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In this paper, presents the construction of an automatic control system for
mobile lifting machines applied in industry and traffic. The control
algorithm is built on the basis of calculations from the actual system taking
into account the estimation of the nonlinear factors of frictional moment
uncertainty, on the basis of the adaptive sliding mode control method. Using
programming and simulation tools on the basis of MATLAB/Simulink to
demonstrate the research results. The results of the simulation study are the
basis for the design and calculation of the hydraulic electro drive system,
which shows the practical effectiveness of the study of electromechanical
traction electric transmission systems such as mobile lifting machines. The
motion uses hydraulic valve systems to transmit power control (lifting and
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lowering as required).
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1. INTRODUCTION

The hydraulic transmission system is responsible for transmitting force and torque, creating linear or
rotational movements according to a given trajectory or according to the specific requirements of each
mobile lifting machine [1]-[5]. These tasks can be accomplished by other forms of motion, such as
mechanical or electric drives. However, the hydraulic electro drive system has more advantages, so it is
widely used, especially on mobile machines and equipment. The general structure of the electro-hydraulic
drive system is shown in Figure 1, it consists of three main parts as follows. The first is the power supply:
here the mechanical power from the electric motor, diesel engine or turbine is converted into hydraulic power
through the pump (flow Q and pressure p) the drive motor and the pump drive are the two main elements of
the power supply; in addition, there are other auxiliary components such as accumulator, oil tank, cooling
system, and oil heating. The second is the transmission and control part: responsible for transmitting and
controlling hydraulic energy through hard steel oil pipes or rubber hoses. The third is the energy consumption
part: hydraulic power through the cylinder and engine will be converted into mechanical energy to drive the
working parts of the machinery [6]-[8]. Some lifting machinery of mobile lifting machines use hydraulic
valve systems to transmit power control (lifting and lowering as required), such structures as: forklift goods
at warehouses, excavators, agricultural machines, and forestry machines, have a structural diagram as shown
in Figure 2 [3], [6].

The from the past, we have worked on traditional controllers such as portional integral-derivative
(PID), fuzzy proportional derivative (PD), PD+l, and proportional integral (Pl), many other classical
controllers that have not yet met the control process for the system this system [4]-[10]. The biggest problem
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with these methods is not yet available for this electro-hydraulic drive system. Therefore, the problem is that
we do not use the manual adjustment method to improve the quality of the system, but need to use the study
of the control algorithm to suit the system to bring about the best results high quality. Because when doing
so, the system will cause many errors, the system operates incorrectly, and the quality of the controller is not
high. The working system is not optimal, not good. Many times the optimal value is not achieved at
all [11]-[15]. The biggest benefit of the adaptive sliding control algorithm is that a suitable controller is that
the model self-tunes to achieve the optimal values, and gives the correct operation of the hydroelectric
powertrain force of the lifting machine in the lifting machine [4], [6], [8], [10], [16]-[22]. In some of the
previous studies as shown in the document [3], [13], [14], with only the use of switch-type relay control
systems, and the use of a simple algorithm, the quality criteria were not met quantity of the system [23]-[26].
In this paper, we present an adaptive sliding control algorithm in the control cases of hydraulic transmission
systems of transport lifts taking into account the nonlinear uncertainties such as the frictional moment of the
engine lifting structure. The adaptive sliding control law is implemented to solve the problem to improve the
control quality for this particular hydraulic drive system.
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Figure 1. Basic structure of an electro-hydraulic drive system

2. CONTROL KINEMATICS MODEL FOR ELECTRO HYDRAULIC DRIVE SYSTEM

To study the control kinematics model for the closed-circuit hydraulic transmission system for the
lifting machine using the drive motor. We consider a hydraulic control system of a four-wheel mobile
machine with a load lifting mechanism as shown in Figure 2.
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Figure 2. The kinetic model of forklift using electro-hydraulic drive system
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In which the system structure is shown on the coordinate system oy, ox, vy, Vx, M is the total mass
of the vehicle, M:s is the vehicle's center of gravity, the distance from the center of gravity to the wheels is a,
b, left front wheel F,,, right front wheel F,,(, left rear wheel F,,,., right rear wheel F,.., in addition, there
are corresponding slip angles of tires a;¢, a,¢, a;, ay., angle g is the sliding angle of the vehicle [3], [7],
[12], [13].

To establish the dynamical model of the dual robot system, the system is considered as two
separated robots with external forces at tips of the robots. The external forces are the interactive forces
between the robot arms and the object as shown in Figure 2. The dynamical equations for the dual robot
system are described as (1):

(pr - Ixz(br = Msghlw - K‘l[}lzb - C‘l[)p + Mshlvx(ﬁ + 1pr)
Mv, (f + w,) — Mshyp = Fyip + Fpp + Fypp + By
e P _b(Fylf + Fny) + a(Fylr + Fyrr)

F, =ka

)

Then we can calculate the approximate values as: f = tanf = Z—y,af =f+ inr —6r — ReY),
P X

a, =B — viwr — Rs, in there & is the component of the forward steering angle of the vehicle, and Ry; Ry
X
are the steering coefficients of the front and rear wheels respectively:

{x(c) = Ax(t) + Bu(t) )
y(&) = Cx(t)
in there,
10 0 0 0 Mv, 0 —Mh ky
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0 0 0 0

The process of moving on the surface when loaded, unloaded and on the road of transport forklifts
for industrial and traffic applications is always a matter of concern. For the kinematics of this system, the
power-to-mass ratio (kW/kg) is always met. So with the same transmission power, the structure of the
hydraulic motor is much more compact than the other types other engine.

3. RESEARCH AND APPLICATION OF ADAPTIVE SLIDNG ALGORITHM FOR HYDRAULIC
ELECTRO DRIVE SYSTEM

From the kinematic model of the electro-hydraulic drive system of the forklift truck above, when
taking into account the nonlinear uncertainties at the output of the powertrain along with the variation of the
load carried by the truck, carrier lifting machine. From there, we have the transformation equation of the
system rewritten as (3):

x(t) = Ax(t) + Bu(t)
{y(t) = Cx(t) + Dd(t) + Ff (3)

Suppose when a sensor error occurs, the model can be described as (4):

x(t) = Ax(t) + Bu(t)

y1(t) = Cix(t) + Dy d(t) + F1 fy (4)

() = CrX () + D (£) + Ffin
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Where the m component is the number of sensors that have failed with the system. Then to ensure

the process of correcting the errors caused by the sensor, we perform the transformations to bring (4) to the

standard form as (5) [3], [26]:
{)‘C(t) = Ax(t) + Bu(t) 5)
yi(t) = Cix(t) + D;d(t) + Fif;
Assuming the state variable z is defined, which is the first-order low-pass filter output of y(t)

according to document [3], then this error is determined as (6)
= —A5z; + Asiy;i (6)

Then we have:

) P [ R P R PP CLO RS Pl
= + + o(t) + -
[ ] [ASlC ASL Zj AsiGi u AsiDi () AsiFi fl (7)
X
z=10 nl[,]
A new state variable and the corresponding matrix can be represented as (8)
¥ ]y =z, 4 = [ASLC ASL [ASLG]
8

ji:
_ 0
=0 ”'”f‘[ASLD] ASLF]

When taking into account the nonlinear factor of uncertainty in a certain state, then we express as (9)
{fc (t) = A;x%; + Byu(t) + Hd(t) + Eif; ©)

yi(6) = Cix;(t)
Conduct research with electro-hydraulic drive control system with structure as (9). That is, the
system's nonlinear nonlinear parameters lie on the left side of the complex plane, then for all numbers in the

calculated coordinate system, the value R(s)>0, as (10)

. 0 0
rank | A,C, sl+ Ay —Ag|=rank[s] —A;] +2 (10)
0 I 0
Then on the basis of sliding control we have:
{fci(t) = A& + Bau(D) + LG — 9 + Fwy 1)
yi(t) = Cix; (1)

where the value x;(t) is the state observation vector component of x;(t), L; is the gain matrix of the designed
¥; is the system output estimation error, v; is the input vector sliding

estimate in the sliding mode, e,; = y; — ¥
mode control is used to evaluate the error, then v; is written as

Diéy;
v; = {pl(t) [1Dieyill ey #0 (12)
0 eyi =0
We have:
dpl(t) | =
— = Th”D eyl” sgn( ||D eyl” A),i=1,...mp;(0) > 0,n;
..... m (13)

<20<A4<1i=1,

The state estimation error value is determined as (14)
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éi = le' - X’_\i (14)
From expression (10) and expression (9), we have:
é = (A; — LiC)é; + Hd(t) + F(fi — v) (15)
Then the Lyapunov function is defined and calculated as (16):
- oo 1 .
V(&) =eé"iPé; +5(pi — pi)’ (16)
Now we take the derivative of (16) we get the following expression (17):
V(&) = & [(A; — LiC)"Pi(A; — LiC)1e; + 2&] PF(f; — vi) + pilpi — pi) + 2&] PH;d (1)
= —|leill[[Ammn (@D esl| = 2[1P:||[|1H;||w] + 2&] PiF (f; = v))
+n;(p; — p;)llDie_yil|Sgn(||Die_3_/i|| - 4)
< —ll&l[Amm @& — 2|1P:[[[|H;]|w] + 2y; — 2p;) + ni(p; — pi)|IDiéyll

—l1eil[Amn (@&l — 2||Pi||||1':[i||w] + Ry — 2p; + 2p; + ni(p; — pi))IID;8y]| (17)
= —l&:[Amin @D N1E ] = 21IP |1 Hl 0] + 2((i — pD)) — |pi — pi|(ni — 2)[1D;)]|

Combined with the above conditions and calculation expressions, then V(é;) < 0 and component
lé;]l < 0 converge in the following range of values:

U (&) = {[& <2 RIIIFi oo/ Ain @)} 18)

where ¢> 0, ¥> 0, and ¢, p are positive odd numbers.

4.  SIMULATION AND EXPERIMENTAL RESULT

Based on the control algorithm for the system studied above. Going to study hydraulic systems with
closed control structures using proportional valves with position feedback as shown in Figure 3. The diagram
of the control system of the hydraulic transmission system of the closed-circuit transport lifting machine with
the use of a permanent magnet excitation synchronous electric motor.
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Figure 3. Block diagram of hydraulic system control using proportional valve with position feedback

As shown in Figure 4, M is a permanent magnet synchronous motor (PMSM) with P=0.75 kW, rated
speed is 3,000 rpm, elements 4, 5, 6 are pressure regulating valves for the system and system. The pump
system is rigidly connected to the electric motor, throttle valve, in addition, there is a pressure gauge, and
protective switchgear for the system. In Figure 5 is the simulation result of the friction torque function of the
piston and the cylinder of the hydraulic electro drive system according to the speed.

When the system is working at a given angle, the input is a step function with a value of 0.1 rad,
when the external load torque is constant M=5 Nm. The simulation results as shown in Figures 6(a) and (b).
The angle applied to the baby is 0.05 rad, the system works in the motion mode of the control system, we
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consider the influence of the frictional moment on the motor shaft, and the frictional moment on the load
side; Simulation results as shown in Figures 7(a) and (b).
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Figure 5. Friction torque characteristic of speed hydraulic control system
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Figure 6. Controller input/output response (a) angular 1/O response and (b) load torque estimator M, ; M,
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Figure 7. Position controller I/O response (a) angular I/O response and (b) load torque observer M, ; M,
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Simulation with the position controller when there is a variable heavy load is lifted with a large load
that changes all the time as shown in Figure 8. Then the electro-hydraulic transmission system works well,
the output output closely follows the input volume in the balancing process, as shown in Figure 8(a). Loading
and unloading are also taken into account with the impact of noise and friction of the drive system over a
certain period of time, which together with the variation of the load is transported by the forklift truck bring.
The control torque response of the system always meets the working process, as shown in Figure 8(b). From
the simulation research results in the environment of MATLAB/Simulink as Figures 6-8, we can see that: the
output of the system changes during the transition, when the frictional moment on the motor shaft and the
frictional moment on the load side change, with system oscillations with 2 times the number of oscillations;
transient time is 0.16 s; the output still follows the input in the equilibrium process. The controller ensures
stable working for the system to work accurately and reliably.

0.2 . . . . . . . 4 T T T
“ 35) — M, (Load)
0.1} J
L Sz 3.0f —- M, (observer)
= o1 ! ’ a5}
E 0 |l 'r \ IJ-\.‘ ] % 25
£ TR <,
S ] [} )
o 1 £
O-01} 4y S15
Is X1 (in put =r i
il — Xu(in put) h
I 1 'II ]
02 1 'f '
== X (out put) 0.5 F‘A', 1
\ -
-0.3 L L L I L 0 L3 -ﬂhl_\
0 0.5 1 15 2 25 25 3.0 4 0 0.5 1 15 2 25 3.0 35 4
Time (s) Time (s)
(a) (b)

Figure 8. Simulation with position controller I/O response (a) angular I/O response and (b) load torque
observer M, ; M, when the load changes

5. CONCLUSION

In this paper presents the construction of an automatic control system for mobile lifting machines
applied in industry and traffic such as electro-hydraulic systems, dynamic systems using hydraulic control
valves. These new researches are completely applicable: self propelled robots, industrial robots, medical
robots, electromechanical traction drive systems such as mobile transport lifts that use hydraulic valve
systems to convey transmissions energy control (lifting and lowering as required) in industrial plants in
Vietnam as well as in the world. The research results use programming and simulation tools on the basis of
MATLAB/Simulink to demonstrate the results, moreover, it is also the basis for calculation and design for
hydraulic electro drive system in the industrial sector.
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