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Abstract: Hydraulic torque load simulator is essential to test and qualify the performance of various angle control
systems. Typically a flapper-type second stage servovalve is applied to the load simulator, but here the direct drive
servovalve, which is a kind of one-stage valve and affected by the large flow force, is applied. Since the torque
load is applied not to the stationary shaft but to the rotating shaft of the angle control system, the controlled torque
of load simulator is not accurate due to the rotating speed of the angle control system. A feedforward compensator
is designed and applied to minimize the disturbance-like effect. A mathematical model is derived and linearized to
analyze the stability, accuracy and responsiveness of the torque load simulator. The parameter effects of a controller,
servovalve, hydraulic motor, rotating spring shaft are analyzed and summarized. The goodness of the linear analysis

is verified by the digital computer simulations using both the linear and nonlinear mathematical models.

715 &Y system
f,(6,,): sawtoothed variation in each chamber volume
G torsional spring constant

B,,: viscous damping coefficient of hydraulic motor
G.(s): transfer function of PID controller

C,: flow coefficient of servovalve orifice .
: ) ) H, ,: torque transducer gain
C,,,: internal leakage coefficient of hydraulic motor

2

C,,,: external leakage coefficient of hydraulic motor

em’*

J,: total inertia of motor and load
K_: valve flow-pressure coefficient

K, K,=K-+C

ce* im

D,,: displacement of hydraulic motor
, +C,,,/2: total flow-pressure
fp: frequency of sinewave angle of angle control

coefficient

K,: hydraulic spring constant
* Corresponding author: srlee@konyang.ac.kr

1 Department of Mechanical Engineering, Konyang University, [(1’: proportional gain of P controller

Nonsan 32992, Korea K, servovalve flow gain

Copyright © 2018, KSFC K,: null flow gain of servovalve

This is an Open-Access article distributed under the terms of the . .

Creative Commons Attribution Non-Commercial License(http:/ K,,: static gain of servovalve
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted .

non-commercial use, distribution, and reproduction in any medium, nNp: VCIOCIty of angle control system[rps]
provided the original work is properly cited.

16 Journal of Drive and Control 2018. 3



o] =

Py, P,: pressures in chamber 1 and 2, respectively

P,, Pp: supply and return pressures of servovalve,
respectively

P;: load pressure of servovalve, P, = P, — P,

@,: flow rate from servovalve to chamber 1

@),: flow rate from chamber 2 to servovalve

s: Laplace variable
T, derivative time constant of PID controller
T;:

2

integral time constant of PID controller

T;: output torque

V,,: average volume of each chamber 1, 2

Vy, Vi volumes in chamber 1 and 2, respectively
V. output torque volatage

Vp: reference input torque volatage

V,: total contained volume of both chamber 1, 2

: spool displacement of servovalve

T,:

w: ratio of orifice area to spool position

B, effective bulk modulus of hydraulic oil

(),: hydraulic damping ratio

(,: damping ratio of servovalve

0 p, H'D: angular position and velocity of angle control
system, respectively

P,

A g

acceleration of hydraulic motor, respectively

m

angular  position, velocity and

p: density of hydraulic oil

7p,+ hydraulic time constant

T,. time constant of servovalve

wp: velocity of angle control system[rad/s]
wy,: hydraulic undamped natural frequency
W

v*

undamped natural frequency of servovalve
1.M 2
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Table 1 System parameters of torque load simulator

Nm
02 e Ci06l G0
3
C,: 2410712 TL/S
Pa
D, 3.0x<10"°% m®/rad

G: 17 Nm/rad Groroload: 8.5 Nm/rad
v
Nm
K,: 2.5 V/V (P-controller)
K,:99%x10"° m/V P,
V,: 62.5x10 ‘m? B, 1.0x10° Pa
¢,: 0.4 p: 834 Ns?/m*

7,: 0.001 s w:  0.02145 m?*/m
wp: 62.8 rad/s w,: 816.8 rad/s(130Hz)
*calculated parameters using values above:

B,/(D}/K,)=0053, K2 GJ,/D, =0.000484,
3 /S

H,p: 0.1 J;: 0.0004 Nmrad

21 MPa

K,:576[Nm/rad],  K,:64[V/V] K,: 2.0763"

73,:0.2206s, w;,:1200[rad/s], ¢;,:0.272
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Table 2 Effects of D, on the stability: apply the
equation (39)
phase
Dm KL KL/T]L Zvav .
[m?®/rad] | [V/V] | [V/VIs] | [rad/s] rargim
m /ra
[deg]
1.5%10° ¢ 32 582 653 -66
3.0%¥10° 6 64 291 653 48
6.0¥10" ¢ 128 146 653 83
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m

the equation (39)

Dm KL KL/T]—L W, Wy,
[m®/rad] | [V/V] | [V/V/s] | [rad/s] | [rad/s]
1.5%10" ¢ 32 582 602 -
3.0¥10 ¢ 64 291 297 745
6.0%10 ° 128 146 144 236
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Table 4 Effects of w, on the steady state error:
apply the equation (59)

np wp wpD,, Tp(o0) | V(o)
[tps] | [rad/s] m?/s] [Nm] [V]
1 6.28 | 18.84*10 ° 0.37 0.037
2 126 | 37.68%10° ° 0.73 0.073
5 314 | 942%10°°¢ 1.83 0.183
10 62.8 | 188.4*%10 ¢ | 3.67 0.367
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parameters of torque load simulator
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Table 6 Frequency response: input amplitude
1[V], use the system parameters on the
Table 1. K ,=64[V/V]

freq.[Hz] | amplitude ratio | phase difference[deg]
2 0.982 3.6
10 0.957 14.4
40 0.72 50.4

Time response: V_R and V_L .vs. time
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Fig. 7 Sine response for V,=sin(40 « 2xt) [VI]:
0 ,=0lrad/s], K,=2.5[V/V]
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Fig. 8 Step response for n,= 10[rps]: V;=0[V],

K,=25[V/V], ¥,=0.0005[V] at t=0.5s
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Fig. 9 Sinewave response for 1, =sin(10 « 27t)
: np= 10lrps], &,=2.5[V/V]
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Fig. 10 Sinewave response for V= sin(10 « 2xt)
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Fig. 11 Sinewave response for Ve =10.074sin
(1« 27t) [V Tp=85+0,INm] 6,=5
. sin(l « 27t)[deg]l, K,=2.5[V/V],
1[VI<=>10[Nm]
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Table 7 Torque error voltage for spring load

realization: 6, =25 « sin(f, « 27t)[deg],
T =850, [Nm], V,=0.074sin(f, « 27t)
[V], use the system parameters on the
Table 1
freq. | torque error at O[deg] angle of the angle
[Hz] control system[V]: 1[V]<=>10[Nm]
1 0.0017
2 0.0033
5 0.0081
10 0.0156
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