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cos..2 43
2

4
2

3
2 rrrrz 

 
cos..2cos..2 43

2
4

2
3221

2
2

2
1 rrrrrrrr 

 : 

(1-2)                       
43

221
2

4
2

3
2

2
2

11

.2
cos..2cos

rr
rrrrrr

 

 

(2-2)                                                      
43

2
4

2
3

2
1

.2
cos

rr
rrz

 
 

(40o <  < 140o)

3 4   
 

 (1-2) 
ɗ2 

 ɔ' ɔ''                 
 )(5-2-         

 

O2 

2 

3 

4 

1 

A 

1 

B 

O4 

r2 

r3 

r4 

z 

r1 

ɗ2 

ɔ 
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)(5-2-   
 

           a   )(1-2-
)(6-2-)(7-2-

 
 
 
 
 
 
 

 -b           -a 
)(6-2- 

 

a  )(6-2-
4  

 
 

  b  )(6-2-                    
   

    
            

   
 

O2 

2 

3 4 

1 

A 

1 
O4 

ɗ2 

ɔǌ 

B 

A  A  

B  

ɔ  
 

B  

2 

O4 
 

1 1 

A 

B 

3 
4 

O2 
O2 O4 

A B 

1 1 

2 

3 

4 
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   a  )(7-2-

                     

            
: 

 

(3-2)                                      
4242

2442

OOBOAOAB
AOBOOOAB

 
 

O4A B O2A B 
 

 

  b  )(7-2-
 b  )(1-2-

4             
     O4 .            

 
 
 
 
 
 
 

 -b                -a 
)(7-2- 

 

 -4-2Slider-Crank Mechanism 
 

       
)(8-2-     

1  2 3        
4             
b  )(7-2-4   

O2 
˼ 

O4 
˼ 

A 

B 

2 

3 

4 

1 1 

A  

A  

B  

B  

O2 

1 

1 

2 

A 
3 

4B 
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)(8-2-(Slider-Crank Mechanism). 
 

   
          
   C  O2  

 )(9-2-   e  
  O2  C    a  )(10-2-. 

 

         
                 

   
  

 . 
 
 
 
 

)(9-2-   . 

O2 

A 

B 

1 

2 3 

4 

1 

R L 

O2 O2 B B 

C C 

ɤ2 

ɤ2 
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  S   
(S = 2R)  180o 

    180o            
  

 

  
   b  )(10-2-     

                180o  
  180o   

 
a.  

 
 
 
 

b.  
 
 
 
 
 

)(10-2-   . 
 

 
  

  : 
 

21
o180 

: 

21
o180 

: 

RL
e

RL
e 1

1
1

2 sin,sin 
 

  R   L   (e < L-R) . 

R 

L 

L 
R 

L-R 
B 

C 

O2 O2 

B 

ū2 

ū1 

ɤ2 

e 

C 

R+L 

L-R 

S 

C C 

O2 

ɓ 

Ŭ B R+L 

L-R 

S 

C C 

O2 

ɓ 

Ŭ B 

B 
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: 
 

2222 )()( eRLeRLS 
 

       
  b  )(10-2- 

    
 

RSRLSRL 2 
 

 2R   e.        
: 

 

LRRLe 
 

Ŭ ɓ   
               

 
 

6-1  
 

  
 

   )(11-2-        
O 

E  A  OA       

E   
 
 
 
 
 
 

   
)(11-2- 

A 

O 

E 

B 

1 

2 

3 

4 
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 -5-2Double Slider-Crank Mechanism 
    - )(8-2- -    

B     A            

 B )(12-2-. 
 
 
 
 
 
 
 

)(12-2-  . 
 

               

              
  (Scotch Yoke)    )(13-2-      1  

 2  
4   

 

 
            

. 
 

 )(13-2-4    A         
                 . 

 

            
 –   

 
 
 
 
 
 
 

)(13-2-  (Scotch Yoke). 

O2 
˼ 

2 

3 4 
A 

B 

1 

3ǋ 

4ǋ 

1 

O2 

2 

3 

A 

4 

1 
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1 

3 1   4          
     - -  

 

         
   . 

 

 -1-5-2Oldham Coupling Mechanism 
 

 )(14-2-                       
  1     )(13-2-       

    2          
 3               

2 4 3      
 

 

        

    2  3  4      

 
 

                  
   

  
 
 
 
 
 
 
 
 

)(14-2-   (Oldham Coupling). 

1 

1 

2 

3 
4 
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-2-5-2 
Elliptical Trammel Mechanism 

)(15-2-        
 1       3               

4           
   )(13-2- 

 
 
 
 
 
 
 
 
 
 
 
 

)(15-2-  (Elliptical Trammel). 
 

     2 4    P     3  
  : 

 

sin.,cos. byax 
 

(4-2)                                1sincos 2

2

2

2
22

b
y

a
x

 
 

     O    2a    2b  .
P        

AB   (4-2)  
 

222 ayx 
 

 O a  AB . 

O 
 

C 
 

B 
 

P 
 

b 
 

a 
 

Y 
 

X 
 

1 

2 

A 
 

3 

x 
 

y 
 

4 
ɗ 
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2-6- Straight-Line Mechanisms 
 

      

          
          

 
 

 
   

  
    

 
 

 -1-6-2Watt Mechanism 
 

                
 

 

 a   )(16-2-      
      

CD AB              
BC  

P   
 

AB/CDPC/BP 
 
 
 
 
 
 
 
 

 -b      .                               -a  . 
)(16-2-   . 

A 

D 

B 

C 

P 
1 

1 4 

3 

2 

A D 

B C 
 

C2 

C1 

B1 

B2 

P2 P1 P  

4 

2 

1 1 

3 
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P  
CD  

14o   
 

-2-6-2Tchebyshev Mechanism 

    
 b   )(16-2-          

AB CD   p     
BC      

 AD  
 

AD1.25CDAB,BC2AD 
 

    P1P2        A D  .
0.24%      

P1  AB          
P2  DC  . 

 

  P BC 
180o AD                     

     0.25%            

  
      

 
 

 -3-6-2Peaucellier Mechanism 

  
 

 

)(17-2-     
 

DECEPDPC,BDBC,AEAB 
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)(17-2-   (Peaucellier Mechanism)  
 

 EA    BA   
E P      

DE , PD , CP , EC     D C    B 
CB   DB   P                 
AB  O   

 

F  ECPD         
BFC EFC   

222222
CFCEEF,CFBCBF 

  
2222

CEBCEFBF 
22

CEBCEF)(BFEF)(BF 
 

cos.2ABEFBF,
cos
OBEFBF 

 
22

CEBCcos.AB2.
cos
OB

 
 

.Const
2AB

CEBCOB
22

 
 

P  AB  O P  
OP  AB . 

1 

2 

3 

4 

5 

6 

7 

8 

O 

P 

F 

D 

C 

E 

B A 

ɗ 
ɗ 
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2-7-  
Quick-Return Motion Mechanism 

 

       
     

. 
 

       
     

                  
 

 

 
  

 

       
(Carnal ratio)  CR : 

 

 
(5-2) 

 
 

  CR      
   CR                          

 
 

  
)(10-2-.     

              
Ŭ    ɓ              

 
 

Ű    : 
  

(6-2)                                           )2/( 
  

 (7-2)                                          )2/( 
 (6-2) (7-2) (5-2)  

(8-2)                                              RC 
 

     
 

 
CR =  
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)(10-2-Ŭ ɓ   
       

 
 

          
 (8-2)           

   
 

 

 
 

 -1-7-2Drag-Link Mechanism 
 

    
(3-2) 

 

)(18-2-     
 2   3  

4  5  
 

 

 4   
 

CO2 4S 
: 

21 /RC  

     [2 : 1]           

 
 
 
 
 
 
 
 
 

)(18-2-  (Drag-Link). 

S 

C  

B 
C 

D D  D  

C' 

B  

B  

O2
 O4

 

5 

6 

4 

3 

2 

1 

ɤ2
 

ɗ1 

ɗ2 1 1 
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-2-7-2Crank Shaper Mechanism 
 

 
)(19-2-            

   2                 
  4    6  5 

  
 : 

21 /RC 
C'C'' 

O2O4 
 

42

2
4 OO

BOCO2S 

        
O2B  B 

ɗ2 
               

 
 
 
 
 
 
 
 
 
 
 
 

)(19-2- (Crank Shaper Mechanism). 

O4 

O2 

B 

S D 6 
 D  

C 
 

C  

 B  

5 

4 

2 

3 

ɗ2 

ɗ1 

ɤ
 

1 

1 

1 
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-3-7-2Whitworth Mechanism 
 

                
O2  O4  O2B              

2 4   . 
 

)(20-2-          2  
      4               

   6                     
 

 

C' C''        
  

CO2 4S 
  C  

O4 . 
 

 : 

21 /RC 
 

 
 
 
 
 
 
 
 
 
 
 
 

)(20-2-(Whitworth Mechanism) . 

5 

C 

D D  

S 

D  

B 

B  B  

C  C  

ɗ1 

ɗ2 

6 

2 

4 

3 

1 
O2

 

O4
 

ɤ2
 

1 
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-8-2Intermittent-Motion Mechanisms 
 

           
 

 . 
 

 -1-8-2Geneva Wheel Mechanism 
 

)(21-2-    
  2    P            

  3 .   2  
        3         

          

 
 
 
 
 
 
 
 

)(21-2-(Geneva Wheel Mechanism)  
 

 O2PO3  
             

 
 

)(21-2-  
 2    

   N       1/N         360/N . 
 

)(21-2- 
  ɤ2  

  3        ɤ3   

             O2 , O3 
  

L 

P 

O2 O3 

2 3 

45o 

45o 

ɤ2 

ɤ3 

1 1 
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L             
      

)(22-2- O3O2P             
 3   

 

  3    2    
P       

    
 

 -2-8-2Ratchet Mechanism 
 

 
 

 a  )(22-2-        
 4  3  2   

        5        2     
 

 b  )(22-2-    
  2  3    4  

         5       4    . 
 
 
 
 
 
 
 
 

 -b      .                                   -a . 
)(22-2- . 

1

4
2

5

3
5 

3 
2 

N 

P 

O 

4 

B 

A 

1 
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       PN           O , A 
b  )(23-2-       

  5  O , B . 
 

                
    

 
 

2-9- 
Special Applications Mechanisms 

    
     

   
     .

 
       . 

 

 
 

 -1-9-2Pantograph Mechanism

         
               

 . 
 

)(23-2-         
2 , 3 , 4 , 5    

1 , 2 , 5 . 
 

   3      D     F      AD  CE  .
D   F   . 

F        D    . 
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D F    
 

.ConstAF/AD 
 

               ABD FCD : 
 

(9-2)                                    .ConstCD/BDFD/AD 
AEF DCF : 

 

(10-2)                                     .ConstCD/AEFD/AF 
 

 (9-2) (10-2) : 
 

.ConstAE/BDAF/AD 
 

AE BD    
 

 (11-2)                       
F
D

AF
AD 

 

 
 
 
 
 
 
 
 
 
 

  – (Pantograph Mechanism). 
)(23-2- 

 

             
     

  
)(23-2- 

 

 - - 
          

 

A 

B 

C 

E 

F 

1 

2 

3 

4 
D 

5 
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2-9-2- Toggle Mechanism 

          P  
 . 

 

 a   )(24-2-   
T  2 4 5  

Ŭ  C . 
 

2  3                    
B F      

5  (F/2 sinŬ)
    

 

tan)2/(FP 
 

Ŭ  4 5   
 F  P . 

 

 b   )(24-2-   
F  2 . 

 

          
  

 
 
 
 
 
 
 
 

-b                             -a  
 (Toggle Mechanism). 

)(24-2- 
 

O2 

A 

B O4 
C P 

F 

1 2 

3 

4 5 6 

1 1 

Ŭ Ŭ 

T 

2 

3 
4 5 6 F O4 

O2 2 
Q 

A 

B 
1

C 5

3

6

F 

P 
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-10-2Car Steering Mechanisms 
 

         
   

 

             
  

          G      

  ɗ  ᶫ     
.  )(25-2-   

 

 
 
 
 
 
 
 
 
 
 

 . 
)(25-2- 

 

 
GE/FCGE/EAcot,GF/FCcot 

 
EF/FCGF)/FC(GEcotcot 

: 
(12-2)                                                     lb /cotcot 

 

  (12-2)   
           

   

ɗ ᶫ 

B A C 

D 

G 
F E 

b 
l 
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 -1-10-2Davis Mechanism 
              
 

 

)(26-2-          
AC  BD  W1 W2       

   A B        W1AC  W2BD  

. CD     AB     L M                    
AC BD    

          
  ABDC           

AB̂D,BÂC  : 
AB̂DBÂC 

 
 
 
 
 
 
 
 
 
 

)(26-2-  (Davis Mechanism)   
 

   CD   
  C'D'   W1  

  ɗ W2    ᶫ    
 

(13-2)                             cot.)cot(.DD hhx 
 

 (14-2)                            )cot(.cot.CC hhx 
 

   (13-2) : 
 

(15-2)                                   )cos.sin(
sin

1cot 2 x
h

 

b 
l 

ᶫ 
ɗ 

K 

L M 

h 

A B 

W1 

W2 

C D  
D 

C  W2
 

W1
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  (14-2)  

(16-2)                        )cos.sin(
sin

1cot 2 x
h

 

 
(17-2)                                                  cot2cotcot 

 

  (17-2)   (12-2)    
  

(18-2)                                                    lb 2/cot 
 

AC , BD              
h  AB  

 
 

      
       

 
 

2-10-2-Ackerman Mechanism 
   

. 
 

)(27-2-       AKLC   
 )AK = CL(   AC  KL  

   AK 
CL      

Ŭ   
 
 
 
 
 
 
 
 
 

)(27-2-  (Ackerman Mechanism)   

B A C 

D 

B A C D 

K K L 

Q 

P 

l 

ɗ 

ᶫ 

Ŭ Ŭ 

L 

b 
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ɗ  
AB , CD 

ɗ  
           

P   )(28-2-  
ɗ ᶫ   (12-2)  

 

 : 
 

olb 18,4.0/,5.8AK/AC 
 

 
 

 ɗ  
   ᶫ   : 

 

40o 30o 20o 10o ɗ 
30o34' 24o49' 17o43' 9o25' ᶫ 
0.501 0.431 0.383 0.356 cotcot 
32o8' 25o8' 17o38' 9o21' ᶫC 

 

 
QP/ACcotcot 

 

   ᶫC     ᶫ   (12-2). 
 

 
-  ɗ   ᶫ   
-     ɗ       

    
-    )ɗ = 24o( (12-2): 

 

4.0/cotcot lb 
 

   AK CL  
)( AC    0.7l              

ɗ     
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1-2-
 )(28-2-    

(Andreau Differ-Stroke Engine)      7     . 
5 2     M , N  

      P  .   5 , 2      M , N  
 . 

   M   (dM = 80  mm)   N   (dN = 160  mm)
 

 

(O2A = 30  mm) , (AB = CB = 120  mm) , (BD = 175  mm) , (O5C = 60  mm) 
 

 
1.      A , B , C      D 

  30o    M . 
2.  D  

 
 
 
 
 
 
 
 
 
 
 
 
 

  
)(28-2- 

 

1.  )(29-2-        [25  mm  1  cm]
 

O2 

A 

B 

C 

O5 

D 

P 

N 

M 

2 

3 

4 

6 
5 

7 

65  mm 
110  mm 

25 

5 

1 

1 

1 
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)(29-2-   
 

2. D  
 

    
mm 

   
cm 

 
  

S1 = 130 S1 = 5.2 D  D6  
S2 = 61.25 S2 = 2.45 D6  D12  
S3 = 48.75 S3 = 1.95 D12  D17  
S4 = 117.5 S4 = 4.7 D17  D  



82 
 

 -11-2Governor Mechanism 
 

          
      

    . 
                        

                          
      .           

   .           
              

       . 
 

                
                

                  
                      

    . 
 

  -   -     : 
1. . 
2. . 

 

          : 
 

 -1-11-2Centrifugal Governors 
 

                
       .              

          -    -  
                . 

 

           
            

 .                      
      . 
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      : 

 

1. Gravity-Controlled Governors 
 

    .  )(30-2-     
             
     . 

 
 
 
 
 
 
 

(Proell) (Porter) Watt)(. 
)(30-2-   . 

 

   a  )(30-2-    Watt)( 
                 

                 
 

 

             
   (Porter Governor)     b  )(30-2-

(60 - 80  r.p.m)
                 

 

   c  )(30-2-   (Proell Governor) 
                 

 .               
          . 

a b c 
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2. Spring-Controlled Governors 

 

 

       
  

   

 

 a  )(31-2-           
E  

(Hartnell)          K     
S N 

    
   L (AOB)     B     

  
L  O  D   

-b  -(Wilson-Hartnell).                         -a  (Hartnell).
)(31-2-  . 

D

S 

E 

F H 

O O 

K
B B 

Q 

L 

G 

D L 

B B 

N 

K 

A A 

S 

E 

O O 
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 b   )(31-2-    
   E     - 

(Wilson-Hartnell)        K    
B        L        E      

B  D  L      O .           
          O         
         Q      .    

          F      S     .
          . 

 

        O                
                   

   .            
    )(32-2- .        

             (Shaft Governor). 
 
 
 
 
 
 
 
 

 

)(32-2-   (Shaft Governor). 
 

     B        A     
   CD  .       E        
    .        K      

  )(32-2-
                

                    

   H  )    (. 

B 

D 

K 

C 
A 

A K 

H 

E 

B 
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                      .
                  

                 .
             . 

 

3. Governor with Gravity and Spring 

              

  

 
 

 )(33-2-  
  E       

   K S           
   ACH        B   A . 

 

A  
E 

C  
  D  E  

  
 
 
 
 
 
 
 
 
 
 
 

)(33-2- (Governor with Gravity and Spring). 

A 

K 

S 

D 

E 

B B 

H H 

C 
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-2-11-2Inertia Governors 
 

                   
        .           

                           
    A             O   

    )(34-2-. 
 
 
 
 
 
 
 
 

 

)(34-2-  (Inertia Governor). 
 

 )(34-2-            B  
          O  .  A        
       K       . 

 

            A     
    O .             

  .                         
       B  .                 

           . 
 

             
                      
      .          

              
                    

    . 

A 

B K 

O 
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 -3-11-2Basic Concepts of Governors 
 

               
 

 

-  Balance Velocity 

 

 
 

- Stability 

 
 

- Controlling Force 

     
 

 

-  Sensitiveness 

- -  
 

 

 

 
 

ɛs ɤav. 
ɤmax.  

ɤmin.   

(19-2)                                     
.min.max

.av
s 

 

- Isochronism 
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- Governor Effort 
Q – 

-                 

   Qm  

          

 
 

(20-2)                                               2/mQQ 
 

- Governor Power 
  E      

  Q    y12  
 

(21-2)                                             12. yQE 
 

       
         

  

 
 

- Hunting 
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- Friction 

     
  

 
 

ɤ 
r  

ɤ''               
r  

ɤ' 
 

 

-    Insensitiveness 
r  

ɤ'' ɤ'  
ɛn  

 

(22-2)                                            '
av

n 
 

'
av  r  

 

(23-2)                                            
2

'
av 

 

 
 

                      
         .     

              
             

     . 
 

               
                   

       .                      
              

             
     . 



91 
 

     Problems 
 

1-2-
   : 

(l2 = 100  mm) (l3 = 200  mm) (l4 = 300  mm). 
 

 : 
1.  
2.  
3.  
4.  

 -l1 
 

* 
 

2-2-
: 

CR = 2 
  : 

 

  75  mm    200  mm 
 -   . 
 

* 
 

3-2- 
  : 

(l1 = 100  mm) (l2 = 25  mm) (l3 = 90  mm)         
(l4 = 75 mm). 

 

     : 
1.    
2.  
3. C   
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4-2-
 )(4-2-          

       O2B. 
 

    : 
1.      E , C . 
2.      D    12   . 

 

 : 
mm)190DC(,mm)251EO(,mm)54BEBC(,mm)40B(O 62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )2-4(   . 

125 

35 45 

3 

4 

6 

O2 

O6 

B 

E 

C 

D 

5

60o 
2 

1 

1 

1 
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5-2- 
  )(5-2-        

   .     2       6  
 . 

 

   [2 : 1]: 
1-      D         16   . 
2-      D         . 

 

 : 
mm)84CD(,mm)82BO(,m)54AB(,cm)20BCA(O 42 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )(5-2-      . 

O2 

A 

B 

C 

O4 

D 

2 

3 

5 

6 

18  mm 

48  mm 

45o 

4 

90o 1 

1 

1 
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6-2- 
  )(6-2-     (Whitworth)

           . 
 

    : 
1-        C         2 . 
2-     S . 
3-  CR . 

 

    2    (ɗ2 =  60o)     O2O3    
   : 

mm)390BC(,mm)96B(O,mm)801AO(,mm)90O(O 3232 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )(6-2-    (Whitworth). 

O3 O2 

2 

4 

5 

6 

C 

A 

3 

B 

1 

1 

ɗ2 
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7-2-
 a   )(7-2-     (Roberts)

       C . 
 

    : 
1-       C . 
2-      C . 
3-      . 

 

 : 
mm)50AB(,mm)60BOBCACA(O 42 

 

 
 
 
 
 
 
 

 -b           .-a    (Roberts). 
 )(7-2- 

 

 
8-2- 

   b   )(7-2-         
   C       . 

 

    : 
1-     A , B C      . 
2-       C    . 
3-         2       4   . 

 

 : 
124mm)BOA(O,mm)119BC(,mm)93AC(,mm)106(AB 42 

100  mm 

O2 
O4 

C 

A 

B 

4 
2 

3 

45o 

1 1 

242  mm 

O2 

O4 

C 

A 

B 

4 

2 

60o 
86  mm 

 

3 

1 

1 
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9-2-
  )(8-2-           

       4     105o      C     
    6        DE     5     D  .

    6       90o    . 
 

: 
 -       B   . 

 

 
 
 
 
 
 
 
 
 

   . 
 )(8-2- 

 
 
 
 
 
 
 
 
 
 
 
 

2 2 

6 

6 4 

3 

5 15o 

45o 

105o 

120 

20 

130 mm 130 mm 

20 
50 

40 
30 

15 

E 

A 

D 

C B 

1 

1 

1 
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Kinematics of Mechanisms 
 

 -1-3Introduction 
 

 (Motion)

(Absolute Motion)     
(Relative Motion)

 
 

 : 
1.  
2.  
3.  

 

 
   

 
              

 
 

    
 

  
            (Linear Displacement)

(Linear Velocity)(Linear Acceleration) 
      

 (Angular Displacement)
(Angular Velocity)(Angular Acceleration)  
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 -2-3Kinematic Analysis Methods 
 

 

         
    

                   
    

 

 : 
1.  
2.  
3.  
4.  
5. . 
6.   
7.   

 

      
         

    
          

             
 

    
   

    
 

 

                
  

        
     

   
          

 
   

20 . 
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 . 

  

         -  
    

 

               
  

2-4 . 
 

       
              

3-4 . 
 

  
 . 

     
4-4 . 

 

 
 

  
 

    
      
            

   
  . 

 

                     
         

          
 . 
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 -3-3 
Vector Analysis for Relation Relative Motion  

 

   
 

  a   )(1-3-P , Q                   
 VP , VQ   

(Relative Velocity) VPQ . 
 

  -VQ     Q  
  Q     P  

(VP - VQ)       b         
 )(1-3-   

 

 (1-3)                                              QPPQ VVV 
 

  VQP  
c   )(1-3-   

 

(2-3)                                   PQPQQP VVVV 
 

 
 
 
 
 
 
 
 
 
 

 

 -a . 
 -b VPQ  . 
 -c VQP . 

)(1-3-   . 

VPQ 

VP 

VQ 

–VQ 

–VP 

VQP

P 

Q VQ

VP

a 

b 

c 
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 (Relative Acceleration) 
  

(3-3)                                 QPQPPQ AAAA 
 

2  3 
 (Relative Angular Velocity)  ɋ32   

  
 

 (4-3)                                               2332 ɋɋɋ 
 

 (Relative Angular Acceleration)  
  : 

 

(5-3)                                                2332 EEE 
 

   
   

 - -  
 

  
- 
- 
- 

 

    
  

 
 

 -4-3 
Relative Motion between Two Points of Link 
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 -1-4-3Link Velocity Diagram 
 

         
  

 

P , Q   
   a   )(2-3-

PQ     
   Q     P     P         

PQ  VQP   

 (2-3)  b             
 )(2-3-   VP    
     VQ  : 
1. o    

 . 
2.    o    op     Vp  . 
3.   p  PQ  VQP 

   o  VQ        
   Q .    q . 

 

 
 
 
 
 
 
 
 
 
 
 

                -b -a. 
)(2-3-   

Q 

P 

D 

E 

VP

 

q 

p 

o 

e 

d 
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PQ/,,, QPVopoqpq PQQP VVV 
 

  b   )(2-3-. 
 

  opq   b   )(2-3-
  PQ  pq   (Velocity Image)  

    -     -    PQ  

  P , Q      
 

 

E  PQ             
P   

 

EP.EPV 
 

EP . 
 

Q   
 

EQ.EQV 
EQ . 

 

- -    PE   p  
   EQ  q     e  

VEP    pe  VEQ      
  qe   

 

QE.qe,PE.pe EQEP VV 
 

PQ.pq QPV 
   : 

(6-3)                                  
PQ
pq

QE
qe

PE
pe

 

  : 
-                  ɤ  

           . 
-      epq           EPQ  

 . 
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 P , E , Q      

 p , e , q               
 

 

E   
 

oepeopEPPE VVV 

oeqeoqEQQE VVV 
 

 
 

D  PQ            
P   

 

DP.DPV 
 

DP     PQ    VDP  
pd  pq 

   
PD.pd DPV 

 
PQ.pq QPV 

 

d     
 

PQ
PD

pq
pd

 
 

D   
 

odpdopDPPD VVV 
 

 
 

     D      PQ  
   P , Q  

P , Q , D  p , q , d . 
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 : 
-         

- -           
      .          

    
(VDP  pd). 

-     
   

. : 
VE  oe 

- 
. : 

 

VE = VP + VEP 
 

  
       

                
 

- -         
   

   - - 
                

       
  

 
 -2-4-3Link Acceleration Diagram 

 

    
 

                        
             

  Ar    
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1.  Normal acceleration 
 

n
rA   : 

2.lAn
r 

 

2.  Tangential Acceleration 
     

          
 rA : 

 

.lAr 
 

l      
 ɤ  (Angular Velocity)  
  Ů   (Angular Acceleration)  

 

             
 

 (7-3)             2/1242/122 )(PQ])()[( Ű
r

n
rr AAA 

 

PQ  Ŭ     Ů : 
 

(8-3)                                                  2arctg 
 

   -     
-  a   )(3-3-       

  P , Q   ɤ  Ů  
P  AP . 

 

PQ   Q     P      
 

1. nAQP 

   PQ      Q     P   : 
 

2
QP .PQnA 

2. QPA 

  PQ     Ů   : 
 

.PQQPA 
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(9-3)                                        QPQPQP AAA n 
 

 (3-3)  
 

(10-3)                              QPQPPQPPQ AAAAAA n 
 

   (10-3)    b   )(3-3-    
1.   o'   

  
2.    o'    oǋpǋ     AP  . 
3.    P'  PǋPǋ1      Q     P  

   nAQP . 
4.   P'1   pǋ1qǋ     PQ  

  Ů    QPA . 
5.    p q     o q . 

 

  
 

qpqo QPQ AA , 
  o p q   b   )(3-3- 

    PQ      p q     (Acceleration Image) 
 ɤ  

 Ů   
 
 
 
 
 
 
 
 
 
 

               -b -a. 
)(3-3-   

E 

Q 

P 

D 

 
 

AP 

o  

P  

P 1 

d  

d 1 

e  

e'1 

q  
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 E  PQ             
  : 

 

Űn AAAAAA EPEPPEPPE 
 

EQEQQEQQE AAAAAA n 
 

            
        p'      E     P  

e'  
PE    q' .    

  
 

eoepeq EEPEQ AAA ,, 
 

               
(AQP  p'q') 

 (7-3)  p'q' : 
 

2/124
QP )(PQqp A 

: 
2/124

QE
2/124

EP )(QEAeq,)(PEcp A 
 

   : 

(11-3)                          2/124 )(
PQ

qp
QE

eq
PE

ep
 

  : 
-   e'p'q'        EPQ        

 2/124 )(     Ŭ      Ů  
    EPQ    . 

-      e'p'q'                         
   EPQ   . 

 

    
 P , E , Q      

 p , e , q       
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D  PQ              
    P      Pǋ    

   b   )(3-3- dǋ  
 PD     pǋpǋ1 

  pǋ1qǋ     dǋ     pǋqǋ 
pǋpǋ1qǋ , pǋdǋ1dǋ    : 

 

PQ
PD

qp
dd

pp
dp

1

1

1

1 

 

(12-3)                                                
PQ
PD

qp
dp

 

 

PQ
PD

QP

DP

A
A

 
 

       d'      p'q'   
(11-3)   : 

 

dodp DDP AA , 
 

(11-3) D       
PQ  P , Q , D    
 p , q , d . 
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 -3-4-3  
Kinematic Analysis Mechanisms at Two Points of Links 

 

 
 

   
    

              
 

    
      

                 
  

 
 

 
    

        
  

 

   
      - - 

    
 

  
Kinematic Analysis of Four-Bar Mechanism 

 

        

. 
 

   a   )(4-3-   ɗ2  
2   O2  ɤ2  

  Ů2    a   )(4-3-. 
 

 : 
 - 

 

a.  
     

 
  a   )(4-3-. 
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1 
     

 

b.  
   C B   

 

BAAB VVV 
 

CAAC VVV 
 

CBBC VVV 
 

  VA    A  2 (VA= O2A.ɤ2)  
   O2A     ɤ2 . 

  VB    B  4  O4  
   O4B . 

VBA    B   A  3         
   AB . 

  VC  C  3     
VCA  C    A  3         

   AC . 
VCB  C    B  3         

   BC . 
  A  2 , 3                  

           B  
3 , 4 .     b   

 )(4-3- 
1.   o      

 . 
2. o   oa     VA     A . 
3.    o      O4B    VB 

   B    a     AB                
   VBA    b . 

4.    b     BC    VCB  
    a     AC    VCA  

   c . 
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)(4-3- . 

ɗ2 O2 

O4 ɤ4 

Ů4 ɤ3 Ů3 

ɤ2 

Ů2 A 

B 

C 

D 

2
3

4

o 

 

a 

b 

c 
d 

b'1 

o' 
 

a'1 

a' 

c'1 
b' 

c' 

c'2 

b'2 

d' 

 -b. 

 -c. 

 -a. 

1

1
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bcacabocob CBCABACB VVVVV ,,,, 
 

          
       

       

   a     b     B    A  
   b   a    A     B . 

 

  D  AB        
  ab    

 

AB
AD

ab
ad

 
 

D    od . 
 

 
 

BO/,AB/ 4B4BA3 VV 
 

   
 

c.      Rubbing Speed 
                     

   
   

 

 
(13-3)                                 rr rV . 

: 
 r    

ɤr   
 

  ɤr  2 , 3   
 

2332 ɋɋɋ 
 

ɤ32   ɤ2 , ɤ3               
 )(5-3-ɤ43  

ɤ4 , ɤ3     
 

 -     - ɤr  
O2   ɤ2  

O4   ɤ4 . 
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d.  
     a   )(5-3- 

   

BAAB AAA 
 

CAAC AAA 
 

CBBC AAA 
 

     
2-4-3    

 

.,. 2
iiii

n
i lAlA 

 
n
iA  i . 

iA  i . 
  l     
 ɤi    i . 
  Ůi    i . 

 

  
       

    b .              
    

 

).AO( 2
22A

nA   A     O2 . 
 

).AB( 2
3BA

nA  B     A . 
 

).BO( 2
44B

nA  B   O4  . 
 

).AC( 2
3CA

nA   C     A . 
 

).BC( 2
3CB

nA   C     B . 
 

  A  O2A : 
 

).AO( 22AA   O2A     Ů2  . 
 

. 
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     c   )(5-3- 
: 

1. o'   
 . 

2.  o'  o'a'1    nAA A 
   a'1  a'1a'    AA   

   o'a'     AA  A . 
3.    o'  o'b'1    nAB  B 

   a'   a'b'2     nABA   
  b'2      AB     BAA 

   b'1        O4B        BA 
B     b' . 

4.    a'    a'c'1    nACA    b'  
b'c'2     nACB   c'1         

    AC       CAA     c'2  

   BC    CBA 
   c' . 

 

    c   )(5-3-   
  

  
  

 

cbcabacobo CBCABACB AAAAA ,,,, 
 

  
 

 : 
 

cc,cc,bb,bb 2CB1CA2BA1B
ŰŰŰŰ AAAA 

 

  : 
 

BO/,AB/ 4B4BA3 AŮAŮ 
 

  
 

 D  AB                
 a'b'    

 

AB
AD

ba
da

 
 

o'd'    D .
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1-3-
 )(5-3- O2A 

  (ɤ2 = 10  rad/sec) . 
 

(ɗ2 = 30o)
 : 

 -: 
1.   

 

(O2A = 15  cm)  ,  (AB = 45  cm)  ,  (O4B = O4C = 30  cm)  ,  (CD = 37  cm) 
 

2.     
  

3.   
  

4.    O4 , B , C , D   
(r = 5  mm). 

 
 
 
 
 
 
 
 
 
 
 

)(5-3-. 
 

1.  
[1/10]   

  a   )(6-3-.

O2 

ɗ2 

2 

3 

B 

O4 

1 

4 

4 

C 5 

D 

1 

6 

15  cm 

22  cm 

45  cm 
A 

1 
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2.  
2     O2  

  A   
cm/sec150.AO 22A ɤV 

 

3   
 

BAAB VVV 
 

   VA            
 . 

 

        
       B     4         O4B . 

 

  b   )(6-3- 
  

 

sec/cm194,cm/sec170 BAB VV 
 

 
  3 , 4   

ccwsec/rad31.4
AB

,ccw/secrad66.5
BO

BA
3

4

B
4

VV
 

   
 

4     O4 
  C   

cm/sec170.CO 44CV 
 

   VB  
 b   )(6-3-. 

 

5   
 

DCCD VVV 
 

  D  6            
 

 

sec/cm173,cm/sec43 DDC VV 
 

. 
 

5   

cwsec/rad16.1DC
5 DC

V
 

. 
 

6    D   
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. 
)(6-3- 

O2 

ɗ2 

2

3

B 

O4 
1

4

4

C 5

D 

1

6

A 

 -a[ ]. 

1

ɤ3w Ů3 

ɤ4 
Ů4 

Ů5 ɤ5 

o 

 

a 

b 

c 

d 

 -b[ ]. 

o' 
 

a' 

b' 
b'1 

b'2 

c'1 
c' 

d' 

d'2 

 -c :[500  cm/sec2 ]. 
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3.  
  2   (ɤ2 = Const.)  (Ů2 = 0) 

   A  )0( AA 
 A     A    O2    

 

22
22AA cm/sec1500.AOnAA 

 

  B   3 , 4   
 

ŰnŰn AAAAA BABAABB 
 

.  
22

44B cm/sec961.BOnA    B     O4 . 
 

22
3BA cm/sec836.ABnA     B     A . 

 

 
  

[500  cm/sec2 . 
 

   c   )(6-3- 
 : 

 

2
B

2
BA sec/cm1325,cm/sec1090 AA 

 

 

cwsec/rad16.44
BO

,ccw-rad/sec22.24
AB

2

4

B
4

2BA
3

AA
 

    
 

   C  ɤ4 , Ů4   O4C    
  B  o'b'    

 

   D  5 , 6   
 

Űn AAAA DCDCCD 

 
22

5DC cm/sec8.49.DCnA 
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   c   )(6-3- 
nADC  

1  mm 
 D  

 6 . 
 

 
 

2
D

2
DC sec/cm1460,cm/sec610 AA 

 

 DC : 

cwrad/sec48.16
DC

2DC
5

A
 

. 
 

  6  D . 
 

4.  
3-4-3   (13-3)  

B   4  3    ɤ4 , ɤ3     
  

mm/sec75.6)()( 34B rVr 
 

   O4   4  1           
  (ɤ1 = 0) : 

 

mm/sec3.28.)( 4O4
rVr 

     C  4   5    
ɤ4 , ɤ5    

 

mm/sec1.34)()( 54C rVr 
 

  D5  5   6  (ɤ6 = 0) : 
 

mm/sec8.5.)( 5D5
rVr 

 

 6 D6    6 
1  (ɤ6 = ɤ1 = 0)  

cm/sec173)( DD6
VVr 
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 -5-3  
Relative Motion between Two Coincident Points of Links 

 
           

  
                

                   
 

 

)(7-3-    
P    OA     O  
ɤ  Ů    

 

(14-3)                                    2

2

,
dt
d

dt
d

  

P  OA     Q  
   OA    dɗ     Q     O     Q1  

   P     OA     Q1  P1        
  Q      OA     O  
   P    

 
 
 
 
 
 
 
 
 
 

 . 
)(7-3- 

R 

I P1 

Q1 

A 

O 

r 

P,Q 

ɤ 
Ů 

ɗ 

dɗ 
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  P    
 

                                     (15-3) 1111 PQOQOP 
 

 (16-3)                                        PQQP VVV 
: 

 VQ     Q     O     OA  
   ɤ    (VQ = r.ɤ). 

VPQ     P     Q  OA        
  )( PQ rV. 

 

 
(16-3)    

 

(17-3)                     cŰn AAAAA PQPQQQP 
 

 nAQ     Q     O   
   Q     O ).( 2

Q rAn. 
 ŰAQ     Q     O               

   OA  ).( Q rA. 

PQA     P     Q  OA  
)( PQ rA. 

cAPQ       P    Q  
   OA  ).2( PQPQ VAc. 

 

    (17-3)  
cAPQ . 

 
 -1-5-3 

Kinematic Analysis of Mechanisms - Two Coincident Points Case 
 

 (16-3) (17-3) 
         

  
90o     ɤ . 
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)(8-3-    
 

 
 
 
 
 

   . 
)(8-3- 

 

    P   
VPQ     

    APQ               
 

    P  
  )(9-3- VPQ         

APQ   
 VPQ            

 (16-3)  (17-3) 
 

(18-3)          cŰnŰnŰn AAAAAAA PQPQPQQQPP

  

(18-3)     
  . 

 
 
 
 
 
 

)(9-3-   
 

      
  

 

O4 
O2 

1 1

4

2

3

R 

O 

P , Q 
ɤ2 

Ů2 

VPQ 

c
pqA

ɤ ɤ 

c
PQA

c
PQA

VPQ

ɤ 
c
PQAVPQ

ɤ 

c
PQA

VPQ
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         -   -      

              
 

  
Kinematic Analysis of Crank-Shaper Mechanism 

 

      
   

  
 

   a   )(10-3-     
3-7-2  O2P  ɤ2  

D    
 

 : 
 -   

 

        
 3-4-3 3    

4  O4C    
  O4 . 

 

a.  
   

 
  a   )(10-3-. 

 

b.  
      P , Q     P        

2 , 3  Q   
4 . 4  . 

 

   
PQQP VVV 

 

 (19-3)                                      DCCD VVV 
 

QC VV
QO
CO

4

4 
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  VP  P     O2P    

(VP = O2P . ɤ2). 
  VQ  Q  O4Q  
 VPQ      P      Q      O4C   

VDC   D     C  CD  
 

  VD    D   
  VC   C  O4C VQ    

(19-3). 
       

   b   )(10-3-        
 

 

od,cd,oc
oq,qp,op

DDCC

QPQP

VVV
VVV

 
 

4 , 5   
 

/CD,C/O DC54C4 VV 
 

. 
 

3 , 4     
VPQ               

   D  
 

c.  
 (18-3) P  : 

 

(20-3)           cŰnŰnŰn AAAAAAA PQPQPQQQPP 
 

  ŰAP  ɤ2  
nAPQ              

4 .   
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   4              VPQ  
 

 

4PQPQ .2 VAc 
 

4PQ ,V    
   VPQ  90o

    ɤ4  
5-3 )(8-3-. 

 

 ŰAQ  O4Q     
ŰAPQ  O4Q   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

)(10-3- . 

O2 

O4 

P , Q 

2

3

4

4

5

ɤ2 

C 

6
D 

o 

c 

d 

p 

q 

ɤ4 

Ů4 

ɤ5 Ů5 

o' 
 

pǋ 

 

cǋ 

1p

1d

1q

 -b 

 -c 

 -a 

1

1

1

ɗ2 



127 
 

  (20-3)   
 c   )(10-3-  

1.  o'      
 . 

2.  o'    o'p'    nAP    P  
   O2 . 

3.    o'    o'q'1    
nAQ    Q  

   O4 . 
4.    q'1  O4Q    ŰAQ . 

5.    p'    p'1p'     cAPQ   

   o'p' . 
6.    p'1  O4Q    ŰAPQ . 

7.  4 6     q' . 
 

  (20-3)      
   

 

pp,pq,qq

qo,qo,po

1PQ1PQ1Q

1QQP

cŰ

n

AAA

AAA
 

 

   
 

QC AA
QO
CO

4

4

 
 

Űn AAAA DCDCCD 

 
doddco D1DCC A,A,A Ű 

 

  nADC ).CD( 2
5DC

nA    D        
   C . 

 

 
QO/,CD/ 4Q4DC5 AA 

 

  . 
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-   

. 
-            

. 
 

  . 
 

2-3-
a  )11-3-( B      

3  AB  CD  A 
2  O2 . 

 

AB  b  )11-3-(
B  A  ɤ3 = 8  rad/sec)(

Ů3 = 50  rad/sec2)(
O2  

ɤ2 = 12  rad/sec)(Ů2 = 40  rad/sec2)( 
 

 

  b  )11-3-(: 
 -B  

1. B   
2. B   

 
 
 
 
 
 
 

 

-b        .           -a  
)11-3-( 

O2 

D 

C 

B 

ɤ2 

ɤ3 
3 

2 

R A 

1 

ɤ2 

O2 
C 

B3,B2 A 

D 
46  cm 

30  cm 35  cm ɤ3 Ů3 

Ů2 2 

3 

1 
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B 
B3  3 

B2  2 
     B3      3     A    2 . 

 

 
3  A ɤ3 Ů3 

2  3    O2 ɤ2  
 

sec/cm920)128(46

)(ABAB)(AB 233223ABABBB 2323
VVV

 
 

AB  ɤ3           
A  

 

2

232332ABABBB

sec/cm4140)4050(46

)(AB)(ABAB
2323

AAA
 

 

    AB          Ů3    A 
 

 

 
(ɤ2 = Ů2 = 0) 

3  A ɤ3 Ů3  
 

sec/cm368846AB 3AB3
V 

 

    AB           ɤ3     A 
 
2

3AB sec/cm2305046AB
3

A 
 

    AB       Ů3    A 
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1. 
3BA B   

 

ŰnŰn AAAAAAA ABABAAABAB 3333
 

 
 

nAA A O2 
 

222
22A sec/cm43201230AOnA 

 

ŰAA A 
    

nAA   Ů2   
 

2
22 sec/cm12004030AOAA 

 

nA AB3
 B3  A 

A  
 

222
3AB sec/cm2944846AB

3

nA 
 

ŰA AB3
 B3  A 

nA AB3
 Ů3 
 

 

2
3AB sec/cm23005046AB

3
A 

 

[2000  cm/sec2 
)12-3-( 

 

2
B sec/cm880

3
A 

 
 

 
 
 
 
 

 
)12-3-( 

B . B   . 

b3 

o 

a 

b2 

AC = 2.VB3B2.ɤ21

AB3B2
Ű

AB3B2
n

AB2
n

AB2
Ű

B . B   . 

b3 

o 

b2 

AC = 2.VB3B2.ɤ21

AB3B2
Ű

AB3B2
n

AB2
n

AB2
Ű
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2.     B        
3BA     

cŰnŰnc AAAAAAAAA BBBBBBBBBBBB 2323222323
 

 
nA

2B   B2    2    B3  
O2  

 

222
22B sec/cm50401235BO

2

nA 
 

ŰA
2B    B2    2    B3  

nA
2B 

Ů2  
 

2
22B sec/cm14004035BO

2
A 

 

nA
23BB B3  B2 

A  
 

22

2
23

2
23

2
32ABABBB

sec/cm18400)128(46

)(AB)(ABAB
2323

nnn AAA
 

 

23BBA B3  B2 
nA

23BB Ů3 
  

 

2

232332ABABBB

sec/cm4140)4050(46

)(AB)(ABAB
2323

AAA
 

 

cAB  B3 

23BBV  
  90o ɤ2 

 
 

2
2BBB /seccm220802192022

23
VAc 

 

[2000  cm/sec2 
)12-3-( 

 

2
B sec/cm880

3
A 

 B 
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2 CD  
nA

23BB 
23BBV      

B3  CD ŰA
23BB 

 
 

cAB 
CD : 

- 
23BBV  ɤ2        

2BB 23
V . 

- B3  CD 
      

2BB 23
V. 

 
3-3-

   a   )(13-3-     (Geneva Wheel Mechanism)
  1-8-2              

2  A   3 . 
 

2   O2        
 3   

O3      

              
 

2    
ɤ2 =10  rad/sec)( 

 

 -  3 . 
 

A  A2         
2 A3  3 

A2 A3  2 3   
 

 A 
T1(A3X1Y1)  3 

A3 T(O2XY)  2 
O2 . 
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 3  
 

3232 AAAA VVV 
 

3AV  O3A3 
T1(A3X1Y1) 

 

1jV .
3AV

3A 
 

  
32 AAV      3 

 T1(A3X1Y1) 
 

1iV .
32AAV

32 AA 
 

2AV O2A 
sec)/rad10( 2 

 

mm/sec5081050.8AO 222A 2
V 

 

 T1(A3X1Y1) 
 

)4.24sin4.24(cos
2A 1A 2

jiV 1V 
 

 
 
 
 
 
 
 
 
 
 
 
 

        -c -a. 
)13-3-( 

A2 , A3 

O2 

O3 

3 

2 

(O2A2 = 50.8  mm) 
 (O3A3 = 33.0  mm) 
 

40.5o 

25.1o 

Y 

X 

X1 

Y1 

nA
2A

ŰA
2A

ŰA

nAA
22 AA

Vɤ2

o' 

VA2  

VA3  

VA2A3  
o 

 

b- . 
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b  )13-3-(
 

111 ijji ..)4.24sin4.24(cos
3232 AAAA VVV 1 

 
sec/mm6.4624.24cos.

232 AAA VV 
 

sec/mm9.2094.24sin.
23 AA VV 

 

3  
 

ccwsec/rad36.633/9.209AO/ 33A3 3
V 

 

 3  
 

cŰnŰnŰnc AAAAAAAAAAA AAAAAAAAAAAAAA 323233223232
 

 
nA

2A O2  
 

222
222 mm/sec50800150.8AO

2

nAA 
 

T1(A3X1Y1)  
 

11A 46262099)4.24cos4.24sin(
2

jijiA 1A 2 1
nn A 

 

ŰA
2A 

 

0AO0Const. 222A22 2
A 

 

 
nA

3A      O3  
 

222
333A mm/sec133536.633AO

3

nA 
 

22
33

2
AA mm/sec133533/9.209AO/

33
VAn 

 

T1(A3X1Y1)  
 

1A 3
iiA 3351.

3A 1
nn A 

 

ŰA
3A

nA
3A 

O3A3  
 

?AO? 333A3 3
A 

T1(A3X1Y1)  
 

1jA .
3AA

3A 



135 
 

nA
32 AA 

32 AAV 
O3A3 

ɟ 
 

 

/2
AAAA 3232

VAn 
 

ŰA
32 AA 

32 AAV 
 O3A3

T1(A3X1Y1)  

1iAŰ .
32AAA

32 AA 
 

cAA  
 

2
3AAA mm/sec588436.66.46222

32
VAc 

 

32 AAV O3A3 
         90o       ɤ3 

A3Y1  
T1(A3X1Y1)  

1A jjA 5884.A 1
cc A 

 

c  )13-3-(
 

 

11AA1A1 5884..335146262099
323

jijiji AA11 
 

i1  
 

2
AA sec/mm343413352099

32
A 

 

32AAA A3X1 . 
j1  

 

2
A sec/mm1051058844626

3
A 

 

3AA  A3Y1 
3 : 

 

ccwsec/rad31833/10510AO/ 2
33A3 3

A 
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  . 
a  

)(14-3-
 [100  mm/   cm]    b  )14-3-(    

 

sec/mm9.209,sec/mm6.462
332 AAA VV 

 

3 : 
 

ccwsec/rad36.633/9.209AO/ 33A3 3
V 

 

            

[2500  mm/sec2   c  )14-3-(
 

 

2
A

2
AA sec/mm10510,sec/mm3434

332
AA 

 

3  
 

ccwsec/rad31833/10510AO/ 2
33A3 3

A 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)14-3-(. 

A2 , A3 

O2 

O3 

ɤ2 

ɤ3 

 -a: [2:1] 

VA2  

VA3  

VA2A3  
o 

 

nA
3A

nA
2A

ŰA
3A

23AAAA3A23 Vɤ2

 -c: [2500  mm/sec2  1  cm]. 
  

 -b: [100    cm].  
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 T1(A3X1Y1)  A3 
  A2  A2  A3 

T1  
T1  A2  A3  

A3  A2 
T1   

 

4-3-
 )(15-3-    2      

  (ɤ2 = 50  rad/sec)    O3   
3  B2    

   3        O3    
 

R  C  
: 

 

 -   
 

 
 

(O2O3 =  14  cm)  ,  (O2B2 = 3  cm)  ,  (O3B3 = 12.5  cm)  ,  (R = 19  cm) 
 

1.  
[1/3]    a  )(15-3-

B2  2  3 
B3    3    

P . 

(VA2 = 508  mm/sec)   
(VA3 = 210  mm/sec) 
(VA3A2 = 465  mm/sec) 
(ɤ3 = 6.35  rad/sec-ccw) 

(AA2
n = 5080  mm/sec2) 

(AA3
n = 1330  mm/sec2) 

(Ac = 5905  mm/sec2) 
(AA3

Ű = 10500  mm/sec2) 
(AA3A2

Ű = 3425 mm/sec2) 
(Ů3 = 318  rad/sec2-ccw) 
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2.  
    B2  2  

 

cm/sec150.BO 222B2
V 

 

O2B2     ɤ2 . 
 

3    B2     B3   
 3   

3BBBB 232
VVV 

 

 [50  cm/sec  1  cm] 

   
 -   

3BV  O3B3 . 
 -   

3BB2
V  P  CB3 . 

 

    b  )(15-3-
  

 

sec/cm150,cm/sec95
233 BBB VV 

 

 3   
 

ccwrad/sec6.7BO/ 33B3 3
V 

 

3.  
2   B2   

  
 

cŰnŰnn AAAAAA
333 BBBBBBBBB 222332

 
 : 

22
222B sec/cm7500.BO

2

nA 
   B2     O2 . 

 

22
333B sec/cm722.BO

3

nA 
   B3    O3 . 

 

22
BBBB sec/cm1184/

3232
RVAn 

   B2     C . 
 

: 
2

BB3BB sec/cm2280.2
3232

VAc

  

    C     B2      
3BB2

V    90o  

  ɤ3 . 
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. 
)(15-3- 

O3 

21

O2 

1

R 

3
P 

B2,B3 ɤ2 

C 

ɤ3 Ů3 

 -a :[3  ]. 

b3 

o 

b2 
32BBV

 -b :[ ]. 

3\\\\\\\\\\\\\ bA

 

nA
3B

b3 

b2 

nA
2B

3B
A

ŰA
3B

ŰA
32BB

nA
32BB

32BB
A

cA
32BB

 -c :[1500  cm/sec2 ]. 
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    c   )(15-3-
[1500  cm/sec2   cm]    

 B3     O3B3  
   P   

 

2
B

2
B

2
BB sec/cm7200,sec/cm7100,sec/cm2850

2332
AAA  

 

 
 

3   
 

cwrad/sec568BO/ 2
33B3 3

A  

 
5-3-

a  )(16-3- 
O2A  O2    

4  3 6  5 . 
 

)  (ɤ2 = 1.5  rad/sec       
  (ɗ2 = 150o)

 : 
-  : 

1.   
 

(O2A = 20  cm)  ,  (O4B = 20  cm)  ,  (BC = 65  cm)  ,  (a = 12  cm) 
 

 

2.  
3.  
4. B , O4 , C  

 (d = 10 mm). 
 

1.  
  [1/10]   a  

 )(16-3-. 
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2.  
2     O2  

 A  2  
cm/sec30.AO 22A2

V 
 

2AV  
. 

 

  A3  2  
 

cm/sec30
23 AA VV 

4  
 

4343 AAAA VVV 
 

         
  A4     4        O4A  

43AAV  O4A . 
 

   b   )(16-3-
 

 

sec/cm2.11,cm/sec28
4AAA 34

VV 
 

4   

cw-rad/sec1
AO 44

A
4

4
V

 

O4A4  
  : 

 

cm28AO 44 
 

   B   4   
 

cm5.2ao
AO
BObo

AO
BO

44
44

4
4

44

4
4AB VV 

 

    b   )(16-3-
  

 

cm/sec20BV 
 

 5     
 

CBBC VVV 
  C   6 . 
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sec/cm6.12,cm/sec6.12 CCB VV 
. 

 

5   
 

cwsec/rad2.0CB/CB5 V 
 

 

6       C   
 

 
 
 
 
 
 
 
 
 
 
a. . 
 
 
 
 
 
 
 
 
 

b.  cm]. 
c.  :[10  cm/sec2 ]. 

 

)(16-3-  . 

O2 

O4 

B 

A 

23

4

45

ɤ2 

C 

6
1

1

ɗ 

a 
ɤ4 

ɤ5 

Ů4 

Ů5 

oǋ 

aǋ4 

bǋ 

cǋ 

aǋ2,aǋ3 

o 

a2,a3 

a4 

b 

c 
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3.  
 2   (ɤ2 = Const.)   

(Ů2 = 0) A2  )0(
2AA   A2   

   A2    O2    
 

22
22AA cm/sec45.AO

22

nAA 
 

  A3  2  
 

2
AA cm/sec45

23
AA 

 

4  
 

cŰn AAAAA AAAAAA 43443
 

 : 
)cm/sec28.AO( 22

44A 4

nA 
 

   A4     O4 . 
 

: 
)cm/sec4.22.2( 2

4AAA 43
VAc 

AB . 
 

                   
 [10  cm/sec2 . 

 

  
     

ŰA
4A            

nA
4A 

   
43AAA O4A               

  
43AAV  90o  

 ɤ4   
 

       c           
 )(16-3-  : 

 

2
A

2
AA sec/cm2.5,cm/sec5.13

443
AA 

 

  4  : 
 

ccwsec/rad185.0
AO

2

4

A
4

4
A
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   B   4    
 

cm04.2ao
AO
BObo

AO
BO

44
44

4
4

44

4
4AB AA 

 

   c   )(16-3-
  

 

cm/sec4.20BA 
 

 5      
 

Űn AAAA CBCBBC 
 

C   6 . 
 

   : 
 

2
C

2
CB sec/cm3.11,cm/sec2.18 AA 

 

   5  : 

ccwsec/rad28.0CB
5 CB

A
 

6     C   
 

4.  
 3-4-3 (13-3) 

 B B   4  5     
 ɤ4 , ɤ5    

 

mm/sec4)()( 54B rVr 
 

  O4   4  1       
(ɤ1 = 0) : 

mm/sec5.)( 4O4
rVr 

 

    C    5   6  (ɤ6 = 0) : 
 

mm/sec1.)( 5C rVr 
 

    A2    2   3  (ɤ3 = 0) : 
 

mm/sec5.7.)( 2A2
rVr 

 

    A    A3     3  
4 (ɤ3 = 0) : 

cm/sec2.11)(
433A AAr VV 
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 -6-3 
Relative Motion at Contact Points in Rolling 

 

      

              
 )(17-3-     2 , 3        P    

. 
 
 
 
 
 
 
 
 

)(17-3- 
 

P2  2     
P3  3 O2O3 

  
 

3PPPP 232
VVV 

 

 
P2 , P3         

O2O3                
  

 

322 PPPP VVV 0
3

 
 

)(17-3- 

(21-3)                                         
22

33

3

2

PO
PO

 

3
2

1 1

ɤ2 

ɤ3 

P2 P3 O2 O3 

)(
32 PP VV
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ŰA

32PP   
nA

32PP   O2O3   
 

 )(18-3-     
ŰA

2P    P2  
ŰA

3P  P3  
  

nn AA
32 PP ,       

 

ŰŰŰ AAA
3232 PPPP 

nnn AAA
3232 PPPP 

 
 
 
 
 
 
 

)(18-3-   
 

               
  ŰŰ AA

32 PP ,   
 )0( ŰA

32PP. 
 

   P2     P2     O2  
P3     P3   O3  

)(19-3-.            O2O3  
                

nA
32PP       

nn AA
32 PP ,        P2    

  O2   nA
23PP          P3      O3 . 

 

    
               O3 , O2   

   
3PA Ů3  

2  ɤ2  Ů2    ɤ3  
(21-3)Ů3    )(

32 PP
ŰŰ AA 

(21-3) .   P2    
3PA . 

3
2

1 1

Ů2 

Ů3 

P2 P3 O2 O3 

ɤ3 

ɤ2 

nA
2p

nA
3p

)(
32 PP AA
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 1-6-3 
Kinematic Analysis Mechanisms at Contact Points in Rollin 

 

        
   ɤ2 ɤ3    

  Ů2 Ů3 . 
 

   P   
 )(19-3- 

  ɤ2 ɤ3   Ů2 Ů3           
 

 
 
 
 
 
 
 

 
)(19-3- 

 

     
  

 

 - 
 

)(20-3-. 
 
 
 
 
 
 
 
)(20-3-          . 

3

2

1 1

Ů2 

Ů3 

O3 

ɤ3 

ɤ2 

O2 P2 , P3 

ɤ2 

O2 

1

 2P 

O1 

P 

1

ɤ2 O2 

 

2

O1 

P 

ɤ2 
O2 

1

 

2
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  P    
  1 2  (Vp = 0)

      
        P           O2 . 

 

 -  
       

  )(21-3-. 
 
 
 
 
 
 
 
 
 
 
 
 

. 
)(21-3- 

 

          
      

   P2 , P3   
   

: 
0,0

3232 PPPP VAŰ

  

P2  P3  
 

O4 

3

2

A 

B 

O2 

P2 

P3 

ɤ2 

4

1

1
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6-3-
2005-2004.

 

 a   )(22-3-     
  3 , 2  P . 

 

    2      (ɤ2 = 100  rad/sec)     
: 

 

 -   
 

 

mm)502CF(,mm)200DG(,mm)150BD(,mm)125(CE
mm)50BO(,mm)100DEPO(,mm)75POC(O 2323 

 

1.  
 [1/5]   a    

 )(22-3-.
 

2.  
   B    2    O2     

 
sec/mm500010050BO 22B ɤV 

 

O2B  ɤ2 . 
 

VB  
[2000  mm/sec  1  cm] : 

1. o    ob    
  B . 

2.    P  P2  2     
   o    O2P2   

2PV     b  
   P2B    B2PV     p2 . 

3.   P  3 , 2  )(
32 PP VV    p3  

   p2 . 
4.    o  O3C   CV 

   p3  P3C   
3CPV 

   c . 
5.    o   FV     c   

     FC     FCV       f . 
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6.    e  cf   

cf
CF
CEce 

7.    e     ED   DEV       
   b     BD    DBV  

   d . 
8.    g  de   

ed
ED
GDgd

  

   b   )(22-3- 
   

   
               

   
9.  

  : 
 

mm/sec750020003.752000opop PP VV 
 

mm/sec562020002.812000ococ CC VV 
 

mm/sec360020001.82000ofof FF VV 
 

mm/sec4000200022000oeoe EE VV 
 

mm/sec390020001.952000odod DD VV 
 

mm/sec970020004.852000ogog GG VV 
 

 : 
 

sec/rad75
PO
PO

2
33

22
3 ɤɤ 

 

ɤ2  O3 , O2 . 
 

cwsec/rad6.19
250

200045.2
FC
2000fc

FC
FC

FC4
Vɤɤ 

 

05 
 

cwsec/rad62
100

20001.3
DE

2000de
DE

DE
ED6

Vɤɤ 
 

ccwsec/rad3.53
150
20004

DB
2000db

DB
DB

DB7
Vɤɤ 
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 . 
)(22-3- 

o b 

f  

p2,p3 

f e 
c 

g 

d 

b  

 

2p3p

e  
c  

1c

1b

1e

g  

1

5
F 

E 
D G 

C B 

O2 O3 P2 
2

3

4

4

6 6

7

P3 

o

ɤ2 
ɤ3 

ɤ4 

Ů4 

ɤ6 Ů6 ɤ7 

Ů7 

60o 

1

 -a :[5  mm  1  mm]. 

 -b 
[2000  mm/sec  1  cm] 

 -c 
[200000  mm/sec2  1  cm] 
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3.  
2   (Ů2 = 0)  

  B  )0( BA  B             
   B     O2  : 

 

222
22BB sec/mm500000)100(50BO ɤAA n 

 

  
 

222
22P sec/mm750000)100(75PO

2
ɤAn 

   P2     O2 . 
 

222
33P sec/mm562500)75(100PO

3
ɤAn 

   P3     O3 . 
 

222
4FC sec/mm96040)6.19(250FC ɤAn 

   F    C  . 
 

222
6DE sec/mm384400)62(100DE ɤAn 

   D     E . 
 

222
7DB sec/mm426133)3.53(150DB ɤAn 

   D     B . 
 

 
[200000  mm/sec2  1  cm] : 

1.   o'   o  bo 
  )( nAA BB. 

2.     o'    P2O    nA
2P    P2 

   b'    P2B    nA BP2
  

   p'2 . 
3.    p'2  O32O             

  nA
23PP      p'3    p'2p'3   

332232 pooppp 
 

cm2.81po,cm3.75op n
P33

n
P22 32

AA 
4.    p'3  P3C    nA

3CP   

    o'      O3C      nA
3CO  

   c' . 
5.    c'  c'c'1    nAFC 

  FC     F     C  
 nAFC     c'1   

 ŰAFC     o'    F     
  FA     f' . 
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6.    e'  c'f'   

fc
CF
CEec 

7.    e'  e'e'1    nADE 
   DE     D    E 

  nADE     e'1   
  ŰADE     b'  b'b'1  
 nADB     DB    D    B  

   nADB    b'1  
 DBA     d' . 

8.    g'  d'e'   

d'e'
ED
GDd'g' 

   c   )(22-3- 
  

  
   

         
  

9.             
   : 

 

2sec/mm4200002000001.2200000coco CC AA 
 

2
FF mm/sec4300002000002.15200000fofo AA 

 

2
EE mm/sec4100002000002.0520000eoeo AA 

 

2
DD mm/sec12600002000006.3200000dodo AA 

 

2
GG mm/sec4600002000002.3200000gogo AA 

 

  
 

2
1FCFC1 mm/sec2000002000001200000fcfc AA 

 

2
1DEDE1 sec/mm7600002000008.3200000dede ŰŰ AA 

 

2
1DBDB1 mm/sec7000002000003.5200000dbdb AA 

 

 
 

cwsec/rad800FC/ 2
FC4
ŰAŮ 

 

cwsec/rad7600DE/ 2
DE6
ŰAŮ 

 

cwcsec/rad4667DB 2
DB7 /ŰAŮ 
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 -7-3Instantaneous Velocity Centre 
 

            
         

  
 

  
 

 . 
 

 
 

     (Centrode). 
 

  
           

           
 

   )(23-3- 
2  1 A , B  

VA , VB  1   (12) 
    a   )(24-3- .

       
  (12)   (21)     

    
 

(21)(12) VV 
 

 2       b   )(23-3- 
   A , B    (12)'           

                  
 

         
   A , B   

             
    A , B   

  c  )(23-3-. 
 

 )(23-3-                 
    

           
     

. 2     (12)         
A , B  1 . 
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)(23-3-   
 

 -8-3 
Three Instantaneous Centers in Line Theorem 

 

         (Aronhold Kennedy)    

. 
: 

 

  1 , 2 , 3  
)(24-3- (O21)     2     1    

(O31)  3      1 . 
 

 (O23)  
 (O21),(O31)  3  

[O31O23]2  [O31O23]
 )(24-3-            .
   2   (O23)    3  

    7-3         
  (O23)  [(O31),(O23)]     

      

A 

B 

VA 

VB 

AV

BV

A 

B 

 

(12) 

a 

c 

b 

VA 

VB 

A 

B 

(12) 

2 2

2

1 
1 

1 

23OV
23OV
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)(24-3- . 
 

   (O23) 
1 , 2 , 3       

 
 

           
   

 
-9-3Primary Instantaneous Centers  

 

 
   

                    
    

      
 

 -1-9-3Turning Pair 
 

 1 , 2                  
   2     

1       
   

 

)(25-3-  (12) , (14) 
  (23) , (34)   . 

 
 
 
 
 
 

)(25-3-        

(23) 

(34) 

(14) (12) 
1

2

3

4

1

(O21) (O31) 
(O23) 

23

23OV
23OV
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 -2-9-3Sliding Pair 
 

 )(26-3- : 
 

- a  )(26-3- 
   2    1    

 )(12    
 
 
 
 
 
 
 
 
 

          -b                 -a. 
)(26-3-    

 

- b   )(26-3- 
2  1  

        
             

              
    

 
 

  1   
   

 
 -3-9-3Contact Pair 

 

  
 

 
 

    
       

 

1

2

(12) 

A 
B 

VB 

VA 
A 

B 

VA 

VB 

1

2

(1
2)
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)(27-3-   P2 , P3      
2 , 3  .  1   

(12)   2     1  (13)           
 3      1 . 

 

      P2  2     
[(12),P2]  P2E   P3F      

  P3    3  [(13),P3].     
   P . 

 
 
 
 
 
 

)(27-3-     
 

  
1.      Sliding Contact 

. 
 

 P2S , P3S  
2 , 3  . 

 

  P2L , P3M               
  . 

 

   2 , 3   
               

 

   (23)     
   

 8-3      (12),(23),(13)  
  (23)             

  (12) , (13))(27-3-. 

1 1

2 3

P2 P3 

ɤ2 ɤ3 

(12) (13) (23) 

M 

F 
ES

L 
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2.      Rolling Contact 
  

 

        
      

              . 
 

       P2E , P3F          6-3 . 
   )(28-3- 

[(12),P2] , [(13),P3]  
(12) , (13)    )(28-3- .

 (23)  
7-3    

 
 
 
 
 
 

)(28-3-   
 

            
  

  
 )(21-3-. 

 

 -  -  
   

)(17-3-: 

(23)],[(12)
)]23(),13[(

3

2 
 

    
           

  

1

(12) (13) 
(23) 

12

3

P2 , P3 
ɤ2 ɤ3 
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 -10-3 
Instantaneous Centers Determination in Mechanisms 

 

7-3                        
               

  

(22-3)                                            
2

)1n(nN 

 
  N     . 
  n   . 

 

        
 9-3                 

  
  

 

 (22-3)     
  

                 

  .            
   

    
       

  
 

                 .
    

    
 

      
 

   
              .
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    - -  

      
 

  
 

)(29-3-  . 
-     
 
 
 
 
 
 
 
 
 
 

)(29-3-    
 

     
  

 (12) , (13) , (34) , (45) , (15) , (23)   
    2 , 3 . 

 

   (14)       
[(13),(34)] [(15),(45)]   [1,4]         

   134154    
)(14  [1,4]    

(35) , (25) , (24)  

1
1

2 3

4 

5

1
(12) (13) 

(15) 

(45) 

(34) 

(14) 

(23) 

(25) 

(35) 

(24
 

1 

2 

3 
4 

5 
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 -11-3 
Velocity Determination by Instantaneous Centre 

 

    
 -          

  
 

 -  
 -  

  
 -           

          
(Pivot Centers). 

 

 
   

 
 

  
    

     
     (Instantaneous Centre Line Method) 

 (Link to Link Method) 
           

      (Direct Method)   
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7-3-
)(30-3-    1-3-  

  )(6-3-. 
 

  : 
 -   . 

 

a.  
 1-3-  

[1/15]     a   )(30-3-. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)(30-3-   

O2 
ɗ 2

3

B 

O4 
1 

4

4
C 5

D 

1

6

(12) 
(23) 

(14) 

(45) 
(56) 

(13) 

(16)  

(16)  

(24) 

(46) 

(26) 

A 

(34) 

a 

(15) 

1 

2 

3 5 

6 

4 

b a 
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b.    
   b   )(30-3-        

  
  (12),(23),(34),(41),(45),(56),(61).  

 15   
                

   
 

c.  
  

 
 

   A  2    
 

sec/cm150]A),12[( 2AV 
 

      (13),(23),(12)      ɤ2 . 
 

3  (13)  : 

ccwrad/sec33.4
A][(13),

A
3

V 

  [(13),A]             
    A         

   (13). 
 

   B   3   : 
 

sec/cm171]B),13[( 3BV 
 

   ɤ3    (13). 
 

4  (14)    
 : 

ccwrad/sec7.5
B][(14),

B
4

V 

   C   4   : 
 

sec/cm171]C),14[( 4CV 
 

  B    (14). 
 

 5    (15)  
   C    : 

cwrad/sec14.1
C][(15),

C
5

V 
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   D   5   : 
 

sec/cm3.173]D),15[( 5DV 
 

5    (15)  .
   D  6         

: 
sec/cm3.173D6 VV 

 

   
   )(26 

  
 

sec/cm172)]62(),12[( 2)26(D VV 
 

   
           

  
 

     
  

             
 

 
 

 

  - -   
         

       

. 
 

 

 
     

              
 

        
                 

 
 

- -     
  - -  

  
-  
-   
-  
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8-3-

2013-2012.
 

   O2A           
    O2    4  8    3  5  6  7 . 

 

     (ɤ2 = 2  rad/sec)      
(ɗ2 = 155o) 

: 
 

 -: 
1.  

]10  cm  1  cm  [. 
2.         

 : 
[[10  cm/sec2 . 

3. 7 
 

4.  C(d = 10  mm). 
 

  
 

(O2A = 15  cm)  ,  (O6B = 65  cm)  ,  (AB = AE = 51  cm)  ,  (BC = 22  cm) 
 

(CD = 38  cm)  ,  (a = 26  cm)  ,  (b = 15  cm)  ,  (c = 23  cm) 

 
 
 
 
 
 
 
 
 

 

. 

2 O2 

A 

B 

C 

O6 
E 

D 

a 

b 

c 3 

4 

5 

6 

6 

7 

8 

ɗ2 

1
1

1

1
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 :. 

 :[10  cm/sec2 . 

O2 

A 

B 

C 

D 

E O6 

2

3

4

5

6

6

7

8

2 (12) 

(23),(25),(35) 

(56) 

(67) 

(16) 

(18)  

(14)  (34) 

(78) 

(17) 

(26) 

(27) 

1 

5 

2 

3 

4 6 

7 

8 
 

a 

e 

b 

d 

c 

1 1

1

1

o' 

a' b 

c 

d 

e' 

o 

-1 

. 
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 -2 

 -3   7                 
(12) ,(16) , (18) , (14) , (23) , (34) , (25) , (35) , (56) , (67) , (78)

 )17 (, (26) , (27)  
 

ɤ7 = ɤ2 [(12) , (27)] / [(17 , (27)] = 2 x 0.9/6.3 = 0.285  rad/sec 
 

  -4  C   C    6 7 
 

(Vr)C = (ɤ6 + ɤ7) d/2 = (0.384 + 0.28) 5 = 3.32  mm/sec 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ɤ  rad/sec V  cm/sec Ů  rad/sec2 A  cm/sec2 
ɤ2 = 2 VA = 30 Ů2 = 0 An

A = 60 
ɤ3 = 0.25 VE = 30 Ů3 = 1.11 AE = 8.5 
ɤ4 = 0 VB = 25 Ů4 = 0 AB = 31.8 
ɤ5 = 0.813 VC = 16.2 Ů5 = 0.134 AC = 21 
ɤ6 = 0.384 VD = 19.3 Ů6 = 0.47 AD = 20.4 
ɤ7 = 0.28  7 = 0.48  
ɤ8 = 0  Ů8 = 0  
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9-3-

2013-2012.
 

   O2A  
 O2  4  3                

6   E   5 . 
 

(ɤ2 = 3  rad/sec)   
 (ɗ2 = 45o)        

     : 
 

 -    : 
1.   

]  10  cm  1 cm   [ 
2.  

 
 [20  cm/sec2 . 

3. 6                  
  

4.        O4        (d = 10  mm). 
 

 
 

(a = 14  cm)   ,   (b = 8  cm)   ,   (c = 47  cm)   ,   (O2A = 24  cm) 
 
 
 
 
 
 
 
 
 
 
 

 

. 

ɤ2 

ɗ2 
a b 

c 

O2 

A 
B 

O4 2
3

4
4

5

6

E 11

1
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2 

1 

3 
5 

6 

O2 

2

3
4

45
6

O4 ɤ2 

45o 

: (O4A = 64.5  cm) 
(O4B = 33.4  cm)          

a2,a3 

a4 

b4 
b6,b5 

(12) 

(23) 

(34) 

(14) 

(16)
 

(45) 

(56) 

(24) 

(46) 

(26) 

A2 , A3 , A4 

B6 , B5 , B4 

4 

o 

AA
cor 

a2,a3 

AB
cor 

b4 

1

1

1

o' 

 -1 

 :. 

[20  cm/sec2 . 

 :. 

b6,b5 

a4 
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-2 

 
 
 
 
 
 
 
 
 
 
 

 -3   6 
(12) , (16) , (14) , (23) , (34) , (45) , (56)

)24((46) , (26) ,   
 

V6 = V(26) = 2 [(12) , (26)] = 1 x 10 x 3 = 30  cm/sec   
 

 -4O4 O4       
1 4  

 

(Vr)O4 = ( 4) d/2 = 4.45  mm/sec 
 
 
 
 
 
 
 
 
 
 
 

ɤ  rad/sec V  cm/sec Ů  rad/sec2 A  cm/sec2 
ɤ2 = 3 VA2 =VA3= 72 2 = 0 An

A2 = 216 
ɤ4 = 0.89 VA4 = 57.45 Ů4 = 0.818 An

A4 =51 
 VA3A4 = 43.2  Acor

A = 76.9 
 VB4 = 29.7  AA4 = 73.2 
  VB6 =VB5= 30  AA3A4 = 121.4 

 VB5B4 = 4.2  AB4 = 38 
   Acor

B = 7.47 
   AB5B4 = 24 
   AB6 = 20.6 
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10-3-
         7  

   . 5 2  
   M , N        P  .   5 , 2       
    M , N   . 

 

O2A   (ɤ2 = 50  rad/sec) 
              

: 
 

 - : 
1.    : 

)  32  mm    1  cm   (. 
2. 

 
  (500  mm/sec  1  cm)  (25000  mm/sec2

  1  cm). 
3.   4    7  

   . 
4.   B  (d = 10  mm). 

 

  M  (dM = 80  mm)   N  (dN = 160  mm)
 

 

(O2A = 30  mm) , (AB = CB = 120  mm) , (BD = 175  mm) , (O5C = 60  mm) 
 
 
 
 
 
 
 
 
 
 
 

  (Andreau Differ-Stroke Engine) 

O2 

A 

B 

C 

O5 

D 

P 

N 

M 

2 

3 

4 

6 
5 

7 

65  mm 
110  mm 

25 

5 

1 

1 

1 
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1-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

: [32  mm  1  cm]. 

4 
5 

6 

1 
2 

3 

7 
 

O2 

A 

B 

C 

O5 

D 

P2 , P5 

N 

M 

2
3

4 

6 5

7

(12
 

(23) 

(34) 
(36) (46) 

(45) 
(15) 

(67) (17) 
 

(25) 

(24) 

(14) (74) 

(17) (27) 

 [500  mm/sec  1  cm]. 

o 

p2 , p5 a 

c 

b 

d 

: [25000  mm/sec2  1  cm]. 

a 

c 

p2  

p5  

o 

b 

ABA
n  d 
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2-   

 

 -3   4 
(12) , (15) , (17) , (23) , (34) , (45) , (36) , (46) , (67)     

)24((27) , (47) , (14) ,   
 

 ɤ4 = ɤ2 [(12) , (24)] / [(14) , (24)] = 18.9  rad/sec 
 

  7  
 

VD = V(27) = ɤ2 [(12) , (27)] = 50 x 0.15 x 32 = 240  mm/sec   
 

-4 B  3 4 
 

(Vr)1B = (ɤ4 – ɤ3).d/2 = (18.9 – 2) 5 = 94.5  mm/sec 
 

B  4 6 
 

(Vr)2B = (ɤ4 – ɤ6).d/2 = (18.9 – 8.05) 5 = 54.25  mm/sec 
 

B  3 6         
 

(Vr)3B = (ɤ6 – ɤ3).d/2 = (8.05 – 2) 5 = 30.25  mm/sec 
 

 B   
 

(Vr)B = 94.5  mm/sec 
 
 
 
 
 

ɤ 
rad/sec 

V 
mm/sec 

Ů 
rad/sec2 

A 
mm/sec2 

ɤ2 = 50 VA = 1500 2 = 0 An
A = 75000 

ɤ5 = 25 VP2 = VP2 = 2000 Ů5 = 0 An
P2 = 100000 

ɤ3 = 2 VC = 1500 Ů3 = 212 An
P5 = 50000 

ɤ4 = 18.9 VB = 1400 Ů4 = 737 An
C = 37500 

ɤ6 = 8.05 VD = 240 Ů6 = 40 AB = 97940 
   AD = 85500 



175 
 

PROBLEMS 
 

1-3- 
1984-1983.

)1-3-(    O2A  
 O2 . 

 

 (ɤ2 = 1  rad/sec)
   (ɗ2 = 45o)  

1.  . 
2.       7                   

  . 
3.   E , B , C 

 (d = 10  mm). 
 

 
(O2A = 5.1  cm)  ,  (AC = 10.2  cm)  ,  (AB = 4.5  cm)  ,  (BC = 6.4  cm) 

 

(BD = 5.1  cm)  ,  (DO6 = 10.2  cm)  ,  (EO6 = 15.2  cm)  ,  (EF = 10.2 cm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)1-3-( 

O2 

A 
B 

O6 

C 

D 

E 

F 

2 

3 
ɤ2 

ɗ2 

1 1 1 17.3  cm 

5 
6 

6 

7 

8 1 

2.5  cm 

4 
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2-3-
2006-2005.

 

  2-3-(        O2A  
 O2       6 , 4   . 

 

    (ɤ2 = 40  rad/sec)  
  (ɗ2 = 120o) : 

1.  . 
2.      6 , 4  

  . 
3.      6 , 4 . 
4.       B , C , D    . 
5.            . 

 

 
(O2A = 2  cm) , (AC = 4  cm) , (AB = 10  cm) , (BC = 7  cm) , (CD = 8  cm) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)2-3-(   

O2 

A 

B 
 

D 

ɗ2 

ɤ2 
2 

3 
4 

5 

6 

3  cm 

1 

1 
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3-3-
2021-2020. 

 

  )(3-3-             
       O2A   O2           
   6   . 

 

(ɤ2 = 30  rad/sec)   
  (ɗ2 = 45o) : 

1.    . 
2.      6  4     

   . 
3.    B , C , D 

 (r = 5  mm). 
 

 : 
mm)84CD(,mm)82BO(,mm)54AB(,mm)20BCA(O 42 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

)3-3-(   . 

O2 

A 

B 

C 

O4 

D 

2 

3 

5 

6 

48  mm 

ɗ2 

4 

90o 
1 

1 

1 

18  mm 
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4-3- 
4-3-(    (Wrapping Machine) 

   O2A 
 O2    ACB    6   
  O6 . 

 

  (ɤ2 = 100  rad/sec)  
(ɗ2 = 60o)  

1.  . 
2.       6                     

  . 
3.   O2 , O6 , C 

 (d = 10  mm). 
 

 
(O2A = 27  mm)   ,   (AB = 168  mm)   ,   (CB = 60  mm) 

 

(O4B = O6D = 54  mm)   ,   (CD = 42  mm)   ,   (O6E = 90  mm) 
 
 
 
 
 
 
 
 
 
 
 

 
 . 

 )4-3-( 
 

 

O2 

O4 

O6 

B 

C 

A 

E 

D 

2 3 

3 

4 5 

6 

6 

180  mm 
72  mm 

48  mm 
36  mm 

90o 

ɗ2 

1 

1 

1 
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5-3- 
)5-3-(            

  O2B     O2 . 
 

  (ɤ2 = 2500  rad/sec)
  (ɗ2 = 45o)  

1.  . 
2.       6                     

  . 
3.   B , E , D 

 (d = 10  mm). 
 

 
(O2B = 10  cm)   ,   (BC = 35  cm)   ,   (BH = 5  cm) 

 

(EH = HD = 8.5  cm)   ,   (GE = FD = 26  cm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
)5-3-( 

 
 

O2 

B 

D 

E 

G 

F 

C 

H 

60o 
60o 

ɗ2 

1 

2 

3 

4 

5 

6 

7 

8 

1 

1 

ɤ2 
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6-3- 
)6-3-(      

   2   8   
 

   (ɤ2 = 50  rad/sec)     
  (ɗ2 = 15o) : 

1.  . 
2.       7                     

  . 
3.   C , D , E 

 (d = 10  mm). 
 

 
(O2A = 10  cm)  ,  (AB = 31  cm)  ,  (O4C = 14  cm)  ,  (O4B = 12.5  cm) 

 

(CD = 40.5  cm)  ,  (EF = 18  cm)  ,  (O6D = O6E = 9 cm)  ,  (DE = 9.5  cm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)6-3-(  . 

O2 

A 

C 

B 

D 
E 

O4 

O6 

F 

2 

3 

4 

4 

5 

6 

7 

8 

15  cm 7.5  cm 

32  cm 

2 

1 

1 

1 

1 
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7-3- 
  7-3-(                      

        O2A     O2              
       O6D       ABC    

      O4    5 . 
 

(ɤ2 = 300  rad/sec)
   (ɗ = 30o) : 

1.  . 
2.       6                     

  . 
3.        B                  

(d = 20  mm)        5 . 
 

 
(O2A = 75  mm)   ,   (AB = 225  mm)   ,   (BC = 200  mm) 

 

(O4B = 225  mm)   ,   (a = 300  mm)   ,   (b = 225  mm)   ,   (c = 150  mm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)7-3-(   

O2 

A 

B 

C 

D 

O6 

O4 

b 

c 

a 

ɗ2 

1 

2 
3 

4 

6 

5
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8-3- 
2005-2004.

 

8-3-(   
  2     O2     5 . 

 

  (ɤ2 = 100  rad/sec)
  (ɗ2 = 45o)  

1.  . 
2.       4                     

  . 
3.   O2 , O4 , A 

 (d = 10  mm). 
 

 
(O2A = 50  mm)   ,   (a = 125  mm)   ,   (b = 115  mm) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)8-3-(. 

O2 

O4 

a 

b 

1 

4 

4 

2 

3 

ɗ2 

1 

A 

5 
B 

1 

5 
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9-3-
  9-3-(    (Whitworth)

 
 

  O2A      (ɤ2 = 10  rad/sec)   
  (ɗ2 = 60o)  
1.  . 
2.       5                     

  . 
3.        B                  

(d = 20  mm)        6 . 
 

 : 
mm)390BC(,mm)96BO(,mm)801AO(,mm)90O(O 4242 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)9-3-(  

O4 O2 

2 

4 

5 

6 

C 

A 

3 

B 

1 

1 

ɗ2 
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10-3-
10-3-(    
  2    B    CBD    C  

  5   F    E  .
  D    F    E . 

 

 (ɤ2 = 500  rad/sec)
  : 

1-  . 
2-       6                    

  . 

          CD  : 
 

(O2A = 6  cm)   ,   (AB = 32  cm)   ,   (CD = 30  cm) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)10-3-(. 

O2 A 

B 

D 

F 

C 5 

4 

8 

E 

30  cm 

30o 3 

2 

24  cm 

6 1 

1 
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11-3-
  11-3-(     (Geneva)         

 . 
 

(ɤ2 = 15  rad/sec)
      (d = 33  mm)  

1.  . 
2.       3              

  . 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  
 

   (Geneva) 
11-3-( 

3 

2 

d 

70  mm 

50  mm 

A 

ɤ2 

1 

O2 

1 

O3 
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12-3-
)(12-3-             

  1 3   1  
3  2   5  4 . 

 

(ɤ2 = 200  rad/sec)  
   (ɗ2 = 45o)  

1.   . 
2.       5                     

  . 
3.       B      (d = 20  mm) 

     . 
 

  
(r = 200  mm)   ,   (OA = 120  mm)   ,   (AB = 50  mm)   ,   (BC = 500  mm) 

 
 
 
 
 
 
 
 
 
 
 
 
 

. 
)(12-3- 

 
 

 

O2 

A 

B 

C 

r 

1

1 

2 
3 

4 

5 

1 

ɗ2 

ɤ2 

1 

D 
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13-3-
)(13-3-    2 , 3  

  2    O2   3  
 . 

 

  2   (ɤ2 = 10  rad/sec)           
  (ɗ2 = 45o)  

1.  . 
2.       4                     

  . 
3.   B   (d = 5  mm). 

 

 
 

(O2A = 2  cm)   ,   (AP2 = 2.5  cm)   ,   (BP3 = 1.5  cm)   ,   (O4B = 8  cm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 
)(13-3- 

 
 

1 
O4 4 

3 

2 

1 7  cm 

6  cm 

A 

B 

ɗ2 

ɤ2 
O2 

P2 

P3 
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14-3-
(14-3-   

   6    O6  4 5 
  M  AB  O2A 
  4    1 . 

 

O2A    (ɤ2 = 25  rad/sec)
  (ɗ2 = 30o)  

1.  . 
2.  B    6   

 
3.    B  C    

d = 5  mm)(. 
 

  4   (d4 = 204  mm) 5   (d5 = 102  mm) 
: 

(O2A = 50.8  mm)   ,   (AB = 204  mm)   ,   (O6C = 152  mm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)14-3-(. 

2 
3 30o O2 

A 

B 

P 

M 

C O6 

330  mm 

127  mm 

152  mm 

 
 

4 

5 

6 

1 
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Computer Aided Kinematic Analysis of Mechanisms 
 

 -1-4Introduction 
 

         
  

    
  

 . 
 

    
 

   
         

  
  

 

          
   

-  
- . 
- . 

 
 -2-4 

Equations of Motion Analysis by Trigonometry 
 

             

              
. 
  

 

    
  -   -      
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Equations of Motion Analysis of Slider-Crank Mechanism 

 

)(1-4-     

ɗ .  
-   . 
 
 
 
 
 
 
 
 
 
)(1-4-              
 

 )(1-4- xA   
ɗ: 

)cos.cos.()(A LRLRx 
 

(1-4)                        )cos1()cos1(A LRx  

 ū  ɗ    B    OX  
  

sinsinsin.sin.
L
RLR 

  
2222 sin)(1sin1cos

L
R

 

  A  ɗ   
 

(2-4)        2/122 sin/11)cos1( LRLRx 
 

   xɗ     A              
   ɤ    ɗ    

 

(3-4)             ]
]sin)/(1[

cos)(1[sin.. 2/122LRL
RR

dt
d

d
dxV 

 

    
  L    R           . 

ɗ ū 

L 
R 

R L 

R+L 

x 

(L sin ū = R sin ɗ) B 

A 

O 

X 

A 
O 
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          (ɗ = 0)  (t = 0)
      

(4-4)                                     2
2

sin
2

)cos1(
L

RRx 

ɗ    ɤ.t   

 (5-4)                        ]cos)(1[sin..
L
RR

dt
dxV 

     ɤ            

(6-4)                        ]2cos)([cos.2

L
RR

dt
dVA 

 

        
    

              R / L    
 5-2 )(13-2-  

4  (R / L = 0)
  L   

 

cos..sin..)cos1( 2RARVRx 
 

                
 –     

 

      

 
 

   (4-4) (5-4) (6-4)      

  
     

(C++)(BASIC) (FORTRAN) 
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-3-4 
Vectors of Motion Analysis by Complex Numbers Relations 

 

       
   . 

      
. 

 

       
       

      -   -     
  

 
 -1-3-4 

Vectors of Motion Analysis of Point Motion of Link 
 

 
   a   )(2-4- 2   O2    

   ɤ2     Ů2         ɗ2     

  
 

  P  Rp  
 : 

 

(7-4)                            
)sin.(cos

.

22P

p
2

ir
er i.

P

p

R
R

 

: 

22 sin.cos2 iei . 
 

 (7-4) . 
 

   rp      O2P  . 
2.ie ɗ2  R           

   b   )(2-4-. 
 

P   (7-4) : 
 

2.... 2p
ieirpp RV 

 

(8-4)                                              2.... 2p
ieirpV 

 

)( 22   OP  . 



193 
 

         
(Mac-Lauran)  

)2/(
22

2)sin(cos. 2. ii ei.iei 
 

(8-4) : 
 

(9-4)                                               )2/(
2p

2.. ierpV 
 

   c   )(2-4-  )ɗ2 +  / 2(    
 (rp . 2)            

i  90o  
 

 

(8-4)  
 

).(.).(. 22 ..
2P

22
2p

ieireir i
pp RA 

 

(10-4)                               ).(.).(. 22 ..
2P

22
2p

ii eireirpA 

: 
)( 222 . 

 nAP . 
   ŰAP . 

 

2PP
2
2PP .,. rArAn 

 

   d   )(2-4-. 
 

  (10-4) : 
 

(11-4)                   )2/.()( 22 .... 2P
2
2p

ii ererpA 
 

 (11-4) 2ɗ             
  

 

)sincos.(.)sin.(cos. 222P22
2
2p irirpA 

 

 
 

)cos..sin..()sin..cos..( 22P2
2
2P22P2

2
2p rrirrpA 
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bia .PA  

    AP         
R  a I b    

 
 

(12-4)              2/1
2

22
2

2/122 )].().[()( PPP rrbaA 
 

ɓ      e   )(2-4-  
 

 (13-4)                       
)sin.cos.(
)cos.sin.(tan

222
2
2

222
2
2

a
b

 

 
 
 
 
 
 

c                                                                  b                                             a  
 

 
 
 
 
 
 
 

  d                                                                        e                          
)(2-4-    . 
 

  e   )(2-4- P  
 2  

 
 

   (7-4) (9-4) (11-4)   
   

 (C++)(BASIC) (FORTRAN) 
             . 

I 

R 

I 

R 

RP 

VP 

ɗ2+ˊ/2 ɗ2 ɗ2 

2 ɤ2 

Ů2 

O2 
1 

P 

P 
P 

ɗ2+ˊ/2 
ɓ 

VP 

1 

2 

O2 

ɗ2 R 

I 

ɗ2 
ɗ2+ˊ/2 

ɗ2+ˊ 
ɓ 

n
PA

AP 

AP 

Ű
PA

P 

P 
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 -  -  
   

 
   

Vectors of Motion Analysis of Four-Bar Mechanism 
 

a   )(3-4-     
2  ɤ2    b   )(3-4-        

              
   a   )(3-4-    ɗ2  

: 
- . 
 

 
 
 
 
 
 
 

)(3-4-   
 

a.  
   a   )(3-4-  

 

(14-4)                 41323412 rrrrrrrrS 
 

 
(15-4)                             4.

4132 ... 32 .. ierrerer ii 
: 

r2   2   
r3     3  . 
r4     4  . 
r1     D   A . 

ɗ2 , ɗ3 , ɗ4       4 3 2     a   
)(3-4-. 

(ɗ1 = 0)  1 2 . 

A 

B 
C 

D 

ɗ2 ɗ4 

ɗ3 ɔ 

r1 

r3 

r2 

r4 
S 

X 

Y 
Y 

ɗ 3 

ɔ  

ɗ2 

S 
ɗ 4 

B 

D 

r2 

r 3 r 4 

C 

A X 

b a 
 

1 

4 

3 
 

2 

1 

4 

3 

2 
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X Y  a  )(3-4-
(14-4) : 

 

(16-4)                                     4413322 cos.cos.cos. rrrr 
 

(17-4)                                            443322 sin.sin.sin. rrr 

ɗ4 , ɗ3   
 

   ɗ4  (16-4) (17-4) 
 ɗ3 : 

1224433 cos.cos.cos. rrrr 
 

224433 sin.sin.sin. rrr 
 

 : 
 

(18-4)     )cos(..2cos..2cos..2 2442221441
2

1
2

2
2

4
2

3 rrrrrrrrrr 
 

ɗ3 . 
 

(18-4)   a   
)(3-4- 

 

(19-4)                                                          221X cos.rrS 
 

(20-4)                                                              22Y sin.rS 
 

(21-4)             
43

221
2

4
2

3
2

2
2

11

.2
cos..2cos

rr
rrrrrr

 
 

(18-4): 
 

(22-4)                      0cos.sin.cos. 434Y4X rrSS 
 

(22-4)sin cos  
 

(23-4)              
)2/(tan1
)2/(tan-1cos,

)2/(tan1
/2)(2tansin 2

2

2 
 

(22-4)tan (ɗ4/2): 

(24-4)          0
2

tan)cos.(2
2

tan)cos.( 4
X34Y

42
X34 SrrSSrr 
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: 

(25-4)                   
X34

2
X

22
343

2
4

2
YY4

cos.
cos.cos..2

2
tan

Srr
SrrrrSS

 
 

(19-4),(20-4), (21-4)(25-4): 
 

(26-4)                                      
XSrr

rS
cos.

cos1
2

tan
34

2
3Y4 

 

(27-4)                
cos.cos.

sinsin.tan2
32214

3221
4 rrrr

rr 
 

   ɗ3  ɗ4   
(16-4),(17-4) 

 

(28-4)                  
cos.cos.

sinsin.tan2
42214

4221
3 rrrr

rr 

 

b.  
 (15-4)  

 

(29-4)                                    4.
CDDACBBA ... 32 .. ierrerer ii 

 

 
r  R )0(r. 
)(  

: 
(30-4)                                      4.

CD4CB32 ........ 32 .. i
BA erierieri. ii 

 

 
 

(31-4)                                   2BA24CD43CB3 sin..sin..sin.. rrr 
 

(32-4)                                   2BA24CD43CB3 cos..cos..cos.. rrr 
(32-4) , (31-4) 

 

(33-4)                            2
34CB

42BA
3 )sin(.

)sin(.
r
r

 
 

(34-4)                            2
34CD

32BA
4 )sin(.

)sin(.
r
r 
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c.  
(29-4)  

)(  
: 

(35-4)                      
44

32

.
CD4

.
CD

2
4

CB3
.

CB
2
3BA2

.
BA

2
2

.....

.......... 32 ..

ii

ii

erier

eriererier ii

 

(35-4) 3.ie : 
 

(36-4)                          
)(

CD4
)(

CD
2
4

CB3CB
2
3

)
BA2

)(
BA

2
2

3434

332

.....

........ 2(

ii

i

erier

rirerier i

 

 

3  
 

(37-4)                                
)sin(..)cos(..

.)sin(..)cos(..

34CD434CD
2
4

CB
2
332BA232BA

2
2

rr

rrr
 

4 : 
 

(38-4)      
)sin(.

)cos(..)cos(.)sin(.

34CD

2
434CD

2
3CB

2
332BA232BA

44 r

rrrr
 

 

 (35-4) 4.ie 3 : 
 

(39-4)       
)sin(.

.)cos(.)cos(.)sin(.

34CB

2
4CD

2
334CB

2
2BA22BA 244

33 r

rrrr
 

 

    
    

  (C++)(BASIC) 
(FORTRAN)  
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Vector of Motion s Analysis of Slider-Crank Mechanism 

 

 a  )(4-4-     
2  ɤ2    )(4-4- 

  ɗ2  : 
-. 
 
 
 
 
 
 
 

      a                                                       b                                     
 
 
 
 
 
 
 

 c                                                        d                                            
)(4-4- . 

 

   b   )(4-4-   B                 
 O2  r1    

321 rrr 

 
32 ... ... 321

1 iii ererer 

   B  O2   
 

(40-4)                                 32 .. .. 32
ii erer1r 

ɗ2 

ɗ3 

r1 

r3 r2 

I 

R 

A 

O2 
r1 

B 

2 3 

G3 

1 1 

4 

1 
ɤ2 

I 

R 

ɗ3 

ɗ2 
r2 

1 

2 

3 
G3 

G3 
rd 

3Gr

3GA

ɓ 

1

1 

A 

B 
O2 

ɗ2 

ɗ3 

r1

r3 r2

I 

R 

A 

O2 
r1

B 

2
3

G3 

1 1

4

1
ɤ2 
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: 
r2  2   
r3    3   
r1   B   O2 . 

ɗ2 , ɗ3    2 3    b   
)(4-4-. 

(ɗ1 = 0)  1    2 . 
 

(40-4)   
 

(41-4)                      ).(.).(. 32 ..
3322

ii eireir1B rV 
 

(42-4)        32 .. ).().( 2
333

2
222

ii eireir1B rA 
 

dtddtd /,0/Const 33222 
(42-4)   

 

(43-4)                    32 .. ).(.. 2
333

2
22

ii eirer1B rA 
 

( r2 , r3 , ɗ2 , ɤ2 )   
 (r1 , VB , AB , ɗ3 , ɤ3 , Ů3). 

 

r1 , ɗ3 (40-4) : 
 

(44-4)           )sin.(cos)sin.(cos 3332221 irirr 
 

 
(45-4)                                                  3322 sin.sin.0 rr 

 : 

(46-4)                                                       ]sin[sin 2
3

21
3 r

r 

(44-4)  
 

(47-4)                                                  33221 cos.cos. rrr 
 

r1 , ɗ3  (46-4) (47-4)  
 

VB , ɤ3    
(41-4)  : 

 

 (48-4)                                                       ]
cos.
cos.[

33

22
23 r

r 
 

(49-4)                              3332221B sin..sin.. rrrV 
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, Ů3 AB      
 (43-4)  : 

 

(50-4)                                          ]
cos
sin[]

cos.
sin.[

3

32
3

33

222
23 r

r 
 

(51-4)          3333
2
332

2
22B sin..cos..cos.. rrrrA 

 

       
                 

            ɗ2  
(0 - 360º)  ɤ2    

    
 

  
 

  
 . 

 

 . 
   AB  

   
 

G3  
   c d   )(4-4-: 

 

(52-4)                                          32 .. ..2
ii erer ddrrr 2G3 

 

(53-4)                        ).(.).(. 32 ..
322

ii eireir d33 GG rV 
 

 (54-4)                 32 .. ).(.. 2
33

2
22

ii eirer d33 GG rA 
 

  (54-4)            : 
 

(55-4)     

33 GG

3
2
3332

2
22

3
2
3332

2
22

.
)sin..cos..sin..(

)cos..sin..cos..(

bia
rrri

rrr

dd

dd3GA

 

 

    d  
 

2/12
G

2
GG ][

333
baA 

 

   : 
 

33 GG /tan ab 
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1-4-
      a  

)(4-4-.   (O2A = 50.8  mm)    (AB 
= 203.2  mm)     A  (AG3 = 50.8  mm). 

 

 (n2 = 3000  rpm)   
   (ɗ2 = 30º) : 

1.   
3GA   

2.      
3GA    ɗ2     ɓ    

3GA  
  ɗ2 . 

 

1. 
3GA (55-4): 

 

(rd = 50.8  mm)     ,     (r3 = 203.2  mm)     ,     (r2 = 50.8  mm) 
 

(ɗ2 = 30º)     ,     (ɤ2 = 314  rad/sec) 
 Ů3 , ɤ3 , ɗ3 . 

 

 ɗ3  (46-4) : 

)125.0(sin]30sin
2.203

8.50[sin]sin[sin 11
2

3

21
3

o

r
r 

 

oo
3 82.35218.7 

 

        (ɗ3 = 352.82º) 187.18º) (ɗ3 =      
O2 . 

 

ɤ3  Ů3  
(48-4) (50-4) : 

sec/rad56.68
82.352cos2.203
30cos8.50314

]
cos.
cos.[

33

22
23

o

r
r

 

 

22
o

2

3

32
3

33

222
23

sec/rad11830
82.352cos
82.352sin)56.68(

82.352cos2.203
30sin8.50)314(

]
cos
sin[]

cos.
sin.[

r
r
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3GA            

(54-4) : 

23

22

3
2
3332

2
22G

sec/mm104500
)992.0()56.68(8.50)125.0)(11830(8.50)866.0()314)(8.50(

cos..sin..cos..
3 dd rrra

 
 

23

22

3
2
3332

2
22G

sec/mm101888
)125.0()56.68(8.50)992.0)(11830(8.5030sin)314(8.50

sin..cos..sin..
3

o

dd rrrb

 

3GA : 

23

2/123232/12
G

2
GG

sec/mm104880

])101888()104500[(][
333

baA
 

 

ɓ   
3GA    : 

 

oo
GG 7.202,7.22419.0)4500/(1888/tan

33
ab 

 

2. 
3GA  ɓ    ɗ2        

)(5-4-. 
 

 
 
 
 
 
 
 
 
 

 

3GA ɓ  ɗ2 . 

)(5-4- 

ɗ2 

ɓ 

ɓ 

ɓ 

3GA

2500.103 

5000.103 

0 60 120 180 240 300 360 0
 

60 

180 

120 

240 

300 

360 

)mm/sec( 2
G3

A
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-2-3-4
Vectors of Motion Analysis of Two Coincident Points 

             
     

   
  

  
 

  )(6-4-  
  P   OA 

    O    ɤ    Ů      )(3-4-  
 

2

2

,
dt
d

dt
d 

 

  P  OA     Q                
   OA  dɗ     Q     O  

   Q1     P     OA     Q1       
P1  Q     OA    

   O    P    
 
 
 
 
 
 
 
 

)(6-4-   
 

  P  P    
 

 (56-4)                                                 ier .OP 
 

  P : 
 

 (57-4)                       ).(.. iiV eirerP 

R 

I P1 

Q1 

A 

O 

r 

P,Q 

ɤ 

Ů 

ɗ 

dɗ 
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(57-4)   
 

(58-4)                                           PQQP VVV 
 

 VQ     Q      O     OA 
  (VQ = r.ɤ). 

VPQ     P     Q  OA        
  

 
)( PQ rV. 

 

   (57-4) 
 

(59-4)        ).(.2.).(... 2 iiiiA eirereirerP 
 

(59-4)   
 

(60-4)                               cŰn AAAAA PQPQQQP 

 
 nAQ     Q     O   Q  

  O ).( 2
Q rAn. 

 ŰAQ     Q      O 

   OA  ).( Q rA. 

PQA     P     Q  OA  

)( PQ rA. 
cAPQ    P   

 Q   OA   ).2( PQPQ VAc. 
 

 (60-4) 
cAPQ             

    
 90o  ɤ  . 

 

    P   
VPQ    OA  
APQ         
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 –  -        
VPQ     APQ  

   
VPQ    (16-4)  

 (60-4) 
 

(61-4)                             cŰnŰn AAAAAA PQPQPQQQP 
 

   (61-4)       
 . 

 

(56-4)(57-4)(59-4)      
  

           
(C++)(BASIC) (FORTRAN)  

  . 
 

 -4-4 
Position Analysis of Motion by Crank Angle 

 

     
   
(InPut Angle)   

 (Position Analysis). 
 

   
      

 
 

             
                 

   - -       
                    

 
 

 



207 
 

  
Position Analysis of Motion in Four-Bar Mechanism 

 

   a   )(7-4-   ABCD       
  : 

 

(AB = a)   ,   (BC = b)   ,   (CD = c)   ,   (DA = d) 
 

AD   AX  AB 
BC  DC  ɗ ɓ ű        

AX  AD . 
 

  AB     ɤ1     Ů1  
 ɗ: 

 - . 
 
 
 
 
 
 

                           b                                                                         a 
)(7-4-  . 

 

    
     DC     ű     (OutPut Angle)    AB 

  ɗ (Input Angle)    BC    
  ɓ     ɗ      : 

 

a.      Displacement Analysis 
  X       

Y   
 

X    b  
)(6-4- 

 (i)                                                             0coscoscos dű.cɓ.bɗ.a 
 : 

ɗ.adű.cɓ.b coscoscos 

X 

Y 

A 

B 

C 

D 

ɗ 

ɓ 

ű 

a 

b 

c 

d X 

Y 

A 

B 

C 

D 

ɗ 

ɓ 

ű 

a 

b 

c 

d 

a cos ɗ 

a sin ɗ 

b cos ɓ 

b sin ɓ 

c sin ű 

c cos ű 
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 : 
222 )coscos(cos. ɗ.adű.cɓb 

 : 

(ii)                              
ɗ.d .aɗ. ű.c .a

 ɗaű.d. cdűcb
cos2coscos2

cos.cos2cos.cos. 2222222

 
 

      Y     b  )(6-4-
 

(iii)                                                                             0sinsinsin űcɓbɗa 
 : 

ɗaűcɓb sinsinsin 
 : 

 (vi)                               
ɗ.ű.c.aɗaűc                

ɗ.aű.cɓb
2 sinsin2sin.sin.

)sinsin(sin.
222

222

 
 

( ii ) ( vi ) : 
 

ɗ.d .aɗ ű.ɗ. űc. aɗɗa
ű.d.cdűűcɓɓb

cos2)sinsincoscos(2)sin(cos
cos2)sin(cos)sin(cos

222

2222222

 

 : 

ɗ.daɗ.űɗ.űca
aű.dcdcb

cos.2)sinsincos(cos.2
cos.2 2222

 

 
 

 (v)        ɗ
c
dű

a
d

c.a
dcbaɗ.űɗ.ű coscos

2
)sinsincos(cos

2222

 

 

(vi)            3

2222

21 .2
;; k

ca
dcbak

c
dk

a
d

 
 

( v )  
 

321 coscossinsincoscos kɗk-űkɗűɗű 
 : 

 

(vii)                         321 coscos)(cos kɗk-űkű-ɗ 
 

( vii ) (Freudenstein’s Equation). 
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  ű    ɗ   ( vii ) 
  

 

)2/(tan1
)2/(tan-1cos;

)2/(tan1
/2)(2tansin 2

2

2 űű 
 

( vii ) : 
 

3cos.2)2/(tan1
)2/(tan-1

1sin
)2/(tan1

/2)(2tan
cos

)2/(tan1
)2/(tan-1

2

2

22

2
kɗk-k ɗɗ 

 : 

)]2/(tan1[)]2/(tan1[cos.)]2/(tan1[
/2)tan(.sin2)]2/(tan1[cos

2
3

2
2

2
1

2

kɗk-k
ɗɗ

 
 

)2/(tan.)2/(tan.cos.cos./2)(tan.
/2)tan(.sin2)2/(tan.cos-cos

2
33

2
22

2
11

2

kkɗk-ɗk-kk
ɗɗɗ

 
 

3cos21cos)2/tan(sin2

)2/(2tan3)2/(2tancos2)2/(2tan1)2/(2tancos

kɗkkɗ ɗ

k ɗkk ɗ
 

 

0)(1cos
/2)(tansin2]cos.)[cos2/(tan

231

321
2

kɗkk
ɗkkk

 
 

0]cos)1([
/2)tan()sin2()2/(tan]cos)1[(

231

2
132

kkk
kkk

 

 : 
(viii)                          0/2)tan(.)2/(tan. 2 CBA 
 

(ix) cos)1(,sin2,cos)(1 231132 kkkCBk-kɗkA 
 

( viii ) tan(ű/2)    

A
.CABB

2
4

/2)(tan
2

 

 : 

(x)                 
A

.C ABBű
2

4tan2
2

1 

 ű  CD   
a b c d    ɗ  AB . 
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  AB    ɗ    BC  
  ɓ ű    )i (  )iii ( )i (
 : 

 

(xi)                                                                     dɓb.ɗa.űc. coscoscos 
 : 

(xii)                              
ɓd. b.ɗ .d .ad                 

ɓɗ.b. .aɓbɗaűc
cos2cos2

coscos2cos.cos.cos.
2

222222

 
 

 ( iii )  : 
 

(xiii)                                                                        ɓb.ɗa.űc. sinsinsin 
 : 

 

(xiv)                                ɓɗ..b.aɓbɗaűc 2 sinsin2sin.sin.sin. 22222 
 

( xii ) ( xiv ) : 
 

ɓ.d.bɗ.d. adɓ. ɗɓ ɗ..ba           
ɓɓbɗɗaűűc

cos2cos2)sinsincoscos(2
)sin(cos)sin(cos)sin(cos

2

222222222

 

 : 

ɓbdɗd ad       
ɓ ɗɓ ɗb abac

cos2cos2
)sinsincoscos(2

2

222

 
 

(xv)                  ɓ
a
dɗ

b
d

b a
dbacɓ ɗɓ ɗ coscos

2
)sinsincoscos(

2222

 

 

(xvi)            5

2222

41 ;; k
ba2

dback
b
dk

a
d

 

( xv )  : 
 

(xvii)                            541 cos.cos.)sinsincoscos( kɗkɓkɓ .ɗɓ. ɗ 
 

  ɓ    ɗ   ( xvii ) 
  

 

)2/(tan1
)2/(tan-1cos;

)2/(tan1
/2)2tan(sin 2

2

2ɓ
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 ( xvii ) : 
 

542

2

122

2

cos.
)2/(tan1

)2/(tan-1

)2/(tan1

/2)2tan(
sin

)2/(tan1

)2/(tan-1
cos kɗkk ɗɗ 

  

)]2/(tan1[)]2/(tan[1cos.)]2/(tan1[
/2)tan(.sin2)]2/(tan-[1cos

2
5

2
4

2
1

2

kɗkk
 ɗɗ

 

 

)2/(tan.)2/(tan.cos.cos./2)(tan.
/2)tan(.sin2)2/(tancoscos

2
55

2
44

2
11

2

kkɗkɗkkk
 ɗɗ-ɗ

 

 

0coscos./2)tan(.sin2
)2/(tan.)2/(tan.cos.)2/(tan.)2/(tan.cos

541

2
5

2
4

2
1

2

ɗkɗkk ɗ 
kɗkkɗ

 

 

0]cos)1[(
/2)tan(.sin2]cos)1)[(2/(tan

154

154
2

kkk
ɗkkk

 

 

0]cos)1[(
/2)tan()sin2()2/(tan]cos)1[(

154

2
154

kkk
kkk

 

 : 
(xviii)                        02tan2tan2 FɓEɓD 
 
  xix) ]cos)1[(,-2sin,-1)cos( 154154 kkkFEkkɗkD 

 

( xviii ) tan(ɓ/2)    
 

D
DFEEɓ

2
42tan

2

 

  : 

(xx)               
D

DFEEɓ
2

4tan2
2

1 

( xx ) ɓ   BC. 
 

ɓ   ( i ) ( iii ) ű  
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b.      Velocity Analysis 
 

ɤ1 = dɗ/dt  AB . 
ɤ2 = dɓ/dt  BC . 
ɤ3 = dű/dt  CD . 

 

 ( i )  : 
 

0sinsinsin
dt
dűűc.

dt
dɓɓb.

dt
dɗɗ.a 

 : 
(xxi)                                                   0sin..sin..sin. 321 űɤcɓɤbɗ.ɤa 

 

 ( iii )  : 
 

0coscoscos
dt
dűűc.

dt
dɓɓb.

dt
dɗɗ.a 

 : 
(xxii)                                                0cos..cos..cos.. 321 űɤcɓɤbɗɤa 

 

 ( xxi )   cosɓ    ( xxii ) sinɓ : 
 

(xxiii)                 0cos.sin..cos.sin..cos.sin. 321 ɓűɤcɓɓɤbɓɗ.ɤa 
 

(xxiv)                  0sin.cos..sin.cos..sin.cos.. 321 ɓűɤcɓɓɤbɓɗɤa 
 

( xxiii ) ( xxiv ) : 
 

0)sin(..)sin(.. 31 ɤcɤa 
  

(xxv)                                                
)sin(.

)sin(.. 1
3 c

ɤaɤ 
 

( xxi ) cosű   ( xxii ) sinű : 
 

(xxvi)                 0cos.sin..cos.sin..cos.sin. 321 űɤcɓɤbɗ.ɤa 
 

(xxvii)                0sin.cos..sin.cos..sin.cos. 321 űɤcɓɤbɗ.ɤa 
 

(xxvi) (xxvii) : 
 

0)sin(..)sin(.. 21 ɤbɤa 
 : 

(xxviii)                                              
)sin(.

)sin(.. 1
2 b

ɤaɤ 
 

( xxviii ) ( xxv ) ɤ3 ɤ2  
a b c    ɗ ɓ ű  AB  

BC  DC   AX 
AD   ɤ1  AB . 
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c.      Acceleration Analysis 
 

Ů1 = dɤ1/dt  AB . 
Ů2 = dɤ2/dt  BC . 
Ů3 = dɤ3/dt  CD . 

 

 ( xxi )  : 
 

0]sincos.[

]sincos.[]sincos.[

3
3

2
2

1
1

dt
d

dt
dűɤc

dt
d

dt
dɓɤb

dt
d

dt
dɗɤa

 

 : 

(xxix)                   
0.sin.cos..

.sincos...sincos..

3
2
3

2
2
21

2
1

cűɤc
.bɓɤb.aɗɤa

 

 ( xxii )  : 
 

0]cos)sin([

]cos)sin([]cos)sin([

3
3

2
2

1
1

dt
d

dt
dűɤc

dt
d

dt
dɓɤb

dt
d

dt
dɗɤa

 

 : 

(xxx)                                
0.cossin..

.cos.sin..cos.sin.

3
2
3

2
2
21

2
1

c.űɤc
bɓɤb.aɗ.ɤa-

 
 

( xxix )   cosű   ( xxx ) sinű : 
 

(xxxi)                         
0cos.sin..cos..cos.sin

coscos..cos.sin..coscos..

3
2

1

cűɤcb.
ɓ.ɤbaɗ.ɤa

2
32

2
2

2
1 

 

(xxxii)                        
0sin.cos.sin..sin.cos..

sinsin.sin.cos..sinsin.
22

32

2
21

2
1

3.cűɤcb
ɓ.b.ɤaɗ..ɤa-

 
 

( xxxi ) ( xxxii ) : 
 

0)sin(cos.
)sin.coscos.(sin.)sin.sincos(cos

)sin.coscos.(sin.)sin.sincos(cos

222
3

2
2
2

1
2
1

űɤc
b.b.ɤ

a..ɤa-
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 : 

0.)sin(..
)cos(.)sin(..)cos(.

2
32

2
21

2
1

ɤcb
b.ɤa.ɤa-

 

 : 
 

 (xxxiii)         
)sin(.

.)cos(.)cos(..)sin(.. 222
3211

2 b
ɤcb.ɤaa 

 

( xxix )  cosɓ   ( xxx ) sinɓ : 
 

(xxxiv)                  
0cos.sin..coscos..cos.sin

cos..cos.sin.coscos..

3
2
32

22
21

2
1

cű.ɤcb.
ɓɤb.aɗ.ɤa

 

 

(xxxv)                   
0sin.cos.sinsin..sin.cos..

sin.sin.cos..sinsin.

3
2
32

22
21

2
1

c.ű.ɤcb
ɓb.ɤaɗ..ɤa-

 
 

( xxxiv ) ( xxxv ) : 
 

0)sin.coscos.(sin.
)sin.sincos(cos.)sin(cos.

)sin.coscos.(sin).sinsincos(cos.

3

2
3

222
2

1
2
1

c
ű.ɤcɓɤb

.a.ɤa
 

 : 
 

0)sin(..
)cos(...)sin(.)cos(..

3

2
3

2
21

2
1

c
űɤcɤb.aɤa

 

 : 
 

  (xxxvi) 
)-sin(

)cos(...)cos(..)sin(. 222
3211

3 .c
űɤcɤbaa.

 
 

  ( xxxiii )  ( xxxvi )       BC  CD  
ɤ3  CD  ( xxv ) ɤ2  

BC  ( xxviii )a b c  
ɗ ɓ ű  AB  BC  DC        

AX  AD  ɤ1  
AB . 
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d.   
Computer Program for Position Analysis of Motion 

 

    
       

(FORTRAN)  
 

     
 

 
A,B,C,D   AB BC CD DA   mm . 

   THET   AB   
   VELA   AB  rad/sec . 
  ACCA   AB  rad/sec2 . 

 

 
   THET   AB   

      PHI  DC   
   BETA    BC   
   VELC   DC  rad/sec . 
   VELB    BC  rad/sec . 
  ACCC   DC  2rad/sec . 
  ACCB   BC  rad/sec2 . 
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MEHANISMBARFOURAINC
ONACCELERATIANDVELOCITYTHEFINDTOPROGRAMC

 

(2)B4(2),B3(2),B2(2),B1
(2),C4(2),C3(2),C2(2),C1(2),ACCB(2),ACCC(2),VELB

(2),VELC(2),BT(2),BET(2),PP(2),PHI(2),PHDIMENSION
 

THETAACCA,VELA,D,C,B,A,(*,*)READ 
ATAN(1.0)*4.0PI 

0THET 
THETA/180IHT 

PI/IHTDTHET 
IHT*2,1J10DO 

DTHET*1)(JTHET 
0.5)*D)*DC*CB*BA*(AAK 

180/PI*THETTH 
D)*(C(THET)COS*C)(D*AAKAA 

(THET)SIN*C*A*2.0BB 
D)*(C(THET)COS*C)(D*AAKCC 

CC*AA*4*2*BBAB 
10TOGO0).LT.(ABIF 

SQRT(AB)PHH 
PHHBB(1)PH 
PHHBB(2)PH 

21,I9DO 
2*0.5/AA)*(I)(PHATAN(I)PHI 

180/PI*(I)PHI(I)PP 
B)/(THET))SIN*A(I))(PHISIN*((CASIN(I)BET 

180/PI*(I)BET(I)BT 

(I)))PHI(I)(BETSIN*(C/
THET)(I)(BETSIN*VELA*A(I)VELC

 

(I))))PHI(I)(BETSIN*(B/
THET))(I)(PHISIN*VELA*(A(I)VELB

 

THET)(I)(BETSIN*ACCA*A(I)C1 
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2**(I)VELB*B
THET)(I)(BETCOS**2*VELA*A(I)C2

 

(I))BET(I)(PHICOS**2*(I)VELC*C(I)C3 
(I))PHI-(I)(BETSIN*C(I)C4 

(I)C4/)(I)C3(I)C2(I)(C1(I)ACCC 
THET)(I)(PHISIN*ACCA*A(I)B1 

THET)(I)(PHICOS**2*VELA*A(I)B2 

*2*(I)VELC*C-)(I)BET
(I)(PHICOS**2*(I)VELB*B(I)B3

 

(I))))PHI-(I)(BET(SIN*B(I)B4 
(I)B4/(I))B3-(I)B2(I)(B1(I)ACCB9  

8TOGO1).NE.(JIF 
WRITE*,7) 

''''''''

''''''

ACCB4X,,ACCC4X,,VELB4X,,VELC4X,
,BETA4X,,PHI4X,,THET(4X,FORMAT7

 

(1)ACCB(1),ACCC(1),VELB
(1),VELC(1),BT(1),PPTH,6)WRITE(*,8

 

2).(8F8FORMAT6 

(2)ACCB    
(2),ACCC(2),VELB(2),VELC(2),BT(2),PPWRITE(*,5)

 

2).8F8(8X,FORMAT5 
CONTINUE10 
STOP 
END 
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2-4-
   a   )(7-4-   ABCD       

  : 
 

(AB = 300  mm) ; (BC = 360  mm) ; (CD = 360  mm) ; (AD = 600  mm) 
 

AB    (ɤ1 = 10  rad/sec)   
(Ů1 = 30  rad/sec2)        

   ɗ     AB    30o : 
 -   BC CD . 

 

   
 

 

ACCB ACCC VELB VELC BETA PHI THET 

121.67 - 61.67 -10.00 -10.00 - 65.38 -114.62 00.00 

- 61.67 121.67 -10.00 -10.00 65.38 114.62  
181.43 101.52 - 0.84 - 8.69 - 82.70 -144.88 30.00o 

101.52 181.43 - 8.69 - 0.84 35.12 97.30  
77.45 38.02 6.02 - 6.02 - 73.81 -166.19 60.00o 

38.02 77.45 - 6.02 6.02 13.81 106.19  
216.18 -180.18 12.26 - 8.26 - 47.86 174.73 90.00o 

-180.18 216.18 - 8.26 12.26 - 5.27 132.14  
229.73 -289.73 - 8.26 12.26 5.27 -132.14 270.00o 

- 289.73 229.73 12.26 - 8.26 47.86 -174.73  
-1.90 -113.57 - 6.02 6.02 -13.81 -106.19 300.00o 

-113.57 - 1.90 6.02 -6.02 73.81 166.19  
- 49.36 -170.39 - 8.69 - 0.84 - 35.12 - 97.30 330.00o 

176.39 - 49.36 - 0.84 - 8.69 82.72 144.88  
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Position Analysis of Motion in Slider-Crank Mechanism 

 

 a   )(8-4-          
AB  a   C     BC  b 

  (CD = e)ɗ     X        
X . 

 

 AB  ɤ1  Ů1  
 ɗ : 

 -. 
 
 
 
 
 
 
 

                           b                                            a 
)(8-4-   

 

       
BC ɓ    AB   ɗ   

   : 
 

a.      Displacement Analysis 
 

X  
Y   

 

  X     b  )(8-4- 
: 

0)cos(.cos. xba 
 

ɓ   . 
 

 : 
(i)                                                                                      cos.cos. axb 

 : 
(ii)                                                     cos..2cos.cos. 22222 axaxb 

X X 

Y Y 

A A 

ɗ ɗ 

-ɓ -ɓ 

D 

B B 

B  

C 
-ɓ 

b cos(-ɓ) 

b b 

e e 

a cosɗ 

a a b sin(-ɓ) a sin ɗ 

x x 

C 

Ů1 
ɤ1 a sinɗ 

D 
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Y   
 

sin.sin.0)sin(.sin aebeb.a 
 : 
(iii)                                                                                   sin.sin. aeb 

 : 
(iv)                                                    sin..2sin.sin. 22222 aeaeb 

 

( ii ) ( iv )  
 

sin..2cos..2)2sin2(cos222)2sin2(cos2 aeaxaexb 
 

sin..2cos..22222 aeaxaexb 
 : 

0sin..2)cos.2( 2222 aeebaxax 
 : 

 (v)                                      0. 21
2 kxkx 

 
(vi)       sin..2,cos.2 222

21 aeebakak 
 

( v )  x    
 

(vii)                                                     
2

4 2
2

11 kkk
x 

C     a b e ɗ          
BC  ɓ   

 

b
ae

b
ea sin.sinsin.)sin( 

 

(viii)                                                   
b

ae sin.sin 1 
 

        X          

(e = 0)( vi ) ( viii )  : 
 

22
21 ,cos.2 bakak 

 

b
a sin.sin 1 
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b.      Velocity Analysis 
 

 ɤ1 = dɗ/dt  AB . 
 ɤ2 = dɓ/dt  BC . 
 Vs = dx/dt   

 

 ( i )  : 
 

dt
d.a

dt
dx

dt
db )sin(-)sin(- 

 : 

(ix)                                                                0sin..sin. 21 dt
dxɓɤbɗ.ɤa 

 ( iii )  : 

dt
d.a

dt
dɓɓ.b coscos 

 : 
 (x)                                                                         0cos..cos.. 21 ɓɤbɗɤa 

 

 ( ix )   cosɓ    ( x )   sinɓ  : 

 (xi)                                0coscos.sin..cos.sin. 21 ɓ
dt
dxɓɓɤbɓɗ.ɤa 

 

(xii)                                                       0sin.cos..sin.cos.. 21 ɓɓɤbɓɗɤa 
 

 ( xi ) ( xii ) : 

0cos)sin.coscos.(sin. 1 dt
dxɤa 

 (Vs=dx/dt): 
 

cos.)sin(.. 1 sVɤa 

  : 

(xiii)                              
cos

)sin(.. 1aVs 

ɤ2  BC ( x ): 
 

(xiv)                                   
cos.

cos.. 1
2 b

ɤaɤ 
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c.      Acceleration Analysis 
 

Ů1 = dɤ1/dt   AB . 
Ů2 = dɤ2/dt  BC . 
As = d2x/dt2   

 

( ix )  : 

0]sincos.[]sincos.[ 2

2
2

2
1

1 dt
xd

dt
d

dt
dɓɤb

dt
d

dt
dɗɤa 

 : 

(xv)                    0]cos.sin.[]cos.sin[ 2

2
2
22

2
11 dt

xdɤbɤ.a 

( x )  : 
 

0]cos)sin([]cos)sin([ 2
2

1
1 dt

d
dt
dɓɤb

dt
d

dt
dɗɤa 

 : 
                                 (xvi) 0]sin.cos.[]sin.cos.[ 2

22
2
11 ɤbɤa 

 

( xv ) cosɓ ( xvi ) sinɓ  : 
 

  (xvii) 0cos]cos.cos.sin[]coscos.cos.sin.[ 2

2
22

22
2
11 dt

xdɤb.ɤa 
 

(xviii)       0]sin.sin.cos[]sinsin.sin.cos.[ 222
2211 ɤb.ɤa 

 

 ( xvii ) ( xviii ) : 
 

0cos)sin(cos.

)]sin.sincos(cos)sin.coscos.(sin[

2

2
222

2

2
11

dt
xdɤb

.ɤa
 

 : 

0cos)sin(..)cos(. 2

2
2
21

2
1 dt

xdb.ɤa.ɤa- 
 

AS    C : 
 

(xix)                            
cos

)cos(..)sin(.. 2
2

2
11

2

2 b.ɤaa
dt

xdAs 
 

BC  (xvi): 
 

 (xx)                                                 
cos.

sin..)cos.sin.( 2
21

2
1

2 b
ɤbɤa
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d.  
Computer Program for Position Analysis of Motion 

 

           
BC   C   

 (FORTRAN)  
. 

 

     
 

 
A,B,E    a    AB  b    BC  e  

  mm . 
VA       AB  rad/sec . 
ACC    AB  rad/sec2 . 
THA      

 

 
THA    AB   
BET      BC   
VS       C  m/sec . 
VB       BC  rad/sec . 
ACS     C  m/sec2 . 
ACB     BC  rad/sec2 . 
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MEHANISMCRANKSLIDERAINC
ONACCELERATIANDVELOCITYTHEFINDTOPROGRAMC

 

THAACC,VA,E,B,A,(*,*)READ 
ATAN(1.)*4PI 

0TH 
THA/180IH 

IH/PIDTH 
HI*2,1I10DO 

DTH*1)(ITH 
B)/(TH)SIN*A(EASINBET 

1000)*(BET)(COS/BET)(THSIN*VA*-AVS 
(BET)COS*B/(TH)COS*VA*AVB 

*2*VB*B-TH)-(BETSIN*ACC*AAC1 
TH)-(BETCOS**2*VA*AAC2 

1000)*(BET)(COS/AC2)(AC1ACS 
(TH)SIN**2*VA*A(TH)COS*ACC*AAC3 

(BET)SIN**2*VB*BAC4 
)(BET)COS*(B/AC4)-(AC3ACB 

9)(*.WRITE1).EQ.(iIF 

)ACB4X,,ACS4X,
VB,4X,VS,4X,,BET5X,,TH(3X,FORMAT9

''''

''''''''

 

ACBACS,VB,VS,PI,/180*BETPI,/180*THWRITE(*,8)10 
2).8F(6FORMAT8 

STOP 
END 
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3-4-
   a   )(8-4-        

 (AB = 200  mm) (BC = 750  mm)
 (e = 50  mm). 

 

      (ɤ1 = 20  rad/sec)  (Ů1 = 10  rad/sec2) 
       

ɗ AB    30o   
 - C .
 - BC .

 

   
 

 

ACB ACS VB VS BET TH 

- 0.78 - 101.15 - 5.32 0.27 3.82 00.00 

49.72 - 83.69 - 4.61 - 2.23 - 3.82 30.00o 

91.14 - 35.62 - 2.63 - 3.80 - 9.46 60.00o 

108.87 14.33 0.00 - 4.00 - 11.54 90.00o 

93.85 44.71 2.63 - 3.13 - 9.46 120.00o 

54.35 55.11 4.61 - 1.77 - 3.82 150.00o 

4.56 58.58 5.32 - 0.27 3.82 180.00o 

- 47.90 62.42 4.53 1.29 11.54 210.00o 

- 93.34 57.93 2.55 2.84 17.31 240.00o 

- 113.14 30.28 0.00 4.00 19.47 270.00o 

- 96.14 - 21.45 - 2.55 4.09 17.31 300.00o 

- 52.61 - 75.44 - 4.53 2.71 11.54 330.00o 
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 -5-4 
Coupler Curves in Linkage Mechanisms 

 

  
 . 

 

 
 A B    

  )(9-4-. 
 
 
 
 
 
 
 
 
 
 
 
 
 

)(9-4-       . 
 

 
     

 

      
       

 
 

 
  

 

O2 O4 
X 

Y 

B 

A 

K 

2

3

4
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   a   )(10-4-  
 b   )(10-4-  

       
   c   )(10-4-. 

 
 
 
 
 
 
 
 

 -c            .   -b .      -a . 
)(10-4- 

 

     
     

 -  -      
  

 

  
Coupler Curves in Four-Bar Mechanism 

 

 )(11-4-       ABCD       E  

  BC       BC  
(xE , yE).  

-    E  . 
 

  BD    ɔ  ɓ .      BB1D   
 

cos.
sin.

ABAD
BB

DB
BBtan

1

1

1

1

ad
a 

  : 

cos.
sin.tan 1

ad
a 

30o–120o 

R 

R 
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   . 
)(11-4- 

 

 
2

1
2

1
2

1
2

1
2

)AB(ADBBDBBBBD 

cos..2BD

cos..2)cos(sin
cos..2cos.sin.

)cos.()sin.(BD

222

2222

22222

222

dada

dada
daada

ada

 

  DBC : 
 

fb
cbf

.2BD.BC2
CDBCBD)cos(

222222

 

  : 

fb
cbf

.2
cos

222
1 

 

(i)                          
fb

cbf
.2

cos
222

1 

 
 
 

 

Y 

B 

C 

D 

 

ɓ 

ű 

a 

b 

c 

d 

A 

E(xE,yE) 

E1 

ɔ 

f 

ɔ 

e 

B1 E2 

Ŭ 

X 
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)(11-4- (B1E2 = BE1)  
 

                               (ii) 
)cos(.cos.

BEABEBABAE 112112E

ea
x

 
 

)(11-4- (E2E1 = B1B)  
 

                             (iii) 
)sin(.sin.

EEBBEEEEEEy 111122E

ea
 

 

   E   
a , e , ɗ , Ŭ   , ɓ  

 

  
Coupler Curves in Slider-Crank Mechanism 

 

)(12-4-            E  
BC    Ŭ  BC  

(xE , yE).  
-   E  . 

 

ɓ  BC1C : 
 

b
ea 11111 sin.

BC
CBBB

BC
BCsin 

  : 

(iv)                              
b

ea 11 sin.sin 

 
 
 
 
 
 
 
 

 

)(12-4-         . 

X 

Y 

A 

ɗ 

-ɓ 
B 

b 

e1 

a 

C 

e 

d E1 B1 D 

C1 

E(xE,yE) 

Ŭ B2 
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211111E BBABEBABAEx 
 

    (v)                              )cos(.cos.E eax 
 

EBBBEBBEEEy 212211E 
 

(vi)                                 )sin(.sin. eayE 
 

 E   
 

a , b , e , e1 , ɗ , Ŭ , ɓ  
 

  X 
 (e1 = 0).   

 ( iv )  : 
 

b
a sin.sin 1 
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     PROBLEMS 

1-4-
 )(1-4-     

AB    (l = 20  cm). 
 

 A   (yA = 12  cm) 
(VA = 40  cm/sec)  AA = - 80  cm/sec²)(: 

1. xB    B VB AB . 
2.    

 
 

 
 
 
 
 
 
 
 

   
           )(2-4-                                      )(1-4- 

 
 

2-4-
 )(2-4-   (Scotch-yoke)

O2A ɤ2  
 

 O2A ɓ   
1. x4 

4 V4 A4 . 
2.  

X 

Y 

2 

3 

4 

A 

B 

O 

O2 

4 

3 

2 
ɗ2 

ɤ2 

ɓ 

A 
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3-4-
  )(3-4-        

  e   
 

a.   ɤ2    Ů2 : 
1.  (ra + rd = r2 + r3) . 

 

b. (ɤ2 = 10  rad/sec)(Ů2 = 20  rad/sec2) 
(ɗ2 = 45o): 

1. ɗ3 ra . 
2. ɤ3 Ů3  3 . 
3. VB   B AB . 

 

 
(r2 = 150  mm)    ,    (r3 = 500  mm)    ,    (e = 200  mm) 

 

 
 
 
 
 
 
 

             )(4-4-    .     )(3-4- 
 

4-4-
 )(4-4-              

2  O2 . 
 

    (ɤ2 = 1  rad/sec)       
 (ɗ2 = 35°) : 

1.             
2.   

 

 
(O2A = 100 mm)     ,     (AB = 350  mm) 

 

            (VB = 73.19  mm/sec)     ,     (AB = 69.07  mm/sec2) 
(ɤ4 = 0.244  rad/sec-cw)     ,    (Ů4 = 0.222  rad/sec2-cw) 

I 
 

R 
 

O2 

1

2 

3 

ɗ3 

e ɤ2 

Ů2 

r2 

r3 

ɗ2 
ra 

rd 

1

A 

B 

4 

O2 

A 

ɗ2 

C 

B 
300  mm 

300  mm 
Radius 

1 

1 4 

3 2
 

ɤ2 
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5-4-
  )(5-4-        4  

O4 . 
 

  4  B                
(VB = 24.4  m/sec)  4  (ɗ4 = 30°) : 

1.             
2.   

 

 
(O2A = 152  mm)   ,   (AB = 203  mm)   ,   (O4B = 152  mm) 

 

 
 
 
 
 
 
 
 
 

 . 
               )(6-4-                                            )(5-4- 

 

6-4-
  )(6-4-          2  

O2 . 
 

    (ɤ2 = 160  rad/sec)  
 (ɗ2 = 30°) : 

1.             
2.  

 

 
(O2A = 152  mm)   ,   (AB = 203  mm)   ,   (O4B = 152  mm) 

ɗ4 

3 

4 
O4 

ɤ4 B 

A 

2 

O2 
1 

1 
356  mm 

152  mm 

ɗ2 

3
4 O4 

ɤ2 

B 

A 

356  mm 

152  mm 
2

O2 

1

1
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7-4-
 )(7-4-    . 

a.   2  ɤ2  : 
1.  
b.  (ɤ2 = 10  rad/sec) (ɗ2 = 45o): 
1. Ů4 , ɤ4  4 . 
2. VA4  A4 AA4. 

 

: 
(O2O4 = 240  mm)     ,     (O2A = 70  mm) 

 

 
 
 
 
 
 
 
 
 

         .  . 
      )(8-4-                                )(7-4- 

 

8-4-
 )(8-4-    . 

a.   2  ɤ2  : 
1.  
b.  (ɤ2 = 10  rad/sec) (ɗ2 = 60o): 
1.   ɗ4  4 . 
2. VC5  C5 AC5 . 

 

: 
(O2O4 = 300  mm)    ,    (O2B2 = 150  mm)    ,    (d = 550  mm) 

O2 O4 1 1 

2 

3 

4 

4 

ɗ4 ɗ2 

ɤ2 

I 
 

R 
 

A 

1 

O2 

B 
ɗ2 

2 

3 

4 

4 

C 

O4 

ɗ4 

1 

ɤ2 
d 

5 
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9-4-
 )(9-4-      2  

O2 . 
 

    (ɤ2 = 200  rad/sec)        
 (ɗ2 = 30°) : 

1.             
2.   

 

 
(O2A = 381  mm) , (O4B = 254  mm) , (AC = 254  mm) , (O2O4 = 762  mm) 

 

      (AC = 1.95x107  mm/sec2)     ,     (VC = 8.55x104  mm/sec) 
 

(ɤ3 = 152.8  rad/sec  ccw)     ,     (ɤ4 = 111.6  rad/sec  cw) 
 

 
 
 
 
 
 

 
 

 . 
                )(10-4-                                                        )(9-4- 

 
10-4-

 )(10-4-           

2  O2 . 
 

    (ɤ2 = 30  rad/sec)
  2  (ɗ2 = 45°) : 

1.           
2.  

 

 
(O2A = 102  mm)   ,   (AB = 203  mm)   ,   (O4B = 76.2  mm) 

 

(AC = 102  mm)   ,   (AD = 76.2  mm)   ,   (BC = 152  mm) 

1
O2 

A 

ɗ2 

2

3

4

O4 

ɤ2 

B 

C 

90o 

90o 

1
ɗ2 O2 

O4 

ɤ2 A 

B 

C 

D 

2

4

1

3

229  mm 

178  mm 

1
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11-4-
) (11-4-         

2 O2 . 
 

 (ɤ2 = 1  rad/sec)  
   (ɗ2 = 35°) : 

1.            
2.  

 

 
 (AB = AD = 178  mm)    ,    (BC = CD = 127  mm) 

 

(O2A = 152  mm)   ,   (O2O4 = 356  mm)   ,   (O4C = 254  mm) 
 
 
 
 
 
 
 
 

   . 
            )(12-4-                                  )(11-4- 

 

12-4-
 )(12-4-    

  4  O4 . 
 

  4   (ɤ4 = 1  rad/sec)      
     

1.           
2.  

 

 
(O2A = O2B =  102  mm)     ,     (O4A = 152  mm) 

 

(O2O4 = 203  mm)     ,     (AB = 76.2  mm) 

ɗ2 O2 O4 

ɤ2 
A 

B 
C 

D 

2

4

1

3

90o 

1

O4 O2 

B 

4 

1 1

ɤ4 
2

3
A 
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13-4- 
)13-4-(     O2A  

O2 . 
 

  (ɤ2 = 1  rad/sec)     
2   (ɗ2 = 45o)  

1.            . 
2.  

 

 
(O2A = 5.1  cm)  ,  (AC = 10.2  cm)  ,  (AB = 4.5  cm)  ,  (BC = 6.4  cm) 

 

(BD = 5.1  cm)  ,  (DO6 = 10.2  cm)  ,  (EO6 = 15.2  cm)  ,  (EF = 10.2 cm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)14-4-( 

O2 

A 
B 

O6 

C 

D 

E 

F 

2 

3 
ɤ2 

ɗ2 

1 1 1 17.3  cm 

5 

6 

6 

7 

8 1 

2.5  cm 

4 
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14-4-
  )(14-4-     2  

O2 . 
 

  A  
(VA = 6  m/sec)     4  (ɗ4 = 45°)  

1.              
2.  

 

 
(O2A = 191  mm) , (O4B = 102  mm) , (O2O4 = 89  mm) , (BC = 356  mm) 

 
 
 
 
 
 
 
 
 
 
 
 

 
)(14-4- 

 
 
 
 
 
 
 

O4 

2

3

4 5

ɤ2 

B 

A 

O2 

4

1

C 645o 

1 sec/m6
2AV

1
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Kinetics of Mechanisms 
 

    
  

                
            .

  
         

 
          

 
 

 -1-5Introduction 
 

             
       

 
      
.   
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1.      Static Forces 

 
 

 

2.      Inertia Forces 
  

 

  
   

. 
 

-2-5Static Forces 
 

 Gravity Forces of Links 
 - -  

   
 

 Friction Forces in Pairs 
 

.    
         

ű  f   
 

  : 
a.      Static Frictional Forces 

)(1-5- 1 , 2  
.   2    W    P  

 2  1 . 
 

P         
R  1  2                        

Q  P , W  R      
 ű  (Friction Angle). 
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)(1-5- . 
 

   P , R     2  
ű  fs  (Coefficient of Static Friction)  

R   
1.  

  N 
 W . 

 

2.  
Ff 

2               
 : 

 

(1-5)                                    NfNF sf ..tan 

 Ff      
    

   
 

b.      Sliding Frictional Forces 
)(1-5-     

 2  W   P  
  2  1 . 

Q 

W 

P 

R 

N 

1

2

W 

R 

P 

Ff 

ű
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  Ff   
  (1-5)  

   fs    fk                  
(Coefficient of Sliding Friction). 

 

  fk      
 

 

c.      Turning Frictional Force 
       

  Ff    
 

)(2-5- (Journal)   r B 
A         

 . 
 
 
 
 
 
 
 
 
 

)(2-5-. 
 

  ɤab    
)(2-5- B      

     
           C  

  N  W  ű  
Ff  R       

C W . 

W 

R 

Ff N 

A 
B 

r ű

ű

rf 

C 

ɤr 
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B  R       
(Friction Circle)   

sin.rrf 
 

  ű  5o    1o       
    )tan(sin 

 

 (2-5)                               rfrr kf .tan. 
 

 rf   
   
       

   
 

   B     
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Static Forces Analysis in the Slider-Crank Mechanism 
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Mechanism Static Forces Analysis in the Four - Bar Linkage 
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-2-2-5 
Conservation of Energy Output of the Static Forces 

             
              

  (Input Power)   
(Output Power)    
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  FŰ   V . 

 

   Z   
 

.ZZ
ee T

dt
dT

dt
dwP 
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(Driving Link)(Crank)         
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(Power Efficiency)  ɖ : 
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- –              

  
 

 

2-5-
            

1-5- )(9-5-. 
 

O2B  (ɤ2 = 180  rad/sec) 
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 -3-5Inertia Forces  
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Inertia Forces Analysis In the Four - Bar Linkage Mechanism  
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 -5-5  
Inertia and Static Forces Analysis in a Mechanism 
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6  2  O2     

6   F6. 
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 -    
  tT2  2     

     (ɗ2 = 90o). 
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  [1/5]    a   )(21-5- 
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Inertia and Static Forces Analysis by Direct Method 
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    ɗ  

 Tav   
 . 

  : 
 

kW1571000/8.622500.avP 
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)(44-5- 
 

3. Ifm           
    

       
 : 

)(
2

)(
22 .

2
1.

2
1.

2
1

feqfmeqmfeqmfmmeq IIIIII 

 
 

eqfeqfm III )( 
 
I(eq+f)   
Ieq     

 

I(eq+f) 
  (39-5): 

2)(
2

)( .
..

ms

f
feqmsfeqf K

E
IKIE 

 

 

  Ef (40-5)  
 

dTTE lmf )(.max

.min
 

 

 ɗmin , ɗmaxTm , Tl 
: 

lm TT 
 

0sin2702sin675 

0 41o 78o 131o  229o 282o 319o  

T 

ɗ 

A 

B 

C D 

E 2500 N.m 

a 

b 

Tm Tl 

 

Tm 

Tav 
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0)1cos5(sin 

 
2,,00sin 

 
oo 6.281,4.782.0cos 

 

 Tm  Tl       
 

2,282,,78,0 oo 
 )(44-4- (ɗ = ˊ)    

  A     B     D     E  
   B     C     C     D  

  b , a     Tm  
  Tl   

 

 Emax.  B , D  
Emin.     C                   

   Ef  a b (22-4)  
 

dE f )sin2702sin675(
o78
o180

 
 

  
 

N.m972fE 
 

o
.max

o
.min 78,180 

 

     
  )(44-4-

   B  A    a   
 

 

 Ef  
   (ɗ = 78o) (ɗ = 180o)       

Ef   
 

 

   
  : 

2
2)( kg.m11.4

)8.62(06.0
972

feqI 
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              Ieq   
    : 

              
       

: 
 

lmmeqmlmmmmeq IIIIII 222 .)2/1(.)2/1(.)2/1( 
 

 Im    
Ilm    

    Ilm             
   

     
 : 

l
m

l
lmmlmll IIII 2

2
22 .)2/1(.)2/1( 

 
ɤl     

 Il    
 

 
222 kg.m45.0)

600
300()3.0(20lmI 

          
  

22 kg.m9.045.0)3.0(5eqI 
 

  
: 

2kg.m21.3fmI 
 

4.  
  

)(

.max
.max.max)(.max

)(.)(
feq

lm
feqlm I

TTITT 

)(44-4- .max)( lm TT 
   C     D  

o2290)( lm TT
d
d

 

: 
N.m872)()( .max)229( o lmlm TTTT 
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I(eq+f)   
 

2
)( kg.m11.49.021.3eqffeq III 

 

 : 
 

2
.max sec/rad212 

 

(ɗ = 131o)     
    

 
16-5-

 2017-2016 
 

(P = 60  kW)           
  (nm = 600  r.p.m)

)(45-5-   (nl = 1500  r.p.m). 
 

  Ef (Ke = 85%)          
  E     

(Im = 80  kg.m2)   (Il = 7  kg.m2) 
 : 

1.   Ks  . 
2.  Ifl      

%)4.0'( sK  
 
 
 
 
 
 

)(45-5- . 

1.   Ks   

2
2

.
..

meq

f
smseqf I

E
KKIE 

 
ɤm   

sec/rad83.62
60

6002
60
.2 m

m
n

 

Ieq        

   m 

   l 

 

(nm = 600 r.p.m) 

(nl = 1500 r.p.m) 
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          Ieq     
    : 

              
       

: 
 

lmmeqmlmmmmeq IIIIII 222 .)2/1(.)2/1(.)2/1( 
 

 Im   
Ilm   

 

Ilm 
  

                     

 : 

l
m

l
lmllmlm IIII 2

2
22 .

2
1.

2
1

 

 

2
2

kg.m75.437
600

1500
lmI 

  
 

2kg.m75.12375.4380eqI 
 

Ef   
 

EKE ef . 
 

  E   
 

12EE 
 

  E1   

22.1
m

m
av

PTE 

 

Nm.cycle60002
83.62
1060 3

1E 

 
 

cycleNm.12000E 
 

  
 

N.m102001200085.0fE 
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02.0
)83.62(75.123

10200
2sK 

 

2. Ifl         
 

: 

fm
l

m
lfmfmllf IIII 2

2
22 .

2
1.

2
1

 

Ifm   
 

Ifm  
  

: 

fmeqfeqmfmmeqmfeq IIIIII )(
222

)( .
2
1.

2
1.

2
1

 

 
eqfeqfm III )( 

I(eq+f)     
 

        
 

2')(
2'

)( .
..

ms

f
feqmsfeqf K

E
IKIE 

%)4.0'( sK 
 ɤm     0.4%  

     
 

008.0004.02sK 
 

 
 

2
2)( mkg.98.322

)83.62(008.0
10200

feqI 
 

          
 

2mkg.23.19975.12398.322fmI 
 

   
22 kg.m88.3123.199)

1500
600(lfI 
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-1-9-5Flywheel Application 
 

  - -        
  

                 

 
 

       
 

 

                  
                

                       
. 

 

-  -                
 

 

           
  

  
(1/5-1/6) .        

    
 

               

 
 

 - - 
                

 
 

   
 -  –   
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17-5-
 )(53-5-       M  

             
 

K   G . 
 

(n = 900  r.p.m)
 30    1/6            

 
 

  (d = 16  mm)  
(h = 12  mm)   (Ű = 300  N/mm2)   F  

    x  [F = f(x)] 
 )-5-54( : 

1. Pav   
2. (Pav)f   . 
3.   

(nL = 225  r.p.m)  %)5( sK. 
 
 
 
 
 
 
 
 
 
 
 
 
 

)(53-5-  . 

M 

L 

K 

G 

Flywheel 
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)(54-5- . 
 

1.  E   
tc    

 

cav tEP / 
 

  tc  . 
  E   . 

 

  tc     30    
 : 

t = 60/30 = 2  sec 
 

sec3/12
6
1

6
1 ttc 

 

  E   
 [F = f(x)]       

  [T = f(ɗ)]  

 
 

 )54-5-( F     
Fmax. 

(x = h)  
                  S  

  
 

 F  x    
  

E  : 
 

hFE .)2/1( .max 

F 

Fmax. 

X 
h 

G 
F 

H B 
D I 

E A 

S 

C 
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     Fmax.  
  Fmax.    

 
 

.....max hdAF 
  : 

N180864.maxF 
 

     : 
 

N.m1085E 
 

   : 
 

kW255.3avP 
 

             
  E    tc  Fmax.  

  P    : 
 

Pmax = 2Pav = 6.5  kW 
 

2. E  
)(54-5- ABCDE    tc .       

      t 
  E   FGIE   ABCDE 

GI    
 

  (Pav)fE  t  
  

kW542.0/)( tEP fav 
 

 

6/1//)( ttPP cavfav 
 

6      
 

 

3.  39-5)(: 

2
2

.
..

fs

f
ffsff K

E
IKIE 

  Ef    
)(54-5- Ef    BCD     

  Em  ABDE  tc  : 
 

Nm18110856/1)/( EttE cm 
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Em  ABDE             
   AHIE              

Ef    
 

N.m904mf EEE 
 

  (nL = 225  r.p.m)  
 

sec/rad55.2360/.2 Lnf 
 

%)5( sK  
ɤf     5%  

     
 

1.005.02sK 
 

     : 
 

2kg.m3.16fI 
 

18-5-
(Tm = Const. = 125  N.m)      

         
(Mf = 235  kg)(Rf = 61  cm). 

 

n1 = 280 r.p.m)( 
( n12 = 25  r.p.m)  

 (tp = 0.8  sec) 
1. Pav  P . 
2. Ep   
3. N   

1.   Pav ɤav  
 

avavav TP . 
 

 Tav   
 

mN.125mav TT 
 

ɤav  : 

)(
602

2
2 21

.21 nnav 
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2n   
 

r.p.m255252801212 nnn 
 

     : 

sec/rad28)255280(
120
2

av 

     : 
 

kW5.3W350028125avP 
 

2. Ep 
Em Ef  

 

fmp EEE 
 

Ef   
 

2.. avsff KIE 
 

Ks   
 

0934.0
255280

)255280(22121

avav
s n

nnK 
 

 If   
222 kg.m72.43)61.0(235

2
1.

2
1

fff RMI 

   : 
 

N.m3200)28(0934.072.43 2
fE 

 

Em  
 

pavm tPE . 
tp   

tp = 0.8  sec 
 

   : 
 

N.m28008.03500mE 
 

   : 
 

N.m600032002800pE 
 

3. N   
 

=   
 

 

2100
6000

36003500N  
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 -2-9-5Flywheel Design 
 

   
 

1. Disc Flywheel 
 

   Df   If     
Wf  Rf   

 

)5-41                   (               
g
DWRM

I ffff
f 8

.
2
. 22

 
 

    
            

   
 

 

  
 

 

2. Rim Flywheel 
 

:  
  Rav 

 (Hub)   
 

 

 b    h  (b/h = 0.6 - 3)
 b      

(3 - 5  cm). 
 

     
(1.5 - 2)  

 

 
   

  (10% - 25%). 
 

       
   30  m/sec                

60  m/sec      90  m/sec                
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 )(55-5-
  

 
 
 
 
 
 
 
 

)(55-5- . 
 

  Wf    ɟf  
Rav   

 

)5-42                   (2

2
22 ..

..
av

f
f

avf
avffff R

Ig
W

g
RW

RMMI 
 

 
        

   
 

  
       

   
          

 

–  -        
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  1        
 . 

 

)5-42(: 

2222 .
.

.
.

cs

f

sf

f

av
f

av
f VK

Eg
K

E
R
gI

R
gW 

 

  Vc  m/sec . 
 

     Vc   

 
 

 )(56-5- m  F  
Fc  

 
 

0ein FF 
 
 
 
 
 
 
 
 

)(56-5- . 
 

 
020 YY FFF c 

 

Fc  
 

d
g

AV
R
VAdR

gR
V

g
V

R
V

g
WAmF c

av

c
av

av

c

av

cnc ..)..(....
2222

 

 
An   m/sec2 . 

 ɔ  N/m3 . 
V  m3 . 
A  m2 . 

F 

dű 

F c 

Y 

dű/2 

F 
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F  )(56-5-: 

2
sin.Y

dFF 

 

2
sin.2.. 2 dFd

g
AVc 

dű   

22
sin dd

 

 

g
V

A
FdFd

g
AV cc

22 .
2

.2..
 

 

)5-43                           (                      
g
Vc

2

1
.

 

  1    N/m2 . 
 

 2   
       

  
 

)5-44                            (         12

2

2 ..2
h

R
n

av 

 
  n   

Rav   
  h    

1    )43-5(. 
 

     
 

 

)45-5                   (              21 25.075.0 
 

  
40  N/mm2    150  N/mm2   

 1   7  N/mm2  
 25  N/mm2   
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(Cantilever)         
        

: 

)46-5(                              
ef

f
a nDZ

dDT
..

)(
 

 
 Df   

  d   
  T     N.m . 
 ne    
 Z    m3. 

a  N/m2 . 
 

          
a   10  N/mm2     

 6  N/mm2 .           
              

 (46-5)   50%         

 
 

  
 )46-5(  

 

     
 

 
50%  )5--54(. 

 
19-5-

       15-5-      

 )N/mm5( 2
1

  b     h (b = 2h)       
  (ɔ = 74000  N/m3). 



354 
 

    
 

2kg.m21.3fI 
 

  
 

sec/rad8.62mf 
 

 )5-43(  : 
 

sec/m7.25.12
cc VgV 

 : 
 

m41.0/ mav VR 
  

N187/. 2
avff RgIW 

 

  
 

)...2( hbRW avf 
 

(b = 2h)  
 

mm3.44,mm15.22 bh 
 

        (n = 6)    )5-44( : 

2
212

2

2 N/mm7.50..2
h

R
n

f 

)5-45(: 
 

2
21 N/mm1625.075.0 

 

 
 

  
        

  
 )-5-53( 17-5- 

M  

     

                 

         

  )-5-53(. 
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     Problems 
 

-5-1
-5-1(        

   F    F8   
 

 F  (W8 = 50  N)              
(F8 = 800  N)   (fs = 0.1)  

      
(ɗ2 = 15o). 

 

 -     
   

sT2       2          O2 

   F8   O2  . 
 

 
cm)5.21BO(,cm)14CO(,cm)13AB(,cm)01A(O 442 

 

cm)9DEEODO(,cm)18EF(,cm)41(CD 66 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 -5-1(  . 

O2 

A 

C 

B 
D 

E 

O4 

O6 

F 

2

3

4

4

5

6

7

8

15  cm 
7.5  cm 

32  cm 

ɗ2 

F8 

1

1

1

1
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2-5-
-5-2(         

Quick-Return Motion Mechanism)( F6   6 . 
 

     6   (F6 = 335  N)       
  4    

(ɗ4 = 45o). 
 

 -    
  sT2    2   

   O2     F6     O2  
 

 

 
cm)70BC(,cm)63AO(,cm)20BO(,cm)81O(O 2442 

 
 
 
 
 
 
 
 
 
 
 

Quick-Return Motion Mechanism)(. 
-5-2( 

 
 
 
 
 

ɗ4 

A 

B 
C 

O2 

O4 

3

2

1

1

4

4

5

6
F6

1

sT2
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3-5-
-5-3(           

Quick-Return Motion Mechanism)( F6   6 . 
 

     6  (F6 = 335  N)         
           

(ɗ2 = 30o): 
 

 -   
  sT2    2   
  O2   F6   O2  

 
 

 
cm)80BC(,cm)601BO(,cm)25A(O 42 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Quick-Return Motion Mechanism)(. 
-5-3( 

A 

B 

C 

O2 

O4 

3 

2 

4 

5 

6 

100  cm 

60  cm 

F6 

ɗ2 

1 

1 

1 

sT2
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-5-4
-5-4(        O2A  

 O2 AB  O4B          
 O4 BC  C . 

 

  (n2 = 100  r.p.m) 
          

 (ɗ2 = 45o): 
1-  : 

]  5  cm    1  cm  [. 
2- C              

[ ]. 
3- C O2A    

)N.m569( 2
sT  )%80( 

 

 
(CB = AB = 45  cm)  (O2A = 12  cm)   ,  (O4B = 13  cm)   ,   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-5-4(  
 

N)4144(,sec)/cm115( CC FV 

O2 

38  cm 25  cm 

A 

B 

O4 

C 

2 

3 

4 

5 

6

sT2
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-5-5
-5-5(    

O2A   O2    6      
3 4 5 . 

 

  (n2 = 120  r.p.m)   
     

  (ɗ2 = 45o): 
1-  : 

]  20  cm    1  cm  [. 
2- E            

[ ]. 
3-  s

2OT        O2 
 (QF = 35.3  N/cm2)  F  (d = 22.5  cm) 

 
 

: 
(O2A = O4D = 30  cm) ,  (BO4 = 90  cm)   (AB = 120  cm)  ,  (ED = 150  cm)  

 
 
 
 
 
 
 
 
 
 
 
 

  
-5-5( 

 

m).N800(,)cm/sec5.17(
2OE TV 

2 

3 

4 

5 
1 

A 

O2 

B 

D 

E O4 

120  cm 

22  cm 

90  cm 

ɗ2 

1 

1 

F 
6 

1 

ɤ2 
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6-5-
1982-1981.

-5-6( 2  
G2  O2 . 

 

  2  (ɤ2 = 300  rad/sec)
   

(ɗ2 = 60o): 
 

 -      
  eT2  2    

    O2   
 O2 . 

 

: 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

-5-6(. 

O2 

G2 

G3 

3

4 G4 

2

A 

B 

10.2  cm 15.2  cm 

17.8  cm 

1
1

ɗ2 

ɤ2 

(O2A = 7.62  cm)     ,     (AB = 17.8  cm)     ,     (AG3 = 7.62  cm) 
 

(W2 = 17.8  N)     ,     (W3 = 35.6  N)     ,     (W4 = 89  N) 
 

(I2 = 0.004  kg.m2)     ,     (I3 = 0.020  kg.m2)     ,     (I4 = 0.014  kg.m2) 
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7-5- 
)7-5-(    F2        

2   
 

  2   (V2 = 3.5  m/sec) (A2 = 35  m/sec2) 
(F2 = 200  N)       

 4  (ɗ4 = 60o): 
-   

  F6  6 
                

 O4 . 
 

 : 
 

)kg.m0.04(,)kg.m0.03(
N)10(,N)15(,N)12(,N)10(

cm)76BD(,cm)64ACBO(,cm)45A(O

2
5

2
43

65432

42

III
WWWWW 

 
 
 
 
 
 
 
 
 

. 
-5-7( 

 
 
 
 
 

A 

O4 

ɗ4 

B 

C D 

3

4

45

1

1

2

25  cm 

F2F6
6

1
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8-5-

 2015-2014 
 

)8-5-(   
2 4  

 FC   C  3 . 
 

    2      (ɤ2 = 10  rad/sec)     
 FC   C  (FC = 135  N)    

    (ɗ2 = 60o): 
 

 -         
    

eT2    2  
      O2    FC  

     O4 . 
 

 
(O2A = 15  cm)     ,     (AB = 45  cm)     ,     (O4B = 15  cm) 

 

(AC = 60  cm)     ,     (O2O4 = 45  cm)     ,     (AG3 = 30  cm) 
 

(W3 = 17.8  N)     ,     (I3 = 0.056  kg.m2)     ,     (I4 = 0.0071  kg.m2) 
 
 
 
 
 
 
 
 
 
 
 
 
 

-5-8(  

A 

O2 

ɗ2 

2 

3 

G3 

B 

C 

FC 

O4 

4 

ɤ2  

1 1 
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9-5- 
)9-5-(    O2ABO4  
(Coupler)    C   BO4  

   C 
FC . 

 

    2      (ɤ2 = 60  rad/sec)   

 FC  (FC = 178  N) 
    (ɗ2 = 135o): 

 

 -        
        

eT2   

  2        O2    FC 
           

 O4 . 
 

 
(O2A = 7.5  cm)  ,  (AB = 50  cm)  ,  (O4B = 25  cm)  ,  (O2O4 = 35  cm) 

 

(BC = 15  cm)  ,  (O4C = 20  cm)  ,  (AG3 = 25  cm)  ,  (O4G4 = 14.2  cm) 
 

(W3 = 31.7  N)  ,  (W4 = 15.2  N)  ,  (I3 = 0.07  kg.m2)  ,  (I4 = 0.0042  kg.m2) 
 
 
 
 
 
 
 
 
 
 
 

 

  
-5-9( 

A 

C 

FC

B 

O2 

G2 

 2 2 

O4 

G3 

G4 

3
4

18.4
 

Ŭ 

ɤ2  
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10-5- 
 2019-2018 

 

 )(26-5-    (Hartnell) 

          
 

)80  mm a =(
)b = 110  mm(

)n1 = 800  r.p.m(  
 r1 = 90  mm)( 

)m = 1.2  kg( )ms = 3  kg(
)k = 40  kN / m(. 

 

)r1 = 90  mm(
)n'1 = 825  r.p.m( : 

1.  
2.    

 
* 

 
11-5-
 )(26-5-   (Hartnell) 

          
 

)65  mm a =(
)b = 90  mm(

)n1 = 420  r.p.m(  
 r1 = 75  mm)( 

 (m = 2  kg)(Wm = 40  N) 
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: 
1.   Fk1   n1   
2.   Ff   n1      

  ( n21 = 1% n1)   n1 . 
3.   k   ( n31 = 5% n1)  

  n1   ( y31 = 12  mm). 
4.   Q  E  ( n31 = 5% n1). 

 

* 
 

12-5-
 -5-12(  -) (Wilson-Hartnell       

                 
   

 (n1 = 300  r.p.m) (n2 = 325  r.p.m) 
(r1 = 85  mm)  (r2 = 100  mm). 

  (a = 60  mm) (b = 100  mm)
          n1        r1  

  (kP = 2  kN/m)      (kF = 5  kN/m). 
 

 
1. ɛs . 
2. m . 
3.    Q    E          

 
 
 
 
 
 
 

-5-14(                          -5-12( -5-13( 
-. 

O1 

 

 

a d c O2 

b 

c = 120  mm 
d = 160  mm 

O1 O2 

 

 

d 
 

c 
b 

a 

c = 200  mm 
d = 100  mm 
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13-5-
 -5-13(  -(Wilson - Hartnell)      

                
 

 (n1 = 600  r.p.m) (n2 = 630  r.p.m) 
(r1 = 150  mm)  (r2 = 170  mm). 

     (a = 75  mm)    (b = 100  mm)
          n1        r1   

(m = 5  kg)(kF = 40  kN/m). 
 

  
1. ɛs   
2. kP   
3.    Q    E         

 

* 
14-5-

 2015-2014 
 

 -5-14(  -(Wilson - Hartnell)      
                

 
(n1 - n2  r.p.m) (150 – 170  mm) 

(a = 100  mm)(b = 120  mm)
 n1r1  

(m = 5  kg)(kP = 40  kN/m)
(l0 = 140  mm). 

 

              
1. n1  n2 
2. ɛs . 
3.    Q    E           
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15-5-

 2017-2016 
 

 )(15-5-  A  
      .      B       

BCD      S    C      D       
         K       

)mB = 2.7  kg(  )mS = 13.5  kg(
 )Ft = 22  N()k = 50  kN/m(

)P1 = 475  N(
)r1 = 100  mm(. 

 

  
1.      n1             
2.      22 ,nn        )y2 = 10  mm( 

 

3.   n. 
 
 
 
 
 
 
 
 
 
 
 
 

  . 
)(15-5- 

+ + 

S

D C 

B B 

D C 

75  mm 

100  mm 

150  mm 

S

A

B B

K
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16-5-
  Tl   -5-17(       

 
 

(Tm = Const.)   
(nav = 3500  r.p.m) : 

1.   Pav. P . 
2.   ɗ2 , ɗ1   
3.   Ef . 

 
 
 
 
 
 
 
 
 
 

-4-16( . 
 

* 
 

17-5-
  Tl   675  N.m   

2700  N.m      3ˊ
 675  N.m   3ˊ  4ˊ 

 6ˊ. 
 

(Tm = Const.)
(nav = 250  r.p.m)(Wf = 4500  N)

(ɟf = 60  cm). 

25 
50 
75 

100 
125 

0 

 

 

 

 

 

Tl(N.m) 

ɗ 
90 180 270 360 450 540 630 720 

Tl 
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1.  [T = f (ɗ)]               

Tl Tm   

  Tav               
 ɗ . 

2. Pav.  P . 
3. Ef  

 
4.   Ke   
5. If   
6. Ks   

* 
18-5-

 2007-2006 
 

) – – 
– ((P = 30  kW) 

(n = 300  r.p.m). 
  Tm    0    ˊ 

3ˊ  4ˊ  
ˊ  2ˊ 2ˊ  3ˊ  

 
 

(Tl = Const.) 
1.  [T = f (ɗ)]                    

  Tm Tl      
Tav     

2. E   
3.  
4. Mf 

     (Ks = ± 1.5 %) 
(ɟf = 600  mm). 
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19-5-
 ɗ   

 

2cos3202sin250500)m N(mT 
 

ɗ   . 
 

(Tl = Const.). 
 

   (nav = 1500  r.p.m)
  (Ks = 10%)  : 

 

1.   Pav.  P  . 
2.   If  . 
3.   ɗ     min.    

 

 
* 

 

 

20-5- 
 ɗ   

 

3sin640019200m) (NmT 
 

ɗ   . 
 

    
 

sin275019200m) (NlT 
 

 (nav = 300  r.p.m)  
(If = 400  kg m2) 

 

)cos3cos43(cos,)sin4sin33(sin 33 
 : 

1.   Pav.  P . 
2. Ks   
3.   ɗ     min.    
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21-5-
 2012-2011 

 

 
 

Tm(N.m) = 4 a + a ( sin ɗ + sin 2ɗ ) 
 

  a   ɗ   
 

(Pav = 7.5  kW)
)nm = 600  r.p.m( 

(Tl = Const.) )nl = 150  r.p.m(. 
 

)Mm = 5  kg( 
 )ɟm = 30  cm(

)Ml = 20  kg( )ɟl = 30  cm( : 
1-   Pav.  P . 
2-  [T = f (ɗ)]  

Tm    
 

ɗ = 0o , 30o , 60o , 90o , 120o , 150o , 180o 
 

       Tl     Tav   
3-      Ifm           

)Ks = 2 %(    
* 

22-5-
 2016-2015 

 

  (Pav = 40  kW)
(nm = 600  r.p.m)  

(Im = 200  kg.m2). 
 

 (nl = 1200  r.p.m) 
(Il = 12  kg.m2). 

 

 (Ks = 0.613%) 
 

1. Tav   
2. E  . 
3. Ef  . 
4.   Ke  . 
5.   Ifm   

 (Ks' = ± 0.15 %)    
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23-5-
 2012-2011 

 

120  
10  Nm    0.2  sec   1  Nm  

0.3 sec  
 

(Wf = 115  N)
    (ɟf = 12  cm)    (nav = 3000  r.p.m)

(Tm = Const.) 
1. t  ɗ  

 
2.            Tl     

   tɗ      

 [Tl = f(t) = f(ɗ)]     Tm 
Tav  . 

3.   Pav.  P . 
4.  Ks   
5. n12   

* 
24-5-

 2011-2010 
 

  30  
1500  N.m    0.2  sec 

    0.4  sec    0.2  sec 
(t = 0.8  sec). 

 

(Wf = 5000  N)   
    (ɟf = 80.5  cm)   (nav = 150  r.p.m)

(Tm = Const.) : 
1.            Tl     

   tɗ    

 [Tl = f(t) = f(ɗ)]     Tm 
Tav   . 

2. Pav.  P . 
3. Ef   
4. Ks   
5. æn12   
6. EP   
7. N   
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25-5-
 (P = 3  kW)

  (If = 50  kg.m2). 
 

  (n1 = 250  r.p.m)       
  (EP = 4750  N.m)  (tP = 0.75  sec) 

 : 
1.  N   
2.   æn12  . 

* 
26-5-

 2012-2011 
 

(Tm = Const. = 120  N.m)

(Mf = 250  kg) (Rf = 60  cm). 
 

n1 = 250 r.p.m)( 
n12 = 22  r.p.m)

 (tp = 0.75  sec) 
1. Pav  P . 
2. Ks   
3. If   
4. Ef   
5. Em   
6. Ep   
7. N  

 
27-5-

 2018-2017 
 

  )5--42(      
20    1/5    t 

  (h = 19  mm) (D = 15  mm) 
 )N/mm300( 2. 

 

       (n = 900  r.p.m)     

  (nL = 120  r.p.m)   F  
    x  [F = f(x)] 

 )-5-54( 
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1.   . 
2.   F     x  [F = f(x)]. 
3.  Pav  . 
4.  (Pav)f  . 
5.    If                      

 (Ks = 5%)  
6.   

(ɔ = 74000  N/m3)   
 (Vc = 20  m/sec). 

7.    
8.  2-9-5 . 

28-5-
                

  Tm  (Tl = Const.)  
 

2mm243,270,370,230,312,325,270,400,30- 
 

      ɗ  
 

(1  mm  55  N.m)     (1  mm  3o) 
 

 (n = 1000  r.p.m)
  %)5.0( sK : 

 -. 
 

 
-   
-  (ɔ = 78000  N/m3). 
-  )N/mm20( 2

1. 
-      75  N/mm2 . 
-   .(b = 2h) 
-  . 
-  2N/mm20][ a. 
-  (d = 100  mm). 
-  (Pav. = 250  kW). 
-  
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Cams
 

 -1-6                                               Introduction 
 

 (The Cam)  
 (The Follower).  

(The Frame)            
    

       
              

 
 

 

    
 

                
           

     
    

               
 . 

 
 -2-6Types of Cams 

 

          
                 

    . 
 

 -1-2-6Plane Cams
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   )(1-6- 
 

1.      Translation Cams 

(Wedges)              
    a         

)(1-6-      b  )(1-6-.    
                   

 
 

2.      Disc Cams 
 

  
     c , d , e , f  )(1-6- .

 
 

3.      Cylindrical Cams 
             

     g      
 )(1-6-    h  )(1-6-. 

 
 
 
 
 
 
 
 
 

)(1-6- 

a 

b 

c e 

f 

g 

h d 
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1.      Force Closed Cams 
  

     
)(1-6-. 

 

         
 

  
 

2.      Positive-Motion Cams 
   

        
 )(1-6-           

. 
 

           
     

  
 

 -2-2-6Space Cams 
 

            
. 

 

)(2-6-   z        
 y   x  . 

 

             
.    

   
 15000  mm01.0 . 
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)(2-6-. 
 

         
    

 
 

 -3-6Types of Followers 
 

    
           

   )(3-6-   
  

 
 
 
 
 
 
 
 

)(3-6-  
 

1.      Knife-Edge Follower 
    

   a  )(3-6- .      
             

 
. 

x 

z 

y 

a d b c f e 
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2.      Roller Follower 
         

 b  )(3-6-      
                

     
  

      
  

  
 

3.      Flat-Faced Follower 
  c  )(3-6-      

        
 

   
 

 

        
   d    

)(3-6-            

 
 

4.      Spherical Follower 
      

   e f   
)(3-6-. 

 

           

              
       

   . 
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-4-6 
Definitions and Basic Concepts of Cam Mechanism 

 

       
)(4-6-   . 
   O    ɤ  . 

     
  O . 

 

  )(4-6-        : 
 

-      Cam Profile 
   ABCDA                   

 
 

-      Base Circle 
  O .   ABFE 

 )(4-6-  (R = OA) 
  

  AB       
   

     
 

 

-      Trace Point 
   

   
   

                 
 

-      Pitch Curve 
 

 

-      Cam Pressure Angle 
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-     Follower Displacement  
         

               
   

                   
  x   )(4-6-         

  A . 
 

-      Stroke 
               

 (Out-stroke or Lift-stroke)            
(In-stroke or Down-stroke).  

  S  )(4-6-  ED  CF       
. 

 

    AOD     o (Lift-stroke Angle) 
  COB   r (Down-stroke Angle) 

            

 
 
 
 
 
 
 
 
 
 
 
 
 

)(4-6-   

B 

F 

E 

D 

C 

A H 

G 

ɗ 

o 

ɗr 

x 

1d 

O 2d 
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-      Dwell Angle 
   

             
   

             
 O   )DOC(

1d )(4-6-.      
               

 )BOA(
2d  )(4-6-. 

 

       
    

 

-      Follower Motion Diagram 
  

  ɤ   (ɗ = ɤ . t)   
  x    ɗ  

 (Displacement Diagram)          
 

 
 

a. . 
 
 
 
 
 

b. . 
 
 
 

c. . 
 
 

)(5-6- 

ɗr ɗo 
360 

ɗ 

x 

V 

A 

a 

d c 

b f e h 

g 
a 

b 
j 

a  

c 

d 
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  a   )(5-6-   
  a-a'   (ɗ = 360o)     

  t    ae     ɗo   to  
  S    ef    

1d        
   

 

  f b    ɗr   
 tr     ba'  

2d      

  x    ɗ          
  gh  . 

 

   b   )(5-6-
    

   j  
    a/b     

 
 

      c    
)(5-6-    c/d  

     
 

 
    ɗ 

  d b         
(t = ɗ / ɤ)   
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  c   )(5-6-  
  

 

               

           
.  

    . 
 

        
     

 

 : 
1.  

            
             

   
    

1-6  
 

2.  
    

     11-6 
 

 

         
     

  
 

-5-6Basic Follower Motions 
 

     
 .                 
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 -1-5-6Constant Velocity Motion 
 

               
    

a   )(6-6-   Vo           
  Vr      dc , ba' . 

 

 
  

      
    

               
 

 

         

         
 

  . 
 

 
 
 
 
 
 
 
 
 
 
 
 

-a  
 -b 

)(6-6- 

x 

V 

A 

S 

Ð Ð

Ð 
Ð Ð 

Vo 

Vr 

ɗo ɗr 

to tr 
a 

d c 

b aǋ 

ar 

x 

V 

A 

ɗo ɗr 

to tr 

Vo 

Vr 

Ao 

Ao Ar 

Ar 

br 
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  ad            
    cb  

  b  )(6-6- .
      

   
 

 -2-5-6 
Constant Acceleration and Deceleration Motion 

 

    
    

-  -          
    

 
 

   
A1  

  S1 t1     A2   
  S2 t2    S  

 
21 SSS  

Vo   
 

21122211
2 //.2.2 ooooo AASSSASAV 

 
2112122211 ///.. ooooooooooo AAtttAtAV 

 

  
 

             
      

   S    to    Vo  .
  

 -  Vo     Vo   
 -  
 -   
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)(7-6-  

 
 

 

 
 
 

a.  
 
 
 
 

b.  
 
 
 
 

c.   
 
 
 
 

)(7-6- 
 

      
  Ao   Ao   

       
       

 

   a  )(7-6- 
   af     

    

A 

x 

a 

g 
f 

d c 

S 

b  

ɗo , to 

½ to ½ to ½ tr ½ tr 
ɗr , tr 

V 

o 

j 

h ½ to 

½ tr 
Vo 

Vr 

Ao 

Ao 
Ar 

Ar 

e 
2
S
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  a  
 : 

 

1.   ae    
2. . 
3.   ef  . 
4.        ef     a      . 
5.   af  . 

 

   fd     d     
  cb            

   tr  to . 
 

   tr  to      
  ɗr  ɗo    

 

rroo tt .,. 
 

      ba' dc   
   aa' 

  360o . 
 

   b       
)(7-6-  Vo          

  Vr   
 

  c  )(7-6-  
   Ao      Ar          

 
 

               
  )(7-6-     
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1.            

 
2.                

 
 

       
       

  
 

 

     

 
 

          
    

 
 

 
 

 -    )(7-6- -       

               
.   

 
   a    f   f      

  d  : 
 

a.   af   
 

2/0 o 
 

   x                  
   : 

 

(1-6)                                  32
2

1 .. cccx 
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ɗ    a . 

c1 , c2 , c3     
 

000 30 cx 
 

00...200 221 cccVV oo 
 

2
1

2
12/ /24/.2/2/2/ ooo SccSSx

o
 

 

  (1-6)   a     f       
 : 

(2-6)                                                  2
2

2
o

Sx 
 

(2-6)  : 
 

(3-6)                                   2
.4
o

S
dt

dxV 
 

(ɤ = dɗ / dt)   . 
 

  Vo    f  (ɗ = ɗo /2): 
 

(4-6)                                                  
o

o
SV .2

 
 

 (4-6)  : 
 

(5-6)                     const..4
2

2

o

S
dt

dVA 
 

 (5-6)  . 
 

b.  fd : 
 

oo 2/ 
 

  
 : 

 

(6-6)                               65
2

4 .. cccx 
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  c4 , c5 , c6       
 

65
2

4 .. cccSSx ooo o
 

 

54 ...200 ccV ooo 
 

50400 .)2/(.2/.2/.22/ ccSSVoo 
 

  
 

ScScSc
oo

6524 ,4,2
 

 

(6-6)   f     d 
 : 

(7-6)                                ])1(21[ 2

o

Sx 
 

   Vɗ (7-6)  
 

(8-6)                        )1(.4
oo

S
dt

dxV 
 

  Aɗ  (8-6)  
 

(9-6)                 .Const.4
2

2

o

S
dt

dVA 
 

 (9-6)    
 

 

              
  r     o      

  b     S , ɤ   
 

           
(1-6)   (7-6). 

 

             
  c   )(7-6-     

 
. 
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 -3-5-6Simple Harmonic Motion 
 

        
: 

      
 

 

)(8-6-   
a     : 

1.   S           
 

2.  
3.   to            

 
4.   ad   

 

 cb    
 
 
 
 

a.  
 
 
 

b.  
 
 
 
 

c.  
 
 
 

)(8-6-  . 

x 

xɗ 
ɗ 

ū 
a b  

d c 

S 

ɗo , to ɗr , tr 

p 

Vo 

Vr 

Ao 

Ao 

Ar 

Ar 

A 

V 

y 
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  ad   a   )(7-6-

      a   a   
  p       xɗ          

   a   )(8-6-  

 (10-6)                                     cos
22
SSx 

S /2 . 
 

   o   a    
  y        

 

)/(// oo  

    (10-6)  

(11-6)                               )cos1(
2 o

Sx 
 

  Vɗ    (11-6)   
 

(12-6)                               
oo

S
dt

dxV sin
2

..
 

 

(12-6)    
 b   )(8-6-               

    Vo  (ɗ = ɗo /2) : 

(13-6)                                             

  Aɗ    (12-6) 
 

 (14-6)                            
 

(14-6)             
  b   )(8-6-    Ao         

(ɗ = 0)  

(15-6)                                         

(ɗ = ɗo)   Ao   
 

  ɗr     ɗo  
   ɗ    b   

2

22

2
..
o

o
SA

oo

S
dt

dVA cos
2

..
2

22

o
o

SV
2

.
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                 . 
 

 -4-5-6Cycloidal Motion 
 

           
   

(Cycloid)            
 . 

 

)(9-6- R C 
  S P  

M  FX  PM  
   FM  P  FX  F  

    PCM  
ū P   

 

APPMNMFMFNx 
 

(16-6)                                                   sin.. RRx 
 
 
 
 
 
 

)(9-6- . 
 

 a   )(10-6-    BDE  
   S    ɗo .   

   FHE 
  S (R = S/2ˊ)   EF . 

 

     ɗ          
 x    BP   S 

  2ˊ    ɗo  

o

2
 

N x 
M 

A 

C 

a 

a 

E 

P 

X

Y 

F 

S 

ū 
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P . 

oo

SRx 2sin.
2

.2 

: 

(17-6)                             ]2sin.
2
1[

oo

Sx 

 
 
 

a.  
 
 
 
 
 
 
 

b.  
 
 

c.  
 
 

 . 
)(10-6- 

 

    BDE : 
1.   E    S  ɗo    BE . 
2.   C    EB  
3.   C  (R = S /2ˊ). 
4.    ɗo              

 

B 

D 

E 

0,6 

1 2 

3 

4 5 

Rū 
R sin ū 

H 

R 1 2 3 4 5 6 

ū 

S 

p xɗ 

ɗo 

ɗ 

V 

A 

Vo 

Ao 

Ao 

2
SR

0 

P F 

C 
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5.   C     
 ....0 , 1 , 2 , 3 ,   C   
  a  (10-6- 0 , 3 , 6     C . 

6.   BE . 
7.                  

 

(16-6)         
(R . ū)  BE                

(R . sinū)           
     

   C       
  C    ū 
   0            

 a    )(10-6-. 
 

  Vɗ   (17-6)  
    

 

(18-6)                         )2cos1(.
oo

S
dt

dxV 
 

  (18-6)   Vo   (ɗ = ɗo /2)  
  b )(10-6- 

 

(19-6)                                               
o

o
SV .2

 
 

 Aɗ (18-6)  
: 

(20-6)                           
oo

S
dt

dVA 2sin..2
2

2

 
 

  (20-6)   Ao   (ɗ = ɗo /4)
  c )(10-6-    

(ɗ = 3ɗo /4)   Ao . 
 

(21-6)                                         2

2..2
o

o
SA 

 

    
)(10-6-  
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 -6-6Follower Motion Choice 
 

 
           

                
 

 

      
         

 
. 

 

  
         

  . 
 

  
     

         
       

. 
 

                  
 (Jerk)          

                
   

 

  
             

  c            
 )(7-6-     

  
     

 
 

       
  (ɗo = ɗr =180o)   .        

        

   c  )(8-6- 
  . 
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  c   )(10-6-     
                 

              
                

 
 

           
(Kloomok & Muffley)    x         

 )(11-6-  
(P-1- )(P-2-     

  L    ɓ . 
 

  
  . 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

)(11-6-   . 

V 

A 

x 

x 

V 

A 

x 

V 

A 

x 

V 

A 

P-1 

P-2 
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   BD     
 a   )(10-6-. 

 

)(12-6-    
            

  
  a  )(12-6-  

AB     A   B    
 

BC  : 
CD     C            

 
DE  )(P-2 )(10-6-. 

 

   D         

  D     E 
 

 

 
 

a.  
 
 
 

b.  
 
 

c.  
 
 

)(12-6-  . 

x 

V 

A 

A B C 

D 

E 

E D 

C B 

A 

A 

B 

C 

D 

E ɗ 

ɗ 

ɗ 
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  b   )(12-6-                        
       c   )(12-6-     

 
 

        
   

 
 -7-6Disk Cam Profile Construction 

 

           
 . 

 

  
        

    
 

     

  
             

 
 

  
                     

   
   

  
 

 
- . 
-  
-     
- . 
-  
-   
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 -1-7-6 
Disk Cam with Knife-Edge Follower 

           
 

 

  O 
  ɤ    

)(13-6-     O 
 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )(13-6-   
 

 : 
1.       

  12  
2.  (Base Circle)  B    O   R  

   O            
  

x 

0 1 2 3 4 5 6 7 8 9 10 11 12 

B 

ɗ 
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3.   
 ... 0' , 1' , 2' , 3'. 

4.  2''      2   
       2'     O  

 
5.  1'' , 2'' , 3'' , 4''    

 
 

 - )(13-6- -    
(6 - 7)  (6'' - 7'')     O  

 (O - 6')   S . 
 

              
 

 

 -   -     
  )(13-6-. 

 
 -2-7-6 

Disk Cam with Roller Follower 
 

    
6-7  O  

 
               

                 
  

 

   C     O   
    )(14-6-

 (Primary Circle)    
  O   

 

       
  1'' , 2'' , 3'' , 4''  

 P  
     1'' , 2'' , 3'' , 4''  
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)(14-6-    
 

 -3-7-6 
Disk Cam with Offset Roller Follower 

  
    

(Offset Follower)  
      

         
         

  
   

O 

C P 
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 )(15-6- 
   C  

  O  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)(15-6-    
 

: 
1.   D   O  
2. 12  

)(15-6-. 
3. 0' , 1' , 2' , 3'              

  
4. 0 , 1 , 2 , 3 , .  

 
5.   2''     2      2'  

  O  

C 

P 

D 
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6. 1'' , 2'' , 3'' , 4''                 
 

7.            
....1'' , 2'' , 3'' , 4''  . 

8.   
 

 -4-7-6 
Disk Cam with Pivoted Roller Follower 

 

 b   )(16-6-       
 

 
a.  

 
 
 
 
 
 
 
 
 

b.  
 
 
 
 
 
 
 
 

)(16-6-  

M 

O 

L 
A 

 

B 
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               ū 
       

A (S = ū . l)   
a   )(16-6- 

 

l     
B            

O   b  )(16-6-
 : 
1. AA'  B (AB = l)  

ū     B  
2. AA'  x  30o   

1 . 
3. O (O -1)(1-1')

LM (1-L=1'-M). 
4.  2' , 3' ,…   
5.   1' , 2' , 3' ,…  
6.  

 

       
 3-6  e   )(3-6-
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 -5-7-6
Disk Cam with Primary and Secondary Follower                    

 

  a  )(17-6-  (Primary Follower) 
 (Secondary Follower)    

     
-  
- . 
-       

 
 

         
b  )(17-6-

a  )(17-6-     
 

 

E  EF D        
  GY    G  

60o  x      
  : 

1. x  GY G'          
 

2. G'  B'C'  
              

EF  J' . 
3. J'E'  JE  EF E'  

 
4. D  60o      

  E'     O    M   E'M  
60o     O . 

5.          
90o , 60o , 30o   

 

M  LM  KE'           
M . 
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 -a 
 
 
 
 
 

 

-b  
)(17-6- 

x 

 

x 
 

F 

H 

C',C 

Jǋ 

J 

Gǋ 

G 

B 

Bǋ 

Y 

K 

E 

Eǋ 

L 

D 

O 

M 
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 -6-7-6 
Disk Cam with Flat-Faced Follower 

 

    
 )(18-6-. 

 

 a  )(18-6- 
  O    

 )(12-6-. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)(18-6-  . 
 

  B    O  
  0'   O         

  ....1'' , 2'' , 3'' , 4''  
   1-7-6. 

B 

hmax 

b a 
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       1'' , 2'' , 3'' , 4'' .    
  

  a  
)(18-6-. 

 

          
   hmax   

  3      a  ) )(18-6-.  
  2hmax . 

 

    3-6        

   b   )(18-6-.      
   

  
 

           
   

 
 

              )(15-6- 
  

 )(14-6- 
)(15-6-   
 

 -7-7-6 
Disk Cam with Pivoted Flat-Faced Follower 

 

 )(19-6-              
 0' , 1' , 2' , 3'   

    R'  
   0'      
  B   O0' . 
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)(19-6-   
 

 : 
1.  P    O   O         

  
2.  1 , 2 , 3 , 4 ,   

 
    

3.  1 , 2 , 3 , 4 ,    R'              
1'' , 2'' , 3'' , 4''                 

   1' , 2' , 3'  O . 
4. ... 1 , 2 , 3 , 4 ,     r'                

   
5.              

 ....1'' , 2'' , 3'' , 4''   
6.  . 

B 

R' R' 

R' 

R' 

r 

r 

r' 

r' 

P 
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 -8-6 
Practical Limits of Cam Profile Design 

 

  
 

           
  . 

 

   a   )(20-6-            
     

 

          

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 

 -b              .          -a. 
)(20-6- . 

 

   b   )(20-6-      ..1'' , 2'' , 3'' ,  
  R1 

   3''    2'' - 4'' 
                

R2 

R1 

P 

Cam 

0 1 
2 
3 
4 

5 6 

0
1
2

3
4
5
6

1

2

3

4

5

6

2

3

4
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  R2  

..2''' , 3''' , 4''' ,      
    

 

         
         
       

  a  )(20-6-    
 

 

    
  

 

 -9-6Cam Pressure Angle 
 

     
 )(21-6-               O 

  NN                 

     
 

 

          

 
 

 )(19-6-
)(18-6- .                 

    
)(14-6-          
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)(21-6- 
 

    
F   

  )(21-6-NN  .         
 

1.   FŰ   
             

  
cos.FF 

2.    Fn  
 

        

 
 

sin.FFn 
 

    Fn             F 
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1-6-
       n               

       S . 
 

       (n = 400  r.p.m) 
     (R = 40  mm)      (r = 10  mm) 

      25  mm                 
(S = 40  mm): 

1.            : 
 

        ɗ   
-    : 

                                                    60o 
                                                    60o

                                                    60o 
-                                   30o 
-    : 

                                                    30o 
                                                     90o 
                                                     30o 

 

2.  -  -            
3.  –  -      ūmax. . 

 

1.     
 

  (1)                       10
2
111 ..

2
1

ooooo tVtAx 
 

  (2)                                0111 . oooo VtAV 
 : 

  (3)                                        212 . ooo tVx 
 

02oA 
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  (4)                           31
2
333 ..

2
1

ooooo tVtAx 
 

  (5)                                    1133 . oooo VtAV 
 

  (6)                                 Sxxx ooo 321 

 
0,0 30 oo VV 

 

tt.,sec/rad88.41
60

4002
 

 

sec025.0
88.41
3/1

1
o

ot 
 

sec025.0
88.41
3/2

2
o

ot 
 

sec025.0
88.41
3/3

3
o

ot 

 
  (1')                                 1

4
1 10125.3 oo Ax 

 

  (2')                                           11 025.0 oo AV 
 

  (3')                                          12 025.0 oo Vx 
 

  (4')        13
4

3 025.0.10125.3 ooo VAx 
 

  (5')                             13025.00 oo VA 
 

  (6')                                Sxxx ooo 321 
 

 
 

311321 ,,,,, oooooo AAVxxx 
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: 
 

(2') (5') 
1313 0025.0025.0 oooo AAAA 

(1')(3')(4') (6') : 

2
1

1
4

1
4

1
4

1
4

sec/mm32000
401025.610125.31025.610125.3

o

oooo

A
AAAA

 

 : 
2

13 sec/mm32000oo AA 
(2') : 

sec/mm8001oV 
(1') : 

mm101ox 
(3') : 

mm202ox 
(4')  : 

mm103ox 
 

(ɗ ' = 30o) 
0,0,0 ''' AVx 

sec0125.0
88.41
6/'

't 
 

 
 

  (7)                        10
2
111 ..

2
1

orrrr tVtAx 
 

  (8)                                 0111 . rrrr VtAV 
 : 

  (9)                                           212 . rrr tVx 
 

02rA 
 

  (10)                 31
2
333 ..

2
1

rrrrr tVtAx 

  (11)                           1133 . rrrr VtAV 
 

  (12)                 Sxxx rrr 321 
 

0,0 30 rr VV 
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sec0125.0
88.41
6/1

1
r

rt  
 

sec0375.0
88.41
2/2

2
r

rt  
 

sec0125.0
88.41
6/3

3
r

rt  

 
  (7')                                            1

5
1 108125.7 ro Ax 

 

  (8')                                                       11 0125.0 rr AV 
 

  (9')                                                        12 0375.0 rr Vx 
 

  (10')                13
5

3 0125.0.108125.7 rrr VAx 
 

  (11')                                         130125.00 rr VA 
 

  (12')                                           Sxxx rrr 321 
 

 

311321 ,,,,, rrrrrr AAVxxx 
 

. 
(8') (11') 

 

1313 00125.00125.0 rrrr AAAA 
 

(7')(9')(10') (12') 
 

2
1

1
4

1
5

1
4

1
5

sec/mm64000
40105625.1108125.7106875.4108125.7

r

rrrr

A
AAAA 

 : 
2

13 sec/mm64000rr AA 
(8') : 

sec/mm8001rV 
(7') : 

mm51rx 
(9') : 

mm302rx 
(10') : 

mm53rx 
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    : 
 

          30    180+30=210 
 

 ɗ 
deg 

(ɗo=ɗo0 ɗ) 
deg 

(to = ɗo/ɤ) 
sec 

xo 
mm 

(x =x0+æxo) 
mm 

 0 0 0 0 0 

 

15 0+15=15 0.00625 0.625 0+0.625=0.625 
30 0+30=30 0.0125 2.5 0+2.5=2.5 
45 0+45=45 0.01875 5.625 0+5.625=5.625 
60 0+60=60 0.025 10 0+10=10 

 

15 60+15=75 0.00625 5 10+5=15 
30 60+30=90 0.0125 10 10+10=20 
45 60+45=105 0.01875 15 10+15=25 
60 60+60=120 0.025 20 10+20=30 

 

15 120+15=135 0.00625 4.375 30+4.375=34.375 
30 120+30=150 0.0125 7.5 30+7.5=37.5 
45 120+45=165 0.01875 9.375 30+9.375=39.375 
60 120+60=180 0.025 10 30+10=40=S 

 ɗ 
deg 

(ɗr=ɗr0 ɗ) 
deg 

(tr = ɗr/ɤ) 
sec 

xr 
mm 

(x =x0-æxr) 
mm 

 
0 210+0=210 0 0 40-0=40 
15 210+15=225 0.00625 1.25 40-1.25=38.75 
30 210+30=240 0.0125 5 40-5=35 

 

15 240+15=255 0.00625 5 35-5=30 
30 240+30=270 0.0125 10 35-10=25 
45 240+45=285 0.01875 15 35-15=20 
60 240+60=300 0.025 20 35-20=15 
75 240+75=315 0.03125 25 35-25=10 
90 240+90=330 0.0375 30 35-30=5 

 
15 330+15=345 0.00625 3.75 5-375=1.25 
30 330+30=360 0.0125 5 5-5=0 



422 
 

          
       

 )(23-6-: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

)(23-6- 

 : [0.4 m/sec ]. V (m/sec) 

ɗ (rad) 

1 
0.8 
0.6 
0.4 
0.2 
0 
-

 -
 -
 -
 : [25 m/sec2 ]. 

ɗ (rad) 

A (m/sec2) 

0 

-32 

-64 

64 

32 

0.2 

 

: [1:1].  

30 

40 

20 

10 

S 

x (mm) 

ɗ (rad) 
 3 2 2 3 5 6  7 6 4 3 3 2 5 3 11 6 2 

0 



423 
 

2.           
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 -10-6Analytic Design of Cam Profile     
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 -11-6Cams with Specified Contours 
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 -1-11-6 
Cam with Straight Flanks 

 

(Tangent Cam)      
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2. Flank Contact Motion 
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(ɤ = dɗ/dt)  
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3. Nose Contact Motion 
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E  N   
 

 
 

ɗ  B 
b  )(26-6-OB  OM 

 
 

AB)(OAHMOHOBOMx 
 

OMF   
 

AB)(OAcos.FM)cos(.OFx 
 : 

)(cos)()cos(. oo rRrrdx 
 

sin.FM)sin(.OFFH 
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ɔ        

(ɔmax = Ŭ – ɣ) (ɗ = ɣ) E   
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sin1sin
n
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Vɔ  (28-6)     
 

dt
d

n
d
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 -        3  2 - 
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 -2-11-6Circular-Arc Cam 
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2. Flank Contact Motion 
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3. Nose Contact Motion 
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OADFHFOADHOACOx 
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1.  
Circular Cam with Flat-Faced Follower 

 

  a  )(31-6- 

 A  N          
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A  
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2.  
Circular Cam with Roller Follower 
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-12-6Special Applications Cams 
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1. Automobile-Engine Valve Cam 
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2.  
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 ro = 0.75  cm)( (r = 1  cm)      

(R = 2  cm). 
 

            
 O2 (ɤ2 = 5  rad/sec)         
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Ů2 

4 

2 

3 

45o 

3.28 

2.5 

7.5 

7 

P2 , P4 

4.688 

1 



453 
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(18-3): 
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2424 PPPP 
 

2424242244 PP2PPPPPPPP 2 VɋAAAAAA ŰnŰnŰn 
 

  : 
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444P cm/sec4.9.PO

4

nA 
 

P4  O4 . 
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2

nA 
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2
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2

2

2
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V
An 
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2
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2
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2
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CV O4C . 

BV      O2B      2 
 : 

22B BOV 
 

CBV  BC. 
 

  VB          
           O2B , BC , CO4    

)38-6-(. 
 

 
CCB , VV 

 

 O4C : 
 

CO/CO 4C444C VV 
   O4C  

 

ŰnŰn AAAAAAAAA CBCBBBCCCBBC
n 

 
  

nAC    O4  : 
 

2
44COnAC 

 

ŰAC CV  
 

?CO? 44C4 A 
 

   
nAB        O2      : 

 

2
222BOnAB 

 

ŰAB  
 

0BO0Const. 222B22 A 
 

  
nACB      O4  
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CB/2

CBCB VAn 
 

ŰACB  
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nACB . 
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 -13-6 
Effective Forces in a Disk Cam 
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P      

 Fin  
  W  
 Fk   

N     
F1 , F2   

 

D  
f a . b . h  

 
  P , Fin , W , Fk   

 

F = P + Fin + W + Fk 
 

 
 

)(cos. 21 FFfFN 
 

 
 

sin.21 NFF 
 

F1   

2
)cos.(sin..... 22

DNFaNDFfbF 

N   
 

(46-6)             
sin).2(cos.

.
Dfbafb

bFN 
 

(46-6)
F , ū , a         

N  (46-6)

m   
 

0sin).2(cos. mm Dfbafb 
 

(47-6)                                     
).2(

tan m Dfbaf
b 
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P , Fin , W     

        
 

 

              
)(39-6- 

 

(48-6)                             sin..OB. hNNT 
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(50-6)                             tan..OC. hV 
 

   (47-6)  (50-6)        

(48-6)     
 

 
 

     
  -  –  
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4-6-
 a  )(40-6-          

 
   (S = 25.4  mm) (m4 = 0.8  kg)         

(k = 26.25  N/mm) 
lin. = 6.35  mm). 

 

    2      (n2 = 1200  r.p.m)     O2  
4       

(ɗo = ɗr = 120o). 
 

  (ɗ = 70o)   
1.    xC   VC  AC . 
2.   ŰF23 F23   

3. 2T   O2    
   O2 . 
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O2 
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3 
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ᶫ 
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F23 
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1. (17-6) C   
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S
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S
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2

2
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094.2
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2
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  Fin    

 
 

N28.23028.2888.0. .C4
)70( o

AmF in 
 

  W4    
 

N85.781.98.0.44 gmW 
 

  Fk    
 

N609)85.1635.6(25.26)( )70( oxlkF ink 
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in FWFFFFWFF .max42323234.max cos.0cos. 
 

   ŰF23  F23  
         

: 
 

N57.38628.23085.760923F 
 

3.  2T     O2   
  O2 . 

O2  (ɗ = 70o)     
b  )(40-6-: 

0)(00 32 2OOOO 2222
TTTTT eein F 

 

(24) 2  4  
c  )(48-6- 

 

C
23

(24)
322322232 (24)],O[cos0 VF

V
FFTThF 

 

  2T       O2  
        F32  

 O2    
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m.N75.8
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284457.3862T 
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5-6-
a  )(41-6-   

  A'E' , AE    

E         
   

      (R = 25  mm)       (r = 10  mm)
(d = 30  mm)      

(ro = 20  mm) 
(m = 0.8  kg)

lin. = 5  mm). 
 

(n = 200  r.p.m) O 
 

1. k  

2.    maxT   O 
O . 

 

 
 
 
 
 
 
 
 
 
 
 

 
-b            -a        
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r 

ɣ 

ɣ 
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E' 

W 
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1.             
  : 

 

S (22-6): 
 

RrdS 
 

   
 

mm15251030S 
 

Ŭ (23-6): 

d
rRcos 

   
o605.0

30
1025cos 

 

ɣ (24-6): 

sintan
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d
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3

1
2
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2025
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ɣ         
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kF       
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k          
kF   

b  )(41-6- 
 

00max WFFFF k
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ein
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inFmax.   

)(27-6-  
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]
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n
ndA 

 
  n   

 

1
30

1020
d

rrn o
 

 

  ɤ     
 

sec/rad93.20
60

2002
60

2 n
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EN AA 

 

N  
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 -b(ɗ = ɣ).      -a(ɗ = Ŭ). 
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2. T  O  
inFmax. O  W 

kF O              
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inF .max 
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)(36-6- 
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N35.3094.278.0. )30()30( oo AmF in 
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E  )30( o 
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E : 
 

N89.7)96.65(66.0)30( okF 
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mm98.25sin.tan)(BD drRh o 
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6-6-
a  )(43-6-           

2     
3   

      (R = 25  mm)       (r = 2.5  mm)
(d = 32.5  mm)      

(ɟ = 69  mm) 
(m3 = 2  kg)(k = 4  kN/m)

N)100(
0kF. 

 

(n2 = 480  r.p.m) O2 
 

1. ɗ   
2. 

)20(O o
2 ɗT   O2  )ɗ = 20o(

  O2 . 
 

1.        
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cos.2222

drR
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cos5.322522)5.32(2)5.2(2)25()cos5.325.225(269  
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d
 

   
o254232454.060sin

5.269
5.32sin 

 

S (22-6): 
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a                                              b                                           c                   
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ɗF   

 

AmF in . 
 

Aɗ   (38-6): 
 

)cos(..2 dA 
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2. 
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2
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7-6-
 2       

3  
 : 

     (R = 15  mm)  (2Ŭ = 150o)
(m3 = 1  kg)(k = 4  kN/m). 

 

  (n2 = 1250  r.p.m)    O2 
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8-6-
 2016-2015 

 

   a   )(45-6-          Q 
    O2    

 
(R = 75  mm)(d = O2Q = 38  mm)   

(m = 0.8  kg)(k = 10  kN/m)
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00 )120().120()120()120( oooo k
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2. O (ɗ = 120o) 
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9-6-
 2017-2016 

 

)(46-6- (Suction)
    

(ɓ = 10o) 
(ɔ = 50o)  
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P O2   
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L  G         
G = 20  mm)((MP = 0.16  kg)

(MK = 0.07  kg)(ML = 0.2  kg). 
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(r = 6  mm)3  (ro = 6  mm). 
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  N  (ɗ = Ŭ)

    
(30-6)  

 

]
)sin(

2cos.sin[cos. 2/322

24
2

n
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  n    

 

10

d
rrn 

 

  ɤ   
 

sec/rad3.209
60

20002
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n
 

 

  ɔ   
 

 
 

B  
 

ɗ = ɣ     ɔ = Ŭ – ɣ = 30o 
 

 
 

2
2/3o22
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)30sin(

60cos.30sin30[cos.)(o n
ndAA 

 

C  
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BPCP )()( AA 
 

         
 

2
)0(CP.max sec/m1050)( oAAA 

 

P  
 

N168105016.0. .maxPP.max AMFF inin 
 

 Fk        
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   Rx , Ry            
)0.( L GL AR Min
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10-6-

 2018-2017 
 

)(48-6-   2 
 A'B' , AB            

4  Q      
G  

(R = 25  mm)(r = 10  mm)
  (d = 75  mm)3           

 )(ro = 50  mm 
  (PQ = 160  mm)    G    Q        

(GQ = 100  mm)(m4 = 0.8  kg)     G            
(ɟG = 60  mm) 

)lin. = 5  mm(. 
 

(n2 = 200  r.p.m) O2 
      

     P       O2 : 
 -k  
 
 
 
 
 
 
 
 
 
 

 
)(48-6- 

 

A 

E 

P Q 

ɤ2 

100  mm 

G 
N 

O2 

2

3
4

1

A' 

E' 
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S (22-6): 
 

mm60251075RrdS 
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Q  W  

kF Q 
Q     

ɗ   
 

 

inF .max   
P  O2    

P   
 

P  
 )(27-6-   

 
 E  (ɗ = ɣ)               

N  (ɗ = Ŭ)                 
          

(30-6)  
 

]
)sin(

2cos.sin[cos. 2/322

24
2

n
ndA 
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     Problems 
 

1-6-
      (n = 400  r.p.m)      

(S = 40  mm). 
 

: 
 -           : 

 

       ɗ     
  
-    : 

                                             180o 
-                                                  60o 
-    : 

                      120o 
 

  
-    : 

                                     180o 
-    

120o 
-                                                          60o 

* 
2-6-

        (n = 400  r.p.m) 
            1-6- 

 
     (R = 50  mm) (S = 40  mm). 

 

1.    . 
2.     hmax.      . 
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3-6-
   

     :  
     (R = 25  mm)    (2Ŭ = 120o)        
   (ro = 10  mm)  (S = 10  mm). 

 

 (n = 240  r.p.m) : 
1.       r         ű . 
2.         Vmax.   Amax.    Amin.   

   . 
 

* 
 

4-6-
        

    
 

       (R = 15  mm)   
 (2Ŭ = 150o)   (S = 6  mm)      

   . 
 

 (n = 1250  r.p.m) : 
1.         r    ɟ . 
2.         Amax.   Amin.    . 

 
* 

 
5-6-

     
    (Suction) 

              
    10o  

50o   
 

      (R = 25  mm)   
     (r = 2.5  mm)   (S = 10  mm). 

 

    (n' = 4000  r.p.m) : 
1.     . 
2.        Vmax. Amax.. 
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6--6
  )6-6-(          

        
    

 

mm)23(,mm)10(,mm)30(,mm)20( drRr o 
 

(ɤ2 = 15  rad/sec)  
     ɗ       

1.        )9-6-(  . 
2.      2Ŭ    ɗ . 
3.      Vɗ   Aɗ        

 . 

4.  

5.  

 
 
 
 
 
 
 
 

       )(7-6-                                               )(6-6- 
 

7-6-
  7-6-(           C 

O   
   (2R = 76  mm)   (OC = d = 25  mm)  

(2ro = 44  mm). 
 

  (n = 150  r.p.m)    
   : 

 -    V   A    . 

C 

O2 

A 

60o 

30o ɤ 

1 

4 

3 

2 r 

d R 

O2 

ro 

ɤ2 

ɗ 
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8-6-
  )(8-6-   

   
  (2ro = 45  mm) 

 

     n = 400  r.p.m)( 
C      

(ɗ = 100o) : 
 -  ɤ4   Ů4    
 
 
 
 
 
 
 
 
 
 
 

                         )(9-6-                                     )8-6-( 
 
 
 

9-6-
  )(9-6-               

   A  O2      O4 . 
 

    O2      (n2 = 400  r p m)    
     

 -    ɤ4    Ů4  . 
 

   . 

165  mm 

75  mm 
45  mm 

180  mm 

60 
mm 

120  mm 

R C 

4 
3 

2 

1 

2 

4 

6 

6.5 

2.5 

3 4 
(O4B =7) 

O2 

O4 B 

A 

ɤ
 

45o 

0.75 
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6--10
  10-6-( B  

A  
 

   (BA = d = 25  mm)   (M = 5  kg)            
   (k = 8.5  kN/m)             

(Fk0 = 50  N)       . 
 

(n = 500  r.p.m)  : 
1.         TB   (ɗ = 60o)   

    Fin     Fk  W . 
2.     nmax.        . 

 
 
 
 
 
 
 
 
 

 10-6-( 
 

* 
11-6-

2019-2018.
 

    
 : 

)r = 2.5  mm()R = 25  mm( 
)= 69  mm ɟ(        

)d = 32.5  mm( 
)M = 1  kg(

)lin = 5  mm(. 
 

)ɗ = 20o(       
)= 5  N.m T(ɗ=20)()n = 600  r.p.m(    
  

 - k   

A 

B ɗ 
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12-6-
)(12-6-: 

 

1.0,N10,N25 fWP 
 

mm10,mm50,mm28 Dba 
 

(k = 3.5  kN/m)   
(Fk0 = 20  N). 

 

  9-6-   )(9-6-: 
1.    . 
2.    nF23   

3.   TO   
4.  m   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )12-6-( 
 

P 

f.F2 

b 

F2 

Fk 

f.F1 
F1 

D 

N 

a 

h ū 

ɤ 

B 

C 
O 
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