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ns.calculatioon accelerati and velocity nt,displacemefor  same iswhich 
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0cossincossin

 and  of derivative   time takeonsaccelerati find to

3

2

333332

2

2222242

1

2

21

   rrrrr
dt

Fd

dt

dF

dt

dF

0sincossincos 3

2

333332

2

222222

2

2

   rrrr
dt

Fd
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
























 B

A

rr

r

4

3

33

33

0cos

1sin
































 

B

A

r

r

r

1

33

33

4

3

0cos

1sin








3

2

332

2

22222 coscossin   rrrA 

3

2

332

2

22222 sinsincos   rrrB 












0cos

1sin

33

33




r

r
J

The following matrix is the Jacobean matrix of the mechanism
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A

B

C
1761

?  ?   ?  ?

CCW) and uniform,or  (constant, rad/s 10

cm 6BC    cm, 2AB

cBCCBC

AB






aV 


Example
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7378.5)1)(7378.5()0)(7542.1(t determinan 


























 

222

222

1

33

33

4

3

cos

sin

0cos

1sin















r

r

r

r

r


























 

61cos)10(2

61sin)10(2

0343cos6

1343sin6
1

4

3

r





























 

6962.9

4924.17

07378.5

17542.1
1

4

3

r































6962.9

4924.17

7542.17378.5

10

7378.5

1

4

3

r


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cm/s 4565.20)6962.9)(3057.0()4924.17)(1(

rad/s 69.1)6962.9)(1743.0()4924.17)(0(

4

33




CVr

 




























6962.9

4924.17

3057.01

1743.00

4

3

r




























 

B

A

r

r

r

1

33

33

4

3

0cos

1sin



































B

A

r 3057.01

1743.00

4

3




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3497.113343cos)69.1(661cos)10(261sin)0(2 22 A

9137.169343sin)69.1(661sin)10(261cos)0(2 22 B































9137.169

3497.113

3057.01

1743.00

4

3

r



2

4

2

33

cm/s 4070.61)9137.169)(3057.0()3497.113)(1(

rad/s 6159.29)9137.169)(1743.0()3497.113)(0(





Car

 

3

2

332

2

22222 coscossin   rrrA 

3

2

332

2

22222 sinsincos   rrrB 
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A

Inverted slider-crank mechanism loop-closure equation

θ4

x

y

θ2

4r


1r


2r


B

C

3r


θ2

44  and  are lesOur variab r
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02431

2431   jjjj
erererer

0sincossincos

sincossincos

22224444

33331111







jrrjrr

jrrjrr

Real and imaginary parts can be written separate as two equations

0coscoscoscos 22443311   rrrr

0sinsinsinsin 22443311   rrrr

0coscoscoscos 224433111   rrrrF

0sinsinsinsin 224433112   rrrrF

Define two functions

0coscos

 0 and  270 remember  

224431

31







rrrF

0sinsin 224412   rrrF

2431 rrrr



equation closure-loop   02431  rrrr


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0sinsincos

F and F of derivative  time takes velocitiefind to

22244444
1

21

   rrr
dt

dF

0coscossin 22244444
2    rrr

dt

dF



























222

222

4

4

444

444

cos

sin

sincos

cossin















r

r

rr

r
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























 

222

222

1

444

444

4

4

cos

sin

sincos

cossin















r

r

r

r

r

0cossincos

sinsinsincos

 and  of derivative   time takeonsaccelerati find to

2

2

222224

2

44

444444444442

1

2

21













rrr

rrrr
dt

Fd

dt

dF

dt

dF

0sincossin

coscoscossin

2

2

222224

2

44

444444444442

2

2













rrr

rrrr
dt

Fd
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
























B

A

rr

r

4

4

444

444

sincos

cossin































 

B

A

r

r

r

1

444

444

4

4

sincos

cossin


















444

444

sincos

cossin




r

r
J

2

2

222224

2

44444 cossincossin2   rrrrA 

2

2

222224

2

44444 sincossincos2   rrrrB 
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nscalculatioon accelerati and velocity nt,displacemefor  same iswhich 

matrix Jacobien  called ismatrix   following The



A

B

C

θ2

AC= 2 cm

AB= 5 cm

BC= 6.14 cm

 163116 42 

θ4

D

???? //44  BDCBDC aV 

Example
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CCW) and uniform,or  (constant, rad/s 10AC 



























 

222

222

1

444

444

4

4

cos

sin

sincos

cossin















r

r

r

r

r

























 

116cos)10(2

116sin)10(2

163sin163cos)14.6(

163cos163sin)14.6(
1

4

4

r

































 

7674.8

9759.17

2924.08717.5

9563.07952.1
1

4

4

r



14.6)9563.0)(8717.5()2924.0)(7952.1(t determinan 






























7674.8

9759.17

7952.18717.5

9563.02924.0

14.6

1

4

4

r


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






























7674.8

9759.17

2924.09563.0

1557.00476.0

4

4

r



cm/s 62.14)7674.8)(2924.0()9759.17)(9563.0(

rad/s 22.2)7674.8)(1557.0()9759.17)(0476.0(

/4

44




BDCVr

 


























 

B

A

r

r

r

1

444

444

4

4

sincos

cossin








2

2

222224

2

44444 cossincossin2   rrrrA 

2

2

222224

2

44444 sincossincos2   rrrrB 

7147.77116cos)10(2116sin)0(2163cos)22.2(2163sin)22.2)(62.14(2 22 A

8351.108116sin)10(2116cos)0(2163sin)22.2(2163cos)22.2)(62.14(2 22 B
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




























8351.108

7147.77

2924.09563.0

1557.00476.0

4

4

r



2

/4

2

44

cm/s 66.105)8351.108)(2924.0()7147.77)(9563.0(

rad/s 27.13)8351.108)(1557.0()7147.77)(0476.0(





BDCar

 
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Scotch-Yoke Mechanism

1

2 3

4

2r


4r


3r


432 rrr




2



39

0432

432   jjj
ererer

0sincossincossincos 444433332222   jrrjrrjrr

Real and imaginary parts can be written separate as two equations

0coscoscos 443322   rrr

0sinsinsin 443322   rrr

equation closure-loop   0432  rrr

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0coscoscos 4433221   rrrF

0sinsinsin 4433222   rrrF

Define two functions

 90 and  0 remember  34  

0sin 3222  rrF 

0cos 4221  rrF 

34  and  are variables rr



0sin

F and F of derivative  time takes velocitiefind to

4222
1

21

 rr
dt

dF
 

0cos 3222
2  rr

dt

dF
 






























222

222

4

3

sin

cos

10

01












r

r

r

r
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





























222

222

1

4

3

sin

cos

10

01












r

r

r

r

0cossin

 and  of derivative   time takeonsaccelerati find to

42

2

222222

1

2

21

 rrr
dt

Fd

dt

dF

dt

dF

 

0sincos 32

2

222222

2

2

 rrr
dt

Fd
 
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



























B

A

r

r

4

3

10

01



































B

A

r

r
1

4

3

10

01







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