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Abstract 

The article sets forth the design of the electromagnetic regen-

erative shock absorber for suspension system of the long haul 

tractor truck with regeneration of mechanical energy produced 

by oscillations of the spring loaded mass into electric power. 

It describes the structure of the test bench to test the designed 

shock absorber. Results of the experimental tests are given. 

Keywords: Electromagnetic regenerative shock absorber, 

ball-screw, permanent magnet synchronous machine. 

 

INTRODUCTION 

The task of improving the cost-efficiency of motor vehicle 

transport, including vehicles powered by electric drive, has 

been becoming ever more topical and has continued to be in 

the focus of attention of the foremost vehicle manufacturers. 

One of the possible solutions is to design a suspension system 

based on the regenerative shock absorber. The mechanical 

energy generated by the body oscillations is converted to elec-

tric power using an electro-mechanical transducer (generator), 

integrated into the design of the shock absorber. The energy 

thus produced is utilized to charge the on-board storage bat-

tery. Apart from the function of energy regeneration, such a 

shock absorber is supposed to provide a force of resistance in 

case of jounce and in case of rebound depending on the speed 

of the shock absorber rod travel similar or close to the conven-

tional hydraulic shock absorber. 

 At present time, there are a number of regenerative shock 

absorbers designs based on electro-mechanical generator. 

They can be divided into two groups depending on the type of 

the generator used to convert mechanical energy into electric 

power: based on the linear generator and based on rotational 

generator. 

A linear inductor machine [1, 2] or permanent magnet syn-

chronous machine [3, 4] can be used as the linear generator. 

The advantage of the shock absorber with the linear generator 

is direct conversion of reciprocating motion into electric pow-

er without the intermediate mechanical conversion. This is 

important given great dynamic loads acting on the shock ab-

sorber when driving on the road bumps. 

However, road tests go to show that travel on asphalt at dif-

ferent speeds causes the shock absorber rod to shift with body 

oscillations by 5÷10 mm [5]. Given such a small shift, it is 

possible to put the inductor machine into generative mode, if 

the size of the translator tooth is also small enough. This 

makes the design of the shock absorber much more complex. 

Besides, the shock absorber based on linear generator in the 

overall dimensions of serially produced hydraulic shock ab-

sorber is not capable of providing the damping characteristic 

in case of rebound at the rod speeds up to 0.3 m/s due to nega-

tive influence caused by the winding active resistance.  

Use of rotational generator [6, 7] makes it possible to reduce 

the negative effect of active resistance at low speeds of the rod 

travel. Mechanical conversion of linear motion into rotation 

using the ball-screw drive and use of multi-pole stator allows 

acceptable indicators to be achieved as a result of increasing 

rpm of the rotational generator at low speeds of the rod. 

 

MATERIALS AND METHODS 

Figure 1 shows the regenerative shock absorber for suspen-

sion system of a truck based on the rotational generator with 

ball-screw drive. Overall dimensions and connection dimen-

sions correspond to the serially produced shock absorbers of 

the long haul tractor truck with an axle load between 4500 and 

11500 kg. 
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Figure 1: Design of regenerative shock absorber 

(а) – cross section, (b) – 3D model 

1– inner tube, 2 – outer tube, 3 – rotor, 4 – ball-screw, 5 – radial thrust bearing, 6 – ball bearing, 7 – cable gland, 8 – stator wind-

ing, 9 – stator, 10 – mounting bush, 11 – ball bearing 

 

The screw rod which is part of the ball-screw drive is attached 

on the inner tube of the shock absorber; the ball-screw drive 

nut is attached to the inner tube using bearings. The recipro-

cating motion of the rod is converted into rotation of the rotor 

attached on the ball-screw drive nut. The screw rod moves 

inside the rotor. Permanent magnets are fixed on the rotor 

surface. Three phase winding is installed in the stator slots. 

Stator winding induces electromotive force at the rotor turns, 

thus converting the mechanical energy of the shock absorber’s 

reciprocating motion into electric power. The winding is 

placed into the slots in the “star” scheme. Each phase consist 

of eight coils connected in series. 

As the shock absorber operates, the generator produces alter-

nating three phase voltage which is rectified and stabilized as 

a definite level required charging the drive battery of a vehicle 

or of any other energy storage. 

In order to create the required rebound and jounce force of the 

shock absorber, the control system has to regulate the genera-

tor’s electric load depending on the rod direction and the rod 

speed. The rod direction is determined by controlling the gen-

erator phase alternation, whereas the speed is calculated based 

on the generated voltage frequency. These functions have 

been implemented in the shock absorber control unit. The 

regenerated energy in the regenerative shock absorber sup-

plied the charger and is utilized to charge the vehicle battery. 
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Figure 2 illustrates the structure of the test bench for testing of 

the regenerative shock absorber. The rack with sensors is a 

steel framework with linear guide ways for vertical movement 

of the shock absorber rod. The rack contains a force sensor 

and a laser motion sensor. The motor is connected with the 

rack using the crank and connecting rod mechanism with ad-

justable crank length. By changing rotation speed of the motor 

and the crank radius on the motor disk, the required rod speed 

and the shock absorber rod stroke are set.  

 

 

 

Figure 2:  Structure of the test bench for shock absorber tests 

 

 

Figure 3: Test bench for shock absorber test 
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As the motor shaft rotates, the crank drives the moving brack-

et, moving along the linear guide ways, to which the lower 

fixation point of the shock absorber is connected. The laser 

motion sensor mounted on the bracket. The upper fixation 

point is connected to rack frame via a force sensor. A photo of 

the rack is shown in Figure 3. 

The measuring system of the test bench records the signals 

from the force sensor and the motion sensor, phase currents 

and voltages of the shock absorber, output current and voltage 

of the shock absorber control unit, output current and voltage 

of the charger. This enables to calculate the regenerative pow-

er at different speeds of the shock absorber, and to get de-

pendence of the jounce and rebound force versus the rod 

speed. 

 

EXPERIMENTAL RESULTS 

In one turn of the test bench motor shaft, the shock absorber 

undergoes the jounce and the rebound phase. The rod speed, 

at the same time, changes from zero to maximum following 

the law close to the sinusoidal one (figure 4). 

 

 

 

 

Figure 4 – Speed and motion of the shock absorber rod 
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Figure 5 shows phase currents and linear voltages of the shock 

absorber generator, the rod speed and output power of the 

generator. The regenerative power at the rebound phase with 

the rod speed of 1 m/s reaches 2.1 kW, at the speed of 1.5 m/s, 

it is 3 kW. Average power per one turn of the crank amounted 

to 1.27 kW. 

 

 

Figure 5: Currents, voltages and power of the shock absorber at different rod speeds 

 

 

Figure 6: Shock absorber force versus rod speed 
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Based on the test data, the dependence of the shock absorber 

force on the rod speed (Figure 6) has been plotted. The control 

system, depending on the rod stroke direction (jounce or re-

bound), establishes different forces which resist the motion of 

the vehicle’s suspended mass.  

 

CONCLUSION 

This article presents the regenerative shock absorber, which 

contains a synchronous generator with permanent magnets. To 

convert reciprocating motion of the rod into rotation of the 

generator, the ball-screw drive is used. The speed and direc-

tion of the rod travel are determined based on the generator 

phase alternation and based on the frequency of the generated 

voltage. This allows to avoid using speed and motion sensors 

in the shock absorber control system. The regenerative power 

of up to 3 kW and a force of up to 2500 N have been obtained 

during experimental test on the test bench. 
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