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Abstract: Aiming at the control problem of the speed of the hydrostatic transmission vehicle, the 
composition and working principle of the hydrostatic transmission vehicle are introduced. 
According to the different characteristics of the multi-axis hydraulic drive vehicle, the variable 
hydraulic pump control strategy is realized according to the external characteristic curve of the 
variable hydraulic pump and the variable hydraulic motor. The variable hydraulic motor adopts the 
constant Torque and constant power combined with the way of speed control strategy for multi-axis 
hydrostatic transmission vehicle speed control to provide a reliable theoretical basis.  

1. Introduction  
With the development of the national economy, the city's high-rise buildings more and more, with 

its supporting construction and fire machinery and equipment are also moving in the direction of 
large-scale development in order to meet the construction and fire safety requirements. In order to 
obtain better power and economy, we study the driving system of multi-axis hydrostatic drive chassis 
in terms of speed control. In order to improve the dynamic and economical performance of large-
scale engineering machinery and equipment with high load carrying capacity and through static 
hydraulic hydraulic drive Some of the theory, can solve the multi-axis hydrostatic drive chassis drive 
system in the theoretical lack of problems for high-speed hydraulic drive chassis speed control to 
provide a solution. 

Large-scale machinery and equipment need to have a high carrying capacity of the chassis, and to 
be able to facilitate the operation, to achieve the vehicle's micro-driving and high-speed requirements. 
Hydrostatic transmission technology has a compact structure, wide speed range, easy to control, you 
can achieve the vehicle stepless speed regulation and freestyle, in the construction machinery 
walking system has been a lot of applications. At present, hydrostatic transmission technology is 
mainly used in low-speed operation of engineering vehicles, in multi-axis drive and high-speed 
vehicles in the application of research is still blank, speed control problems in driving lack of 
theoretical support. 

2. Composition and working principle 
The hydrodynamic drive vehicle has four hydraulic pumps and 14 drive motors, which are driven 

in a fully driven manner. Hydraulic drive vehicle unilateral driving hydraulic and control system 
works as shown in Fig.1, including the controller, the engine 1, the variable hydraulic pump 2, the 
pressure sensor 3, the accelerator pedal 4, the handle 5, cartridge valve 6, An electromagnetic 
directional valve 7, a safety relief valve 8, a variable hydraulic motor 9, a speed sensor 10, and a 
wheel reducer 11. 
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Figure 1. Schematic diagram of single-sided driving hydraulic system 

The engine 1 and the variable hydraulic pump 2 are connected. The controller controls the engine 
1 to drive the variable hydraulic pump by detecting the signal of the accelerator pedal. The hydraulic 
system is supplied to the travel system. The hydraulic motor 9 is driven by hydrostatic pressure. The 
wheel is driven by the wheel reducer. The electromagnetic directional control valve 7 controls the 
flow of the hydraulic oil to change the steering of the variable hydraulic motor and realize the 
function of advancing and retreating the vehicle. The hydraulic pump uses constant power control 
with pressure cut off, adjusts the displacement of the variable hydraulic pump according to the 
external characteristic curve of the engine. The variable hydraulic motor 9 is controlled by the 
electric proportional control. The controller detects the gear signal of the gear position and the 
pressure of the hydraulic system. The magnitude of the hydraulic motor coil is controlled to control 
the displacement of the variable hydraulic motor. 

3. Driving principle  
The control of the driving part of the multi-axis hydrostatic transmission vehicle includes the 

control of the engine, the variable hydraulic pump, the variable hydraulic motor and the relevant 
solenoid valve. The driving schematic diagram shown in Fig.2. The engine speed is adjusted by 
adjusting the throttle opening of the engine to adjust the throttle opening of the engine. The 
maximum power of the engine at each speed is determined according to the external characteristic 
curve of the engine, and the target displacement of the variable hydraulic pump is determined 
according to the pressure of the hydraulic system. Through the stall handle stall signal and hydraulic 
system pressure adjustment variable hydraulic motor displacement, change the speed of the variable 
hydraulic motor to change the speed of the vehicle. 
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Figure 2. Schematic diagram of the operation of the hydrostatic transmission vehicle 

4. Division of travel vehicles 
Multi-axis hydrostatic transmission vehicles in the transmission system without gearbox, the 

gear design is based on the number of drive axles to determine the number. When the vehicle is 
moving forward, the number of axles is changed from 7 to 3, and the number of axles is divided 
into five gears according to the number of drive axles. Can be manual and automatic gear switch, 
when the need to drive the number of less when the corresponding turn off the displacement of the 
hydraulic motor, let it in a zero displacement state, to improve the speed of other drive hydraulic 
motor. 
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5. Hydraulic pump control strategy 

5.1 Hydraulic Pump Performance 
Rexroth's A11VO190 hydraulic variable pump is selected according to the requirements of the 

hydraulic flow rate of the vehicle. The electrical control of the proportional electromagnets allows 
the displacement of the pump to be stepless and programmable. The displacement of the pump is 
proportional to the electromagnetic force (current strength). The control force on the control piston is 
generated by the proportional solenoid. In order to control the proportional solenoid, 24V (EP2) DC 
power supply. Control direction from Vgmin-Vgmax, control current increases, pump displacement 
increases. Control start point: 200 mA (EP2) Control end point: 600 mA (EP2), the performance 
curve as shown: 
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Figure 3. variable hydraulic pump performance curve 

5.2 Hydraulic Pump Control Strategy 
The hydraulic pump is directly connected to the engine, the input speed, torque and engine output 

speed, torque and power of the hydraulic pump are equal.  
The external characteristics of the engine are shown in Fig.4，where 1n  is the idle speed of the 

engine; 2n  is the engine maximum output torque when the speed; 3n is the engine maximum output 
torque when the speed. 

Considering the economy of the engine, the maximum displacement control of the hydraulic 
pump at each speed is: 

p
Mq e

b ∆
=

p290.                             (1) 

Where bq  is the displacement of the hydraulic pump; p∆  is the pressure difference between the 
outlet and inlet of the hydraulic pump.The displacement control curve of the hydraulic pump is 
controlled along the curve 321 −−′  in Figure5. 
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Figure 4. Maximum displacement control curve for hydraulic pumps 

According to the external characteristics of the engine to control the displacement of the hydraulic 
pump, when the engine load rate of 90%, the engine fuel consumption is the best. The displacement 
control of the hydraulic pump is as follows: 

maxMnnn ≤≤0 : 
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Where bq  is the displacement of the hydraulic pump; n  is the speed of the engine; maxMP  is the 
power that the pump can supply when the engine is at maximum torque; maxMn  is the engine speed 
when the maximum torque;  0n  is the speed at which the pump displacement starts; η   is efficiency;  

PP  is the system pressure; maxMP  is the system maximum pressure. 
Hydraulic pump control strategy shown in Fig. 5. 
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Figure 5. Hydraulic pump control strategy 

6. Hydraulic motor control strategy  

6.1 Hydraulic Motor Performance 
According to the vehicle's driving conditions, in addition to meet the requirements of speed, but 

also to be able to zero displacement, the choice of Rexroth's A6VM200 variable hydraulic motor. 
Electric control belt proportional solenoid can be controlled according to the electrical signal stepless 
control motor displacement, the control function is proportional to the applied current, the variable 
hydraulic motor control voltage is 24V, the control starting current is 200mA control the end current 
is 600mA, the hydraulic motor Displacement control is anti-proportional control at a current of 
600mA when the hydraulic motor displacement is zero, the performance curve as shown in Fig. 6: 
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Figure 6 .Variable hydraulic motor performance curve 
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6.2 Hydraulic Motor Control Strategy 
First, the motor displacement opening to the maximum, and then according to the highest speed of 

each file to determine the motor displacement, the motor displacement from the maximum transfer to 
the maximum speed corresponding to the displacement, and then automatically adjust the motor 
displacement according to the system pressure. 
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Figure 7.  Control strategy for hydraulic motors 

The motor displacement in accordance with the speed changes to adjust at any time, speed and 
force into a similar hyperbolic relationship, resulting in constant power control, according to the 
current speed calculated motor target displacement: 

v
vqqm

maxmin ⋅=
                             (4) 

Where mq  is the displacement of the hydraulic motor； v  is the speed of the vehicle； maxv is the 
maximum speed per file； minq is the minimum displacement corresponding to each gear of the 
motor. 

7.  Conclusion 
Based on the working principle of hydraulic hydraulic drive vehicle, the control strategy of 

variable hydraulic pump and variable hydraulic motor is put forward according to the performance of 
hydraulic pump and hydraulic motor. 

(1) According to the engine's external characteristics of the variable displacement of the hydraulic 
pump control, the engine fuel consumption is the best; 

(2) According to the driving conditions of the vehicle to control the displacement of the variable 
hydraulic motor, the torque required at the time of starting is large, and the variable hydraulic control 
of the variable hydraulic motor is used to maximize the displacement of the hydraulic motor. 
Constant power control, regulation of hydraulic motor displacement; 

(3) The study of speed control strategy provides the theoretical basis for the design of hydrostatic 
transmission vehicle. 
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