאאא،אאאא

אאאאאKא
אאאאא

Kאאאאא
אאאאאאאKאא

אאאאאאא
אאאאאאאKאאאא

F3-5E،אאאאא
אאאאאאאאאK
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א(1-5)WאאאK 

א א א א 
אא 

(Parallelism) 

 
 

אא 
(Flatness) 

 
 

  
(Profile) (of a line) 

 FE  א 
(Straightness) 
(of an axis) 

 

  
(Profile) 

(of a surface) 

 FE   א 
(Straightness) 

(surface element) 

 

אאא  
( Circular Runout) 

 
 

אא 
(Roundness) 

 

אא  
(Total Runout) 

 

אا   
(Cylindericity) 

 

א  
(Concentricity) 

 א 
(Perpendicularity) 

⊥ 
 

אא  
(True Position)  

אא 
(Angularity) 

� 
 

 
 


אF3-5EWאאאאאאK

3-5אא(Geometrical tolerance measuring Instruements) 


אאאFאאEאא
،א،א
)Stylus(אאאא
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אאאאאKא
אאאא

אKאFE،
F4-5Eאאאאא،אK

אאאאאאKאא
אא،אאא

אאאאאא،
אאאא،אאK

،אאא
אאאא،אאאא

אKא،אאאאאאאא
אאאאK




א)4-5(WאאאאK



،אא
אFאEאאא

אאאKא
אאFאאE،א

(Teleround, Roundtest,..)KF5-5Eאאאא
אאאKאא

א،אאא،א0.25 א1.6K
F6-5E،א

F7-5EאאאאאK
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א)5-5 :(אאK




א) 6-5:(אK

א،אא
אFLaserEאאא

אא،אאאאK
אאאאאאאאא

אאאאKא


א 

א א   א
 

א 
א 

)7-5:(אאK
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א אאא،אא
אאKאאא

אאאאאאK


אא،א
אFFormtracerEאאאא

،F8-5KE



א


א

א)8-5:(אK


4-5א   (Position tolerance measurement) 
אאאאא

،אא،אאאאא
אאאאKאא

אאא،אKאא
אא)MMCachines, Measuring Moordinate C( .

אאאאאאKא
אאאאFF9-5FEEEא،

אאאא 
F9-5FEKE  
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FE
 

FE
א)9-5:(אאאאאאK



 א
אאאאאK

אא،א
،אאאא

אא 0.001Kאאא
،אאאאא

אאאKאאאא
אאאאא،אא

،אא،אא אאא
א،אא

אאאאK
  א،)10-5(،

א،אא
אאKא

אאאא،אאאK
אאאאא

אאאאFCNC CMMKE
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א)10-5:(אאאאK



אאאא،א
،אאא

אאאאאאאא
אאאF11-5EK




א)11-5:(אאאאאאK



 

 

אאאא  

אא  

א



א




6






113


אא
א

 
 

-86- 

אאWאא


אא
אאא
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6-1

אאאאאאא
אKאאאאאאא

אאאאא
אאאאאאK



אא (Temperature) אא،
אCelsuis, oC)(Kא (0 oC) אאא

אא K א  (100 oC) א  Kא א  
א א  א       ، א(Kelvin, K) 

  א א א  א אא א א  א K א 
،אאאאא

)Fahrenheit, oF(אאF Rankine, oR.(א)6-1(אאאא
אאK



 
 

א) 6-1(Wאאאא 
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אאאאK
אאאאW

 

1J אא (Glass thermometer) 
2J אאאא (Thermocouple) 
3J אא(Resistance thermometer, RTD) 
4J א(Thermistors) 


6-2אא(Glass thermometer) 
א،אא)6-2(،

א Kא    א א  
א      אא  א א    Kא 

אאאא א
א א     K    א א   א  

)  (-38.72 oC  .(357 oC)،אאא
אאאאאאK



א) 6-2 :(אא
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6-3אאאא (Thermocouple) 
אאאאאא א אא

אאאאF)6-

3(Eא ،(emf) אאאKذلك يتم  و بناء على 
 .قياس القوة الدافعة الكهربية المتولدة لمعرفة الفرق في درجات الحرارة



 

א )6-3:( אאאא 
 

 אא      א  אא א א א  (Hot 
junction) אאאאKאאא(Cold 
junction)א אא    K א אא א 

א،אאאFאאEא
א אא     א א א    א א

אאK  אאאאא א אאא
אאאאK)6-4(אא

אאאK 
 

אאאאא  (emf)  אא–א
אאאאאKאJאאوemf Jאא

)6-5.( 
 
 








113


אא
א

 
 

-90- 

 

א(4-6):אאאא– 



 

א)6-5:(emfאאא


)6-1(אאאאאאא אא
(4-6) .אאאאאאא

אאאאא Kא
אאאאאאאאאאאאא
)6-2(. 

א(1-6) :אאאאאאא 

אאאא
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1 J(type E)AJ

2 J(type J)BJ

3 J (type T)Cא–א

4 –(type K)D–

5 – (type 
R)

6   –(type S) 

E–

10%




)6-2(Wemfאאאאאאאאא


W 
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אאאאאא(type J ) אאאK 
אאאא0 oC = אאאאא            (emf) = 

6.90  mV 
FEאאא 
FE אאאאא = oC 300،(emf)א

א 
 

אW
FE א)6-2(אאאJ،emf 6.907  

אא)oC(אא= 130 oC.
אא=130 oCK


FE אא)oC 300(  )6-2(אאאאJ،emf 

= 16.325 mVK 
אאאאאZ16.325 mVK



6-4אא(Resistance thermometer, RTD) 
אאאאאאא

א   א א   א  K   א א  
אאW



 
W
Wאאא 

Wאאאאא 
 a , bWאאא
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אאא،אאא
(6.1).אאא אא 

 (Wheastone bridge)א)6-5.(
 

 

א)6-5(W 

W
R2, R3W

R1Wאאאא 
RxWאאא


אאאא(E) אאא
 (R1)א א   (G)  Kא  א אא  א  

אאאW



אאא (6.3)אאאא 

(6.1) K 
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אאאאאאאא

،אאKאאאא
K


6-5א(Thermistors)  

אא  א א    אא    א  
אאא  Kאא  אא

אאאK
אאאאKאא

 א א א   אא  אא
 א 300 oCא אא א א 

KאאאאאאאW


 
 

W
eWאאא2.718

Wאאא 
Wאאאאא 

βWאאא
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F1E אאאאאאאW
FE אK 
FE אאאK 
 
F2E אא92 אW

FE אאאtype K 
FE אאאtype T 
FWאאאE


F3E   6-2(א(א  91 ،אא א  אא    א 

 אF   )6-4( 90Eא  א אא אtype Ttype S
אאK



 

 




א





7

אא  

אא  




א





7
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אאWא


אא
אא


אא

אאאאW
• אאא 
• א 
• אא 


אאא

אאא100K٪


אא 



אא

אאאא
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7J1
  אJJא،א

אאFאאאאEאאאאאא
אאאאאK


 אאאאN/m2PaFKEאא
(Pat)א .101 kPaאאא،א

אאאW


FE אא(Absolute pressure, Pa) 
אאאאאאאאאK
 
FE אא (Gauge pressure, Pg)  

אאאאאא
Pg = Pa - Pat                      (7.1) 

 
FE א         (Vacuum pressure, Pvac)  

אאאאאא
Pvac = Pat - Pa                              (7.2) 

 
א)7-1(אאאאKא

אאאא،אאאא (7.1) 

  (7.2)אאK 


אאאW
1- אא(Manometers) 
2-  (Bourdon tube) 

אא(Dead weight testser)K
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א) 7-1:(אאאאאא


7-2אא (Manometers) 

אא  אא    א    אא   K 
אאאאאKא

     (U tube manometer) U   א 
אא)7-2(K


 

 

א)7-2(WU 

،אאאאאp אא
אאא{א)3-7(אK 
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(7-3) 
W 

 Wא(kg/m3)
 Wאא(9.81 m/S2)

Wאאא(m) 
 
אאאאאאא

 אא א  ،א אא F    E ،א א  
אא אאא Kא

אאא(7-2)،אא
אא)7-3(Kאאאא

אאא،אאא
אK

א،אאאאא
אאFאאאA1 א

אA2E אאאK
אאאאאאKmm H2Oא

،אא mm Hg א א K
  א    אא   א  א א   א א

אmK 


     (7-4)
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א)7-3 :(אא

אאאא)7-4(א 
(Barometer)א א     Kא  א   א אא  

אא א א   א א
אאא20א oCאא .760 mm Hg =   

 

 

א)7-4(Wאא  
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    א א א אא   )7-5(א א   א 
א Kאאא

אאK


 
א)7-5 (Wאא

7-3 FBourdon tubeE 
אאאאאאאא

    ،א א א  א     
אאאא Kאאאא

C،אאאאא K
א،)7-6(،אאא

אאאאא אא  
אאK



 
א)7-6(W
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        C،אא)(spiral
אא)helical(א) 7-7(אאא

 א א  Kא    א   א  א 
C KאאאאאC

אאאאK






FE א
C

FE אאF Eא
א

א)7-7(:אאK

7-4אאאא(Calibration using dead weight tester) 

א א    א א         
א  א،א  K

אאאאאאFEאK
7-8(א(אאאאא

א،  )7-9(אאאאK
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      א )7-8:(אאאא



 
           א )7-9(Wא




 אאאFא Eא
אא،אאא)5-7(אאJא

אJאאאאאאאK
אאאאאאאאאאא

אK 


)5-7(


W
Wא(Pa) 

Wאא   (kg) 
Wאאא(m2) 
Wאא     (9.81 m/s2 )



 

72 

אא  

אא  




א
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אWאא
אא

אא


אא

אאאW
• אאא 
• אאא 
• אאא 
• אאאא 
• אא 


אאא

אאא100K٪
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8-1 

אאאאא،א
אאאאא

אKאאאW

FE אFאאE 
FE אFאאאE 
FE אאאאFאאE 
FE אFE 
FE אא 



אאאאאW
1J א(Venturi) 
2J א(Orifice) 

3J א(Rotameter) 
4J אא(Hot wire amemometer) 
5J  (Pitot tube) 



8-2 אFVenturiE 
אאא

)8-1(Kאא(p) 
(u)Kא)Mass flow rate,  (

אאאאאאאאא
אאאאKאW

 
 



113אא
א
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FE אא    (Continuity equation)  
 

F8J1E            
W
Wא(fluid density)  

Wא1 , 2(cross-sectional areas)א)8-1( 


 

א )8-1:( ؟ 
 

אאאאFDischarge, QthE
אאא אW

 
              (8-2E


FE FBernoulli’s equation)  

 

                      (8-3E 

 
א)2-8() 3-8( אא(8-4)אא

אא؟אאאF5J8KE
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      (8-4E 


       (8-5) 

   )5-8( א   א   א؟ 
  א א K    א   א     

،אאא،،
אאא؟،א،

)6-8(Kא؟אא
K


       (8-6E 


8-3 אFOrificeE 

אאאאא؟אאא
א אK א

אKאא
אאא)8-2.(א
אאאK
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א)8-2:(א

 
אאאאא

א אא K
א א   א K א  א א  אא  ؟

אא،אאאא،
אאW



                      (8-7) 
W

Wאאא
Wאאא



 אא،א، א)8-8:( 
 

                      (8-8)
 

  

8-4 אFRotameterE 
אאאא  אא 

Kאאאא
אא،אאאK

אא8-3(א( א،Jא אJ
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FKEאאאאאא
אאאאK

אא(8-9)אאא  אא
א אא )8-3(Kא

אאK
 

                                    (8-9)

W
Wא
Wאאאא

W א

 

א)8-3(Wא 
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8-5אאFHot wire anemometerE
אאאאאא

אאKאא
אאא،א

אא،אאאK


אאא،אא
  0.0025 mm  25 mm Kאא

)8-4(אאאא
אאאאאKאא،

אאאאאK
אאא K
אאאאאאא

K

 

א)8- 4(Wאאאא
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8-6 ) (Pitot tube
אא א

אאאKאא
אא،אאא
אאKאא

אאאK


א)8-5(אא
אאKאאא،א

א،אאאאא
אאKאאאא

،אאאאאאא
אאאאא K،אא

אאא )8-6(
،א
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אאאW


   (8-9)


 
 

 
א)8-5(W

 


 

א)8-6:(א



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

אאאאאא  

אא  





א




א



א
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אאWאאא


אא
אאאא


אא

אאאאW
• אאא 
• אא 
• א


אאא

אאא100K٪


אא 



אא

אאאא
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9-1  
 א אאאאא

 אאאא K،א
אאאאאאאאFאאEא
אאאאאאאאK،אא

אא א אאאא
אאאאאאKאא

אאאW
1- אאא
2- א
3- א

 

9-2   (Ohm’s law) 
אאאאאאאא

אאאאאW


E = I R              (9-1)  
W

EWא)(Potential difference, V 
 IWא(Current, A) 
RWא)Resistance, Ω( 
 

 (Ohms’s law)אאא،א
)1-9(אאFRE،א FIEאא
א Kאא אאא،א  

אK،א
א)E (א )I(א)R(K

  א א א אא  ،א אא
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אאאאאאאאFKE
)9-1(אאאK



W
אאא אאΩ 3אאא

אאאV 12.  
 

 :الحل
  

 

)9-1:(אאאאא
معلومانالمتغيران ال  حسابهلمطلوب االمتغير المعادلةو  المثلثشكل  

 

 

 )R( المقاومة 

 )E(فرق الجهد  

 )I( و شدة التيار

 

 

 )I( شدة التيار

 )E( فرق الجهد 

 )R( و المقاومة  

 

 

   )E(فرق الجهد

 )I(شدة التيار 

 )R( و المقاومة 

 
 لمتردد و المستمر الجهد ا فرق قياس9-3
 (Direct and alternating voltage measurement) 

אאא،אא
אאאאאא،אא

א )9-1( Kאאאא
א Fא   E א א  ،אא א  

אאאאאא
אאאאאK 
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א)9-1:(אאאאא


אאא(Voltmeter)Fא
אא،אEאאאאא)4(

)9-2(Kאאאאא
אאאא)4(Kאאא

אאאא(V4)Kא
אאאאאא

אאאאאאK 
FאEKאא

،אאאאKאא
אא،אאאאאאK

אאאK


 

 

א )9-2 :(אאא)4(
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אאאאאאא
א א (Multimeter) KאJאJ

אאאאאאאK
אאאא

א)9-3(  Kאא(V)،
F Eא(DC)א א      ، FאE

א(AC) K א אא(RMS)
אאאאא Kא

אא)9-4(אאאא
אאאK  






 

1J א 
2J א 
3J א 
4J אא 
5J אא 
6J אא 
7J א

200 mA 
8J א10 A 
9J אא

אType K 
10Jאאא 
11J



א )9-3(WאFאאEK 
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א)9-4(WFEאאאK

 
   א  א א Fא  

אEא .PT,אאא
א אאK


    (Resistance measurement)ة الكهربية قياس المقاوم9-4
 אאאא

אאא)Ω(Ω) kΩ = 103 Ω k1(  ،א  
אK  אא)9-5(K

   אא  ،א
F)9-6.(

    

 
א)9-5(Wאא 
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 א)9-6(Wאאאא


א)9-2(אאאא،א
אאאK  אאאא،א–
–W

אאאWW2
אאאWW4
אאאWאW10 k
24000 =אΩ   24 k Ω 

 
א)9-2(Wאאאאא

א FאEאאא
0 1 0 
1 10 1 
2 100 2 
3 1000 (1 k) 3 
4 10 k 4 
5 100 k 5 
6 1000 k (1 M) 6 
7 10 M 7 

  8 

  9 
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אאאאאא
אאאאאKא،א

אאאאאאKאW 

אאW± 2% 

אאW± 5%   

אאW± 10%   

W± 20% 
 

9-5 א  (Current measurement)  

 אא،א،א
אאאאאא

אא אא Kא אא אא  א
(SI) א(A)Kאאא(A) (mA = 10-3 A)

(µA = 10-6 A)א KאאאאFאאEא
אאאאא،א

אאאאאאאKא
אאאאא. אא
א،אאא
אאאK



 ،א           (AC)א 
א)9-7(א(RMS)Kאאאא

אאאאאאא)4(F א 
אא)9-1((Kאא

אאאאא)4(אאK
אאאאאא

אאאאא א
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  א Kאאאאאא،א
אאאאאאא
Kא)9-8(אא(Im)אא

)4(،)9-8(אאא א א
אK 



 
א)9-7(Wאאאא 

 

 
א) 9-8:(אאא 

אאאאאCT ,, 
א،אאאאא

אאאאאK



 

 

 

אא  

אא  




א
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אאWא


אא
אאא


אא

אאאאW
• אאאאFאאאE 
 אאאאא •
• אא


אאא

אאא100K٪


אא 



אא

אאאא
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10-1 
אאאא،א

אאאאאאא
אאא؟؟

אאאא
،،א

אאאאאאאאK
)10-1(אאאאאK

،א،אא
אאאK 






א)10-1(WאאאK


אאא
אאאאאאK

אאאאאאאא
אK



אא
אא
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 10-2
• אא(True Value)

אאאאK 

• אא(Measured Value)
אאאאאK



• א(Error)
אאאFאEאאFאKE

א=אא–אא
     =–

אאK


• אאFRelative ErrorE 
אאא אK

אא= 
ك
خ

א.100% 


• אא(Uncertainty) 
אא،אאא
אאאאK

 
• אFMeasurementRange ofE 

אאאאK


• א(Accuracy of Measurement) 
،אאאאK

אאאKא
אK
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• א(Sensitivity or Resolution of Measurement) 

אאאאאאKאאא
אאK 

• אא(Precision) 

אאאאFEאא
אאK



 אאאאאא
،אאאאאא،א

אא?Kאאאא
אאאאאא

אאאאאא
)10-2(.אאא

אKאFEאאא
אFEFE،FEאK،אא

אFE،אא
{אFE،KאFE

אאא
אאK
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10-3אא 

אאאאאאא
אאאא،אא

אKאא،אאא
אאא،א

אאאא،אאאאK
،אאאא،אאאא

אאאאKאאא
אאאאאא

אאאK
 

אאאא)10-3(،،
אFSpecificationsEאK

א،אFMetricEא
FInch/MetricKE
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א)10-3(WאאK

אא،אא
אאFODE0-200א0-300א، 

1000K،אאא אאאFIDEא
10-21020-1020אKאא

אאFOrder No.Eא،551-201-10K
אאאאאאא)Resolution( א

FAccuracyEאKא0.01±0.03K


10-4אאFTypes of  measurement errorsE
אאאאאאKא

אאאא،
אאאאאאK

אאאאא،אאK
אאאאאאא
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אאאאאאאאאא
אאאK


10-4-1אא(Systematic errors) 

،אאא
،،אאW


FE אא        (Instrument errors)   

אאא،אאא
אאא،אאאא

אאאאKאא
אאKאאא

אאאאא،אאKאא،אא
FEאאאאא

אאאאK
FE א    (Method of measurement error)    

אאאאאאאא
אאאKאאא،

K


FE אא  (Human errors)  
אאאאא

אאאאKא،אאא
א )10-4(א،אאאאK
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א)10-4 :(אאאK


FE אא  (Ambient conditions errors)  

،אאאאא
אאא20 ±2/1KK

 
 10-4-2אא  (Estimation of some  systematic errors) 

אאא
אאאאK 




 10-4-2-1אא( Temperature error) 
אאאאאFאאEא

א،אF20Eאאאא
אאאFKEאאאFEא

אFEFEא،FEאW
=–
=F–20E

=+ 1]F–20E[


W
WאאאאאK
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W

אאא=30א،
אאאאאF20KEאאא

= 400אאא،30،،אאא
אאאא=16.5×10-6LK



אW
=+ 1]F–20E[

= 400+ 1]16.5×10-6F 30–20 E[
=400+ 1][165×10-6
=400.066


=–
= 400.066–400
= 0.066



10-4-2-2אא(Mis-alignment error) 

אא–אJאאאא
אFE)10-5(KFEאאFEא
אFKEאאאאאאFEא،

אאW


=– 
=

ل
ك

=–
E– 1(  ل=   
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א)10-5:(אאאאאK

 
אאאFE= 150، אאאFE= 6oא،FEW

=1(  ل –E
= 150) 1 –6oE
=0.822

אאFWE
= خ–  ل  
    =  150–0.822

=149.178


אא=
ك
خ

    =
178.149

822.0  100% ×=0.55٪
10-4-3אאא(Random errors)

אאאא
א،

אאאK،א
א،אK



אאאאאא،אא
אאאאאאאאK

א،אאא،א
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،אאאאאא
אאKאא

אאא{א
אאKאאאא،،

אאאאאאאFUncertaintyE
FאאEאא،

אאאאK


אאא=±10،
אא،אאא

אFLevelConfidenceEKא
א99% =אאאאא99% 

=א،אא+10،10– 
99%א،F1%Eאאא±10K

אאאאאאאאאא
אאאאKאאא

אאאFאEא،א،
אאאאKאאא،א

אא،אאא
אאא،א

אאאK
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F1E W
FE אאאאאK 
FE אאK 


F2E אא=30א،

אאאאאF20KEאא
א= 500.0288א،אאא،אא

אאאא،א=11.5×10-6LK 
}500،0.0288{ 

 
F3E אא= 300א،

אאאאאאF20KEאא
אאאא= 0.0966אאא،،א

אאאא،א=23 ×10-6LK 
}.0966300،34{


F4E ،אאאאא
אא142.1Kאאאא

אאא،7אoKאאא
אאא؟
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