
  
 

אאאאאא 

 

  

אאא 
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 

123123  



אאאאאא

123123



א 123 
 אאא 

 

  
 

 

 
 

،،אא،אW 
 

אאאא אאאאאא
אאאאאאא،א

אאאאאא
אאאאאWאא

אK 
 

אאאאאאא
   א        ،א אא

אאא،אאאאא
א         א   ،א אא  

א א  א א  א א אא  א א א 
،אאאא

אא،אK 
 

אא?אאאFE???א
אאאאאאK 

 
אאאאאאא
،א     ،א א אא      

אאאאאK 
 

אאאאWאK 
 

        אאאא



א 123 
 אאא 

 

  
 

 

 
  

אאאאאאאא
אאאאאאא

אאאאאאאKא
אאאאאאא

אא
אאאאK 

 
אאאאאאא

אאאאאאאאאאאא
אאאאאאאאאא

אאאאאאאאKאא
אאאאאאKא

אאאאאאאאאK
אאW 

 
אאWאאאאא

אאאאאKאא
אאK 

 
אאWאאאאא

אאאאאאאKKK
אאאאאאאאאא

אאאאאKKK 
 



א 123 
 אאא 

 

  
 

 

אאWאאאאאאא
אKאאאא

אאאאאאאאא
אאאKKK 

 
אאאWאאאאא

אאאאאאאK 
 

אאWאאא
אKאא؛

אאאאאאאאאאKKK 
 

אאWאאאאK
אאאאאאא

אאאאאK
אאאאאאאא

אK 
 

אאWאאאאאא
אאאאאאא

אאאאאאאאK 
 

אא
אK 

 
 
 



 

 

אאאאאאאא  

אאאאאא  


א





אא

א
 

1



א 123 אא 
אאא אאאא 

  
 

- 1 - 

אאW 
 

אאאא 
Engineering Materials and their Properties 

אאW 
אאאאאK 

 
אאW 

אאאאW 
• אאאאאK 
• אאאFאאאאKEKKK 
• אאאאאאאאK 
• אאאאאאאאK 
• אאאאאאFאאאאKEKKK 

 
אאאW 

אאא100%K 

 
אאW 

K 
 

אאW 
אאK 

 



א 123 אא 
אאא אאאא 

  
 

- 2 - 

 :1.1אאאW 
 

אאאאאאאאK
אאאאאאא

אאאKאאW 
 

WאאאאאאאאאאאאK 
 

אאאאאא
אW 

 
 אאאW 

 אאאאאאאK 
 אאאאאאK 

 
 Wאאא 

 א،א،אאאאאK 
 א،א،אאאאK 

 
:2.1אאאאW 

 
WאאאאאאאאאאK 

 
אאאאאאאאאאא

אאאאאאאאKKKאא
אאאאאאK

אא،אאאא



א 123 אא 
אאא אאאא 

  
 

- 3 - 

אאאאאאאא
אK 

 
אאאאW1.1אW 

 
 

א אא 
 אאאאאKKKא 

 אאאKKKא
 אאאאאאKKKא

 אאאאKKKא 
 אאאאאKKKא

א אאאאאאאKKKא 
 אאאא،KKKא 

 אאאא،KKKKא 
1.1WאאאאK 

 
:3.1אאאאW 

 
Wאאאאאאאא

אאאאאKKK 
 

אאאאאאאK 
 
 
 
 



א 123 אא 
אאא אאאא 

  
 

- 4 - 

אאאאW 
 

1K אElasticityWאאאא
אאאK 

2K אPlasticityWאאא
אאאאK 

 
אKKאאא

אאאאKא
אאK

אאאאאK 
 

3K אDuctilityWאא
אאאאאK 

 
4K אBrittlenessWאאאאK 

אאאא
אאאאאאא

אK 
 

5K אMalleabilityWאאא
אאK 

 
אאאאאא

אK 
 

6K אStrengthWאאאא،א
אאאאאKKKK 



א 123 אא 
אאא אאאא 

  
 

- 5 - 

 
7K אFאאEStiffnessW،אאא

אאאK 
 

8K אToughnessWאאאאאK 
 

9K אResilienceWאאאאאא
אאK 

 
10K אHardnessWאאאא

אKאאאא
אאK 

 
:4.1אאאאW 

 
אאאאK

אאאאא
K 

 
אאאאW 

 אאאאDestructive TestingWא
אאאאKKKW 
 אאTension test 
 אאCompression test 
 אאHardness test 
 אאImpact test 
 KKKאTorsion testאאא 



א 123 אא 
אאא אאאא 

  
 

- 6 - 

 אאאאNondestructive TestingWא
אW 

 אאVisual inspection  
 אאאLiquid penetrant inspection  
 אאLeak test  
 אאMagnetic particles test  
 אאRadiographic test  
 אאUltrasonic test 
 אאאאEddy current test  

 
אאאאאאאאאא

אאאאא
אK 

 
:5.1אאאW 

 
Wאאאאאאאא

אאאאאKאאאא
אאW 

 
 אא 
 אאא 
 אאאאאא 
 אא 
 אאא 
 אאאאא 

 



א 123 אא 
אאא אאאא 

  
 

- 7 - 

:6.1אאW 
 

אאאאאאאאא
אאאKאאאא

אאאאKאאאאא
אאאאאאאאא

אאא
אאאאא

אאאK 
 

:1.6.1אאאW 
Wאאאאאאאאא

אאKאאאאאאאאאK 
 

:2.6.1אאW 
אאאאאאא

אאאKאא
אאאאא

אאאאאאאW 
 

  A.S.T.M.: The American Society for Testing and Materialsالجمعية الأمريكية لاختبار المواد  
 
 B.S.S.:  British Standards Societyهيئة المواصفات البريطانية  

  
  D.I.N.:  Deutsches Institut für Normungالمعهد الألماني للمواصفات  
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אאFאEא א( SI ) 

א( L )  m 

א( m ) א Kg 

א( t )  s 

אא( T )  K 

2.1WאאאאאK 
 

אאFאEאאא( SI ) 
א( A )  m2 

א( V )  m3 

אא( s )  m/s 

אאא( ω )  rad/s 
אא( γ )  m/s2 

אאאF( θ rad/s2 
א( F )  N 

א( P ) N/m2 = Pa 
3.1WאאאאאאאאK 



א 123 אא 
אאא אאאא 

  
 

- 9 - 

אאW 
 

1.1א11.1 אאאאאאאW 
 

1.1אWאאאאW 
 Jאאאאא 

 Jאאאא 
 JאאאאאאאKKK 
 Jאאאאאאא 
 

2.1אWאאאאElasticityא،W 
 Jאאאאאאא 

 Jאאאאאאא 
 Jאאא 
 Jאאאא 
 

3.1אWאאאאDuctilityא،W 
 Jאאאאאאא 

 Jאאאאאאא 
 Jאאא 
 Jאאאא 
 
 ،WאStiffnessאאאא4.1Wא
 Jאאא 

 Jאאאאא
א 

 Jאאאאאאאא 
 Jאאאאא 



א 123 אא 
אאא אאאא 

  
 

- 10 - 

5.1אWאאאTension TestאCompression TestW 
 Jאאא 

 Jאאא 
 Jאאא 
 Jאא 

 
6.1אWאאHardness TestW 

 Jאאא 
 Jאאא 
 Jאאא 
 Jאא 

 
7.1אWאאMagnetic Particle TestW 

 Jאאא 
 Jאאא 
 Jאאא 
 Jאא 

 
8.1אWאאUltrasonic TestW 

 Jאאא 
 Jאאא 
 Jאא 
 Jאא 

 
 
 
 



א 123 אא 
אאא אאאא 

  
 

- 11 - 

9.1אWאאאאא
אאW 

–אElasticity 
–אPlasticity 
–אDuctility 
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–אElasticity 
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–אDuctility 
–אBrittleness 
 

11.1אWאאאאW 
–אElasticity 

–אPlasticity 
–אDuctility 
–אBrittleness 

 
12.1אW אא5 cmא17.000 cm

15 TFEא16.981 cmKאW 
1K אא 
2K אא 
3K אא 
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1.2W 
אאa = 2.5 cmm = 350 KgK

אPaK 
אW 

אW 
Ao = a2 = (2.5 × 10-2)2 = 6.25 × 10-4 m2 = 0.000625 m2 

 
אא g ≈ 10 m/s2א،FW 

F = m × g = 350 × 10 = 3500 N 
אW 

Pa 10  56  m / N 10  56  
10  25.6

3500 
A
F 525

4-
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×=×=
×
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א
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אאאmmL mm
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:1.5.2WאFe EאFאאEF∆LE
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∆LWאFאאE]mm[ 
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אאא∆LאאLfאא LoW 
 

F 4.2E0f LLL −=∆ 
 

2.2W 
אאאאאLo = 160 mm 

∆L = 50 mmKאאK 
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31.25%  % 100  0.3152  0.3125  
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=×===
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:1.8.2אאאאW 
אאאאאאאאK 

 
1K אProportional LimitHook's lawWא( O )א

( A )אאFEא
אKאFEאא

אאW 
 

F 15.2E
e

E σ
=F16.2EeE ×=σ 

 
σW،א]Pa[]N/m2[ 
eW،א][ 
EWאYoung's Modulus،]Pa[]N/m2[ 

 
אא( A )א

אσPאא
אאאאW 

 

F 17.2E
P

P

e
E σ
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  א א  א ( Stiffness )  א 

אFאאEKא 
אא    Fא א E

7.2KFאאE
אאאK 
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  א  א  א       א   
אאא8.2–FKEאא

 א א  א  א  אא א
אאFInitial tangent modulusEאאא

אאא8.2–FEK 
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9.2Wאאא 

אאאK 
 

2K אElastic LimitWאאא
אאאאא( B )

σEK 
 

3K אYield Stress Wאאא
אאאאKאא

אאאאאאא 
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4K Kאאאא( C )
σYK 

 
5K אProof StressWאאאא

Kאאא
אאאאאK

אאאאא
אKאאא

0.1 א %0.5 %א،אא0.2 %K
אW 

 
א=אLאא 

 

F 18.2E
o

proof
proof

A
F  =σ 
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אאאאאאא
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σproofK 
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10.2WאK 

 
:2.8.2אאאאW 

אאאאאא
אאK 

 
1K FאאEUltimate Tensile StrengthWא

אאאאאא
אאא ( D )

σUTSK 

F 19.2E
0

max
UTS

A
F

=σ 

 
σUTSאאאא

אאאאKאאא ( D )אאא
אאאאK 
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2K אFracture StrengthWאא
אא ( E )σFK 

 
3K אWאאאא

אא( % El )W 
 

F 20.2E          100  strain Maximum100  
L

LL    100  
L
L    El %

0

0f

0

×=×
−

=×
∆

= 
 

 L0Wאא 
 LfWאא 

 
אאאא( % RA )W 

 

F 21.2E          100    
A

AA    100    
A
A  A R %

0

0f

0

×
−

=×
∆

= 

 
 A0Wאאא 

 AfWאא 
אאאK 

 
:3.8.2אאאW 

אאאאאאאאאא
אאאFא6.2WE 

אאWא11.2א–)FWEאא
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אאWאא–א11.2–FWEאאאא
אאאאאאK 
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אאWא11.2א–FWEאאאא
אאאאK 

 

 
FFEFEE 

11.2WאאאאאFWE،אFWE
א J،אFWEאK 

 
:9.2אאW 

 
:1.9.2אResilienceW 

אאאאא
אאKאאאא

אאאאFאEK
אErW 

 
א=1/2Fאאא×אאE 

 

F 22.2EPPr LF
2
1E ∆××= 
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אUrאאאא

אW 
 

PP

0

P

0

P
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P
Pr e

2
1

L
L
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2
1

LA
LF

2
1U ×σ×=

∆
××=

×
∆

××= 

 

F 23.2EPPr e
2
1U ×σ×= 

 
א1/2Fא×אE12.2א

אאאאאאK 
 

 
12.2WאK 

 

אF 17.2WE 
E
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e

E P
P

P

P σ
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σ
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F 23.2EאאEאσP 
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F 24.2E
E2

1
E2

1U
2

PP
Pr

σ
×=

σ
×σ×= 

 
 א   א FHyper-elastic resilience  Eא    א

אאאאאאאא
    אFRecoverable energy E א א   

אאאאאאאא 
א13.2אאאא

אאאאאאK 
 

 
 

13.2Wאאאא
אK 
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:2.9.2אToughnessW 
אאאאא Kא

  אא   K   א א  א אא  
אאאאאא Kאא

אאאאא KאTא
אאאאאא

.14.2אאאאא
אK 

 

 
14.2WאK 

 
WK14.2

אFאאEא
אFאאKEאאא

אאאK15.2אאK 
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אE،FWEאFאאE،FWE
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א=אאא 
 

F 25.2Eא=1/2Fא+אאE×אא 
 

אT=אאאLא 
 

F 26.2EאT=]1/2Fא+אאE×אא[Lא 
 

:3.9.2אHysteresisW 
אאאא

אאאאKא
אאאאאא

אאאא
16.2–FEאאKא

אאאאאא–א–א
אאאאKאאא

אאאאא16.2–FEK 
 

 
FFEE 



א 123 אא 
 אאא אא 

  
  

 - 37 - 
 

16.2WאאאFEFKE 
 
 

:10.2אאW 
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1K אWאאאא
אאK 

 
2K אWאאאאא
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3K אWאאאאאאK 
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1K Wאאאאא
אאאאKאא

אאאאK
אא

אאאK 
 

2K Wאאאאא
אאאאא

אאKא
אאK 
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3K Wאאאא
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אאאאK
אאאK 

 
א17.218.2K 

 

 
17.2Wאאא 
FEFEFKE 
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:1.11.2אאW 
 

1K אאWאאאאא
אאאאאKאא

אK 
 

2K אאאWאאאאאאא
19.2K 
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א 123 אא 
 אאא אא 

  
  

 - 41 - 
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:2.11.2אאW 

 
1K אWאאאאא

21.2אאא
אאאאאאK 
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2K אאWאאאאאא
אKאאW 

 
W 
 א 
 א 
 א 
 א 

 
W 

 א 
 א 

22.2Kאאא
אFEאאאאאאאא

אאאא200 GPaK 
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22.2WאאאאאאK 
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3K אאאWאאא
אFEאא

אאאKאאאא
אKאאאW 

 
 אWאאאא

אאאאK 
 

 אWאאא
אאאאאאא

אאK 
 

 אWאאאא
אאאK 

 
אאאאאא1.2אא

אאאK 
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א 

 
א 

א
σY(0.02%) 

σproof
[Kg/mm2] 


א 
σB 

[Kg/mm2]


אE

x103 
[Kg/mm2]

א
% El 
L0 = 

50 mm

  30 40 21 37 

א 35 52 21 30 

  35 55 20 20 

אא51 83 20 34 

א א 97 152 20 12 

 א21 35 19 30 

א   18 11 0.50 

 א15 17 7 16 

  57 66 33 35 

 א33 34 11 5 

  69 22 11 60 

 15 34 9 50 

 14 38 15 28 

  8 13 76 45 

  33 24 11 30 

  21 14 21 40 

 
1.2WאאאאאאK 
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אאW 
 

1.2Wאא50 mmא51.7 mmK
אW 

 
1 J אאK 
2 J אאK 

 
אW 

1 JאF 3.2E،אאeW 
Lo = 50.0 mm                  Lf = 51.7 mm 

 

3.4%  0.034  
50.0

  50.0  51.7  
L

L  L  
L
Le

o

of

o

==
−

=
−

=
∆

= 

 
2 JאF 5.2E،אאεW 

3.34%  0.0334  
50.0
51.7ln  

L
Lln

0

f
==






=






=ε 

 
אF 8.2WE 

3.34%0.0334  1) ln(0.034  )1eln( ==+=+=ε 
 

2.2Wאאאא 
Lo = 100 mmאDo = 20 mmKאאאT

אאmmW 
 

אFET 3.757.5 7.5 8.5 11.012.012.511.510.0

אFEmm0.060.121.4 4.0 12 18 24 29 32 
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אאאW 
 J  א 
 J  א 
 J  אא 
 J  א 
 J  א 
 J  א 
 

אW 
אאW 

 

 
 

אאאאאAoW 
2

22

0 mm 314
4
20  

4
D A =

×π
=

×π
= 
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 J  אF 1.2E،אσYW 
2

o

Y mm / Kg 95.23
314
7500  

A
F ===σ 

 
 J  אF 19.2E،א σUTSW 

2

o

max
UTS mm / Kg 90.39

314
12500 

A
F ===σ 

 
 J  אאe %W 

% 32100    
100
32% e =×= 

 J  אF 15.2E،אEW 

FאEאLאE =א
P

P

e
E σ

= 

 

0006.0
100

06.0eP ==2
P mm / Kg 94.11

314
3750

==σ 

 

2mm / Kg 19900
0006.0

94.11E == 
 

 J  אF 23.2E،אUrWPPr e
2
1U ×σ×=  

σPאePאאאאW 
 

36-3
PPr mm / J 10143  mm / Kg.mm 0143.0

100
0.12  

314
7500  

2
1e

2
1U ×==××=×σ×= 

 
 J  אF 26.2E، 

אTW=]1/2Fא+אאE×אא[Lא 
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36-3
    

mm / J  10  101911 mm / Kg.mm 1911.10
100 x 314

23  )25001 5007 (  
2
1

T ×==
×+×

= 

 
3.2Wאאא1 cmא5 cmK

אאאאKgאאmmא
W 

 
אFEKg 0 200 400 600 800 900 1000 1100 1150 

אFEmm 0.0000.0180.0360.0540.0720.0830.1050.1600.270

 
אאאW 

 J   0.2% 
 J  א 
 J  א 

אWאאW 
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 J  אאאאאW 
 

∆Lproof = 0.2 % × Lo = (0.2 / 100 ) × 50 = 0.1 mm  
 

אאאWFproof = 1130 Kg                                          
 

אσproofW 
אאA0W 

2
2

0 mm 5.78
4
10A =

×π
= 

 
2

o

proof
proof mm / Kg 8.14

5.78
1130  

A
F ===σ 

 
 J  אF 15.2E،אEWFאEאL 
 

2o

o

mm / Kg 7077  
0.018

50  
78.5
200  

L
L  

A
F 

e
E =×=

∆
×=

σ
= 

 
 J  אF 23.2WE 

אUr =1/2]Fאאא×אאE[Lא 
 

2mm / Kg 0.00734  
50  78.5

0.072  800  
2
1

  Ur =
×

××
= 
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אאW 
 

1.2 8.2אאאאאאW 
 

1.2WFא−אEFσ−eEאאאW 
 Jא 

 Jא 
 Jא 
 Jא 

 
2.2WFא−אEא،אאW 

 Jא 
 Jא 
 JאFE 
 Jא 

 
3.2WEYoung's ModulusW 

 Jא 
 Jא 
 Jא 
 Jא 

 
4.2WHook's LawאאאאW 

 Jא 
 Jא 
 Jא 
 JאFE 
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5.2WאאσאאאeEW 
 JE = σ / e 

 JΕ = σ ×  e 
 JΕ = σ + e 
 JΕ = σ − e 

 
6.2WFא−אEFσ−eEא،אא

אResilience 
 Jאאאאאאא 

 Jאאאאאאא 
 J×אא 
 JאLאא 

 
7.2WFא−אEFσ−eEאאא،א

Toughness 
 Jאאאאאאא 

 Jאאאאאאא 
 J×אא 
 JאLאא 

 
8.2WאאאW 

 JאE 
 JאE 
 JאE 
 Jאאא 
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9.2Wאאא5 cmא
25 cmאTאאmmא

W 
 

אFE 2.500 5.000 7.500 10.00011.25012.50013.50013.750

אFE0.625 0.1250.18750.25000.31250.43750.68750.8750

 
אאאW 

 J   0.2%א 
 J  א 
 J  א 
 J  א 

 
 



 

 

  

אאאא  

אאאאאא  

א


א
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אאW 
אא 

Compression Test 
 

אאW 
אאK 

 

אאW 
אאאאW 

• אאאאאK 
• אאאאF

KE 
• אאאאאאאאאא

אK 
 
 

אאאW 
אאא100%K 

 
אאW 

K 
 

אאW 
אאK 
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:1.3אאאאאW 
 

אאCompression testאאאא
1.3Kאאאאאאאא

אאאאאאאאא
אאאאאאאאK 

 

 
1.3WאאאK 

 
אאאאאאאא

אאאאא
W 
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1K אאאאK 
2K אאאK 
3K אאאאאאא

אאאאK 
4K אאאאאאא

אאאא
אאאאאא

אK 
 

אאאW 
 א 
 א 
 א 

אאK 
 

:2.3אאW 
 

אאא
אאאאא

אאאKאאא
אאא

2.3K 
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2.3WאאאאאK 

 
:3.3אאW 

 
אאאאא

אFאאA0אW 
 

F 1.3E          
oA

F
=σ 

 
σW،א]Pa[]N/m2[ 
FW،אא]N[ 

AoWאאא،]m2[K 
 

אאאW 
 

1K FאאWEאאאאא
אאאK 

 



א 123 אא 
 אאא אא 

  
  

- 59 - 

2K FאאWEאאא
50אאאאא

אאK
אאאσmaxK 

 

F 2.3E          
o

max
max

A
F

=σ 

 
σmaxWאא،]Pa[]N/m2[K 
FmaxW،אא]N[K 

AoWאאא،]m2[K 
 
3K FאWEאאא

א55– 60אאאא
אאא

3.3K 

K 
3.3WאאאאאאK 

 
אאאאאאאאא

אW 
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אאאאF 1.3WE
oA

F
=σ 

 

אאאWF 3.3EW
oL
Le ∆

= 
 
FW،אא]N[K 

AoWאאא،]m2[K 
∆LWא،]mm[K 
LoW،אא]mm[K 
 

אאאאאFא4.3E
W 

 

אאאWF 3.3WE
i

tr A
F

=σ 

   

אאאWF 4.3WE
0A

Aln ∆
=ε 

FW،אא]N[K 
:Aoאאא]m2[K 
AiWא]m2[K 
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4.3WאאאאאאK 
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:4.3אאאW 
 

 :1.4.3אאאאW 
אאאאW 

 
1K אאW 

 8א10אא 
 אאאאK 

 
2K אאW 

 3אאא 
 אK 

 
3K אאW 

 0.9אאא 
 אFאאEאא

אK5.3אK 
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5.3WאאאK 

:2.4.3אאאאא 
 

אאאאW 
1K א     א   א  א א  

אאאK 
2K  אאא10אאאא

אאאאK 
3K א א א  

אK 
:5.3אאאאאW 

אאאאאW 
1K א 
2K א 
3K אא 
4K א 
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W 
1K אWאאא

אאאאא
אK 

 
2K אWאאאאK

6.3א
אאאא

אF7.3EאאK 
 

 
6.3WאאאאאK 
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3K אאWאאאאא
10אאK 

 
4K אWאאאא

 א    א  א א אא 
אאא
     א א     

אKא??א
א   א    Fא 8.3 E  א  

אאאאאאאאאא
אאאאאאK

אאאFαE
א Fαאא א  Eאא

א  אא  א   א    אא
אאאK 

 

 
8.3WאאאאK 
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אאW 
 

1.3Wאא b = 3 cm
FE15 T Kאאאאא12.5 Kg / mm2

א؟ 
 

אW 
אFWא=15 T = 15000 Kg 

σWא=12.5 Kg / mm2 
bWא=3 cm = 30 mm 

 
אאW 

Ao = a × b 
 
אאaW 

cm 4  mm 40  
30  12.5

000 15  
b  

F  a  
b  a

F  
A
F

o
==

×
=

×σ
=⇒

×
==σ 

 
 

2.3WאאFE27 T K
אאאאא15 cmא500 Kg / cm2K 

 
אWאW 

σW،א]Pa[]N/m2[ 
FW،אא]N[ 

AoWאאא،]m2[K 
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cm 11.44  
500

27000  4  15  
  
F  4  D  d 

 
d   D  

F  4  

4
d 

4
D  

F  
A
F

22

2222
o

=
×π

×
−=

σ×π
×

−=⇒

×π−×π
×

=






 −×π

==σ

 

 
3.3Wאאא10 cm2א

200 mmKאאאאW 
 

אFEKg 0 2700275010100125002025027000

אFEmm 00.0550.1380.2050.2750.4500.700

 
1K אאאאא 
2K אא 

 
 

אW 
1K אאאאאW 

א( 1.3 )אW
oA

F
=σ 

FWא 
AoWאא10 cm2 
 

א( 3.3 )אW
oL
Le ∆

= 
∆LWא 
LoWאא200א mm 
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אKg/cm20 270 275 1010 1250 2025 2700 

אmm/mm 0 0.0002750.00069 0.001025 0.00137 0.00225 0.00350 

 

2K אW2

o

max
CB Kg/cm 2700  

10
27000  

A
F  ===σ 
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אאW 
 

1.3WאאFE80 T Kא
א2800 Kg / mm2אאe = 10 mm / mm

אאK 
 

2.3Wאאאאאא0.5 
m2Kאאאא0.001KאYoung’s 

 Modulusא 200 GPa؟אאא 
 

3.3Wאאא20 cm25 cm
אאאאאאW 

 
אFE 0 1800 5400 9000 12600 14400 

אF 1/100LE0 0.66 2.05 4.00 6.60 8.30 

אFE 18000 21500 23400 25200 26000 27000 

אF 1/100LE15.40 23.40 29.70 40.00 47.00 א 
 

אW 
1K אא 
2K אא 
3K אאא 

 
 

 
 
 



 

 

  

אאאאאא  

אאאאאא  

א


א
א
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אאאW 
 

אאא 
Torsion Test 

 
אאW 
אאאאאאK 

 
אאW 

אאאW 
• אאאאאאאFאאא

אKKE 
• אאK 
• אאאאאאאאאKK 

 
אאאW 

אאא100%K 

 
אאW 

 3K 
 

אאW 
אאK 
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 :1.4Wאאאאאא
אאMtFאEאא

אאPאאe
אאאאאא

1.4א1.4K 

 

 
 

1.4WאאאאK 

 

F 1.4EMt = P × e 

 
אאאאאאאא

אאאאMotor drive shaftאא
Airplane propellersKKKאאאאאאא

אאאאא
אאאPure shearK 
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 :2.4אאאW 

 

،אאאאא
אאא،אאאא

אאאK،אאאא
אאאאאאאאא

2.4K 

 

 

 

2.4WאאאK 
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 :3.4אW 

 

אאאאאא
אאא

אאאא
אאאKא

אא3.4K 

 

 
 

3.4WאאאK 
 

 :4.4אאאאאאW 
 

אאאאאאאאא
،אאאא،אאא

אאאMtאאאאאאΘ
אאאKאאאא

אאאאאFΘ،MtE4.4K 
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4.4Wאאאאאאאאא 
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אאאאאא
אאאאאאW 

 
1K אאW 

: qeאאא: 
 

F 2.4E 3d 

Mte 16  qe

×π

×
= 

:dא 
 :Mteאאא4.4Mte = M1 

 

2K אאאאqmaxUltimate torsional shear strengthW 
אאאאאא

אאאאK
אאW 

 
 אאאW 

 

F 3.4E      
d
M  12  

d  
Mt  12  q 3

2
3max

×π
×

=
×π
×

= 

 
qmaxWאאאאUltimate torsional shear strength 

 :dא 
 :Mtאאאא4.4Mt = M2 

 
 

 אאאW 

F 4.4E3
3

3max
d
M  14  

d  
Mt  14  q

×π
×

=
×π
×

= 
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qmaxWאאאאUltimate torsional shear strength 
 :dא 
 :Mtאאאא4.4Mt = M3 

 
3K אGModulus of rigidityW 

אGאא،א
אאG=אLאאאKG
אאW 

F 5.4E
J
L Mt  G      

J
Mt  

L
G  

×Θ
×

=⇒=
×Θ 

 
L JאאאΘא

אאאK 
 

4K אDuctilityW 
אאאאאאאאΘmax

אאאאאאאFאא
אEאאאאאאאאאK 

 
5K אאא Resilience in torsion W 

אאאאאאא––
אאאאK 

אW 
 

 F 6.4E  א = Mt × Θ ΣResilience = 
 

F 7.4E  א = Mt × Θ 1/2 ×Resilience = 
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F 8.4E  א = אאאא
א4.4אK 

 
אאאאK 

 
F 9.4E א=א  LMt × Θ 1/2Modulus of Resilience = 
 

6K אאאToughness in torsionW 
אאאאאאאאא

א4.4אא،Kא
אאאאאK 

 
 :5.4אאW 

 
אאאאאאא

אאא5.4Kאא
א45o

אK 
 
 
 



א 123 אאא
אאא אאא

 
 

 - 79 -

 
 

5.4WאאאFE،FE
FEאאK 

 
Wאאאאא

אאאאKKKאאא
1.4אאאאאK 

K 
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1.4WאאאאאאאאאK 
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אאאW 
 

1.4Wאא،אאאאאא
2 cmD = אאא1 cmd =אאאL = 30 cmKא

אאאW 
 

אאKg.m 0 10 20 25.8 30 35 40 4550 53 

אאאo 0 1.392.783.6 30 100 350 750 11201250

 
אאאאאאאאK1א cm אא 

5 Kg.m1 cmאאא100oKאא
Jאא14.7 cm4W 

1K אאK 
2K אאאא3K 
3K אאK 
4K אאאK 

אW 

6.4אאאאאאW 
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6.4WאאאאאK 

 
אא אMteWMte = 25.8 Kg.m 

 
אאאאΘeWFאE= 0.0628 rad3.6oΘe =  

 

אVW                  cm 70.8  30  
4

) 1  - 2 (     30  
4

) d  - D (    V 3
2222

=×
×π

=×
×π

= 
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1K אאqeW 
1.4W 

 

      cm / Kg 1750  
) 1- 2 (  

 2  100  25.8  16  
) d- D (  

D  Mte  16  q 2
4444e =

×π
×××

=
×π

××
= 

 
2K אאqmW = qmאאqeLא 

 

 cm / Kg 583.3  
3

1750  
3
qe  qm 2=== 

3K אאGW 
אF 5.4EW 

 

   cmTon /  870  cm / Kg 870000  
14.7 0.0628

30  100  25.8  
J  e
L  Mte G 22 ==

×
××

=
×Θ
×

= 

 
4K אאאW 

 
אF 9.4Eא=א  LMt × Θ 1/2Modulus of Resilience = 

 

3cm / Kg.cm 0.115  
70.8

25.8  100  0.0628  
2
1

  
V

Mte  e  
2
1

  Ur =
×××

=
×Θ×

= 
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אאאW 
 

1.3Wא150 cmאאא
אאא 4.83 Ton . mא0.3 × 104 Kg / mm2K

אאאאW 
1K אאא9 Kg / mm2 K 
2K אאאאא1oאאK 

 
 
 
 



 

 

אאאא  

אאאאאא  


א


א
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אאW 
 

אא 
Impact Test 

 
אאW 
אאאאאאK 

 
אאW 

אאאW 
• אאאאאFאE 
• אאאאK 
• אאאאK 
• אK 
• אאאאאאא

אאאK 
 Kאא •

 
אאאW 

אאא100%K 

 
אאW 

4K 
 

אאW 
אאK 
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:1.5WאאImpact testאא
אא

אאK 
 
אאאאאאאKא

אאKאאאא
אאאאאא

K 
 

א،אאאאאא
אאאאאאאK 

 
:2.5אאאאW 

 
1.5WאאK 
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אאא
Kאאאאאאא

אKאאאאK
אאאאאאאK1.5

אאK 
 

אאאאא
א2.5K 

 

 
2.5WאאK 

 
:3.5אאאאW 

 
אאאא،W 

 
:1.3.5אCharpyW 

אאKאא
30 Kg mKאK

אאא
אאKאא4.5

אאKא
אאאאK
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אKאאא
אאאאאאאאאא

אאK 
 

אאאא55 × 10 × 10 mmא
א3.5K1.5א

א4.5אאא
אK 

 

 
3.5WאK 

 
 

 
 

4.5WאאK 
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:2.3.5אIzodW 
א175 Kg.mK

אאא
אKאאא

אאאאאK 
 

אאאא 75 × 10 × 10 mmא
Vא45o2 mm5.5Kאא

6.5K 
 

 
5.5WאK 

 

 
 

6.5WאאK 
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Wא4.5: 
 

אאאאאאאא
אK 

 
א E1Wאאא 

  E2WאאFאE 
WWאא 
 

אאW 
F1.5EE1 = E2 + W        ⇒      W = E1 − E2 

 
א mWא[ Kg ] 

 gWאאg = 9.81 m/s2 
HoWאאFאאאE[ m ] 
HWאאFאE[ m ] 

אאW 
 

F2.5EW = m × g × Ho − m × g × H = m × g × ( Ho − H ) 
 

אא Kg.m  J ( joule ) = N.m1 Kg.m = 9.81 J  
 

:5.5אאאאW 
 

אאאאא
Kאאא

אKאאאאW 
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 אא 
 א 
 א 
 אא 

 
:1.5.5אאW 

אאאאאאא
אאKאאאא

אאאW 
 אאאאFאE 
 אאאא 
 אאאK 

 
:2.5.5אW 

אאאאאא
אאאK

אאאKאאאF
אEאאFאKEא

אאK 
 

:3.5.5אW 
אאאאKאאא

אא1/4אאא
אKאאאאאאא

3אאKאאא
אאא60oFאאEאא

אאאא45אo1.5Kא
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א2.5אאK
אאא

אאK 
 

אא[ o ]א  [ J ]

 
0 
 
30 
 
60 
 
90 
 

120 
 

150 
 

180 
 

 

 

 
30.0 
 

33.1 
 

31.3 
 

35.1 
 
56.7 
 

89.8 
 

85.6 
 

1.5Wאאאאא 
א5 mmא0.67 mmK 

 
א[ mm ] [ J ]

 
0.17 
0.34 
0.68 

5.4 
9.5 

11.3 
18.6 

2.5Wאאאאא 
א5 mmא0.67 mmK 
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:4.5.5אאW 
אאאאאאאאF

אאאאאאאאאאE
אאאאאK 7.5א

אאאאאאאKא
אא،אאאKאא

אאאאא
אKאאאאאא
K 

 
 

 
 

7.5Wאאאאאא 
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:6.5אW 
 

אאאא،א
אאKאאאא

אאאאא
8.5אK 

 

 
8.5WאאאK 
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אאW 
 

1.5WאאK1א
אKאW 

mW،אm = 30 Kg 
gW،אאg = 9.81 m/s2 
αW،אאאα = 75o 
βW،אאאאβ = 40o 
RWאאאאאO،m R = 1.40 

HoWאאא 
HWאא 

 
1K אאאאWm،g،α،βRK 
2K אאאWK 

 
1Wאא 
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אW 
1K אאאא2W 

 

 
 

2Wאא 
 

אאOCAWOC = R × cos α 

OE = R CE = Ho 

אW= ROC + CE = R ⇒ R × cos α + Ho 

Ho = R − R × cos α  

אאODBH = R − R × cos β =  

אF2.5EWWW = m × g × ( Ho − H )  

W = m × g × ( R − R × cos α − R + R × cos β )  

= m × g× ( R×cos β − R×cos α )                         
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אאWW = m × g × R × (.cos β −.cos α ) 

2K אאאWW 

W = 30 × 9.81 × 1.40 × ( cos 40ο −.cos 75ο ) = 412.02 × ( 0.7660 −.0.2588 ) 

W = 209 Kg. m/s2.m = 209 N.m = 209 J      

2.5Wאאאאא
1.2א mא0.7 mKאאאא135 JK 

 
אW 

אF2.5EWWW = m × g × ( Ho − H )  

אW Kg 27.52  
) 0.7 - 1.2 (  9.81

135  
)HH(g

W  m
o

=
×

=
−×

= 
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אאW 
 

1.5 3.5،אאאאאאW 
 

1.5אWאאאאToughnessא،W 
 Jאאא 

 Jאאאאא
א 

 Jאאאאאאאא 
 Jאאאאא 

 
 

2.5אWאאאW 
–אStiffness 

–אResilience 
–אToughness 
–אHardness 

 
 

3.5אWאאאאא
אW 

–אStiffness 
–אResilience 
–אToughness 
–אHardness 
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4.5אWאאאאאאW 
mW،אm = 35  Kg 
gW،אאg = 9.81 m/s2 
αW،אאאα = 80o 
βWאא،אאβ = 55o 
RWאאאאאO،m R = 1.20 

 
5.5אWאאאא0.22%א
א20−א oCאאא0.75 m אא100 J

א30 KgKאאאK 
 

 
 

 
 



 

 

אאאא  

אאאאאא  

א


א
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אאW 
 

אא 
Hardness Test 

 
אאW 

אא،אK 
 

אאW 
אאאאW 

• אא،אK 
• אאאאFאאאKE 
• אאאאאאאK 
• אאאאאאאאK 
• אאאאאאאאK 

 
אאאW 

אאא100%K 

 
אאW 

5K 
 

אאW 
אאK 
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1.6WWאאHardness testאא
אאאאאאK 

 
אאאאW 

 
1K אWIndentation Hardness א

K 
אאWאאאאאאאK 

 
2K אאWRebound Hardnessאאא

אאאאאאא
אK 

אאWאאאאאK 
 

3K אWScratch HardnessאK 
אאWאאא

אK 
 

4K אWWear Hardnessאא
K 

אאWאאאאאא
אאאK 

 
5K אWMachinability Hardnessא

אאאאKKK 
אאWאאאK 
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2.6WאאW 
 

אאאאאא
אאאKאאא

אאאW 
 

1K אאאא
אK 

 
2K אאאאK 

 
3K אאא

K 
 

4K אא
אK 

 
5K אאאאאאא

K 
 

6K אאאאאאאאK
אאK 

 
3.6WאW 
 

אאאאאאאKאאא
אאאFE

אאאKאא1530Kא
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אאאK
אאאKאאא

אKאאאאW 
 

 אBrinell 
 אVickers 
 אRockwell 

 
4.6WאאW 
 

 
1.6WאאK 

 



א 123 אא 
 אאא אא 

  
  

 - 104 - 
 

אאאאא
FאאאאEא

א0.5%אא0.5%אK
אאאא

Kאא
1.6K 

 
5.6WאBrinellW 

 
5.6.1WאאW 

אאאאאא2.6א
אאאKאאאאאא

1.6אK 
 

 
2.6WאWא،אאFEאאא

אFKE 
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א mm )E 1 2 5 10 

אmm )E0.0025± ± 0.0035 0.0040± 0.0045± 

1.6WאאאK 
 

5.6.2WאW 
אאD ( mm )P ( Kg )

אd ( mm )אאאאאאא
3.6K 

 

 
3.6WאאK 

 
אאאW 

 
=א( Kg )Lאא( mm2 ) 
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אFW1.6E 

( )

( ) d   D   D 
2
D

P  .H.N.B                            

 ) d/2 (  ) D/2 (   D/2D
P                                            

hD
P  .H.N.B Number  Hardness Brinell

22

22

−−××π
=

−−××π
=

××π
==

 

 h Wא[ mm ]  
DW[ mm ]  
 d Wא[ mm ] 
 PWא[ Kg ] 

 
אאאאW 

 
 א( d )אאK 
 א0.01 mm 
 אאא

אא4.6אK 
 אאא0.250.5א 

 

F2.6E  0.5 - 0.25  
D
d

=0.375  
D
d

= 
 
אאאאאK 
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4.6WאאאK 

 
אאאאא

  אd / D = 0.5-0.25 
אאאKאאא 

FGeometrically similarEאאאאF5.6KE 
 

 
5.6WאאאK 
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אאאא
אאאאW 

F3.6Eאא= 
/4d

P  f
2×π

==א 

 

F 3.6E 
D
d 

D
d

2

2

 
d
P

2


22

2

d
P  

D
d

×

אאW 
 

F4.6E= 
D
P

2
=2FLEא 

 
אאאא2.6K 

 

א 
D
P

2
 א  

30 

10 

5 

1 

אא 

אא 

א–א 

א–א 

160 

60  160 

20  60 

 20 

2.6Wא 
D
P

2
אאK 

 
5.6.3W אW 

D = 10 mmאאא
אא؟ 
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2.6א 
D
P

2
30אPW 

( )   Kg 3000  P   30  
10
P     30  

D
P

22
=⇒=⇒= 

 
3.6אאאאW 

 
אP( Kg ) 

א 
D
P

2
 

 
DW

( mm )
1 5 10 30 

1 
2 
5 

10 

1 
4 

25 
100 

5 
20 

125 
500 

10 
40 

250 
1000 

30 
120 
750 

3000 

3.6WאאאאK 
 

4.5.6WאW 
אאאאW 
 

 אWאאא
אW 

F5.6E
) B.H.N. (D

P  h
××π

= 

 
 hWא[ mm ] 

 DW[ mm ] 
 PWא[ Kg ] 
 B.H.N.W 
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אאאאאא
אאאK 

 
 אWא

0.01 mmK 
 

 Wאא
א،א

אאK 
 

:5.5.6אאW 
 

1K אאאא
אאא 

 
2K אא 

 
3K אאאא

אאאאאF2.6
3.6PE 

 
4K אאא15 

 
5K אא 

 
6K אאאאאא

אאF1.6WE 
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( ) d   D   D
2
D

P   .H.N.B
22 −−××π

=
 

אאאא
B.H.N. ( 10 / 3000 )א10 mm

3000 Kgאאאאאא
אK 

 
:6.5.6אאW 

אאאאאW 
 

 אאאא
אאK 

 
 אאאאאא

אאאK 
 

 אאא
אאאאא

אK 
 

:6.6אVickersW 
 

:1.6.6אאW 
אאאאאאא

אאθ136o6.6K 
 



א 123 אא 
 אאא אא 

  
  

 - 112 - 
 

 

 
6.6WאאK 

 
:2.6.6אW 

אאאאאא
אאאאא( d )7.6K 

 

 
7.6WאWאאK 
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W 
 

=א( Kg )Lאא( mm2 ) 
 

F 6.6 E

2

2

d
P 1.854  V.H.N.                                        

 
d

2
sin  P 2

  V.H.N. Number  Hardness Vickers

×=







 θ

××
==

 

 
W dWא[ mm ]  

 PWא[ Kg ] 
 

:3.6.6אW 
אאא  50, 30, 10, 5 100 Kg

אW 
 

 אא 
 

 אא 
 

 אאאK 
 

אאאאא
אאאאאאא

8.6K 
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8.6WאאאאאאK 

 
:4.6.6אW 

אאאאא
K0.01 mmK 

 
:5.6.6אאאW 

 
 אK 

 
 אאאאאK 

 
 אאאאאאאK 

 
 אאאאאאF

אאאKE 
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:6.6.6אאW 
אאאאאאאK 

Wאאא،א
אאFEאאא

אאאאא3.6 א7.6W 
 

F7.6E
2

 d  dd 21 +
= 

 
:7.6אRockwellW 

 
:1.7.6אאW 

אאא1.5875 mmא
א120oא( Brale )9.6K 

 

 
FEFE 

9.6WאW 
אאאFEאFKE 
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:2.7.6אאW 
 

1K אא100, 60 150 Kg
אK 

 
2K אאאFo(Minor load) 10 Kg10.6–

11.6K–K 
 

3K אאא10.6–K 
 

4K אאאא(Major load) F1אאא100, 
60 150 Kgאא 10.6–11.6K–

WF8.6Eאא=אאא+אאאK 
 

5K אאאאאאאא10 Kg
אFאא

אאK 10 Kgאאאאא
אאE11.6–K 

 

 
10.6WאWKאאאFEאאFKE 
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אא
אאאאאא

אא11.6אאK 
 

K 
11.6WאWKאאאFE 

אאאאאFEאאאFKE 
 

:3.7.6W 
אאאK

אאאאאא
אאאא4.6אאאW 

 
 A 
 B 
 C 
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אא

FאאE 
אא

( Kg )
אאא 

 
A 
 


( Brale ) 

 
60 

אאאאא
אאאאא

אא 
B 

1.5888 mm
100 אאאא

אאאאא 
C 

( Brale ) 
150 אאאאא

100 

4.6W אK 
 

אא1000.002 mm
B30FאE130C

100אאhmm،
W 

 
 

F9.6E

0.002
h  100 Number  Hardness C Rockwell

 
0.002

h  130 Number  Hardness B Rockwell

−=

−=

 

 
 

CאB = 100
AאK 
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:4.7.6אWאאאW 
 

 אאאK 
 

 אK 
 

 אאאK 
 

:5.7.6אW 
 

 אא
אאK 

 
 אאאאאK 

 
 אאאאאK 

 
 אאא

אK 
 

 אאאאא
12.6אK 

 
12.6WאאW 

( A )Wאא( B )WאK 
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:8.6אאאW 
 

אאאאא
אאאאW 

 
 אאאK 

 
 אאK 

 
 אאאאK 

 
 אK 

 
אאאא13.6

14.65.6K 
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13.6WאאאK 

 

 
14.6WאW 

:( a )B1.5875 mm60 Kg 
:( b )B1.5875 mm100 KgK 
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3000 Kg
10 mm 

 

אאA
60 
Kg 

B
100 Kg 

C
150 
Kg 

א

2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 
4.25 
4.50 
4.75 
5.00 
5.25 
5.50 
5.75 

… 
495 
415 
352 
302 
262 
229 
202 
179 
159 
143 
128 
116 
105 

79.8 
76.5 
72.8 
69.3 
66.3 
63.6 
60.8 
58.0 
56.0 
53.0 
… 
… 
… 
… 

… 
… 
… 
… 
… 
… 
… 

93.0 
88.0 
83.0 
78.0 
71.0 
65.0 
58.0 

57.3 
51.3 
44.5 
37.9 
32.1 
26.6 
20.5 
… 
… 
… 
… 
… 
… 
… 

640 
533 
440 
372 
319 
276 
241 
202 
179 
159 
143 
126 
116 
98 

5.6WאאW،K 
 

אאא
6.6אאא

אאאאאאK 
 

א 0.4%
 

 
 




א(Kg/mm2) 70 45 48 20 0.93 

 194 114 135 53 31 

אL0.361 0.395 0.355 0.378 0.300 

6.6WאאאK 
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אאאFאאE
א15.6K 

 
15.6Wאאא 

אאK 
אאאאא

אאאW 
 
F10.6E 

 σUTSWא 
  TonW 
  inW 
  IbmW 

 
500 Number  Hardness Brinell  )in. / Ib ( 
0.22 Number  Hardness Brinell  )in.Ton /  ( 
0.36 Number  Hardness Brinell  )mm / Kg ( 

2
mUTS

2
UTS

2
UTS

×=σ
×=σ
×=σ
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אאW 
 

1.6Wאאא5 mmKא
א2 mmאW 
1K  
2K אא 

 
אW 

 
DWD = 5 mm 
dWאd = 2 mm 

 

1K אאאא2.6א
30  

D
P

2
=

 
 
אאPWP = 30 × D2 = 30 × 52 = 750 Kg                                                  

 
אF1.6EB.H.N.W 
 

( ) ( )
235

255
2
5

750

 d   D   D
2
D

P   .H.N.B
2222

=
−−××π

=
−−××π

= 

 
2K אאσUTSWאF10.6EW 

 
2

UTS mm / Kg 84.5  0.36  235  0.36  B.H.N.  =×=×=σ 
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2.6Wאאא30 Kg
אא0.654 mmKאW 

1K  
2K אאאאא0.5א mmK 
אW 

 
PWאP = 30 Kg 
DWאD = 0.654 mm 

 
1K אF 6.6 EW 

 

130
654.0
30854.1

d
P 1.854   V.H.N.

22
=×=×= 

 
2K אF 6.6 Eאאאא1W 

 

Kg 17.5  
854.1

0.5 130 
854.1
d  V.H.N.  P  

d
P1.854   V.H.N.

22

2
=×=×=⇒×= 
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אאW 
 

1.6 3.6אאאאאאW 
 

1.6WאאאאHardnessא،W 
 JאאאK 

 Jאאאאאא 
 Jאאאאאאאא 
 Jאאאאא 

 
2.6WאאאאאאאאW 

–אStiffness 
–אResilience 
–אToughness 
–אHardness 

 
3.6WאאאאאW 

–אStiffness 
–אResilience 
–אToughness 
–אHardness 

 
4.6Wאאאא5 mm

150KאאאאאK 
 

5.6Wאאאא100 Kg
אאאא0.93 mmK 



 

 

  

אאאאאא  

אאאאאא  

א


א


א



 

7



א  123   אא 
 אאא אאא 

  
  

 - 127 -

אאW 
 

אאא 
Nondestructive Testing 

אאW 
אאא 

 
אאW 

אאאW 
• אאאא 
• אאאאאאא

אאאאאKKK 
• אאאאאK 

 
אאאW 

אאא100%K 

 
אאW 

6K 
 

אאW 
אאK 
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:1.7W 
 

אאאאאאא،א
 אא   א א ،א  אא א  א א   
א  א א   א א א אא    א

אK 
 

אאאאא אא א{
אאאאאאK

 א אא א א  א     א 
אאאאאא،אW 

 
1K אאא،א،אאא

אאK 
2K אאאאאאאאK 
3K אא،אאK 
4K    א  אא א א א  א  א

אאאא،אK 
 
 

:2.7אאאW 
 

אאאאאאאא
 א  א אא  א،א אא

א    אא    ،אא א א א 
אאא،K 

 
،אא אאא א

א  אא א א ،א א  ،א 
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 א אא א
אאא  אא،א א אא

אאאאאאK 
 

אאאאאFCrack HuntingEא
 א      אא  ،א  א א א א 

אאא،אאאאW 
 

1K אאאאK 
2K אאאאאK 
3K אאא،אאאאאK 
4K אאK 

 
אא  א א א אאא א  א אא

FMicro FlowsEאא،אא،א،
   ، אא א א  א  אא ،אא אא

אאאאאא،
אאאאFMacro FlowsKEא

א א אא א
 אא א،אאא

،א  אאאא א،
אאאאאאאאאאא

 אא א    אא אאFHeat treatmentE אא 
FCold workingEK 

אאאאאאאא
אאKאא

אאאאאא אא
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  ،  אא    א    ،א  א 
אאאאאאאK 

،א אאא א
אאאא،א

،אאאאאאאאאא
א א א א אאא 

אאאאאK 
 

אאאא،אאאאא
אאאאא

  א    א        ،
אאאא،אאאאאא

אאאK 
 

:3.7אאאאW 
 

1K אא  Visual Inspection 
2K אאא  Penetrant Inspection 
3K אא   Leak Test 
4K אאא  Thermal Test 
5K אא Magnetic Particle Test 
6K אא   Radiography 
7K אא Ultrasonic Test 
8K אאאא  Eddy Current Test 
9K אאא Microwave Test 

 
:4.7אאType of defectsW 

 

אאאאאאאW 
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1K     Inherent Defects 
אאאאK 

 
2K א   Processing defects 

אאאאK 
 

3K א   Service defects 
אאאאאK 

 
אאאW 

 
1K א CracksאאK 

2K אPorosity 

3K אTears 

4K FEאאLack of bond 

5K אאאאInclusions 

6K   אאSegregation ،א א  א    

אאK 

7K אאLack of penetration in welding 

8K אאאאאאאאK 

9K אאFatigue Defects 
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10K  א Blow Holes  א   א    ،

אK 

11K אאאאאאKFlakes 

12K אPitting 

13K אאLaps 

א1.7אאאאא 
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1.7WאאאאאK 
 

 

א
א 

      
אאאאאאא

  
 
 
 

     

 

א 
     

אאאאאאאא
 
 
 

     

 

א 
     

אא       

 

א 
      

אא  
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:5.7אאVisual InspectionW 
 

אאאאאא
،אאאא،

אאאW 
 

 אא،אאK 
 אאSurface porosityK 
 .Unfilled crater 
 Kאאאאאאאא 
 אאSharp notchK 

אאאאאאאא 
FSand blastingE،אFShot blasting E،–אא

،אאא،אאא
 א   א א F PhotocellsE א ،FPhototubes E،

 א א    א K  
אאאא1.7. 

 
1.7WאK 
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אFConverging lensEא،אאאא
،אא،אFContrastE

אאFBackgroundKE 
 

:6.7אאאאאא 
Luminex penetrant and developer and fluorescent testing methodsW 
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