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Controller Design of an Electronic Governor for a Gasoline Engine of a

Forklift Truck

Hiroyuki Nishizawa, Masataka Osawa
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Abstract

Recently, many fork-lift trucks have come to use
electronic governors. This is because gasoline engines
need high power and engine speed control in order to
improve the operation efficiency, and also need high
fuel economy with engine speed control from the view
point of environmental conservation. Based on these
backgrounds, we developed an auto-tuning system for
the PID controller of an electronic governor in order to

ooooo

make fine tuning and to reduce the period for
controller development. We then designed a controller
of the electronic governor useing the H” control theory
that could consider the contol performance and the
robust stability at the same time that a controller was
designed. We confirmed by experiments that the
controller designed using the H” control theory had
good control performance and good robust stability.
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Fig. 1  Electronic governor system for forklift truck.
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Fig. 2 Block diagram of auto-tuning system.
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Table 1 Performance specification of
electronic governor.

1) tr<is 6) c<300rpm
2) a<30rpm 7) td<2s
3) b/a<0.2 8) d<0rpm
4) to<0.7s 9) e<2%
5) ta/tr<1.6
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(b) Auto-Tuning while Disturbance Control

Fig. 5 Example of auto-tuning.
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Fig. 6 Traectory of auto-tuning.
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Fig. 7 Response after auto-tuning.
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Fig. 9 Gain plots of W,(s) and A(S).
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Fig. 10 Gain plot of complementary sensitivity T(s).



00000000000000000OFig. 120 2
0000000000000000000000
OeeQoooOGmiO000O00O000O000O
O000O00C0OFOOGOOOOOOODOOOO
000000000KOOOOOOOOO0O0O0O
0000000000 O00000O00

F=P'Gm 0000000000 ((5)
0ooooooo

0000000000 03000000000
0000000000000000000000
000000000000 0000000000
000000000000 0000000000
0D00003ms00000000000000
00032000000000000000000
oo
00000000000000000000
002000H°0000000000000FPID
0000000000 Fig. 130 Fig. 140000
0000000000000000000000
0O0O00O00OPDOOOOCOOOOOCOOOOO
H*OOOODODO0OODOO0O0O0O0000D0O000

2200
S 2000

=
~ 1800

1600+
2 1400

Speed

Eng

1200
100% 0 | 1;0 | 2‘0 | 3.0
' " Time (s) '

Fig. 11 Simulation result of step response.

Fig. 12 Control system with 2 degrees of freedom.

59

goboooooobooobbooobboon
Ooo0DDOOoOO0o0oOoooo®"obobbb0o0ooooon
1500rpmO 00 PIDOOOOOOOOOOOOO
uo

0000000200 0H00000PIDOO
goooboooobobooobbooobbood
uooooooobooobbooobboon
uoboooboobooobbuooobbood
ooo

gooog

mWoooobbooobooobobooooo
OobOoooOobooooobooooorP0boDo
gooooooboboooboboooboboon
ogoooopoobobobobobobobobopPbOOOO
gboboobooobooooboon

=
o
o

Load

(N.m)

iy
So

Engine Speed (rpm)
e 8 ¢
—

k
;
=

500 1l 1 I I 1
0 5 10 15

Time (9)
(a) 2 Degrees of Freedom Control Combined with H” Control

=
o
o

Load

(N.m)

iy
So

g

S f&v_
TN |

Engine Speed (rpm)
g 8

[
(@]
o

° Time (s) 10 15

(b) PID Control

Fig. 13 Follow-up control and Disturbance
control in the reference change from
800rpm to 1500rpm.
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