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Transfer Function Derivation and LQG/LTR Speed Ratio
Control for a Metal Belt CVT
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ABSTRACT

In this paper, a transfer function was obtained for a PWM high speed sclenoid valve controlled
metal belt CVT system. The transfer function was defined as the ratio of speed ratio to PWM
duty ratio and derived in time domain by linear regression analysis from the experimental results.
The transfer function obtained showed different dynamic characteristics for the up and down
shift. Also, LQG/LTR controller was designed for the CVT system using the transfer function. It
is seen from the experimental results that LQG/LTR control showed good performance for the
speed ratio tracking and disturbance rejection. The phase difference and relatively slow response
are considered due to the inaccuracy of the transfer functions, which resulted from the inherent

nonlinearities of the transmission characteristics of the metal belt CVT.
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Fig.1 Metal belt-CVT system
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Fig.2 Schematic diagram of CVT hydraulic
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Fig.4 Schematic diagram of metal belt-CVT
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Table 1 State space representation of G(s) at up shift
G(s) —0.03361s'—0,10195*—0.17545*—0.1125s— 0.02041
s §°+4.435s'+4.527s%+2.1745°+ 0.5096s5+ 0.02268
—4.435 —4527 —2.174 -—-05096 —0.227
1 0 0 0 0
A, 0 1 0 0 0
0 0 1 0 0
0 0 0 1 1
B, [10000]
C, [—-0.0336 —0.1019 —0.1754 —0.1112 —0.0204]
ZETOS —0.3125, —0.6391, —1.0396+1.39;

Table 2 State space representation of G(s) at down shift

G(s) 0.2518s'+0.0733s°+ 0.0538s?+0.01788
5
s+ 1.606s*-+0.91435*+0.2249s5+0.02062
—1.606 —0,9143 —0.2249 —0.0206
1 0 0 0
A,
0 1 0 0
0 0 1 0
B, [1000]
C, [0.2518 0.0733 0.0538 0.022]
ZEros 0.014+0.47163 —0.319
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