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אאW


אאאאאאא 
אאאאאאאK


אאW
∗ אאאאK
∗ אאאאאאאאK
∗ אאאK
∗ אאאאאאאאK
∗ אאאאאK


אאW


10אK
20אK


אאW


אאאK


אאW


אאאאאא
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אאWא 


1J1JאW
אאאאא
אאK 



1J2JאאאW 
אאאW


drilling א  milling א  turning אא 
shaping א  grinding א  sawing א 

   boring אאא  broaching א 
      planning א 


אאאW

• אא،אאאאא
אאאK

•   א، א  א א 
אK 

• א،אאא،אאא
אאאאאK 
• ،א  אאאא

אאאאאא{אא
אאאאאאK 
• אאא،א

K
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1J3JאאאW
א  א       ،אא،א،א 

   אא ،א א אא    ،א
אK

אאאאאW
• אאאK
• אCastingsאאא

אforgingsאאאFאKE
•   א א  א     

אאK 
אאאאאאא •

K 
• אאאאאאאאK 
 

 
1J4JאCutting Motions 

אאאא
אאK 

אאW،אאאK
אא א א K

אF1-1K Eא אאא
אאאאא{א

אא Kאא{
אאאאאKאא

  א {אא א Kא 
     א א ، א    

אאK
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אF1-1WEא[2] 

אא
141JאCutting MotionW 

אאאאWorkpieceW
אאאאK

אאtoolאK 
אאאאK

אאK
142Wא Feed MotionW

אאאאאא
KאאאאאאK

אא{אאא
א{אאאFאEK

143JאW Setting the Cutting Depth Motion 
      אא  אא א א    

א Kאא א א  K  אאא
אאאאאאאאK

אאאאאאאK
אF12EאאK
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15JאThe Cutting ProcessW
151JאאFאEChip Formation W

 אא { א{א ،
א،אאא{אא

אאאאא
אאאאא Kא
אFß1 Eאאאאאאא

אאאאK
אא،אאאא

אF13EאK
                                                                                                               
                                                       


 

אF13WEא[2] , [14] 
 
  152JאאאW

 אא א  א  א  א אFγ KE א
،אאאW

אBroken ChipאShear ChipאContinuous ChipK
אF1J4EאאאK
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אF4.1WEאאא[14] 


אאאא؛
אאא
א
אγZ15°א<5°    5 <زاوية جرف° 
°32= زاوية قص    °25=          زاوية قص  Ф = 19°زاوية قص 


 אאF E א 

אאאאאאאK


 אF1J5 E א א אא χ א א 
אאKאאA אאhFא 

fEאאbFאdKE
  

   A = b . h = d . f   [mm2] 
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אF5.1WEאאאאχ[14] 

16JאאאBuilt -Up EdgeW
אאאאאאאא

אאאאאאKא
אאאאאאאK

אאאK


אF6.1WEאא[14]א 

אאאאאW
• אאאאאא

80LK
• אאאאאK
• אK
• אאאK
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אאאאא
K

17JאאאGenerated HeatW
  א אא א אאאאאא

،אאא<850ºKאF1
6EאאאאאKאF17Eאא

אאאאא،K


אF17KWEאאאK[2] אF17KWEאאאK[2] 

  א אא   א א   א א  
א     אא K    אא   א 

KאאאK
אא{אאא،

אאK
א א א  א אא א K  א   

  א א   אא אא  א אא
א{אא

אאK
א אא     א א אא {   

אK
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18JאאCooling and Lubrication
  א אא א K 

אאאאאאאK
אאאאא

אKאאאא
אאK،א.אK

אW
•   א      א א א

אK
• אאFMineral OilsEאא

אK 
אאאאא،א א

אא אא
א،א

אK
אא    א   א  א א   

אאאK
אF12 Eא אא KאF1 3 E

אאאאאאאK
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אאא

אא19L

אא
25
50
75


132L
170L
227L

א




19L
227L

א
25




8–11L
0.4Lxא

א



א


76L
151L

0.75Lא
FE





38L

0.45Lאx אא






11LL
19LL

 
אF11WEאאאK

[9] 
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אא   א   א 


א  


א  


א  א 

HDO -S 
GPO - 

S HDO – S
GPO – 

S HDO - S
GPO - 

S 

J
א 

HDS GPS HDS GPS HDS GPS  

HDAC HDAC HDAC HDAC HDAC HDAC  

HDO - S
GPO - 

S HDO – S
GPO – 

S HDO - S
GPO - 

S א

HDS HDS HDS HDS HDS HDS  

GPO - S GPS GPO – S GPS GPO - S GPS  

HDO - 
NS 

GPO - 
NS 

HDO – 
NS 

GPO – 
NS 

HDO - 
NS 

GPO - 
NS 


א،א 

GPO - 
NS 

GPO - 
NS 

GPO – 
NS 

GPO – 
NS 

GPO - 
NS 

GPO - 
NS  

GPO - 
NS 

GPO - 
NS 

GPO – 
NS 

GPO – 
NS 

GPON - 
NS 

GPO - 
NS א 

HDO - 
NS 

GPO - 
NS 

HDO – 
NS 

GPO – 
NS 

HDO - 
NS 

GPO - 
NS  

HDS HDS HDS HDS HDS HDS 


אא 

HDAC HDAC HDAC HDAC HDAC HDAC 
GPS GPS GPS GPS GPS GPS א 

 אF1J2WEאאאא[9] 
אאאאW

אאאא
GPO General purpose mineral oiGPO General purpose mineral oi
אאאא

GPO General purpose mineral oilGPO General purpose mineral oil
אאא 

GPAC General purpose aqueous coolantHDAC Heavy duty aqueous coolant
אS  StainingאNS  NonJstaining
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W
1EאKא?؟אא



2EאאאאK


3EאK


4EאאאאאאK


5EאאאאאאK


6EאאK


7EאאאאאאK


8EאאK


9E،אאK


10EאאאK


11E؟אאא؟


12Eאאא؟א؟


13E؟אאאאא


14EאאאK


15EאאאאאK


16EאאאאK


17EאאW


KEFאאאאא ) أ
 EFאאאא ) ب
     EFאאאאאא ) ج
 KEFאאאאאאאא ) ح
 KEFאאאאאא ) خ
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 FEאאא ) د
 KEFאאאאאאא ) ذ

 

18EאאאW


J אW
K

J אW
אאK

J אאאW
אאאאאK

J אאאאW
>150º   150J250º      <850ºK



19EW


Kאא ) أ
 Kאאאאא ) ب
 FEKאא ) ت
 Kאאאא ) ث
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20Eאא
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אאWא Cutting Parameters
2J1JW

אWאא،א،K
אאW

JאJאאJאאא
JJאאאK

 א  א א     א  א 
אK

א אא א  א אא 
אKאאKאא

אא،אאאא
אאאאאאאK

אאא،א
אK

2J2JאCutting Speed [m/min]W
א א  א  אא א   אK

א،א
אF2KEאאאאFE

F2 E א א א א א F
אLKE

אאא،א
אKאאא

אאא   א א אא K
אאאאאאאאאK

  אא    א א   אא  א  
א  K  א אא     א   

אאK
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אאאW
• א א        

אאאאאאK
•  א 

אK 
• FinishingK 
• אRoughingK 
• אאK 
• אא

אאK 

אאאאאאא(n)
n =1000* V / πd


WVא[m/min]

  n אאא[rev/min] 
  d ،אאא،א،אאK[mm]  

πZ3.14
אאאא

אK
אאF2-1E،F2-2E،F2-3E،F2-4EF2J5Eאאא

אאאאאK
2J3JאFeed  Speed  [mm/rev]W

אאאאאאא
אאKא،א

 א       K  א ،
אאK
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אאW
• אK
• אא 
• אא

אMild steelK 
• אאאאא 

 א אאF2-1E ،F2-2E ،F2-3 E ،F2-4 EF2-5E א  א
אאאאK


2J4JאDepth of Cut [mm] W

  א  א א א א   א     א א
KKאאא

Kא،אא
א א אא     K א אא  א 

אאK


אאאאW
•   א א    א  

אאאאאK
• א  א א  א א א

  א  א אא   א 
אאאאאאK 

• אאאK 
•  א    א א  

אK 
• אאאאK
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א א אL 

 L 140 


160J200 


220J360 

  H.S.S  H.S.S  H.S.S  

0.8 0.2 - 0.4 
90 – 
125 

220 - 
320 56 - 71

150 - 
200 25 - 36 

110 - 
140 

1.6 0.2 - 0.8 
56 – 
100 

140 - 
250 32 - 63

100 - 
180 16 - 32 

71 - 
120 

3.2 0.2 - 1.6 32 - 80 
71 - 
200 20 - 50 63 - 140 10 -- 25

45 - 
100 

4.8 0.2 - 1.6 25 - 71 
63 - 
180 16 - 45 56 - 125 10 -- 25 36 – 90 

6.4 0.2 - 1.6 25 - 63 
45 - 
140 16 - 40 36 - 120 8 -- 20 25 – 80 

9.6 0.4 - 2.4 16 - 45 40 - 90 10 – 25 32 – 80 6 -- 16 20 – 56 

12 .7 0.4 - 3.2 10 -- 40 36 - 90 8 -- 25 25 – 71 4-- 16 32 – 50 

19 0.4 -- 3.2 10 -- 25 25 - 55 7 -- 16 20 – 40 3 -- 8 20 – 50 


אF2-1WEאאאאאא

אאאK
  אא90–120K[9] 
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א א אL 

 L 160 


160J200 


220J360 

  H.S.S  H.S.S  H.S.S  

0.8 0.2 - 0.8 63 - 90 
110 – 
160 32 - 50 

71 – 
120 20 – 32

63 – 
100 

1.6 0.2 - 0.8 50 - 80 
100 – 
140 25 - 45 

63 – 
110 16 – 25 56 – 90

3.2 0.2 - 1.6 32 - 71 
63 – 
140 20 - 40 45 - 90 10 – 25 40 – 71

4.8 0.2 - 1.6 32 - 63 
63 – 
125 16 - 32 36 - 80 9 – 20 32 – 71

6.4 0.2 - 1.6 25 - 63 
56 – 
120 16 - 32 36 - 71 8 – 20 25 – 63

9.6 0.4 - 3.2 20 - 40 36 – 80 9 -- 20 32 - 56 5 – 16 25 – 45

12 .7 0.4 - 2.4 16 - 40 25 – 80 8 -- 20 32 - 50 5 -- 10  20 – 40

19 
0.4 -- 
3.2 10 - 36 20 – 71 7 -- 20 25 - 45 4 -- 10  20 -32 

אF2J2WEאאאאאא
א

   אKאא90–120K[9]א


א א אL 

 L ،א ،، ،א 

  H.S.S  H.S.S  H.S.S  

o.8 0.1 - 0.4 56 - 90 150 - 250 90 - 150 220 - 400 
110 – 
200 

280 – 
500 

1.6 0.1 - 0.8 32 - 71 100 - 220 56 - 120 140 - 300 71 – 150 
180 – 
400 

3.2 0.1 - 1.6 20 - 63 63 - 180 32 - 95 71  - 250 40 – 120 
110 – 
300 

6.4 0.1 - 1.6 16 - 45 40 - 140 25 - 80 46 - 180 36 – 110 
71 – 
250 

9.6 0.1 - 2.4 9 -- 40 25 - 140 16 - 71 32 - 150 20 – 90 
45 – 
200 
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אF2J3WEאאאאא
א

אKאא90–120KK [9]

א אא 

א
 


א 


 


 


 


 

א–
 

–
 


 


 

 91 46 549 - 183 91 - 61  46 - 18 107 - 46 37 - 18 37 - 24 دقيقة/ م  خراطة

 1.5 1.5 2.5 – 0.25 2.5 - 0.3 0.13 - 0.5 0.38 - 1.3 3.8 - 0.3 3.8 - 0.3 دورة/ مم  أستقرابية

 122 91 549 - 183 152 - 76 61 - 37 122 - 61 61 - 38 46 - 30 دقيقة/ م  خراطة 

 0.25 0.38 0.25 - 0.1 0.25 - 0.1 0.13 - 0.2 0.1 - 0.2 0.25 - 0.08 0.25 - 0.08 دورة/ مم  ةتشطيبي

 91 46 152 - 107 61 - 30 37 - 30 61 - 37 27 - 15 23 - 15 دقيقة/ م  تحزيز

 0.13 0.25 1.3 – 0.25 0.76 - 0.25 0.1 - 0.15 0.1 - 0.2 1.5 - 0.25 2.03 - 0.25 دورة/ مم  و فصل

 61 46 549 91 - 61 30 - 20 11 - 43 38 - 18 125 - 60 دقيقة/ م  تجويف

Boring  0.5 0.5 1.5 – 0.2 0.5 - 0.13 2.5 - 0.13 0.1 - 0.13 0.5 - 0.13 0.5 - 0.13 دورة/ مم 

 91 30 549 - 154 91 - 61 20 - 14 11 -- 30 40 - 18 55 - 24 دقيقة/ م 
 تفريز 
 0.5 – 0.13 0.76 - 0.13 1.3 – 0.25 0.76 - 0.25 0.38 - 0.13 0.76 - 0.13 3.3 - 0.25 0.5 - 0.13 دورة/ مم  واجهي

 61 30 549 - 152 91 - 61 18 -- 12 30 -- 11 30 - 18 30 -- 12 دقيقة/ م 
تفريز 
 0.5 -0.13 0.76 - 0.13 1.3 – 0.25 0.76 - 0.25 0.38 - 0.13 0.76 - 0.13 3.3 - 0.25 0.5 - 0.13 دورة/ مم  محيطي

 
אאאZRough turning Zrecessing 

אZfinish turning ZCutoff 

 אZFace milling ZPeriphery milling 

אF24WEאאאאK [9]

 عمق القطع )دقيقة( عمر الأداة 
/ مم (سرعة التغذية 
 )دورة

/ م (سرعة القطع  
 مادة الشغلة الصلادة )دقيقة

عملية 
 التشغيل

       سيراميك آربيد سيراميك آربيد مم سيراميك آربيد

 روآويل32 366 168 0.25 0.25 0.51 55 17
مطروقات 
 صلب

خراطة 
 ناعمة

 بيرنيل 241 1524 198 0.64 0.51 4.75 18 21
مسبوآات 
 زهر

خراطة 
 خشنة

 بيرنيل200 549 213 0.46 0.41 6.35 15 28
مطروقات 
 صلب

خراطة 
 خشنة

 بيرنيل241 671 198 0.51 0.41 4.75 23 33
مسبوآات 
 زهر

خراطة 
 خشنة

 روآويل 32 610 152 0.25 0.25 0.51 63 36
مطروقات 
 صلب

خراطة 
 ناعمة

אF25WEאאאאאאא[9]K
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8EאאK
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10EאאאאK
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EאאאKEF


 Eא א     א    א
אKEF



EאאKFE
 
 
 
 
 



121 א  אא
 FEא


 

- 24 - 

 
אאWאא

Cutting Tools
31JאאW

אאאאF{FאאE{
E{אאאאאאאאאW

• אאאא
 א א   א   אא{

אא
אאאאאK

• אא  {   אא
،אאאא   א  א 

א  { א   א  
 א אא      

אאK 
•     א   אא

אK 
אאאאאאאא،

אאאאאאKאF31E
אK
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32JאאאW
אאאW

•  אאW  א  { 
{{KKKK

• אWאאאאא
  א   א א  א ،א

אK 
• אאW،אאאא

אאאא ،אא
אאK 

•  א אW،א ،א  א 
א       א אא

אאK


אF31WEאאK[2] 
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• א אא  אא   א 
אאאאאאאK

אF32E،F33E،F34Eאאא
אאאאאאאK


אF32WE

אאK[2] 
 
 




אF33WEאאאא[9] 
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33JאאאTool AnglesW

אאא{אאKאF35EאאאW


אF35WEאאאא[2] 


  אא      W    ،אאא 

،א  אא  א  ،א   אא א 
א{אאאW





אF34WE[9] 
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אא
אאFγEאאאא8 J

20ºK


אאאFβE40א
50ºאאאא6070ºאאאא

אאFαאEאאא א אא א
58ºK


א  א  Fε

אE
אא

11J90ºK


אאFχEאאאאא
אא

0J90ºK
אאF31EF33EF35EאאאאאK

34JאאTool Signature W
،אאא،אא

 א אISOא א  Kא  א  אא  
אKאאW 

ISO2 DIN4972 L  25q  k10                  
W

ISO2אאאK
DIN4972אאאאאאK

L אK
25qא25K

K10אאאK
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3–5JאאאW
    א     א א  א אא K

Kאאאא א א א אKאא א
 200º         א א    ،

 א    K  א א א 
אא،600º

א  אא  אא  א  א
א  א(HSS) Kא  א א   א א

 F Inserts Eא  אא א
Kאא900ºאא

אאאKאא
1200ºKאאאאא

אאאאאFאH،
א،א،KKKKEאאאאK

אאF32E،F34E،F36EאאאאאK


   א אא  ،אא    א  
،אאאאאאא

אאאאK


FFEE

אF36WEFEFEK[1] 
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אF36Eאא1870
אאאאK

אאאאW
• אאאאאאK
• אאאאאאאK
• אאאאאאאאK
• אאאאאאאא 


אאאא{W
• א{אאK
• א{אK
• אאאאאאK 
 

אא א אא א   אא  
אאאאK 
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אא
א 

א
א 

  

א
א 

  

א
א 
א 

א 
  

8 - 10 0 J7  6 - 8  7 - 9  

،
،א 

8 - 12 0 - 12  8 - 10 8 - 10 SAE 1045 

10 - 14 0 - 14 7 - 9 7 - 9  SAE 1112 

10 - 16 0 - 14 7 - 9  7 - 9 SAE 1335 

8 - 10  0 - 10  7 - 9  7 - 9  SAE 3135 

8 - 10  0 - 8  7 - 9  7 - 9  SAE 6140 

8 - 12  0 - 5  6 - 8  8 J10   

15 0 14 12 - 14  

4 - 6  0 8 - 10  8 - 10   

12 - 20 0 - 16 12 - 14 12 - 14  

0 - 8  0 6 - 10  8 - 10   

0 - 10 0 - 2  8 - 12  10 - 12  
SAE = Society of automative Engineers      

 אאFE
אF31WEאאאאאאK[9] 
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אא٪ 


Co   


V    


Mo    


W   Cr


C    

AISI 
Type 

א 
 1 8.5 1.5 4 0.85 M1 
 2 5 6 4 1.05 M2 
 2 8.75 1.75 4 1 M7 
8 1.15 9.5 1.5 4 0.9 M 33 
8 1.15 9.5 1.5 3.75 1.1 M 42 

א 
 1  18 4 0.75 T1 
8 2  18 4 0.8 T5 
5 2  14 4 0.75 T8 
5 5  12 4 1.5 T 15 


אF32WEאאאאאK [9]
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א
א 
א 

א
א 
 

א
א 

 

א
א 
א א 

10 – 20 0 J10 6 - 10 6 - 10 א 

15 – 20 0 - 4 6 - 8 6 - 8  
8 J5 0 - 5 6 - 8 6 - 8 א 

6 - 7 0 - 7 5 - 8 5 - 8  

6 - 7 0 - 7 5 - 10 5 - 10 
א

SAE 1020 

6 - 7 0 - 7 5 - 8 5 - 8 

SAE 
1025 

6 - 7 0  - 7 5 - 8 5 - 8  

6 - 7 0  - 7 5 -- 10 5 -- 10 

–
FE 

6 - 7 0  - 7 5 - 8 5 - 8 

–F
E 


אF33WEאאאאא[9]
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אא 


א א 


   ٪ 


   ٪ 


    ٪ א א 
  3   97 P10
  6   94 P20

אא  8   92  P50
 ،، 10 5 85 M10אא
אא

 
،א،

 8 14 78 M20
  6 15 79  M40

אא ، 4 30 66 K10
אא

 ، 5 50 45 K20
 ، 6 60 34  K40

 
אF34WEאאאאאאאK [9] 


א

א 
א 

א
א 

  

א
א 

  

א
א 
א 

א 
  

8 - 20 8 - 20 7 7  

8 8 5 5  

4  0 5 5  

4 4 5 5  

8 - 20 8 - 20 7 7  
אF35WEאאאאאאK[9]
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אא٪ 
100 525א TX - 90 א 

41.5 - 43.5 40 - 45 42 - 45 א 

max 1.5 1 -- 7  1 -- 7  א 
32.75 - 
34.25 25 - 30 27 - 32 א 

18.25 - 
19.25 16 - 21 14 - 19  א 

1.85 - 2.05 2 -- 4  2 - 4 א 

  3 -- 8  2 -- 5  א 

max 0.75 1 -- 3  1 -- 3  א 

max 2 2 -- 5 2 -- 5  א 

0.4 - 0.6 0.3 - 0.7 0.3 - 0.7 א 

0.85 - 1.05     א 


אF36WEאאאאא[9]
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36JאאTool Wear W
אאאאW

אJW
• אאאאK
• אאאאאאא

אאאאאK
• אא  א  א א     א א

א
•  אא א א  א

אK 
אJW

• אאאW
- אאFlank Wear LandאאK
- אאאK
- אאWear CraterאאאK

אF37EאאאK


אF37WEאאאK[14] 

{אא{אאKB
א1,2א1,6אאKCd / Cm0,250,3
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אאאאCdא אאCm
אאאK

אאאאK
37WאאTool LifeW

אאאאאאאK
אאאאאא،א

Kאאא30،60،90120،180،480K
אאאאאKאאW

V.Tn = C
W

Vא[m/ min]K
TאאK
CאאאZאK
nאאאאאK


אאאא

n 0.1–0.5 0.2–0.250.6–1
371JאאW

F1WE
  א   א 2 א   א284 L

אאא10Kאא232L
א60K

אאא،אאא א
א30אא؟؟K

אW
אאאאאא

V10= π d n / 12 =  π(2) (284) / 12 = 149 f/min 
             V60 = π d n / 12 = π (2) (232) / 12 = 122 f/min 
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אF1EאאW

 V1 T1 
n= V2 T2

n
 = C 

V1 / V2 = (T2 / T1) n 

149 /122 = (60 / 10) n 
1.22 = 6n                     n = 0.11 

 
C = VTn   = 149 (10) 0.11 = 149 (1.288) = 192 

 
V T0.11 = 192 
V30 = 192 / (30)0.11 = 192 / 1.455 

 )L V30 = 132 fpmin ( 
אא30אא122LK 

אא
n = 12 v / π d        = (12)(122)/ π(2)     n =233L 

אאאאאאK א
אאאאW

K = V . Tn . fn1 . d n2
 

W
 KאZ0.5J0.8

f  אZ0.2J0.4
dא

n1א0.50.8
n2א0.20.4

F2E:
J AISI 2340،אאא 

2.035 = VT 0.13 f 0.77 d 0.37
אאא100אאZ75L

0.1Z0.0125LK
אאאאW
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1( אא20%
2( אא20%
3( אא20%
4( אאא     20% 

אW
1Eאא  20% 

V = 1.2 x 75 = 90    (f / min) 
T = K / V fn1dn2 = 2.035 / 90 (0.0125)0.77 (0.1)0.37 
   = 2.035 (0.034) (0.426) = 1.56 
T = 1.561 / 0.13 = 1.567.7   
    = 31min 

אאאK
2Eאא%20

FLEf = 0.0125 0 1.2 = 0.015 ipr 
= 2.035 / 75 (0.038) ( 0.426)T0.13 =  2.035 / 75 (0.015)0.77 (0.1)0.37  

T = (1.67)7.7  = 31min 
אאאאK

3Eאא20٪
 d = 1.2 x 0.1 = 0.12 in 
T0.13 =  2.035 / 75 (0.0125)0.77 (0.12)0.37 = 2.035 / 75 (0.034) ( 0.456) 
T  = (1.745)7.7 = 73 min 
 

אאאK
4Eאאא20%

V = 90 fpm,      S = 0.014 ipr,      d = 0.12 mm 
37.077.021 )1.0()0125.0(90/035.2/ ==Τ nn dVSK 
T0.13 =  2.035 / 90 (0.038) (0.456) = 

T = (1.3)7.7     = 7.5 min   
אאא،אאא،K 

1007.5א،אאK 
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W
1E؟אאאא



2E؟אאא

3Eאא؟א


4EאאאאK


5Eאאγ؟


6Eאאאλ؟


7Eאאα אאαs؟


8Eאאאβ؟


9Eאאχ؟


10EאאאאK


11E؟אא


12E؟אאא



13EאאK


14Eאאא؟


15EאאאאאאK


16EFEFWE
EאאאאEF
EאאאאאאEF
EאאEF
EאאאאEF
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17EאאאW
EאאW

אאאא
EאאאW
אאאא

אא
EאאW

אאאאאא
EאאW

אאאאאא


18EW
Kאאאאאא ) أ
 Kאאא ) ب
 Kאאא ) ت
?Kא?אאאא ) ث



19EאאאאK


20EאאאאK


21Eאאאאא،אאאאK


22EאאK


23EאאאאאK


24EאאאאאK
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אאאWאCutting Forces
4J1JW

אאFzאאאFsאא
אאאאאאFSNKאאא

    א  אא א אאא א א א
אΦאאאאאאאא،K

אF41EאאאK


אF41WEא[2]

אW
 ) ت א  א אא   {א 

אK
EאאאאאK 
 Kאאאאאא ) ج
EאFFixturesEא

אאK
א،אאאאאא

אאא،אKא
,אאאאאאאK
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42JאCalculation of Cutting ForceW
אאא،אא12

  א א  K     Richter, Kronenberg, 
Taylor, Merchant and Kinziele אאא

   ،א   אא    ،א  ،א 
،אא،אא،אאאK


KinzieleאW

Fc = b . h . ks 
ks= ks.1.1 / hz  = ( 3 – 5) σs     


W

bאאKhאאK
  Ks.1.1אאאאZ1אאZ1K

zאK  
σs אK

k s.1.1 zאF41E
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Ks1.1 
kp * mm-2 Z 

א
א 

[kp * mm-2] 
א

 

176 0.17 50 42 

199 0.26 52 50 

211 0.17 62 60 

222 0.14 67 אc,45 45 ck 

213 0.18 77 אc,60 60ck 

210 0.26 77 16Mn Cr 5 

225 0.3 63 18Cr Ni 6 

224 0.21 60 34Cr Mo 4 

250 0.25 73 42 Cr V 4 

174 0.24 94 55 NiCrMoV 6 

192 0.24 HB 352  55NiCrMoV 6 

255 0.18 60  - 70  

332 0.22    

160 0.17 30 - 50 45 

205 0.19 Rc 46  

95 0.2 hB 200 J15 

116 0.25 HB 200 25 

65 0.24    

78 0.19 HB80 - 120  

65 0.24 HB30 - 42 א 
 kp/mm2 10אN/mm2 

אF41WEאאאK
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אא4אJ1W
אאאאאא{

אאW
1.1–1.2אאא2

א
0.9אאאFאאאאEK
1.3J1.5אאFאאאאEK
1.1J1.2אא125Lאא 


43Jא Calculation of Machine PowerW 
אPcPc = FC. V / 102 .  60  [kw]

W
Vא[m / min]KFC אאא[ N]K

א60א102אאK
אאא،אא

אKאאאאאη
FEW

Pmotor = Pc / η         [kw] 
η0.70.9אK

44JאCutting Force Components W
אF41EאאF،אאא

  א       א K
אF42EאאאאאF FaFp 

 FaFFFcK
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אF42WEא[14] 

 
W

FC א א Ftangential component E%67א  
אKאאאKא

אאאא
אאאאK


Fp א אFradial component E27%א א K

אאאאאאK
אאאאא<12אא
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אאא FE
Fsteady or follower restKE


FF א א Faxial component E6%א א  K

KאאאאK


45Jאאאא Factors affecting the Cutting ForceW 
אאW

Kאאאא ) أ
 Kאאא ) ب
 Kאאא ) ت
 Kא}אאא ) ث
אא ) ج א א א

אאאאאאK 
 אאאאא ) ح
Kאאאאאאאא ) خ
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W
1EאאK



2E؟א


3E؟א


4EאאאאאK


5E؟אאא؟א


6Eאאא؟א


7EאאאK


8EאאK


9EאאאK


10EאאאK


11E؟؟א


12EW
FKEאאאא ) أ

EאאאאKEF
EאאאEF
EאאאEF



13Eא אאst 50   45  L  
א2.42

אאKs.1.12000L2KאW
Kא ) أ
 Kא ) ب
 ηZ0.8Kאאא ) ت





 

 

 

אא  

FFEE  




א


 

2
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אא
אאאאאאא

אאאKאא
אאK

 א א  אא ،אא ،א  א א ، K
אW،א،א،אא

   ، א  ،א א  ،א  ،א 
אK אא K 

א،אאאאאא
אא א ، ،א א

אK
אאאאאא

  א א ،      א   א
     ،  א א א  אK

אא ، א
אאאאאא

،א،א،אאאK
אא אאאאא

אאK

אאW
• אK
• אאK 
• אK 

• אK 
• אא 
• אא

אאK
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אאW


א אאאאאאא
אאאK


אאW


אאא،אא،אאאK
אאאאK
אאאK
אאאאK


אאW


אK

אאK


אאW


Kאאא


אאW


אאאK
אאאאאK
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אאWאDrilling
 

5-1E
א אאאא{،
  FאE   ،Fא E  ، א    ،

،אאא،אK
א  א   א אא  ،א      ، 

   א Wאא א  א אא א  
FאאEאאK

אאאאא א
א     K א  ،א     א 

אK
אF51EאK
 אF5 2 Eא Drilling         

KאCounter Boring،א،אא
אK


אF51WEאK[14] 
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אF52WEאא[14] 
 
5-2EאW

אאאW،،
،אא،א،

אKאאאאאאאאK

521EאFאאE

אאאאK
אאאאTwist Drill1–

60    0.1–0.8א   Kא א א 
אאאאאא Kאא116א

118◦،א120125˚א 130140˚אK
 א א א F  א  א

אKE 
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אF53EאאאאK

אShankWאאאK
אCutting PartWאא

אאK
אאFFluteEWאאאאא

אאאK
אMagrinW   א  א א  

אK



1Kא
2Kא
3K

אא
4Kא
5Kא
6Kא




1Kא
2Kאא
3Kאא
4Kא
5Kאאא
6Kא



 
 

אF53WEאאK[2] 
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KאF54EאאאK

 


אF54WEאאK[14] 
אאאא،אKא

F5J1EאK
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אF51WEאK[2] 
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53EאCounter BoringW
א    ، א א

אKFאE8–
80   א 60 ˚،אא א 75 ˚ א א  90 ˚

 א א   120א ˚א  K   
   א   ،אא א א  K

א   א א  א  K    א 
א30א–50 K٪אF5 5Eאא KאF5 2E

אאK

אF55EWאK[2] 
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אF52WEאא[2] 
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54EאReamingW


א0.04אא
IT 10 Kאא0.005

  IT 8 K        ،  
אאא0.001IT 6K

אא6–14א،אאאאאא
אK0.3א0.1אאא

KאWd = 0.005 . D + 0.1 [mm] 
אF5 6EאאKאF5 J3E

אאאK


JאJ

אF56WEאאK[5] 
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אF53WEאאK[2] 
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5-5EאW
א،אאאאאא

KאF4.5EK

אF54WEא[2] 
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5J6EאאאW
אאF5  5 E،F5  6 EF5 7 E،אא،א

אK



א 

st 
60 

  א
 


א 

30J40 12J30 30J
60 

100J
150 


א 

0.1–0.4 0.1–0.6 0.1–
0.6 

0.1–0.6 

 
אF55WEא[2] 

 
   

50–
70 

>
200 

<
200 >100 <100 א 

0.2 -- 0.4 
0.4 -- 
0.7 

0.3 -- 
0.5 0.3 -- 0.5 0.2 -- 0.4 25 – 40 

0.3 -- 0.6 0.5 -- 1 
0.4 -- 
0.8 0.4 -- 0.8 0.2  -- 0.3 40 – 60 

6 – 10 8 -- 15 6 -- 12 8 -- 12 6 – 10 א 

 אאא[2]  
 

אF56JWEאא
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אL 

א   

 
<

200 >200 <70 >70 א 
0.63 - 

0.8 0.25 -0.4 0.63 - 0.8 0.11 - 0.18 0.25 - 0.4 5 
0.8 - 0.9 0.4 - 0.5 0.8 - 0.9 0.18 - 0.22 0.4 - 0.5 5 – 8 

0.9 0.50.56 0.9 0.22 - 0.25 0.5 - 0.56 8 – 10 
0.9 - 0.1 0.56 0.71 0.9 - 1 0.25 - 0.31 0.56 - 0.71 10 – 15 

1 - 1.12 
0.71 -- 

0.8 1 - 1.12 0.31 - 0.35 0.71 - 0.8 15 – 20 
1.12 0.8 -- 0.9 1.12-.25 0.35 - 0.4 0.8 - 0.9 20 – 25 

1.12 - 
1.25 0.9 - 1 1.25 0.4 - 0.45 0.9 - 1 25 – 30 
1.25 1 - 1.1 1.25 0.45 - 0.5 1 - 1.1 30 - 40  

1.25 -- 
1.4 1.1 - 1.25 1.25- 1.4 0.5 - 0.56 1.1 - 1.24 40 – 50 
1.4 1.25 1.4 1.4 0.56 - 0.63 1.25 - 1.4 50 – 60 

> 1.4 > 1.4 > 1.4 > 0.63 > 1.4 <60 
12 – 20 7 -- 10 12 -- 14 3 -- 5 6 -- 12 א 

 אאאא[9]  
 

אF56JWEאא
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אאאKאאאFLE 

א 

63 50 40 31.5 25 20 16 12.5 10 8 6.3 5 m/min


א 

0.63 0.63 0.56 0.56 0.5 0.5 0.45 0.45 0.4 0.4 0.36 0.36 22.4 

0.18 0.16 0.14 0.12 0.11 0.1 0.09 0.08 0.07 0.06 0.06 0.05
12.5 - 

10 
1.4 1.25 1.1 1 0.9 0.8 0.71 0.63 0.56 0.5 0.45 0.4 8 - 6.3 
0.36 0.32 0.32 0.28                 31.5 
0.32 0.28 0.25 0.22 0.2 0.18 0.16 0.14         40 
0.25 0.22 0.22 0.2 0.18 0.16 0.14 0.12         50 st 60 
0.63 0.63 0.56 0.56 0.5 0.5 0.45 0.45 0.4 0.4 0.36 0.36 31.5 
0.18 0.16 0.14 0.12 0.11 0.1 0.09 0.08 0.07 0.06 0.06 0.05 25 - 20 
1.4 1.4 1.25 1.25 1.12 1.12 1 1 0.9 0.9 0.8 0.8 14 
0.36 0.32 0.32 0.28 0.28               50 
0.32 0.28 0.25 0.22 0.2 0.18 0.16 0.14         63 
0.22 0.22 0.2 0.2 0.18 0.16 0.14 0.12         71 


 

0.5 0.45 0.45 0.4 0.4 0.36 0.36 0.32 0.32 0.28 0.28 0.25 80 - 63 
0.18 0.16 0.14 0.12 0.11 0.1 0.09 0.08 0.07 0.06 0.06 0.05 50 –28  
1.4 1.4 1.25 1.25 1.12 1.12 1 1 0.9 0.9 0.8 0.8 25 
0.32 0.32 0.28 0.28 0.25 0.25             140–12 
0.32 0.28 0.25 0.22 0.2 0.18 0.16 0.14         80 - 63 

0.32 0.22 0.2 0.2 0.18 0.16 0.14 0.12         
140-
125  


א

0.5 0.45 0.45 0.4 0.4 0.36 0.36 0.32 0.32 0.28 0.28 0.25 20 - 16 
0.18 0.16 0.14 0.12 0.11 0.1 0.09 0.08 0.07 0.06 0.06 0.05 12.5-10
1.4 1.4 1.25 1.25 1.2 1.12 1 1 0.9 0.9 0.8 0.8 12.5-10
0.36 0.32 0.32 0.28                 20 
0.4 0.36 0.32 0.28 0.25 0.22 0.2 0.18         25 
0.25 0.22 0.22 0.2 0.2 0.18 0.18 0.16         31.5 




22 


אF5J7WEאא[9] 

5J7EאW
    א    א א{ אא{ א א

 א א K אF5 8 E  F א   
אEK  
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אF57WEUpright drillK[1] 
4speed pole changing motor K 
Off/forward/ reverse switch אאא 

Speed control switch אאא 
Hand feed lever  אאאK 

Spindle head אא          Morse taper spindle א 
Column      Table slides א Work table א 

Table elevating handle אא   Base  
Table elevating screw א 
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אאאאW
אColumn  א   א א אא  K 

אK
אWork tableK
אK

אאKאK
אאאאK

אאאK
אאK

אאאאאאK
א אאKאא א

אאW،אא
אאאא،א

  א  א א  K אF5 8 Eא   
אK


5J8JWא[9] 
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אאאאאK8
א א KK אא5–8–א א  א

אKאאאאK
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אF58-WEK[9] 
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58EאאW
אאאאW

   F = (f . D / 2) . ks   in [N] 
W

fאFLEKDL2אFאdEK
ksאאאאhאz ks.1.1K

אאF1.4E55K
אאhאh = (f / 2) sin σKσאאK

אW
   Pc  = (f . D2 / 8) ks . (n / 97400)  in [kW] 

אאאη
   Pmotor = Pc / η    in [kW] 

5J9EאאCutting TimeW 
אW

      tc = L / n . f 
LאאאאאKאF5 J9EW

     L = lx + lb + lwp + la 

nאאFLEfאFLE
lxאlx = (D / 2 . tan σ / 2)    


אF59WEאאאK[2] 
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W
1( אK 



2( ،אאאK 
 

3( ؟א 
 

4( אאא؟א 
 

5( אK 
 

6( ؟א 
 

7( אאK 
 

8( ؟אא 
 

9( אאאK 
 

 אא؟ )10
 

11( אאאאאK 
 

12( ؟אאא 
 

 אאאאאאא؟ )13
 

14( אK 
 

15( אK 
 

16( אאאK 
 

17( ؟אאאאא 
18( א12420

L2אאאאאKא
0.22Lאא،σZ116º{אא1000L

אאηZ0.9K 
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19( אאאאW 
JאאאZ35KJאאZ1500LK
JאZ16JאZ0.4LK
JאZ5JאZ5K
JאאσZ120ºJאK
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אאWאא Turning
6-1EW

 אא אא  א א ،א   א
א?א?אKאאאא
אאSymmetrical Workpieces K 
אא،אא،אא،אא

א،אאאK
אא،אWאא

אאאאאKאF61EאאK 


Eא                E
             א                       אא              
              FTurningE                              FFacingE           

6 J1WEאאאאאאא[2] 
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6–2EאאאTypes of Turning ProcessesW
 א א   אא    Kא

אF62EK 
 


אF6J2EWאא[2] 


63EאאTypes of Lathe Machines W 

אאW
אW،،א،אאK

אWאK
אאאW،،K
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אאW
• אאCenter Latheאאא

אאאאאאK 

•  אא אFacing Latheא   אא    

אאאKאא
K


• אאCopying Latheאא

אאאF
E


• אאTurret LatheFאECapstan Lathe FאאE

אא،א
אאKאK


•   Special Lathes F ،     

 KE  אאאאא
אאאKאK


•  א אVertical Lathe    א א 

אK
 
  אאאאאFE،א،K   
  אאאאא،אא 

   אא،אאאאK
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אF63EאאK

J[9]   

 


J[9] 
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Jא[9] 
 

אאאאאאK
 



J
אF63WEאאאK[9] 

،אא אא אאא Kא
אאאK
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6J4EאComponents of the LatheW
אF64Eאא
אK

אF64WEאאK[2] 

J אBed אאKאא

אאK 
J  א אאhead Stock א א א אא   

אאאK 
J  א אאF אא ETail Stock   א א  א K

אK 
J אאSpindleאאאK
J אאFאELead ScrewאאK 
J אFeed Shaft WאאאאאK 
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J אאאאאאאאK 
J אCarriageאאא

אאאאאאK 
J אFא  EBed Slide Waysאאא א  K

א א     א  א   K 
אאאאK 

J אאCross Slide אאאאא
אאאאK 

J  א אUpper Slide א אאא א
אאאאאK 

J אTool BoxאK،אK
אאK 
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6J5EאאW
 א  א  אא א K

  א KאF6 5E א אא
אאKאF66EK



אF65WEאאאK[5] 







אF66WE  [5]   
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6J6EאFixturesW 


אא אאאא
אאKW



J אChuckW
אא>100Kאאא

אאK


J אאChuck and CenterW
 א   א <100 K אאא   א 

אK


J אThe Face PlateW
אאאא

אK


J Two CentersW
 א     ،א  א Kא   

Lathe Carier or DogאאאאK


J אאThe Clamp Chuck or ColletW
אא>12K



J אSteady or Follower RestW 
אאאאאאF<12Eא

א א  א אאאא א 
K



J אאאאאK


W
אאאאאאא

אאאאK
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אF67EאאאאאאK


J J א



 א

 א



FEFE
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    אF67WEאאאK[5] 
67EאאW 

אא = אאHאאHאאאH
אאHאאK

אאאK
אא א א א

K
אאאאאאאW
tc = L / n .f             minutes

tcאKFאnאאא
LאאאאאKL W

L = lb + lwp + la 

lwpאאאlaאK
lb   אא

אF68EאאאK


אF68WEאאK
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6J8Eאאאא

     א אא  א  א
א א  K،א א  א   

 ،א  ،אא  א  א  
 ، ،  א א    אא ، 

،א א  א א، א
،אאא،אאK

אאא אא
،א،K

אאאאאא
אאאאא{א

אאאK
א א א   א  א  א א 

אאאK
אאאאאW


-  א א      א א א

א{אאאאא
אאאאאK 



- אאאF{א{،א
KE 



- א{W
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•  א אF  {   א א
E

• אF
KE

• א אF      
CNCE

• אאאFאא
E 

- אאאאאאא
אK

- אאאK
- אאאאK
-  אאF א אא אא

אאאאא{
אKE

- אאK
- אאאאK
-  א א  Fאא  א   E

K
- אאא

אK
- אK
- אאK
- אאאK 
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6-9EאאW
691EאאאW

אst 50  FMild SteelE
אאF69Eא10אK


אF69WEאאK


אאW

J אאאK
אK

J אא4085K
J אא{א>100K
J א{אאאFHHEK
J אאF610WE 
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אאאF1E

א
אאאF2E

אF3E
א

אאא
F4E

א
F5E



אF610WEאK
JאאW

F1EF2EאאK
F3EF4EאK
F5EאK

אאאFאKE
JאW

אF1EאdZ2.5{אfZ2L{אVZ20LK
n

n =1000.V / 3.14 . D          
n = 1000 . 20 / 3.14 .40=159.3 [R /min] 

אF2EאF1KE
אF3Ed  Z1 fZ2LVZ20L{FnEK
אF4E dZ 9.5fZ2LVZ20L????K
אF5E dZ 0.5  fZ0.063LVZ28L???K

JאאPmaxK
אאK
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KאאאF4EK
אW

Fc = b. h. Ks 
 Fc = d. f. Ks  Ks= Ks.1.1 / hz   
Ks= 199 / 20.26 = 5276 [N.mm2] 
 Fc = 9.5 . 2 . 199 / 20.26 = 13287.2 [ N] 
Pmax = Fc . V / 60 . 102 
  

Pmax = (13287.2)/ 6120 = 2.171 [kW] 
אאη0.8

אאPmotorW
Pmotor = Pmax / η      =    2.171 / 0.8 = 2.71  [kW] 

  _אא
א tc = L / n . f      

אאZ3א،Z30א20
 L = lb + lwp + la 
     =    3 + 30+  0 =  33   mm 

n = 1000 . 20 / 3.14 . 30 = 212 [r / min] 
tc = 33 / 212 . 2 = 33 / 424 = 0.07 [ min]  

JאW
 ، א   א א    א א  

،אאא،אאא
א  א א  אא א א אא   

אאאאK

692EאאTaper TurningW
אא{אW

EאאאאW
אאאאאK

אF611EאאK
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אF611WEאאK[5] 


אאאא

α  = D – d / 2 L 
Wא ) أ

אאאא{אא
אאאאK

אF612EאK


אF612WEאK


אא )ج
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אאאאKאZ10º
500–750K

 אFאEאאאKאאא 
אאאK

אF613EאK


אF613WEאK[5] 


Wאאאאא )ح

    אא   Kא א 
א א   K א  א א אF6 14 E 

אK
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אF614JWEאאא

אK[5] 


אWאאאא235
א6ºאאאK


אF614JWEאאאא

 AC = 235 . tan 6º = 235 . 0.0523 = 12.3 mm 
אא20:1F20אא

1EאאW
אאאZ235L20Z11.75

אZ11.75L2Z5.88

693EאאScrew TurningW

אF615EאאאK
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אF615WEאא[2] 


אאF7EאאאF6FEא

אEאאאF4FEא KE،אאא
אא،אאF3FEאE

אKאאאF8E،
אאאאFZ1EאFZ2 Eאאאא

F8EאW
אאF1LEאאF2E

ZאאF 2 LEאאF1E
1L2Z1L2

אZ3אאZ6
1L2Z3L6Z1L2

אאאאK
 א    א      א   ،א

אK
אאאF1Eאאאאא،

אF6  16KE
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אF6  16WEאאאאK[2] 
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W
1( אאאK 



2( אאאK 


3( אאK 
 

4( אאאK 


5( אאאW 
Wאא ) أ

JאאKJאKJאאK
Wאא ) ب

JאאK  JאאאK 
JאאK

Wאא )ج
JאאאK JאאאאK  

 JאאK
EאאK

JאK  JאאאאK 
 JאK



6( אאK 


7( אאא؟؟ 


 אאא؟ )8


 א؟ )9


10( ؟אאא 


11( אאאאK 


 א؟ )12
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 אאאאא؟ )13


14( אאאW 
EאW

Jא<100KJא>100KJא>100K
EאW

Jא<100KJאאאJא
>12K
EאאW

Jא>12Jא>100JK


15( ؟אאא


16( א؟؟אא


17( ؟אאא


18( ؟אא 


19( א؟ 
 

20( ؟אאאא 
 

21( ؟אאא 
 

22( ؟אאא 
 

23( ؟אא 
 

24( ؟אאאאא 
 

25( ؟אאא 
 

26( אאF1EאאW 
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27( אא؟א 



28( אאאאK 
 

29( אאאאאאW 


30Eאאאאאאא250א5ºK



31EאאאK 


32EאאאאאאW
JאZ4KJאZ60
JאZ25LKJאZ0.4L
J20אKJאאא

JאאηZ0.8K
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אאWא  Milling 
7J1EW

אאאKאאא
אאאאא

אK


  א  ،א א   ،א   א {
 אאF אE، א  ،אא    אאאK 

אאאאאFPeripheral milling Eא
 אא אFFace milling KEאF7 1 Eא 

אK


אF71WEאK[14] 


d אbאfzאLא
sφאאae א
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72EאאאMilling Applications W 
אא،אא،،א،אאא

אאאאאאKאF72EאאאK

אF72WEאאאK[2] 




73EאMilling MachinesW
   Wא א  אא א   א א 

אאKאF73EK
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אF73WEK[14] 


אאאאKאF7
4EK،אאא،

אאאK
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אF74WE[9] 
Vertical Saddle  Cross Saddle    Bed א   

Work Surfaceא  Spindle CarrierאאCrossrail   
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7J4EאMilling Cutters  W
אאאאאK

אW
JWאאא؟
JאWא؟א
JאWאאK
JW{{{K
JאאW{{K

אF75EאאK
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אF75WEאK [4] 

 
7J5Eאא

אאאאאאא،א
אאאאאFאאאKEאא

אאW
 
  ft = fz . z. n 
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W
n אאאאאאא
אאFLEK
z אאאאK
fzאאא{FאאEFLEK
ftאFKEK

אF71Eאאא
אאאאK






אF71WEאאK[2] 
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7-6EאאW
אאאאאFאEאא

אK
אאאאא

אאאאאK
L = lb + lwp + la[mm]

 
אF76EאאאK



אF76WEאאאK


77EאW
      א   Wא א א

אאK א  א  א  Kא  א
אאאאאאK

אא    אאא ،א
אאאK،אאאא

אאאאאא
אאאאK
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771EאאW
א א א א  א א א   

אאאאKא
F7.7KEF7.7KEאK

אF7.7KWEClimb Milling[14] אF7.7KE Conventional 
Milling

א
אאKא

K

א א 
   אK

אאאא
אאא

אאאK
אW

    Ftotal = Fc . zie   
     zie = z. φs / 360 
    Cos φs = 1 – 2d / D 

W
zie אאאK 
z  אK
φs אאK
d אK
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DאK 
אF78EאאK


אF78WEאאאא،אK

  Cos φs = ((D / 2 – d) / (D / 2) = 1 – 2d / D 
  zie  / z = φs / 360  
  zie = (z . φs ) / 360  

،אאאאאאW
Fc  =  b . hm . ks     

ks   =  ks.1.1 / hm
 

  Hm =  (114.6 / φs) . fz . (d / D) 
W hmאאFEK

אאאKאאאאK
772Eאאא

      אא   א 
אאאKאאאאאאK

אאא א א {אא
א{אאאK

אאuאW
u = 0.05 d

dאאאאא
FאאE

dאאאאא
FאE
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d =1.66 . bD= 1.33 . b

אF79EאאאK


אF79WEאאאאK[14] 


7721EאW

אא،אא אא א
K

  אא     אא  א hm   א
אאאאKאאF710KE


אF710WEאאאאאK

אאאאW
  hm = (57.3 / φs) . fz . sin χ ( cos φ1 – cos φ2) 
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  φs  = φ2 – φ1 
  cos φ1 = 2 B1 / D 

       cos φ2 = 2 B2 / D 
  zie = z . φs / 360º 

W
zieאאאK
 zאK
χאא[°]K

DאK
dאK

F8J1EאאW
אST 50F50 Kp/mmEאא

3אKאאF711KE
W

אDZ80אzZ8אאH.s.s.
χ = 90º12ºZγאZ50



אF7J11WEאF8J1E
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אW
א{אא{אאd{
אאW

fzFאLZE0.1LK
VFאZE25LK

Ks.1.1Z199zZ0.26
Pc = Ftotal  . V / 102 . 60 [kW] 

Ftotal = Fc . zie 
zie = z . φs / 360º 
Cos φs = 1 – 2 d / D 

= 1 – (2 . 3 / 80)  
= 1 – (6 / 80)  

= 80 – (6 / 80)  
= 74 / 80  

= 0.925 
φs = 22º 20´ = 22.33º 

 
zie = (8 . 22.33) / 360 = 0.497 
Fc  = b . hm . ks 
hm = (114.6 / 22.33) . 0.1. (3 / 80) = 0.0193 mm 
ks  = ks.1.1 / hz = 199 / 0.01930.26 = 5600 N . mm2    
Fc = 50 . 0.0193 . 5600 =540.4 N 
Ftotal = 540.4 .  0.497 = 268.6 N 
Pc =  268.6 . 25 / 6120 = 1.1 kW 
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78E Spur GearW
 א      א א א  א K

אאאאא
  א   א    K א     

אKא(Dividing Head) 
אW

אF712EאW

אF712WEאא[5] 


אWא F4 EאאF5 E40 {
 אF3 E א אF2 E א  K    אF13 E א

אאKאאא{אF7Eא
F68EאאאאאאKאאאF151617

181920EF212327293133EF373941433749KEא
אאFאאאאאE{א
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40אאאFאאKEאא
א א  א אא   א KאF11 E אF10E

אאאKאאF12Eאא
K

W
18אK

אW
אאאאאZ40L18Z24L18


אא{אאאאא
אאא18K


1W

א18 אא40א {א
אאאא1818K 


2W

4L12Fאאא12Eא
12א،279אK9L27Z4L12 Z
1L3K 


3W

59K40L59אאK
אא،אאDifferential  Dividing Head K 

אאFZ1 , Z2, Z3, Z , Z4E
אא،אK
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אF713EאאK 



אF713WEאאK[5] 
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W
1EאאK



2E؟אא


3E؟אאא


4EאאאW
EאאW

JאJאJא
EאאW

JאJאא
J

EאאאאW
JאJאJאJא

EאאW
JאJאא
JאאK



5E؟א


6E؟א


7EW
JאאאאKEF
JאאKEF
JאאאKEF
JאאאאאאKEF
JאאאKEF



8E؟אא


9E؟אא
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10E؟אא


11Eאאאאא
אK



12EאאK


13Eא؟אאאא


14EאאאK


15E؟אאא


16EאאאK


17EאאאK


18EאאאאK


19Eא؟אאא


20E؟אא


21Eאאאאאא؟


22Eאאאאא؟א


23Eאאאא600L2א4
א ،א 12 75 K

א45105K
   א א  א א 0.8  

אאאאא8K


24EאK


25EאאK


26E24KאK


27EאאאK؟؟
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אאWאGrinding


8-1E
אאאאאKאאאא

אאאאאK
  א אF0.002J0.03 E،

F אא EF0.02J0.12\،
אEאK

א،אאאאאאא
אאאKאאF81KE




אF81WEאK[5] 


8-2EאאאW

אאאW
J א{W

F4 J8µmE{F1 J4µmEא 
J F0.25J1µmKE
J {אאK
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J FEאאאאאאאK
J אא،אאא،אאK
J אאאאאאא،אא

  אאK
J אאאאאאK


אF8 2EאאK
K




אF8 2WEאא[5] 
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אF8 3Eאאאאא



אF83WEאאא[5] 


 אF8  4 E אא   FאE א
אאאאאאK


אF84WEא[2] 
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83Eא Grinding MachinesW
אF8 5EK

אF85WEK[14] 
Jא   אאK
JאW  אK
JאFאWE אאFאKE
JאWK
JאW K
JאWאFEK

JאאWאK
JאאWheel GuardWאא
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אF86E،F87E،F88EK

אF86WEאאK[9] 



אF87WEK[5] 




121 א  אא
 FEא


 

- 121 - 

אF88WEאאK[9] 
אאא

אאאאאאK
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8J4EאGrinding WheelsW
 א אא א א  ،  א   א 

אKאאאאVoidsK
אא،א،א،אאא

א  K א    א א ، 
א،אאאאאK


841EאWheel SymbolW

אאאא،א
אאאאK

אאW
A     46       k       5        v

• אאFAEאFAאC KE
• אF46 EאF8J24،30J60،80J180

،200J600אKEאF3KE
• אFkEאFA - D א،E - T،U - Y،Z 

אKE
• אF5EאF1J8،9J15אKE
• אאFvEאאאK

،אאאאאW
V Vertified  א 
B Resinoid   
R Rubber   
E Shellac 
S Sillicate  א 

Mg Magnesia   
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842EאWheel Shapes
אF89EאאK


אF89WEאK[1] 

85EאאWheel SelectionW
אאאW
• אאאK
• אאK
• אK
• אאK
• אאK
• אאאאאK
• אאאאאאאאK
• אאאאK
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8J6Eאא
אF81EאאK


 السرعة المحيطية لأحجار التجليخ 
      

الصلب  آربيد الزهر
معادن 
 خفيفة

ث/ م  ث/ م   طريقة التجليخ ث/ م  ث/ م 
  خارجيتجليخ 35 8 25 30
 تجليخ أسطح 20 8 25 25
 تجليخ داخلي 25 8 20 25

 

 
الشغل قطعة  لمادة سرعات القطع تبعاً

  والمادة الرابطة

 
سرعة 
 القطع

 ث/ م  
المادة 
 الرابطة

مادة 
 طريقة التجليخ ةقطعال

 
15 - 
25 Vitrified

صلب 
 عدة

 
15 - 
25 Vitrified H.s.s

 
up to 
45 Organic  تجليخ أدوات آربيد

 15 Vitrified
معادن 
 خفيفة

 25 Vitrified
زهر و 
 برونز

 30 Vitrified  تجليخ يدوي صلب
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دورة /  عرض الحجرxسرعة التغذية  مم    
 تجليخ خارجي تجليخ داخلي 
تشطيب  تشطيب استقراب استقراب  الشغلقطعة مادة 

 
0.2 - 
0. 5 

0.5 - 
0.7 

0.5 - 
0.7 

0.6 - 
 صلب 0.84

 
0.2 - 

0.4 
0.2 - 

0.3 
0.3 - 

0.5 
0.25 - 

 زهر 0.4


אF81WEאK
8J7EאW

אאאא،א
אאא،אאאאK

אאאאאFאEאא
אK

אאאאאא
אאאאאK

   L = lb + lwp + la [mm] 
אF810EאאאאK



אF810WEאאאאK
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8J8EאאאSafety Rules in GrindingW
אW

J אאאK
J אאK

אW
KאFLEאאא ) أ
KאEאFאא ) ب
EאאאK
EאאK
EאFאKE
EאK
EאK
EאאK

E      א א     ،
אאK

Eאאאא
K

EאאK
EאאK

אW
Kאא ) أ
Wא ) ب

J אאK
J אאK

EאאאK
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Eאאא،א
אFאEאאאא

אK
EאאאאאאאK
EאאאאK
EאאאK
E،אאאאאאK،א

Kאא
EאאאKאK
Eאא،Kא

אKאJאא،אאא
א،אאאK

?אK?
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W
a. אK 



b. אK 
 

c. אא؟ 
 

d. ؟אאא 
 

e. ؟אא 
 

f. ؟אא 
 

g. ؟אאאאא 
 

h. ؟א 
 

i. אאאK 
 

j. אאאK 
 

k. אאK 
 

l. אאאK 
 

m. אאאK 
 

n. אאK 
 

o. אאאאK 
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אאWאאא
Nontraditional Machining Processes 

א،אאאא
،אאאאKא1940א

אאKאאאאW
J אFאאEK
J אK 
J אאאאK 

1.9EאאPlasma Arc MachiningK
אאאאאאאKאא

1100Kא6LK
אאאאKאא

אאאאאאא
אKאF1.9EאK

אF1.9WEא[14] 
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אאאאאאK
אאFאE

אKאאא
אאאאKא

א30000אאאא
אאאאאאאKא

אאK


2.9EאLaser Beam MachiningW
אאא

אKאאאאK
אאאאאאא

אאFאאEKאF1.2.9EאK


אF1.2.9WEא[14]

אא،א،אאאK
א10אאK1K
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אK6Lא90LאKא
F2.2.9EאאאK


אF2.2.9WEא[14]

אאאאאאאאא
אFאאאאKE

אאאאאF،א
אאאEאא

אKאאאK
אאאאאאאאK

FאאF3.2.9EE
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4EאאאאאK
KinzieleאW

Fc = b . h . ks   
Ks= ks.1.1 / hz  = ( 3 – 5 σs Fא 

W
bאאK hאא

  Ks.1.1אאאאZ1אאZ1
zאK
5E؟אאא؟א
FtאאFtangential componentE67٪אאK
FrאאFradial componentE27٪אאK
FaאאFaxial componentE6٪אאK
6Eאאא؟א

،א،א،א،אאא،אאאK
7EאאאK
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8EאאK

אאאאאאא
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אPcPc = Ft . V / 102 .  60  [kw]
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א60א102אאK
אא،אאא

אKאאאאאηFE
W

Pmotor = Pc / η         [kw] 
η0.70.9אK

אאאK
12EW

KFEאאאא ) ب
EאאאאKFE
EאאאKFE
EאאאFE
13Eאאאst 5045Lא

2.422KאאKs.1.1200L2
KW

 KאEא ) ث
EאאאηZ0.8

F = b . h . ks = A . Ks 
 , b = d = 2 mm A = b. h 

2.4 = 2 . h 
h   = 2.4 / 2 = 1.2 mm 

 , n = 0.26 Ks = ks.1.1 / hn 
Ks = 200 / 1.20.26               = 190.7 kp/ mm2 
F = 2.4mm2 . 190.7 kp / mm2 = 457.7 kp 
P = F . V / 6120 = 457.7 . 45 / 6120 = 3.4 k 

 
Pmotor = P / η = 3.4 / 0.8 = 4.2 kW 
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16( אאאK 
אK

אאK 
אK

 
 

17( ؟אאאאא 
אאאא

אאאאK


18( א12420L
2אאאאאKא0.22L

אא،σZ116º{אא1000Lא
אηZ0.9K 

 
F = (f x D / 2) . ks   in [kp] 

   = ( 0.22 . 12 / 2) . Ks 
ks = 1.25 (ks turning) 
Ks turning = ks.1.1  / hz 
h = (f / 2) sin σ 

        h = (0.22 / 2) . sin 116 
        h =  0.11 . 0.8988 = 0.1 

ksturning = 1750 / 0.10.17 
 = 123.6   [kp] 

ks Drilling = 1.25 . 123.6 = 154.5 [kp / mm2] 
F = (0.22 . 6) 1545 = 2039.33  [kp]  
Pc  = (f . D2 / 8) ks . (n / 97400)        in [kW] 
     = (0.22 . 144 / 8) 154.5 ( 1000 / 97400) 
     = 3.96 x154.5 x 0.01 = 6.3  kW 
Pmotor  = Pc / η                       in [kW] 
           = 6.3 / 0.9 = 7              kW 
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19( אאאאW 
JאאאZ35KJאאאZ

1500L
JאZ16KJאZ0.4LK
JאZ5KJאZ5K
JאאσZ120ºJאK 


 tc = L / n x f 
 L = lx + lb + lwp + la 

lx = {(D / 2) . tan σ / 2}    
    = {(16 / 2) . tan 120 /2) = (8 .1.732) = 13.85 mm 

L = 13.85 + 5 + 35 + 5 = 58.85 mm 
tc = 58.85 / 1500 x 0.4 = 58.85 / 600 = 0.1 min 
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28( אאאאאאW 




אאאא
Tan α  = D – d / 2 L 

 = 37 – 30 / 2 x 40 = 7 / 80 = 0.0875   
    = 5º α 

31Eאאאאאאאא250א5º
AC = 250 . sin 5º = 250 .0.0871 = 21.775 mm


32Eאאא 
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אW

JאZ4JאZ60
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Jא20JאאאηZ0.8


F = b . h . ks = d .f. Ks 
b = d = 2 mm  , h = f = 0.4 mm  

 
Ks = ks.1.1 / hn   , n = 0.25 , kx.1.1 = 1160 N / mm2 

Ks = 1160 / 0.40.25   =  1458.6 N / mm2      
F = 2mm . 0.4mm . 1458.6 N / mm2 = 1166.9 N  

 
P = F . V / 6120 = 1166.9 . 25 / 6120 = 4.76 kW  

 
Pmotor = P / η = 4.76 / 0.8 = 5.95 kW 
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W
n אאאאאאא

אאK
zאאאאK
fzאאאFKאאE
ftא

 
9Eא؟א

אאאאאK

10E؟אא

אאK
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K


12EאאK

אאאאאFאEא
אאK

אאאאא
אאאאאK
   L = lb + lwp + la [mm] 


13Eאאאאא؟
אW

JאאJאא
אK


14EאאאK

- א
- א 


15Eאאא؟

אאאאא
אאK

אאאאאאא
K


16EאאאK

zie = z. φs / 360 
    Cos φs = 1 – 2d / D 
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W
zie אאאK 
z אK

φs אאK
d אK
DאK 
 



Hm =  (114.6 / φs) . fz . (d / D) 

W
hmאא
φs אא
d א
Dא
fzא


18EאאאאK

- אאאא
- אא

אK

19Eאא؟אא

אאאאK
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20E؟אא
אאuאW

u = 0.05 . d 
  dאאאאאdאאאאא

FאאEFאE
D=1.66 . b       d= 1.33 . b 


21E؟אאאאאא


  φs  = φ2 – φ1 

 
  cos φ1 = 2 B1 / D 

 
        cos φ2 = 2 B2 / D 

 
  zie = z . φs / 360º 

 
W

zieאאא
 zאK
Dא
dא
 

22Eאאאאא؟א


אאאאW
  hm = (57.3 / φs) . fz . sin χ ( cos φ1 – cos φ2) 

 
  φs  = φ2 – φ1 

 
  cos φ1 = 2 B1 / D 
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        cos φ2 = 2 B2 / D 

 
  zie = z. φs / 360º 

 
W

zieאאא
 zאK
χאא

Dא
dא


23Eאאאא600L2א4

א،א1275K
45א105K

אאאא0.75
אאאא8אK

א{אא{אאd{ אאW
szFאLZE0.1LK
VFאZE25LK
Ks.1.1Z1990L2zZ0.26

 [kW]     Pc = Ftotal  . V / 102 . 60  
  Ftotal = Fc . zie 
  zie = z. φs / 360º 

Cos φs = 1 – 2 d / D 
= 1 – 2 x 4 / 75  
= 1 – 8 / 75  
= 75 – 8 / 75  
= 67 / 75  
= 0.89 
        φs = 27º 40´ = 27.66º   
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zie = (12 . 27.66) / 360 = 0.922 

 
Fc  = b . hm . ks 

 
hm = (114.6 / 27.66) . 0.1. (4 / 75) = 0.022 mm 

 
ks  = ks.1.1 / hz = 1990 / 0.0220.26 = 536.2    kp . mm2    

 Fc = 45 . 0.022 . 536.2 = 530.9    kp 
 

 Ftotal = 530.9 . 0.922 = 489.5 kp 
 

 Pc =  489.5 . 25 / 6120 = 1.9       kW  
אZאאLא

אftZ fz . z . n
n = 1000 . V / 3.14 . D 

      = 1000 . 25 / 3.14 . 75 = 106.2      r p m 
   ft = 0.1 . 12 . 106.2 = 127.44            mm /min 

  אZאאLא
FZ105H8H8LE127.44Z123L127.44Z0.955

24EאK
אאא

KאאKאאK

25EאאK

אWאF4EאאF5E40{
אF3EאאF2EאKאF13Eא

אאKאאא{אF7E
אF68EאאאאאאKאאא

F15J16J17J18J19J20EF21J23J27J29J31J33EF37J39J
41J43J47J49KEאאאFאא
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אאאE{אא40אאFאאKE
אאאאאא

אאKאF11EאF10EאאאK
אאF12EאאK







26E24KאK
40L24FZ2L3E2

אאא11א15K

27EאאאK؟؟
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א،א
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אאאW

1EאK 

אא
אKאאאא

אאאאאאK


2EאK 
אאF0.002J0.03E،

FאאEF0.02J0.12L،
אEאKא

אא،אא
אאK


3E؟אא 

אאW
Jאאא
Jאאאאא
JאאאאK

א،אאאא
אאא،אK

 
4E؟אאא 

אW
JאK
JאK
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JאאאK
JאאK
JאאאK

 
5E؟אא 

אW
- א
- אא

אK 
- אאא 
- אK

6E؟אא 
 א  א      א  

،אאאאאאK
 

7Eא؟ 
אאאא،א،

א،אאKא
אא،אא،א

אאK
 

8EאאאK 
     46       k       5        v 


• אאFAEאFAC 

KE
• אF46EאF8J24،30J60،80J

180،200J600אKEאF3KE
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• אFkEאFA - D א،E - T،U - Y،
Z אKE

• אF5EאF1J8،9J15
אKE

• אאFvEאאאK
 

9EאאאK 


• אאאK
• אאK
• אK
• אאK
• אאK 


10EאאK 

אאא،אאא
אK

 
11EאאאK 

א
אK

 
12EאאאK 

אאאאאFאEא
אאK

אאאאא
אאאאאאK

   L = lb + lwp + la [mm] 
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13EאאK 
- אאK
- אאK 
- אאK 
- אאאאK 
 Kאאאאאא -


14EאאאאK

a. אאאFLEאK
b. אאFאEאK
3Eאאאא

אK
4Eאאאא

K
5EאאאאאאאK
6EאאאאK 
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GLOSSARY


Abrasive 
אAlignment 
Arbor 
אאArm bracket 
Automatic 
Backlash 
אBasic hole system 

אBasic shaft system
א_Bearing

Bed 
Belt
Flat ……
V ……
Blind hole 
Block 
V ……
Bluntness

א{אBorax
Boring 
…… bar 

אCounter ……
……. Tool 
אאBurring 
Carbide
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א
א

Cemented ……
אSilicon ……
…… tipped tool 

carriage
{Cement
{Centre

א…… mark 
א…… punch

centering
…… tool

chain
chamfer

Change gears
Chart

chatter
אChip

אא…… breaker
clamping

………... bolts
Clasp nut 

Clay
אאClearance angle 
Closers 

clutch
Concentricity 

Coolant 
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א


cooling
Corundum

אCounter borer
Counter boring

Cutting
אא……. Angle

אא……. Edge
FE Dry …….
א …….. force
א{א ……… tool
FE  Wet ……

אCylindrical grinder
Dial gauge

Dividing head
Dovetailed groove

אDown milling
Draw –in- bolt

dressing
{Drill

Bench ……
Centre ……

Gang ……
Hand ……

Radial …….
Twist ……

Upright
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א


drilling
א……… spindle 
 Spot …….

{…… machine
אDrive 

eccentric
……. lathe
א……… turning
אElectrolytic copper

End face
אEnd milling

……. cutter
Engagement

Erection
Face plate

אFacing
Feather key

Feed
א…….. gears

א…… box 
אFelspar 

Fine-pitch thread
Finishing 

………. tool
אFit 

אאClass of ……
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אClearance ……
אאGrade of ……

אאInterference ……
אTransition ……

אSystem of ……
אFlank 
Floating reamer 
Floating sleeve
Flute 

flux
forming

gear
Bevel …….

Worm …….
<<Go >> gouge

grease
grinding

אCylindrical ……
External …….

אInternal ……..
{……… machine 

Surface ……..
א……. Wheel 
Guiding way

Hardness
אאאHeadstock
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אHigh speed steel  
Hob 

Honing 
Horizontal milling machine 

Indexing
א…….. crank 
……. pin

…….. plate
……. Fixture

אאאאISA
אאאISO 

אJig boring machine
FEKnurling

אLead screw
אאLeading cutting edge 

אLever
אControl …….

אHand …….
אLocking …….

אLimit gauge 
אאLip angle

אLongitudinal
Lubricant
Lubrication

Machine
…….. tool 
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Magnesite
Maintenance

אאMajor diameter
Margin

FEMarking 
Mesh
Meshing

אMetal cutting
Milling 

 ……. Cutter
אאMinor diameter

Muffle furnace
neckא

אNominal size 
Nose 

אא…….. angle
<<NOT GO>>gauge(also<<NO GO>> gauge)

אParaffin 
Pilot

Pitch 
א……. diameter

Plain tool steel 
Planning 

…….. machine
אPlug gauge

pneumatic
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א


אאPoint angle 
אPower train

אRadial drill
אאRake angle

Reaming
אResin 
Rest 

אאReturn stroke
Rigid

אrough
אRoughing

Scraper 
Screw

FEScriber 
אאSelf – centering

אSetting – up 
Shaft

Shank
אFECylindrical …….

Tapered …….
shaping

…….. machine
sharpening

Shell end mill
{shellac

אאSide angle
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 Side angleאאא
Sintering 
Size 

אאNominal …….
אאBasic ……

Slotting
Snap gauge 

spacer
אSpanner 
אSpindle 

אSpirit 
Split nut 

Stepped pulley 
Stop 

אFEStraight turning 
Switch 

אSwiveling arm 
Table

אאאTailstock 
Tap 

אtapping
Template 
אTesting 
Thread 

Metric ……
FEWhitworth ……
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Threading 



…… die 

Three – jaw chuck 
Through hole 

Tolerance 
א……. Zone 

אDisposition 
אGrade of ……

{Tool 
א…… holder 

אא…….. - life
אFE……. Post 

אאTrailing cutting edge 
אTruing 

T T – slot 
אTurning 

א…… tool 
אTurpentine 
Twist drill 
V – block 
Vertical milling machine 

Vice 
אWedge 

אא…… angle 
Worm 

…… wheel 
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אKKא–א

2Eא{{אא{אא


3Eאא{1981{אא{{،אK


4Eא{1985،א،،K


5Eא?{1977{_J–

א–{–{אא

6Eאא{{1977{{{


7Eאאאא{א{1978{{אאא{א{

אK

8Eאאאא{א{1977{{אא{א{

אK
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