
ME 560 Kinematics.  Class Test 1 Fall Semester 2010 
 
 
Friday, September 10th                                Name of Student: ________________________________ 
 
 

OPEN BOOK AND OPEN NOTES 
 
Problem 1 (20 points). For Problems 1.8 and 1.12, see pages 42 and 43, determine:  
(i) the number of lower pairs and the number of higher pairs; and   
(ii) the mobility of each mechanism using the Kutzbach mobility criterion. Does this criterion provide 
the correct answers for each mechanism? Briefly explain why or why not.              
 
Problem 2 (30 points). Consider the inverted slider-crank mechanism shown in Example 3.3, see Figure 
3.11(a), page 114, and repeated below as Figure 1. The specified dimensions are 2O A 3 inches,=  

4O C AB 2 inches= =  and 2 4O O 14 inches.=  In this position, the input angle o
2 2 4AO O 30θ = ∠ = , 

and the angle between link 3 (i.e., AB) and link 4 (i.e., the line CF in link 4) is a right angle. The 
distance from point C to point F is 16 inches.     
(i) Determine the mobility of the mechanism using the Kutzbach mobility criterion. Does this criterion 
provide the correct answer for this mechanism? Briefly explain why or why not.              
(ii) Determine the distance from point C to pin B and the angle between link 4 (i.e., the line 4O C ) and 
the X-axis.   
(iii) Determine the X and Y coordinates of point F.     
(iv) Draw the vectors on Figure 1 that are necessary for a kinematic analysis of the mechanism. Label 
and show the direction of each vector.    
(v) Write the vector loop equation(s) and identify a suitable input (or inputs) for the mechanism. List the 
known quantities, the unknown variables, and any constraints. If you identify constraint(s) then write the 
constraint equation(s).  

 
Figure 1. The Inverted Slider-Crank Mechanism.     



 2

Solution to Class Test 1.  
Problem 1.8 (10 points). The Kutzbach mobility criterion for the mechanism can be written as       
 

1 2M 3 (n 1) 2 ( j ) j= − − −             (1) 
 
The number of links in the mechanism is 
 

n 5=               (2) 
 
The number of lower pairs is      
 

1j 5=             (3a) 
 
The number of higher pairs is 
 

2j 1=             (3b) 
 
Substituting Equations (2) and (3) into Equation (1), the mobility of the mechanism is              
 

M 3(5 1) 2(5) 1 1= − − − =             (4) 
 
This is the correct answer for this mechanism, that is, for a single input there is a unique output.    
Problem 1.12 (10 points). The Kutzbach mobility criterion for the mechanism can be written as       
 

1 2M 3 (n 1) 2 ( j ) j= − − −             (1) 
 
The number of links in the mechanism is 
 

n 4=               (2) 
 
Note that there are two cases which must be considered here: (a) the wheel is rolling without slipping at 
the point of contact A; and (b) the wheel is rolling and slipping at the point of contact A.  
Case (a). Assume that the wheel is rolling without slipping at the point of contact A.  
The number of lower pairs is      
 

1j 3=             (3a) 
The number of higher pairs is 

2j 2=            (3b) 
 
Substituting Equations (2) and (3) into Equation (1), the mobility of the mechanism is              
 

M 3(4 1) 2(3) 2 1= − − − =             (4) 
 
This is the correct answer for this mechanism, that is, for a single input there is a unique output.    
 
Case (b). Assume that the wheel is rolling and slipping at the point of contact A.  
The number of lower pairs is      
 

1j 2=             (3a) 
The number of higher pairs is 

2j 3=             (3b) 
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Substituting Equations (2) and (3) into Equation (1), the mobility of the mechanism is              
 

M 3(4 1) 2(2) 3 2= − − − =            (3) 
 
This answer is also correct due to the assumption that the wheel is rolling and slipping at the point of 
contact A. Therefore, in this case, two inputs would be required to obtain a unique output.        
 
Problem 2 (25 points). 
(i) 5 Points. The Kutzbach mobility criterion for the mechanism can be written as       
 

1 2M 3 (n 1) 2 ( j ) j= − − −             (1) 
 
The number of links in the mechanism is 
 

n 4=               (2) 
 
The number of lower pairs are             
 

1j 4=             (3a) 
 
The number of higher pairs is 

2j 0=            (3b) 
 
Substituting Equations (2) and (3) into Equation (1), the mobility of the mechanism is              
 

M 3(4 1) 2(4) 0 1= − − − =            (4) 
 
This is the correct answer for this mechanism, that is, for a single input there is a unique output.    
(ii) 6 Points. There are three methods that could be used to solve the position problem: (a) a graphical 
approach; (b) a trigonometric approach; and (c) the Newton-Raphson approach.                    
(a) Graphical approach. Note that it would be difficult to obtain accurate answers from the graphical 
approach using pencil and paper in the exam room. Care would have taken in regards to a suitable scale 
for the mechanism. Note that no scale is given in this problem. So this approach is not recommended 
here. (c) Newton-Raphson approach. The initial guesses come from the graphical approach. Therefore, 
this method would also require method (a). Also at least two iterations are required to ensure that the 
method is converging. Therefore, in the interests of time in the exam, this method is not recommended 
here. (b) Trigonometric approach. This method would appear to be best suited to this exam. Note that a 
shortcoming with the trigonometric approach is in regards to velocity, acceleration, etc. The time 
derivatives of some of the complex trigonometric expressions can be very cumbersome and provide little 
insight or intuition into the numerical results.    

For the triangle O2AO4, the law of cosines can be written as    
 

2 2 2
4 1 2 1 2 2AO R R 2R R cos= + − θ            (5) 

 
Substituting the given dimensions into this equation gives     
 

2 2 2
4AO 14 3 2(14)(3)cos30 132.254 in= + − =         (6a) 

 
Therefore, the distance between point A and point O4 is 
 

4AO 11.50 in=           (6b) 
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Since the line CB is parallel to the line 4AO  then the distance from point C to pin B is  
 

CB 11.50 in=            (7) 
 

From the law of sines, the angle 2 4= ∠O O Aα  can be determined; that is   
 

2 4

2

R AO
sin sin=

α θ            (8a) 

which gives  
1 3 sin 30sin 7.50

11.5
− ⎛ ⎞

= =⎜ ⎟
⎝ ⎠

α           (8b) 

Therefore, the angle 2 4= ∠O O Cβ  is  
 

90 7.50 97.50= + = °β           (9a) 
 

Therefore, the angle between link 4 (i.e., the line 4O C ) and the X-axis is   
 

4 180 97.50 82.50= ° − ° = °θ           (9b) 
 
and the angle                
 

34 180 7.50 172.50= ° − ° = °θ           (9c) 
 
(iii) 7 Points. The vector equation for point F, fixed in link 4, can be written as   
 

I
R R R RF 72 3=
?? √ √√ √√

+ +         (10a) 
or as         

R R R RF 1 4 44=
?? √√ √√ √√

+ +         (10b) 
 

where R7  is the vector from point B fixed in link 3 to point F fixed in link 4 and R44  is the vector 
from point C fixed in link 4 to point F fixed in link 4.     

From Equation (10b), the X and Y coordinates of point F are 
 

1 1 4 4 44 44cos cos cosFX R R Rθ θ θ= + +        (11a) 
and 

1 1 4 4 44 44sin sin sinFY R R Rθ θ θ= + +        (11b) 

 
Substituting the given data into Equations (11), the X and Y coordinates of point F are 
 

1.602 inFX = −         (12a) 
and 

4.071inFY = +         (12b) 
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(iv) and (v) 7 Points. The vector loop equation for this mechanism can be written as 
 

I ?
R R R R R 02 3 34 4 1
√ √? √ √√

+ − − − =
C C

         (13) 
 

where the vector R34  is the vector from point C on link 4 to point B on link 3.  
The constraints indicated in Equation (13) are  

4 3θ = θ              and            o
34 4 90θ = θ +         (14) 

 
that is, the angle between link 3 and link 4 (i.e., the line CF in link 4) is a right-angle.  
 
 
 


