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Slip Control of Lock-up Clutch Using Gain-Scheduled H-infinity Control
Taking Account of Stability Margin

Mitsuo HIRATA*, Fumiyo [INO*,
Kazuhiko ApAcHI** and Yutaka KANEKO™**

It is well known that a good method for improving fuel economy is to engage the lock-up clutch of the torque-
converter. In the lock-up clutch, it is necessary to control the slip speed from lower speed region in order to
improve fuel consumption performance. However, the plant parameters are changed by a turbine speed, and
the control is difficult. In this paper, we apply the gain-scheduled H~, control method to the slip speed control
system of lock-up clutch. In order to improve the robustness to the plant perturbation, we apply a gain-scheduled

Ho, method taking account of stability margin. The effectiveness is evaluated by simulations.

Key Words: gain-scheduled Ho, control, lock-up clutch, slip speed control, stability margin
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Fig.1 Stability margin and specified circle

oooooooooooOooooooooOoOoooooDon
oooooooooooooooooooOooooooon
coooooooOOOO0OO0O0O0O00000000oooobooon

2, J000OO0ODOODOOoOOoOooOonO

004 0000000000000000000DO0OO0OO0O
oooodooooooooon

0oo0ooooooooo ¢, 000000 ¢, 000000

Fig. 10000000900, 00000000000 C,
0odd —sOO0O0ooo -r0D000000O0O00OOO

2 -1
el P P —y o
_ (gm = 1) +2gm(1 — cos ¢m)
29m (gm €os ¢m — 1)

020

oooo
0 < m <7/2, 1 < Gm COS Oy 030

000000000 ¢, 0000000000 L(s)000O
oboooooboooboooooboooboobooooo
ooboooooooooooooboooooboobooooobooboao
oooooo

r < |L(jw) + o| 040
oooooooboooDbo

O<r<o 050
(o0 —1)* <72 060

(5) 00000 ¢, 00000000000000000 (6)
00 C.0-100000000000000000000
000 L(jw)0ODO —1000000000000000
000000000000000000000000000
0(3)0 0000000000 gu0é¢,, 00000000
00000000000000000000 %0

000 10 0000000000000000000M4)00
ooooooobooobooon

Table 1 Parameters of plant model

Parameter | Description

Tr Engine torque [N-m]

TenNy Converter torque [N-m]
Tru Lock-up capacity [N-m]
Pru Differential pressure [Pa]

Pruc Command for Pry [Pa]

wsLp Slip speed [rad/s]

JE Engine inertia [kg-m?]
Csrp Damping coefficient [Nm-s/rad]
wr Turbine speed [rad/s]
Wno Resonance frequency [rad/s]
Co Damping ratio
Lru Time delay [s]
laS + 6T <1 gro
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Bode Diagram
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Fig.3 Frequency responses of slip model
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Fig.5 Generalized plant
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Fig. 6 Frequency responses of GS controller
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Fig.8 Nyquist plots
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Fig.9 Simulation results of condition (1)
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Table 2 Simulation conditions
Condition (1) (2) (3) (4)
1 1
Resonance frequency | wno | wno | wno /3| wno

Oil pressure gain 1 1.5

Time delay Liy |Lry | Ly |3Lru
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Fig.13 Experimental vehicle
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Table 3 Specification of the experimental vehicle

Vehicle
Engine

Nissan MURANO (Z50)
V6-3.5litter gasoline (VQ35DE)
Transmission | Belt-driven CVT with Torque Converter
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Table 4 Experimental conditions

Condition 1) (2)]3)
Time delay x1 | x4 | x1

Feedback controller gain | x1 | x1 | x4
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