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١ J١Zא  
 

אאאאאא
אאא

،אאא٣٠–٥٠٪
אאK 

 אאאא
אאאאא،

אא،אW 
١K אאאK 
٢K אאK 
٣K אאאאK 

אאאאאאאאא
،אאאאאא

אW 
١ אאK 
٢ אאK 
٣ אאK 
٤ אאאאK 
٥ אאאK 
٦ אאK 
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אא 
אאאאאאא
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אF١ J٢Eאאא
אאאאא 

אאPouring temperature אאאאאK 
אאLiquid coolingאאאאאא 
אאFreezing beginsאאאא 
אFreezing completedאאאא 

אאFreezing Temperature 
אאאSolid cooling 

SuperheatingFאEאאאאאא
אK 

אFreezing rate אא
אK 

אאTotal solidification time  אאאא
אאLocal Solidification time 

אאאF١ J٢E
F١ J٣E،F١}٤EאאאאK 

אאאאאאאא 
אאאאאא

אאאאאאK 
אאא_אאאאא

אאאאאאאא
אאא،אאאא 

 Predication of solidification timeאא 
    Chovornov. 

אאאאאW 
Ts = B (V/A)n 

W  

،n = 1.5 – 2 
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Ts אאאאאאK 
V א 
A אא 
B אMold ConstantW 
١ JאאFא–אאא–אאKE 
٢ JאF–אאא–אאאKE 
٣ JאK 

 
١ J٢אא 

אאWאאאא(liquids)K 
אאWאאאFsolids + liquids E 
אאWאאאאsolids 
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١ J٣  

אאMelting and pouring processes  

אאאאאW 
١K אא 

٢K א 

٣K אאאא 

٤K  

٥K  

٦K אאאאאאא 

 אאאא،
אאאאאאא،

אאאאאאאK 
אאאאאא

אאאאאאאא،
א،אאאאא،אא،אKKK 
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אאאאאא
א،אאאאא

אא١٠٠א 
א א   א א א   א א   א  

א،אאא،א،א
אאאאא،אKא

Kאאאאאאא 
 

١ J٢ JאאSand Casting 

 
אאאאאא

אאאאאKא
אאאאאאא

אאאאK
אאW 

٢ J١אModels 
אאאאא

אאאאאאאCore،
אאאK 

אאאאW 
١ JאאWooden Pattern 

אאא١٠٠
אאאא

אK 
אאאאאאא

אאאאא١٠K٪ 
٢ JאאMetallic Pattern 
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אאאאאאFא
EאאK 

אאאF٧–١٢٪E،،
אאא،K 

אW 
אאאאאW 
 JאאParting Line 

אאאאאאא
K 

אאא
אF١ J5EאאאCC 

 
١ J٥ 

 
 JאMachining Allowance 

אאאאFאKKKאE
אאאFאKE



  
 ٢٦٣ אא 

 FE א 

    

 

אאאאאאFא
אאאEF١ J٦KE 

 
١ J٦ 

 אאאאאאא
אאאK 

 JאShrinkage AllowanceW 
אאאאאא

אאא،אאא
F١ J٧KE 
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١ J٧אאFאEאאFaE

אS1 ,  S2  ,  S3 

FaEאאא 
FbEאאאאאא 
FcEאאFאE 
FdEאאאאK 

אאאW 
 

 
W 

L1Zא 
L2Zאא 

S%ZאFE 
Wאאאאאאא

אא40cmא32cmאאאW 
אW 

%25%100.
32

3240
% 


S  

א L=100+25=125     cm 
،אאאאאW 

١ JאSingle Piece Pattern 

%100.%
2

21

L

LL
S
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א،אא
אאאאא

אאאא،K 
٢ JאTwo Piece PatternFCope and Drag 

PatternE 
אאאאאאא

אאאאאא،
אF١ J٨KE 

 
١ J٨ 

٣ JאGated Pattern 
אאאאאאא

אאאאאF١ J٩KE 
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١ J٩ 

אאא
אאאאאאאא

אאאאא،אא
אאאאא

אאK 
אא 

אאאאFSio2E
אאאFEאאאא،אא

אאאאא
אאאאאאאאא

F١E 
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אא 

אאאאW 
١ JאPermeabilityWאאאאאאאא

א،אאאאאאא
אאאאK 

٢ JאRefractorinessWאאאא
K 

٣ JאאThermal ConductivityWאאא
אאK 

٤ JאאGreen StrengthWאאא 
 אFEאאא

אאאאאאK 
٥ JאאDry StrengthWאאא

אK 
٦ JאאאאHot StrengthWאא

אאאK 
٧ JאCollapsibilityWאאאK 
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٨ Jאאאאא
K 

٩ JאK 
١٠ JK 
١١ JאPlasticityאאאאאK 

אאSand Types 
 אאאאW 

١ JאאאGreen Molding sand 
א،אא٥}٦٥٪א٧}٢١٪

אאאאאאאא،K 
٢ JאאCement bonded sand 

١٠٪٥}٤٪א
א٧٢FאEאא

אאאK 
٣ JאאאאW 
 JאאאאאWאאאאאWא–א–

א–א–א٥}٠٪٣٪אK 
 JאאאאאW 

אאא–א–אאאאא
אKאאF١ J١٠E 
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F١ J١٠Eא 

FaE،אאFbE،אאFcEאא 

 
F١ J١١Eאאאאא 
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אא 
אאאאא

אK 
אF١ J١١Eאאאא

K 
אCore Making 

אאאאאאאאא
אא،א

אאאאאK 
אאא

אאאאאאאא
אאאאאאא٤٠٠o

אאאאאאאאK 
אאאאאאאאאא–א

אא٢٨٠אoK
אאאא،א،אא،א

،אאאאאK 
אאW 

אאאאאFaEאFbE
אFcEF١–١٢KE 

אא 
אאאאאאאא

אאFCore BoxKE 
אאאF١ J١٣ JaEא

אאא٢،אאאא
אאאאאאאF١ J

١٣ JbKE 
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F١ J١٢Eאאאאא 

 

F١ J١٣Eאאא 
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אאאאW 
 JאW 

אאאאאFאאאEאא
אאאK 

 JאW 
אאאאא

אאאFאאKE 
 JאW 

אאאאאא
אאאFאאאאא

٩٦Eא،،אאאא
אאאאאאFאאE،

FEא،אא،،
אאK 

 JאW 
אאאאא

אאאאK 
א Gating SystemW 

،אאאא
אאאאאאאא

אאאאאאאאF١ J١٤E،
F١ J١٥EאאאW 
F١E אFאEPouring Cup  

אאאאאא
אאאK 

F٢E אFאאESprue  
א٢ J٤٪ 
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F١ J١٤Eא 

 
F١ J١٥Eא 
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F٣E אFאERunner 
K 

F٤E אאFאאאאאEIngate 
אא

אK 
אאאאאW 

١ J،אאאאאא
אK 

٢ JאK  
٣ JK 

אאW 
Wא 

אאאאאא
אאאאאאאאK 

אאאאאW 
١ JאDieterta 

אאאאאא
אאאא 

sec GST  
TZא 

 GZאא 
SZא 
٢ JאSobolev 

אאאאאאא
אא 

Sec.GxST 1 
W 
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S1Zאאאאא 
Zאאאא 

F١ J٢E&F١ J٣E&S1אא 
F١ J٢WEא 

אmm  א 
40 21-40 15-21 9-147-9 5-6 5-6 

א 2.4
 

2.3 
 

2.2 
 

2.05 
 

1.98 
 

1.94 
 

1.9 
 

א 1.5 1.34 1.26 
1.21 
 

1.17 
 

1.15 
 

1.13 
 

א   
1.47 
 

1.33 
 

1.22 
 

1.14 
 

    
2.2 
 

1.95 
 

1.77 
 

1.63 
 

    2.35 2.14 1.93 1.71 

      1.1:1.5  

F١ J٣WEאS1 
S1 

א
א

א אא

א 
،א

א،، 1.3 1.4 – 1.5 

 
א

א 1.4 1.6 – 1.5 

 אא1.5 – 1.6 1.6 – 1.8 

א 


א 1.8 2 


א 


א 1.7 3 



  
 ٢٦٣ אא 

 FE א 

    

 

 


א 1.9         

 


א 2 – 2.1     

F١ J٤WEאאא 
 

א  א א 
  

FE 0.35 0.42 0.5 א 
  0.41 0.48 0.6 

FE 0.25 0.32 0.42 א 
  0.3 0.38 

0.5 
 

٣KאאאאW 
אאא 

C

P
HH OP 2

2
             cm 

W 
HoZאאאFאE 

HPZאא 
PZאאאK 
CZאאK 
٤ JאFFzFsE 

אאאW 

cm2  
pgHT

G
F

2 
  W 

GZאאkg 

ZאאאK 
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TZאSec. 

Zאאאkg / cm3 
gZא٩٨١cm / sec2 
HpZאאאאcm 

F١ J٤Eאאא 
 אFאאאKKKKאE

Z0.3 – 0.4אאאZ0.7 – 0.8א
אאאאאK 

١Wאאאאא
10mmאFsZE1.21א5.4kg 

אW 
Wאאא 

SecGST  
4.521.1T 

,8.2T 
F٢Eאאאא40אkgא

32mmאאאאS1=1.8 
אW 

32408.1 XT  
sec64T 

٣Wאאאאאאאא
אZ12cmאאאאא8.4cm

אאא14.32cm 
אW 

C

P
Hh Op 2

2

 

32.142

)4.8(
12

2

X
 

אcmhp 5.9 
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٤Wאאאאאאא
15kgאאא0.36א

30mmאא1.7א7.8 gram/cm3 אאא
אאhp=10cm= 

אW 
GST 1 

sec3630157.1  x 
אFFE 

pghxxTx

G
F

2
 

1098121081.73636.0

15
3 xxxxx 

 
2

3

1.1
14177

1015
cm

x
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١ J٣ JאאאאPermenent Mould Casting 

אאאאאא،א
אאאFאEאאאא

،אאאאאא،אא
אאא،אאא

אאא
אאאאאK 

אאאאאאאא
אאאא

אאאF١ J١٦EK 
אאאאאאא

אאאאאא 
אאאאאW 

 J אאאאK 
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 J אאאאK 

 J  אאאאK 

 J  אאאאאK 
 

 
F١ J١٦Eא 

אאאאW 
 J אאאאאאאא

אאאK 
 J אאאאאאאא

אאאאאאא
אאאאאK 

 
אאאאאW 

אאאא،א
אאאאאאאKאאא



  
 ٢٦٣ אא 

 FE א 

    

 

אאאאאF١ J١٧E،F١ J١٨E،
F١ J١٩KE 

 
F١ J١٧Eאאאאא 

FאאאאE 

 
F١ J١٨EאFאאKE 
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F١ J١٩E 

FאאאאאE 

אאאאאאאW 
 J אאאאK 
 J אאאאא 

 J  אאאK 

 J  אאאאאK 

 J אאK 

אאאאאW 
Kאאא  - أ 
 Kאאא  - ب

אאFאE 
אאאאאא

،אF١ J٢٠E،F١ J٢١Eאאא
אאאאאאאא

אאאאאאאא
אאK 

אאאW 
 אאאא 

 אאאאאא 
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 אאאא 

 אK 

 
F١ J٢٠EאFWאאE 

 
F١ J٢١EאWאא 

אאאאאא
אאאאא

א،אאאאא
FאאאEאאאא،

א 
١ J٤ JאאCentrifugal casting  
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אאאאאא
אאאאא

אאא،אאא
אאאאאאאאKKKKא 

אאאא
אאאFEא٩٠٪אא،אא

אאאאאאא
אF١ J٢٢E،F١ J٢٣E،F١ J٢٤E،F١ J٢٥EאK 

 
١ J٢٢ 

 
١ J٢٣ 
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١ J٢٤ 

 
F١ J٢٥Eאאא 

אאאאאאא
אאאאאאאאאא

אאאאאאאא
FאE،אF١ J٢٤E،F١ J٢٥KE 

אאאאW 
אאFcE150-200o 

אאא180-250 o ( c )  
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אFcE150-200o 
אFcE400o 

אאאW 
אאא 
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2
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1
min 76.9

R

r

r

g
n     rpm 

 
minnZאאאrpm  
gZאL٢M/S 

r1ZאאאM  

= RאאM  

 אאאW 

R

k
n

600
min  

RZאFאאKEM 
KZאאW 
F٢٦٠٠ J٣٥٩٠ZEא 
F١٨٠٠ J٢٥٠٠ZEא 
F١٩٠٠ J٢١٥٠ZEא 

אאאאאאאא،
אאאא،אאא 

אאאאא 
אאאאאאF٥}٠ J١Eא

אאאא، 
א،אאאא،א،א

،،אאאK 
אאאW 
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١ Jאאאאא
אאאאאא 

٢ Jאא 
٣ Jא 
٤ Jאא 

Wאאאא
160CMאאאאFK=2400E 

אW 

R

k
n

600
min  

8.0600

2400
 

 

mprn ...5.4min  
Wאא

140אcm אא100cm Fאא10אm/sec2E 
אW 
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2
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1

min 76.9
R

rg
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7.0

5.0
7

5.0

10
6.9minn 

79.1296.9 
mprn ..109min  

W 
אאאאאאא

אאאאאא5.r.p.m
Fk=3500E 

אW 

R

k
n

600
min  

536

2400
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R600

3500
5  

2

6005

3500









R 
R=1.36 met 
D=2.72  met 

١ J٥ Jאאאא 
אאאאא 

١ Jאאא 
אאאאא

אF٤ J٨E٪אF١٠ J١٢E٪אאאא
١٪אאאא

 250co٢٨٠K 
אאW 

FaEF١ J٢٦Eאאאאא
אאאFbE،אאאא١٨٠אא١٥

٢٠FאcEאאא٥ J١٢
אאאא(c)אאK 

אCO2٢٥٠ J٣٠٠٣٠ J٤٠
אאאאאFאd E

אאאאאא
אFeKE 

אאאאאא،אא،
אאאאאאא

،אאאאא
אK 
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אאאאאאאאא
אאאאאאאאאF

אאEאאKKKKא 
אאאK 

 
F١ J٢٦Eאאא 

 
٢ JאאLost wax method(investment casting) 

אאאאאאאא،
אאאאא

אאאF١ J٢٧E
F١ J٢٨WE 
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 FE א 

    

 

١ J אאאא
אאK 

٢ J אאאא
אאאאאאא

אאאאאאאאאK 

٣ J אאFאאאאא
Eאאאאא

אאK 

٤ J אאFאEאא
אאא
אא

אאאאK 

٥ J אאאאא،א
אK 

٦ J אאא
אאא

אאאאא
אאאאאאא

אאאאאאK 

٧ J אאאאFא500-110oc
אאאאEאאאא

אאאאK 
אאאאאאא

אאאאאא
אK 
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F١ J٢٧Eאא 

א٣אW 
١ J אאK 
٢ J אאאאK 

٣ J אאאK 

אאאאא،אא
אאא،אא،אKKKKKKKKאK 

אאאא،،א،
KKKKKKא،אאאאW 

 J  אK 
 J  אK 
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F١ J٢٨Eאאא 

١ J٦ Jאאcontinuous casting 
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אאאאאאא
אא(billets) F٤ J٥ J٦ J٧ J٨Eאא

אFאאEאא
אא(slabs) אאאא

אאF١ J٢٩E،F١ J٣٠Eאאאאא
אאאFEאאא

אא،
אאאא٣٠٥٠oאאא

א٣}٠ J٦}٠Lאאא٨}٠ J٣L
אאאאאאאא

אאאאאאK 
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 FE א 
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F١ J٣٠Eאאאאאא 
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 FE א 

    

 

אאאאאא
F١ J٣١WE 

 
F١ J٣١Eאאאאא 

١ JאFE 
٢ JאK 
٣ JאאK 
٤ JאK 
٥ Jא 
٦ JאK 
٧ JאאK 

١ J٧ JאW 
אאאאW 

١ JאאW 



  
 ٢٦٣ אא 

 FE א 

    

 

אאא
אאK 

٢ JאW 
אאאאא

אK 
٣ JאW 

אאאא
K 

٤ JאW 
אאאאאא

אאאאK 
٥ JאW 

אאאא
אאK 

٦ JאאW 
אאאFE

Kאאאאאאאא 
٧ JאאW 

אאאאK 
٨ JאW 

אאאאאאK 
אאאאא

אאאאאא
אאאאK 

٦ Jא 
 אאW 
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 FE א 

    

 

١ J  א Wא א   א אא א 
   א א Kא אא

א      אא א  א
אאאK 

٢ J אא–אאאאא
א Kאא א

W 
 J  אאWאאאא

אאאאאאK 
 J אאWאאאאא

אאאאאK 

 J   אא  Wא א    
אאאK 

 J  א   א Wאא א    
אא  א א  א א   אא  

אK 
 Jאאא Heat Teatment of casting     

אאאאאאא
אKאאאאאא

אאאאאאKKKא
אאאאאאאא

אK 
١ J٨אאא 

 
١ J אא؟؟אאאאא 

٢ J אאא؟א 

٣ J ؟א،א،א 



  
 ٢٦٣ אא 

 FE א 

    

 

٤ J אאאא 

٥ J אאאאL=300 mmאאאא
אאWEא Eא؟ 

٦ J ؟؟אאא 

٧ J אאאאא 

٨ J א،אאr=9cm
   א ،   18cm K  א ؟ א  F

3א

3

4
rV א،24 rA E 

٩ J אאא؟ 

١٠ J ؟אאאאא؟אאא 

١١ J א،אא 30cm،
אא40 cm x 30 cm x 20 cm Kא

 א؟

١٢ J אאאא،אאא 

١٣ J ،אאאא؟אא 
١٤ Jאאאאא

12mmאFsZE1.21א58kg 
١٥ Jאאאאא٥٠kgא

32mmאאאאS1=1.8 
١٦ Jאאאא

140CMאאאאFK=2200E 
١٧–אאאאאאא

אאאאאא10.r.p.m
Fk=3500E 

١٨–אאאא 
١٩ JאאאאK 

٢٠ JאאאאאאאאאK 



  
 ٢٦٣ אא 

 FE א 

    

 

٢٢ Jאאאאאא 

٢٣ Jאאאאא 

٢٤ Jאאא 

٢٥ Jאאא 

٢٦ Jאאאאאא 

٢٧ Jאאאא16kg א
א٩٥}٠١א 

٢٨ Jאאא45kgאא
א٢}٢1.7Zs1 

٢٩ Jאאאאאאאאא
28cm אאא4cm אאא62cm 

٣٠ Jאאאאאאא40kg
א0.37א35mmא1.75אא

8.77g/cm3אאא10cm 
٣١ Jאאאאאאא 
٣٢ Jאאא 
٣٣ Jאאאאאא

180אcmאF2400k=E 
٣٤ Jאאאא

א 
٣٥ Jאאאא 
٣٦ Jאאאאאא

א 
٣٧ Jאאאאאא

אאאא 
٣٨ Jאאא 
٣٩ Jאאאא 


