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Solution: [Both sets are correct for grading: 1 point each for the total of 5 points] 
 

2
eff n1m k 

 
 
 Answer based on original data set: 

 
 
Answer based on revised data set: 

 
 
2. A passenger car has front and rear suspensions composed of identical four spring 
dashpot shock absorbers, one for each wheel. The weight of the car is 1900kg and the 
initial sag (shortening of the spring by the weight) of the shock absorber is 14cm.  
 

(1) Find the spring constant of the shock absorber. 
 
Solution: 
 

        21900 kg 9.8 m/sec / 4 0.14 m 1000 33 kN mk      [2 points] 

 

(2) In lecture 4, we defined the damping ratio  2 km  , where   is the 

damping coefficient which is measured in a unit of kg/s and sometimes denoted 
by c in other text books. It was defined that the damping is critical if the damping 
ratio 1  . For most of passenger cars the shock absorbers are designed under- 
damped to have a typical value of 0.56  . Find the damping coefficient of this 
passenger car. 

 
Solution:         [2 points] 
 

      22 2 0.56 33000 kg s 1900 4 kg 4400 kg skm       



3. Here we will see the energy absorption characteristics of the above shock absorber.   
 

(1) Consider an elongation displacement cycle of the shock absorber as shown below. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 

(1.1) Draw the force - displacement diagram for the force applied to the spring 
during the displacement cycle. Mark the corresponding points of A, B, C, 
D and E on the drawing. What is the work dissipated during this cycle? 

 
Solution:       
         Drawing [2 points] 
         

 
 
 

Work dissipated = 0.       [2 points] 
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(1.2) Draw the force - displacement diagram for the force applied to the dashpot 
during the displacement cycle. Mark the corresponding points of A, B, C, 
D and E on the drawing. What is the work dissipated during this cycle? 

 
Solution: 
 
         Drawing [2 points] 
 

     4400 kg s 0.05 m s 1000 0.22 kNF x       for A – B. 

       4400 kg s 0.05 m s 1000 0.22 kNF x        for B – C – D. 

      4400 kg s 0.05 m s 1000 0.22 kNF x      for D – E. 

 

   
 
 Work dissipated =      0.22 kN 0.025 m 4 0.022 kJ     [2 points] 

 
 
 

(1.3) Draw the force - displacement diagram for the force applied to the whole 
shock absorber during the displacement cycle. Mark the corresponding 
points of A, B, C, D and E on the drawing. What is the work dissipated 
during this cycle? 

 
Solution: 
 
         Drawing [2 points] 
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 Work dissipated = same as (2)  0.022 kJ     [2 points] 

 
(2) Consider an elongation displacement cycle of the shock absorber   sinx t C t

as shown below. Here 1 inchC   and the time t  is measured in second. 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2.1) Draw the force - displacement diagram for the force applied to the spring 
during the displacement cycle. Mark the corresponding points of A, B, C, 
D and E on the drawing. What is the work dissipated during this cycle? 

 
Solution: 
        Drawing [2 points] 
 
Same as (1.1). 
 

 Work dissipated = same as (1.1) = 0.     [2 points] 

‐1.5

‐1

‐0.5

0

0.5

1

1.5

‐0.03 ‐0.02 ‐0.01 0 0.01 0.02 0.03

El
on
ga
ti
on
 (
in
ch
) 

A 

B 

C 

D 

E 

Time (sec) 

Fo
rc
e 
(k
N
) 

Displacement (m) 

A, E 

B‐ 

B+ 

C 

D‐ 

D+ 



(2.2) Draw the force - displacement diagram for the force applied to the dashpot 
during the displacement cycle. Mark the corresponding points of A, B, C, 
D and E on the drawing. What is the work dissipated during this cycle? 

 
Solution: 

Drawing [2 points] 
 

     
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4400 kg s 0.025 m s cos 1000 0.35 cos kN

0.025 sin m
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Work dissipated =      0.35 kN 0.025 m 0.027 kJ     [2 points] 

 
 

(2.3) Draw the force - displacement diagram for the force applied to the whole 
shock absorber during the displacement cycle. Mark the corresponding 
points of A, B, C, D and E on the drawing. What is the work dissipated 
during this cycle? 

 
 
Solution: 

Drawing [2 points] 
 

       
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Work dissipated = 0.83 sin 0.35 cos 0.025 cos

0.35 0.025 cos kJ 0.35 0.025 kJ 0.027 kJ : Same as (2.2).
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          [2 points] 
 
 
4. A shock absorber is driven by steady-state elongation cycles of   sinx t C t , and 

the corresponding steady-state net force is measured to be   sin cosF t A t B t   . 

Express the spring constant k and the damping coefficient   in terms of A, B, C and  . 
 
Solution: 
 

sin cos sin cosF kx x kC t C t A t B t                [1 point] 
 
This implies k A C            [2 points]                                

 
 
and  
 

 B C  .          [2 points] 

 
Therefore, if you actuate a linear viscoelastic shock absorber with   sinx t C t  and 

measure the force   sin cosF t A t B t   , you can measure the spring constant and 

the damping coefficient.  
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Therefore, we have 

 22 22 4 2 4 32
  

2 2 2

k m
N

 
 

   
          [2 points] 

 22 22 4 2 4 32
or  

2 2 2

k m
N

 
 

   
          [2 points] 

with  for the double springs and double dashpots.  
2km

      [2 points] 

Inserting the values,  58 kg/s  , k = 2.1 kN/m and m = 20 kg, we have   

1.80 revolution/sec   N                [1 point] 

or 2.56 revolution/secN  .              [1 point] 

 


