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Summary 

 
The article presents the setting and solving of the task of optimum quick-acting demping the Vehicle 

sprung mass oscillations without an ordinary hydraulic Shock Absorber. 
Thus the possibility to decrease the oscillations amplitude at the frequency range from 0 to the infinity 

becomes by reality. 



 

 

 
The New Method of the sprung mass oscillation Damping in the suspension 

for Vehicle. 
(The Substitution for the Shock Absorber? – May be…) 

 
1.1. INTRODUCTION 
 
In spite of large number and diversity of suspension constructions all of them come to the same 

simplest scheme. It is shown in Fig. 1. 
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Fig.1  Simplest single-supporting scheme of transportation means for research suspension: 
1 - sprung body or frame of vehicle; 
2 - spring of suspension; 
3 - wheel of a vehicle; 
4 - shock absorber of suspension. 
Z (t) - vertical coordinate of sprung body; 
Zd(t) - the external disturbance (microprofile of the road). 

 
The sprung mass 1 equal m designates a sprung body or frame of vehicle. Member 2 denotes the 

springy element of suspension. It is connected with sprung body 1 and unsprung mass, that is to say, wheel 
3. The spring 2 is characterized by specific rigidity or stiffness factor equal c. The damping element or 
shock absorber 4 is installed parallel to the spring 2. It is characterized by the viscous resistance coefficient 
equal b. In Fig. 1 the guide device of suspension is conditionally not shown. 

The technical perfection of vehicle suspension can be judged by an appearance of amplitude-
frequency characteristics (AFC) of the sprung body oscillations. The amplitude-frequency characteristics 
(AFC) of the sprung body (Fig. 1) vertical accelerations in dimensionless form are shown in Fig. 2, where 
the next designations are used: 

-A- relative Amplitude; 
-ϖ - relative frequency, of oscillations. 
In Fig. 2 line 1 corresponds to the springy suspensions with the relative damping factor approximately 

equal 0,1. Such suspensions are conditionally considered low damped. Line 2 also conforms to the elastic 
suspensions with the relative damping factor approximately equal 0,3. Such suspensions are conditionally 



 

 

considered powerfully damped. 
These two lines demonstrate the main contradiction or main defect of the modem hydraulic shock absorber:                       
- it decreases the sprung body oscillation amplitude A at the relative frequency  
  ϖ  range from 0 to 2 , that's the most important positive quality of the shock absorber; 
- it increases the oscillation amplitude A at the relative frequency ϖ  range from 2 to an infinity, that's the     
very unfavorable effect of the shock absorber to the ride smoothness. 
Under existing conditions the above-mentioned hydraulic shock absorber contradiction is unsolved. 
In our opinion the aforesaid contradiction of the hydraulic shock absorber may be solved only without 

resistance forces depending on the rate coordinates in time. 
PROPOUNDING OF THE PROBLEM: 
To find the control algorithm by the stiffness factor of the suspension spring with purpose optimal 

quick-acting damping of the vehicle sprung body without ordinary Shock Absorber. 
 
1.2. THE MATHEMATICAL PROPOUNDING OF ABOVE-MENTIONED PROBLEM 
 
Consider that the motion of the body (Fig.l) to be vibro-isolated is described on the phase plane by the 

following set of the differential equations in dimensionless form: 
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Fig.2. 

 
Amplitude-frequency characteristics of sprung body acceleration for some simplest suspension 

schemes in dimensionless form: 



 

 

1 - ordinary passive suspension with minimum stiffness factor and relative damping coefficient equal 0,1; 
2 - ordinary passive suspension with minimum stiffness factor and relative damping coefficient equal 0,3; 
3 - passive suspension with absolute rigid springy element and infinitely great damping coefficient:; 
4,5,6 – see below. 

��

�
�
�

−=

=

12

21

UZZ
ZZ

�

�

 

where: 
Z1= Z - coordinate of the body; 

dt
dZZ 1

2 =  

The control U is determined by the following expression: 
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It is necessary to find the control U at area (2) as such in order to the object is described by the set of 
the differential equations (1) from any point of the phase plane long to go to the coordinates origin. 

The solution of this problem with the help of the Pontriaguin's Maximum principle was published in 
[1,2]. The unknown control U in (1) is determinted by the following algebraic expression: 
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Thus the optimum trajectory of the image point motion from any point of the phase plane long to go to 
the coordinates origins shown in Fig.3. 

The stiffness factor of suspension spring is equal conditionally maximum value C2 (3) in the first and 
in the third quadrants of the phase plane. 
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Fig. 3. 
The optimal quick-acting Trajectory of the image point motion to the Coordinates Origin. 
1,2,3... - the points where the stiffness factor of suspension spring is step changed on the law (3). 
And the stuffiness factor of suspension spring is equal minimum C1 (3) in the second and in the fourth 

quadrants of the phase plane. Thus, the control U supposes the step change of the stiffness factor of the 
suspension spring. 



 

 

 
1.3. THE TECHNICAL REALIZATION OF OPTIMAL CONTROL 
WITHOUT RESISTANCE FORCES DEPENDING ON THE RATE COORDINATE IN TIME. 
 
Consider that the stiffness factor of ordinary suspension spring is equal 
conditionally the maximum value C2, that is to say, the object to be vibro-isolated moves without 

some controlling influence in the first and the third quadrants of the phase plane, where it deviates from 
equilibrium position. Here only elastic and inertional forces act to the sprung body. 

The return of the above-mentioned object to the equilibrium position takes place in the second and the 
fourth quadrants of the phase plane. 

It should be born in mind that the return of the object to the equilibrium position starts after on the 
deformation maximum reaching of the spring. At the given moment it is possible to release the strain energy 
very slow and this process may be to go on plenty of time. 

In such away the stiffness factor of the suspension spring is step changed to 
the minimum value C1  (3) by the special device, which has the outward appearance and overall 

dimensions analogous to the ordinary telescopic Shock Absorber. What is more almost the large and vital 
parts, structure members, packing parts, fastenings of this devices are the same like in the ordinary shock 
absorber. Besides the aforesaid device is mounted like the telescopic Shock Absorber. 

This special device with its control system creates the force only during the sprung mass return to the 
equilibrium position. This device doesn't forms the hydraulic viscous resistance, but it creates the new force, 
which partly compensates the elastic restoring force. The dependence of the new force on the elastic 
restoring force prevents the wheel separation from the roadbed. 

The energy supply from an additional source is not needful, not counting the certain energy 
consumption by the members of the automatic control system. 

The theoretical fundamentals of the new damping method are described in [1,2] and the constructive 
suspension schemes are expounded in monograph [1] and in the Invention descriptions [5,8]. 

The dependences of the sprung body vertical accelerations Amplitude on the frequency in 
dimensionless form are shown in Fig.2 by curves 4,5,6, which are distinguished by the different 
amplification factor of me automatic control system. 

Thus we offer the new method of the sprung mass oscillation Damping. This damping method solves 
the main contradiction of the our times 

hydraulic shock absorber. 
The possibility to decrease the oscillation amplitude at the frequency range 
from 0 to the infinity becomes by reality. 
 



 

 

REFERENCES 
(Invention and publications) 

 
1. V. Sharapov. "The active suspensions of vehicle". Monograph. Riga. Publ. of Defense Ministry USSR. 1980. 

262 p. (in Russian). 
2. V. Sharapov. "The optimal quick-acting damping of oscillations of the mechanical oscillator without the 

resistance forces depending on first coordinate derivative in time".  // "Vibrotechnique" The selection from Higher 
school proceeding. Vilnius. 1983. Nr. 2(42) p. 151-156. (in Russian). 

3. V. Sharapov. "The synthesis of optimal control in the Vehicle suspension and its technical realization" // 
"Vibration Engineering" by Hemisphare Publishing Corporation. USA. - Vol.2. - Nr.l - 1988 p. 11-16 (in English). 

4. V. Sharapov. "For understanding active vibrating protection system". // "Vibrotechnique" The selection from 
Higher school proceeding. Vilnius. 1983. Nr. 3/43 p. 105-109. (in Russian). 

5. V. Sharapov. Sert. of Inv. 753683 (USSR), Cl. B 60 G 25/00. "The Suspension of the Vehicle body". Publ. 
1980. (in Russian). 

6. V. Sharapov. Sert. of Inv. 500992 (USSR). Cl. B 60 G 19/10. "The method of stabilization of the dynamic 
forces acting through the Suspension to the body of the Vehicle". Publ. 1976. (in Russian). 

7. V. Sharapov. Sert. of Inv. 598780 (USSR). Cl. B 60 G 25/00. "The active Suspension of the Vehicle". Publ. 
1978. (in Russian). 

8. V. Sharapov. Sert. of Inv. 1361030 (USSR). Cl. B 60 G 25/00. "The active Suspension of the Vehicle". Publ. 
1987. (in Russian). 

9. V. Sharapov. Sert. of Inv. 1243964 (USSR). Cl. B 60 G 25/00. "The active Pneumohydro lie Suspension of 
the Vehicle". Publ. 1986. (in Russian). 

10. V. Sharapov. Sert. of Inv. 1572838 (USSR). Cl. B 60 G 25/00. "The control system of the Suspensions of 
the Vehicles". Publ. 1990. (in Russian). 

 
Professor V.D.Sharapov 



 

 

SUPERLIFT SUSOENSION SYSTEMS 
211 HOME LANE. WEST MONROS, LOISIANA 71292 
FAX – 318-323-59 95 
USA 
 
EXPLORER 
PRO COMP 
3552 FOWLER CANYON ROAD 
JAMUL, CALIFORNIA 91935 
FX. # 619-442-33 34 
USA 
 
RANCHO SUSPENSION 
P.O. BOX 5429, 6925 ATLANTIC AVENUE, 
LONG BEACH, CA 90805 
FAX: 310-408-1942 
USA 
 
4 WHEEL DRIVE & SPORT  
UTILITY MAGAZINE 
P.O BOX 56 310 
BOULDER, CO 80323-6310 
FAX (714) 572-7337 
USA 
 
TENNECO AUTOMOTIVE BUILDING 
SUITE 300 
100 TRI STATE INTERNATIONAL 
LINCOLNSHIRE, IL 60069-4418 
FAX (708) 940-6197, 6198 
USA 
 
WALBRO AUTOMOTIVE CORPORATION 
630 COLUMBIA STREET 
CARO, MICHIGAN 48723-9588 
FAX: (517) 673-5536 
 
B&M AUTOMOTIVE PRODUCTS INC. 
9152 INDEPENDENCE AVE. 
CHATSWORTH, CA. 91311 
818 882-6422 
 
MONROE EUROPE 
56 RUE A. DE BOECKSTRAAT 
BRUXELLES 1140 BRUSSEL 
FAX : (02) 216-46-62 
 
HONDA OF AMERICA MFG., INC. 
HONDA PARKWAY, MARYSVILLE, 
OHIO 43040 
FAX: 513-644-0161 
 


	V.Sharapov
	USA


