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Performance Test of an AC Servomotor Drive Valveless Hydraulic Power
Steering by Using a Passive Type Electro-hydraulic Load Simulator

Yasukazu SATO, Kenichi HIRANO, Hirohisa TANAKA

Recent passenger cars have been equipped with electric power steering (PS) for both energy conservation and safe

cruise assistance such as lane maintenance and vehicle distance control. However heavy-duty commercial vehicles are still

steered with hydro-mechanical PS because of their greater steering torque. It is necessary to develop high efficient electro-

hydraulic control PS for hybrid commercial vehicles in order to conserve battery power. The authors present a new type

of AC-servomotor drive pump control valveless PS and demonstrate improved efficiency in power consumption compared

to current valve-control PS from 25kW to 340W at full slalom steering in 14s of a 4-ton payload vehicle. Following this study,

steering feel, restoring performance and insensitivity against kickback torque are examined by using a passive type load

simulator with maximum torque capacity of 1500Nm on the basis of the Fiala two-wheel tire model.

Key words : AC servomotor, Pump control, Hybrid vehicle, Load simulator
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Fig.1 AC Servomotor drive pump control PS and passive
type hydraulic simulator
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Fig.2 Control system of AC servomotor drive pump
control valveless PS
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Fig.3 Schematic diagram of hydraulic load simulator
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Fig.5 Cornering force and side slip angle ﬂ,@
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Table 1 Main parameters of vehicle and road friction

vehicle mass at no load 2000kg
" vehicle mass at full load 4,000kg
K cornering power of front wheel at no load 42000N/deg
" | cornering power of front wheel at full load | 84,000N/deg
! | length of wheel base 46m
| friction coefficient of dry asphalt road 038
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P B CIEE s O g BB I XY fpE I —1 A

B

d d
PSR 2B E LT <2 =0, d—f: 0 DI 3

AL, A1), @2 LRADRONL.

FAVE A

m Iy 2
_I_ETLKFV Iy (5)
= Trar: 10
1 14
ST art 1 (6)
s _m LK-LK
72721, 4 o —K/ L ThHh.

RBNZHKG), ()& LA T IUIATAL T £ 5, & IRAE A
ODBIRARE %, ADMETHER P ORI ORENLES 2"
25, AT, MO DB E ST 5
AWMV ZHEIT I ENHNROT, =1, K=K,
ELTEFVEMEALT 2. SRk hA4=0L%0D, B
L ODBIFRIZ

m 2
4,](/V9 (7)

Br=-

TERINSG.
ENTTIAZY T PV MIE, Fiala®BE 125w,

BREMOE MR E DY) 2 IEE LTOH= 0 THIuL

&gl[l 1, 135 1 4}

=— —p ——¢ +— —
S 2 6" 6" 18" 1627 ®)
0<0Thiug
pmgl (1 1 5 1 5 1 4)
=2 | —p—=—p"+—¢p ——
‘ 2 (67 6" 18" 162" 9)
4K/ 4K/ m 2
ZZT, o= tan | B, | =——Ltan |——V"0| T
T, 9 g an |, | g TIK, TH5b.
100 |
¢ Experimental value
20 Theoretical value
— 60
=]
Z
S0
20
0
0 10 20 30 40

@ [deg]

Fig.6 Measurement of self-aligning torque M, of simulator
at m=2,000kg, ¥=50km/h
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Fig.7 Measurement of self-aligning torque M, of simulator
at m=4,000kg, ¥=50km/h
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Fig.8 Set up of steering feeling characteristics; handle
operating angle 6, and handle wheel steering torque 7,
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Fig.9 Measured handle wheel steering torque characteristics
of AC servomotor pump control PS; handle operating
angle 6, to handle wheel steering torque 7, at an
operating speed of 30deg/s
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Fig. 10 Vehicle speed compensation torque 7, that gives
variable stiffness around the neutral position
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Fig. 11 Measured characteristics of handle wheel steering
torque 7, including vehicle speed compensation
torque at low speed of ¥=20km/h
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Fig. 12 Measured characteristics of handle wheel steering
torque 7, including vehicle speed compensation
torque at high speed of ¥=80km/h
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Fig. 13 Measured and simulated transients of handle
wheel restoring to neutral position from 720deg at
20km/h of vehicle speed
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Fig. 14 Measured and simulated transients of handle
wheel restoring to neutral position from 360deg at
20km/h of vehicle speed
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(b) Insensitivity test of the handle operating angle 6, and
handle wheel steering torque 7, against kickback torque

Fig. 15 Insensitivity of the handle wheel operation against
kickback torque on the sector gear shaft from 1,029
Nm (P,=48MPa) to 64Nm (P,=0.3MPa)
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A Study on the Large-Scale Bilateral Manipulator
(2nd Report : Prototype Model and Working Property Evaluation)

Hiroshi YOSHINADA, Shu TAKEDA, Shinichi YOKOTA

A new bilateral master-slave control system for the large-scale manipulator is proposed. The aim of the system is to cope
with its large payload capability and achieve the dexterity to accomplish its assembling and the deburring tasks. To
achieve this goal, three new control methods were introduced, ie. the new bilateral servomechanism combined with the
symmetric type and the force reflection type, the variable compliance control and the disturbance force compensation. In
the first report, the preceding test results for the simple single joint-model were described. The promising results of those
preceding tests motivated the authors to fabricate a 6-DOF prototype manipulator. In this paper, the results from the
working property evaluation of this prototype model are reported.

Key words : Manipulator, Force control, Bilateral servomechanism, Master-slave control, Pressure feedback, Heavy

industry
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Fig. 3 Master manipulator

Table 1 Specifications of prototype manipulator

Driving system Hydraulic  [—]
Degrees of freedom 6 + gripper [DOF]
Upper arm length 2,000  [mm]
Slave |Lower arm length 1500  [mm]
Maximum payload 2,000 [N]
Maximum speed 45  [°/s]
Pump pressure 14 [MPa]
Driving system Electric  [—]
Degrees of freedom 3 +gripper [—]
Master scale ratio 177 [-]
Mastor Wrist control 3D joystick  [—]
Servo motor rated output 30—-110 (W]
Maximum reflection force 30 [N]
Bi-lateral ratio (Manipulator)| 0~ 1 /100 =
(Gripper) 1/50
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A Pneumatic Pressure Regulator with Flow Feedback

Chalermrat TECHAKASEM, Chongho YOUN, Toshiharu KAGAWA

The offset of secondary pressure is a recurring problem in pressure regulators. In conventional pressure regulators,
reduction of the offset requires increase of loop gain, which deteriorates pressure control stability. This paper proposes a
new pressure regulator that reduces the offset without loss of stability. The pressure regulator is composed of a pilot valve,
a Venturi tube for flow rate detection and a main valve. The pressure at the throat of Venturi is fed back to the pilot valve,
which reduces the offset of the regulating pressure. Simulation was carried out for the proposed system, and design

parameters were determined thereby. A prototype of the designed pilot valve was manufactured and experimented upon.

The experimental results revealed the effectiveness of the proposed design.

Key words : Fluid control, Pressure regulator, Flow feedback, Pilot valve
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