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Fig.1 Schematic diagram of hydro-mechanical compound
transmission system
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a. Diagram of system power flow
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Note: n;, is the system input rotational speed, r'min'; i, is the power shunt
device rotational speed ratio; i, is the hydraulic subsystem output rotational
speed ratio; pj is the pressure of high pressure side, Pa; p,is the pressure of low
pressure side, Pa; O, is the quantitative pump flow, m3-s"; n,, is the variable
motor rotational speed, r-min'; n, is the quantitative pump rotational speed,
r'min'; n,, is the system output rotational speed, r-min L An,, p is the variable
motor rotational speed compensation amount caused by the hydraulic
subsystem's quantitative pump rotational speed disturbance, r-min'; Anc g is the
amount of mechanical subsystem rotational speed fluctuation on the planet
carrier, r'min'; n, is the initial rotational speed of variable motor, rmin'; Ang
is the rotational speed fluctuation of the sun wheel, r'min”', ng is the initial

rotational speed of the mechanical subsystem, r-min™".
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Fig.2 Motion diagram of hydro-mechanical compound
transmission system
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b. Diagram of rotational speed compensation
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Note: Ky is the feedforward compensation link for the mechanical subsystem;Kj.
is the input feedforward compensation link for the hydraulic subsystem; An,, is
the variable motor rotational speed compensation amount, r-min’; usis the
double feedforward voltage signal compensation amount, V; u, is the feedback
feedback voltage control signal for the rotational speed feedback fuzzy PID
control link, V; uc is is the sum of feedback voltage control signals obtained by
double feedforward and rotational speed feedback fuzzy PID control, V; y(uc) is
the swing angle of the variable motor servo controller input voltage, %.
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Fig.3 Schematic diagram of double feedforward and fuzzy PID
rotational speed control method
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Note: 1y, s i the target output rotational speed of hydro-mechanical compound
transmission systems, rmin'; E is the difference between the actual output
rotational speed of the system and the target output rotational speed, r-min';
G,(s) is the feedback of hydro-mechanical compound transmission systems
channel transfer function;Gj(s) is the feedforward compensator transfer function
of the mechanical subsystem; Gy(s) is the feedforward compensator transfer
function of the hydraulic subsystem; G.(s) is the transfer function of the variable
motor electric proportional control valve;Gy(s) is the rotational speed transfer
function of the mechanical subsystem; G, ,(s) is the hydraulic sub system
rotational speed transfer function; An,, , is the variable motor rotational speed
compensation amount caused by the hydraulic subsystem's quantitative pump
rotational speed disturbance, r'min'; ng is the sun gear rotational speed, r'min;
ne is the planet carrier rotational speed, r-min”'; n,, , p 18 the output rotational
speed of the hydraulic subsystem, r-min"'; n,, is the actual output rotational
speed, r~min’1; An,, sis the amount of conversion of the mechanical subsystem
rotational speed fluctuation on the variable motor, r-min ™"
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Fig.4 Double feedforward control method transfer function
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Note: An is the output rotational speed coupling fluctuation caused by the system
output torque, r-min"'; a(ky)~ B(ki)~ A(kq) are the correction coefficients of &, kv
kg respectively; T is the sampling period,s; e(?) is the deviation of the hydraulic
subsystem output torque from the target torque,N-m; Ae(?) is the difference value
of the deviation; x;(¢) is the deviation of the hydraulic subsystem output torque
from the target torque,N-m; x,(¢) is the differential value of the deviation; k is the
planetary row characteristic parameter; 7, is the mechanical subsystem input
torque, N'm; 7, is the hydraulic subsystem output torque, N'm; i, is the
hydraulic subsystem output speed ratio
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Fig.5 Schematic diagram of fuzzy PID controller
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Table | Parameters of simulation and test of hydro-mechanical
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TiH Terms fH Value
5E 4R Quantitative pump displacement V,/(mL-t b} 45
. . - 0~1500
Quantitative pump rotational speed range 7,/(r-min )
R 7
Variable motor maximum displacement ¥,,/( mL-t™")
A5t 4 5 i 01 500
Variable motor rotational speed range ,/(r'min”")
R e 1000
Steady rotational speed output value r,,,/(r-min")
1T 2 HEF M2 H Planetary row characteristic parameter k 3.0
Ihae 4y it 3 B % L Power shunt device rotational speed ratio i, 1.5
WET RGN E 0
Hydraulic subsystem output rotational speed ratio i, ’
AN 01550
Variable frequency motor rotational speed range n;,/(r'min”")
S BR SR Quantitative pump moment of inertia J,/(kg-m?) 1.5
A 35 K5 ) Variable motor moment of inertia J,,/(kg-m?) 0.5
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Fig.7 Output speed curve for different step input disturbance
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Fig.8 Variable motor speed curve for different step input disturbance
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Fig.9 Pressure curve for different step input disturbance
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Fig.10 Motor swing angle curve for different step input disturbance
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Table 2 Comparison of system output under test environment

e/ Tk R A
(r-n;Zn ny Control Overshoot Adjustment /(r-ni?rll ny
method 1% time/s

500 MR+ PID 1.40 1.50 1 000+7
!

530 1£4¢ PID 2.40 230 100011

600 KRR PID 1.10 1.20 1 000+3
!

630 %45 PID 1.85 1.89 1 000+6

700 RUAETFHER PID 0.80 1.02 1 000+1
!

730 1£45 PID 1.23 1.58 1 000+4

FE: np BARRGMANFE, rmins 1y, B8 RGHHEE, rmin.
Note: 1n,-,, is the system input speed, r-min"; Ny, 18 the system output speed,
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Hydro-mechanical compound transmission constant
rotational speed output control method under step input
based on double feedforward and fuzzy PID

Cao Fuyi, Li Haodi, Yan Xianghai, Xu Liyou
(College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: Hydro-mechanical compound transmission has the advantages of good hydraulic stepless speed regulation
performance and high efficiency of mechanical transmission, which can achieve the optimal matching of transmission system
load and power source, and has been widely used in agricultural vehicles, engineering machinery and military vehicles.
Domestic and foreign scholars have studied the speed control method of pump-motor pure hydraulic transmission system, the
application and basic characteristics of hydro-mechanical compound transmission system, but the research on the control
method of variable speed input-constant speed output of hydro-mechanical compound transmission system is relatively little.
In this paper, a double feedforward and fuzzy PID speed control method based on hydraulic subsystem, mechanical subsystem
hydro-mechanical compound transmission system was proposed. The speed compound control method was used to solve the
problems that the output speed of hydro-mechanical compound transmission system was poor at the variable speed input and
was difficult to control. According to the requirements of the output speed stability control of hydro-mechanical compound
transmission system, the displacement compensation amount Ay of the variable motor was calculated by the sum of the
feedforward compensation amounts of the mechanical subsystem and the hydraulic subsystem: the feedforward compensation
amounts was converted by the planetary gear of the mechanical subsystem planetary speed coupling device to the variable
speed compensation amount Az, s of the variable motor through the planet carrier, and the corresponding compensation
amount of the swash plate angle Ay,, s, the feedforward compensation amounts of the hydraulic subsystem was the variable
caused by the hydraulic subsystem quantitative pump speed disturbance. The variable motor speed compensation amount
An,, , was corresponding to the displacement angle compensation amount Ay, ,. Under different speed compensation paths,
the stability of the system output speed was adjusted by the displacement adjustment of the variable motor. The simulation of
the dual feedforward and fuzzy PID speed control method was carried out by AMEsim and MATLAB software, and
hydro-mechanical compound transmission system test bench was built. The initial PID parameters, k,= 1.0, k£;=0.1 and k; =0,
of the system PID were determined through the simulation and experiments, the system input speed was maintained at 1 000 r/min
by adjusting the initial swing angle of the variable motor displacement at the initial input speed of the system of 500, 600 and
700 r/min. Applying step signals of 500—530, 600—630 and 700—730 r/min to initial input speed respectivly, and traditional
PID speed control method and double feedforward and fuzzy PID speed control method were used to control the system output
speed, the results showed that compared with the traditional PID speed control method, the system output speed stability and
adjustment speed of the double feedforward and fuzzy PID speed control method were greatly improved, and the average
amount was reduced by 39.8%, the stable adjustment time was shortened by an average of 35.53%, and the average
steady-state error of the system output speed was between +0.7%, and the variable motor displacement compensation and
output speed fluctuation amplitude were greatly reduced, the maximum compensation amount was also slightly increased, and
the sensitivity of the system control was obtained, meeting the requirements for output speed stability control. The double
feedforward and fuzzy PID speed control method proposed in this paper had the effect of suppressing the output fluctuation
caused by the input disturbance of hydro-mechanical compound transmission system, the control effect was obvious, and the
applicability under the complicated working conditions was enhanced. Hydro-mechanical compound transmission system
provides a reference for the design and application of agricultural machinery.

Keywords. hydraulic mechanical; transmission; double feedforward and fuzzy PID; displacement compensation; rotational
speed control



