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ABSTRACT

Recently, conventional hydraulic car lift systems face the technological limitations due to a lack of 

height control. The demand for height controllability is required in many tasks such as wheel align-

ment, and requires compensation for the structural deformation of the lift caused by irregular load 

distribution. In order to resolve this limitation of the conventional car lift, in this work, a new type 

of a hydraulic vehicle lift using a magneto-rheological (MR) valve system is proposed and analyzed. 

Firstly, the dynamic model of vehicle lift is formulated to evaluate control performance; sub-

sequently, an MR valve is designed to obtain the desired pressure drop required in the car lift. Next, 

a proportional-integral-derivative (PID) controller is formulated to achieve accurate control of the lift-

ing height and then computer simulations are undertaken to show accurate height control perform-

ances of the proposed new car lift system.

요  약

최근 기존의 유압 차량 리프트는 높이제어의 어려움으로 인해 기술개발의 한계에 직면하였다. 휠 얼라

이먼트나 차량의 하중 분포에 따른 미세한 불규칙적인 변형을 보상하기 위해서는 매우 정밀한 위치 제어

성이 요구되고 있다. 이 연구에서는 이러한 기존 리프트 시스템의 한계를 해결하고자 매우 정교한 압력강

하를 이끌어낼 수 있는 MR 밸브 시스템을 활용하여 새로운 차량 리프트를 제안하고 이에 대한 분석을 

진행한다. 우선적으로 MR 밸브의 요구되는 성능을 파악하기 위해 유압 리프트의 운동방정식을 설립하고, 

요구되는 압력강하를 얻기 위해 MR 밸브를 설계한다. 또한 정밀한 위치 제어 성능을 얻기 위해 PID 제

어기를 설립하고, 시뮬레이션을 통해 제안된 시스템의 제어성을 검증한다.
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1. Introduction

Due to the growth of automobile industry, the 

number of vehicles is continuously increasing with 

the number of used vehicles in the world already 

exceeding 1.2 billion(1). For this reason, vehicle 

maintenance, service, and repair technologies have 

been greatly developed in the industry(2). The hy-

draulic vehicle lift is one of the most widely used 

pieces of equipment for the repair and service of 

vehicles. However, because of the lack of pre-

cision control over this hydraulic system, the con-

ventional lift system faces a technological 

limitation. This unrefined position control perform-

ance means that precise repair work, like a wheel 

alignment adjusting the angles of the wheels, can-

not be performed well on the lift. Moreover, ex-

isting height controls cannot compensate easily the 

deformation of the structure caused from the irreg-

ular load distribution.

The MR fluid (MRF) consists of the 

micro-sized iron particles in a nonmagnetic fluid 

such as silicone oil. The rheological properties of 

MRF can be altered by an applied low power 

magnetic field. Based on this characteristic of 

MRF, various industry applications have been 

proposed for several years(3,4). The MR valve in 

hydraulic systems, which can easily control the 

pressure drop of the hydraulic lines, is one such 

representative device(5~7). From the previous 

research, the advantages of MR hydraulic valve 

systems can be defined as follows: (1) great 

controllability, (2) faster response, (3) lack of 

moving parts, (4) no mechanical complexity, (5) 

high power density, and (6) great durability. 

Consequently, the main contribution of this work 

is to propose a new type of hydraulic vehicle lift 

based on an MR hydraulic valve system to obtain 

precise position control performance. In order to 

achieve this goal, a mathematical model of the 

hydraulic vehicle lift is formulated to identify the 

required performance of the hydraulic MR valve 

system. Next, the control performance of the 

designed system is evaluated through a numerical 

analysis. 

2. Dynamic Model 

Figure 1 shows a rendering of the hydraulic ve-

hicle lift and Fig. 2 shows the configuration of 

this hydraulic vehicle lift and presents the work-

ing principle of the system. The vehicle can be 

placed on the top table and its ascent can be per-

formed by the hydraulic force of four MR 

cylinders. Each internal hydraulic cylinder pressure 

is controlled by the MR hydraulic valve system as 

shown in Fig. 3. In this figure, P1 and P3 are 

consistent output and input pressures, respectively, 

Fig. 1 Rendering of MR valve activated vehicle lift

(a) Before lifting

(b) After lifting

Fig. 2 Schematic of hydraulic vehicle lift
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Fig. 3 Schematic of MR valve system

of the pump system. Through a pressure drop of 

MR valve 1, the desired P2 can be obtained, and 

through the MR valve 2, a consistent P3 can be 

maintained during steady state operation of the 

passive pump system.

In order to satisfy the objective of this work, a 

target specification of the vehicle lift can be de-

fined as follows: (1) mass of lifted vehicle is less 

than 2000 kg, (2) controllable height range of top 

table is from 0.3 m to 1.9 m, and (3) accuracy of 

position control is ±0.5 mm. 

Firstly, the governing equation of the lift mo-

tion should be derived to determine the required 

performance of the MR valve and evaluate the 

control performance of the hydraulic vehicle lift. In 

this work, mtp, mmar, and mv are the mass of top ta-

ble, main rod, and vehicle, respectively, with values 

of 420 kg, 170 kg, and 2000 kg, respectively. Imar, 

the rotational moment of inertia of a main rod at 

Point E, is 286 kg․m2. Figure 4(a) shows a free 

body diagram of top table for which the dynamic 

equation can be derived as follows:
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Here, g is gravitational acceleration. Fig. 4(b) 

presents a free body diagram of joint A for 

(a) Free body diagram of top table

(b) Free body diagram 
of joint A

(c) Free body diagram 
of main rod

Fig. 4 Free body diagram of the vehicle lift structure

which the dynamic equation can be derived as 

follows:
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A free body diagram of main rod can be pre-

sented as shown in Fig. 4(c), the dynamic equa-

tion of which can be derived as follows:
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Additionally, the relationship of the geometric 

variables can be defined as follows:
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Here, LCE, LDE, LBE, and LCD can be defined as 

1.125 m, 0.9 m, 2.25 m, 0.225 m respectively. The 

value of k, defined by LCD/LCE, is 0.2. The force 

of the MR cylinder from P2 can be presented as 

follow:

 πRPF 2
cyl2cyl   where, MR112 PPP  (9)

Rcyl is the radius of the MR cylinder piston and 

is 0.16 m. PMR1 is the pressure drop across the 

MR valve 1. The top table can be regarded as 

rigid body to simplify the problem and it can be 

identified that FAy is same with FBy.

Consequently, the nine unknown variables can 

be determined using the above equations.

3. MR Valve

Based on the derived dynamic equation, the re-

quired force of MR cylinder for the static equili-

brium state of the lift can be derived as follows:
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(a) Designation of component

(b) Geometric parameter

Fig. 5 Schematic configuration of MR valve

A required pressure for the static equilibrium 

state can be calculated by Eq. (10). This pressure 

is increased by 6.81 MPa when the height of top 

table from ground, h, is minimized, while it is 

decreased by 1.46 MPa when h is maximized. 

Therefore, a controllable range of P2 should ex-

ceed the range from 1.46 to 6.81 MPa to satisfy 

the target specification for a lift system and pro-

vide the desired dynamic motion. The config-

uration of the MR valve used in this work is pre-

sented as shown in Fig. 5. In addition, Fig. 5(b) 

shows the geometric parameter of MR valve. The 

coil is made of 300 turns of 23 AWG(American 

Wire Gauge) copper wire. The analytical pressure 

drop value of MR valve that is composed of two 

parts can be presented as follows(6):

yieldviscous PPP ΔΔMR1  (11)
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Pviscous presents the pressure drop due to the 

viscosity of the MR fluid. In this work, the com-

mercially available MR fluid, MRF132DG from 

Lord Corporation, is used: its dynamic viscosity, 

, is 0.112. The flow rate of MR fluid, Q , is 141 

mL/s. Therefore, Pviscous can be defined as 0.01 

MPa. On the other hand, Pyield presents the pres-

sure drop due to the yield stress of the MR fluid. 

τ1 and τ2 indicate the yield stress of MR fluid, 

which are caused by a magnetic flux density in 

the flow path of L1 and L2, respectively. B1 and 

B2 are the magnetic flux density in Tesla, which 

can be generated by current in a coil. As a mate-

rial property of the commercial MR fluid 

MRF132DG, the relationship between the yield 

stress and magnetic flux density can be presented 

as follows(7):

0.144213.708158.79       

176.5152.962)kPa(
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When the different currents are applied to the 

coil, the magnetic flux density in the flow path 

can be calculated from finite elements analysis as 

shown in Fig. 6. Based on this figure, τ1 and τ2 

can be solved by Eq. (14). The total pressure drop 

of the MR valve by the different input current 

can be solved through the Eq. (11) as shown in 

Fig. 7. It can be identified that the pressure drop 

of MR valve is saturated at the 7.16 MPa by a 

current of about 1.25 A. The minimum pressure 

drop can be defined by 0.1 MPa when the current 

is not applied. Because P2 can be expressed as P1

- PMR1, the suitable range of P1 should be defined 

to exceed the required pressure range as follows:
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Fig. 6 Magnetic flux density in the flow path

Fig. 7 Pressure drop of the MR valve

minMR11 )(MPa 6.81 PP 

MPa 1.46)( maxMR11  PP
(15)

Therefore, the range of P1 is identified as follows:

MPa 8.62MPa 6.91 1  P  (16)

In order to provide the dynamic motion up and 

down with the same control algorithm, P1 can be 

defined by the intermediate point in the range, 7.8 

MPa. The constant input pressure of the pump, 

P3, can be defined as follow:

3MR2min2minMR2min2 )()()( PPPPP 

3MR2max2maxMR2max2 )()()( PPPPP 
(17)

Therefore, it can be rewritten as follows:
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 3minMR2maxMR11 )()( PPPP 

 3maxMR2minMR11 )()( PPPP 
(18)

Because PMR1 is the same with PMR2, can be 

determined by 0.54 MPa to satisfy Eq. (17) and (18).

4. Results and Discussions

The control input force of the MR cylinder can 

be defined based on the PID structure as follows:
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Where dx is the desired height of the top table 

and the control gains of p, d and i are chosen to 

be 8000, 25 000 and 1000 respectively to maintain 

the stable state. The control results in the time 

domain are presented in Fig. 8 and Fig. 9. Fig.

8(a) presents the position control response for the 

up motion when the top table is raised from its 

initial state, 0.3 m, to the desired height, 1.9 m. 

Fig. 8(b) shows the error between the actual and 

desired height of top table on a logarithmic scale. 

It is shown that the error is reduced by under the 

0.5 mm target within 13.24 seconds. Fig. 8(c) 

shows the controlled pressure drop across the MR 

valve, which converges on the required pressure 

for the static equilibrium state of the top table 

while satisfying the workable pressure range of 

the valve system. Fig. 8(d) shows the input current 

value. Similarly, Fig. 9(a) presents the position 

control response for the down motion when the 

top table descends from initial state, 1.9 m, to the 

desired height, 0.3 m. It is shown that the distance 

error can be reduced by under the 0.5 mm target 

within 10.42 seconds with satisfying the workable 

pressure range of the valve system. Because of 

the existence of a small overshoot in the position 

control response, the distance error in Fig. 9(b) is 

increased for a few moments. Consequently, the 

target specification of the lift can be achieved by 

(a) Position control response

(b) Error between the height of top table and 
desired height
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(c) Controlled pressure drop of MR valve
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Fig. 8 Position control result for up motion
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(a) Position control response

   

(b) Error between the height of top table 
and desired height
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(c) Controlled pressure drop of MR valve
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(d) Input current to coil

Fig. 9 Position control result for down motion the 
formulated control algorithm

5. Conclusion

In this work, a new type of hydraulic vehicle 

lift was proposed using the MR hydraulic valve 

system to obtain precise position control 

performance. The governing equations of motion 

were derived from the vehicle lift structure to 

identify the required performance of the hydraulic 

MR valve. The MR valve is designed to achieve 

a sufficient pressure drop for the control motion 

and the magnetic analysis is performed to obtain 

the relationship between the input current and 

pressure drop value based on the finite element 

method tool. Next, the evaluation of their control 

performances was performed by numerical simu-

lation and it was shown that the proposed control-

lable system satisfies the required target specifica-

tions for the hydraulic vehicle lift. It is finally 

noted that the hardware test to verify the pro-

posed system will be undertaken as a second 

phase of this work in the near future. In that ex-

periment, a force sensor or pressure sensor will be 

used to eliminate the uncertainty of the system 

with respect to FAy and FBy. 
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