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Accurate Engine Speed Control Using Sliding Mode Algorithm
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Accurate engine speed control has been required to
improve the shift quality of automatic transmissions.
However, engine dynamics dramatically change with
engine load and with the aging of the engine. Therefore,
conventional controls such as PID control cause large
overshoots and can not ensure accurate controllability.
A control composed of a sliding-mode controller and an
adaptive disturbance observer was therefore designed and
applied to engine speed control. The new control had
high robustness against changes in engine dynamics and
excellent ability to suppress overshoot. In addition, it
provided accurate and rapid engine speed control under
all engine conditions.

gooogd

F—b"FV I T UVAIY IOV TN IF )T+
M kD, T2V ARSI OSREEL L &SE LD
TORPEE > TWVD. LTAD, TUYV VO, g
S RRERMIC K> TRELE(L, THIEEDEE
9%, Ok, TV VAN C NS OBRHEZ
ISR 20N\ MEZET 20805 5.

UL ULEDS, ROy Y v afEEEx, 7—7
Ry T ERWEA—T 2 —THIfES PID AT
Hotz. Fig. 113 PLHIENC & % > ¥ > BEREGHIEI OSSR
THBN, TUI VA N &, HEHE N, ISHLTK
EhA =N\ a—bEECTED, KRG HE
WEFHTERNT EHDNS.

—J7, FE, anZAMHEOUEDTHBASTAT 4V
7“36‘— }\“Fﬁlj?ﬁ](l)@:]:j/:‘/“‘/@)- <3)3(57”‘“}\‘/(X<4)ﬂ0)5ﬁ)ﬂ75\‘\
FbnTwa.

* AW

ZFTT, KWIETIE, AS9A4T7 1+ 7E—Rayra—
Z(LLF, SMC) &#IeNELA T —NIc ko> THE 1
DR RE L, ey Y v Elfis eI
L7z.

5000

------ Target value
— EnNQine speed

4000 -

3000 |

Engine speed (rpm)

2000 |

1000

0 10 20 30 40
Time (sec)

Fig. 1 Step response result using PI controller
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Table 1 Specifications of experimental power train
Engine In-line 3, 1.0 liter, SOHC
Air device Electrical controlled throttle

Transmission | 6-speed automated manual transmission

—— Low electrical load mode
(After warm-up)

- - High electrical load mode
(After warm-up)

----- 4~ High electrical load mode
(Before warm-up)
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Fig. 2 Correlation of throttle angle with engine speed
under several load conditions
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Fig. 3 Sliding-mode controller with adaptive law input
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Fig. 4 Sliding-mode controller with adaptive
disturbance observer
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Fig. 5 Frequency characteristics under several
engine speed conditions
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Fig. 6 Frequency characteristic comparison between
model and controlled object at 1500 rpm
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Fig. 7 Controlled object model for comparison
between conventional and newly designed

sliding-mode controller
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Fig. 8 Disturbances inputted to controlled object
model
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Fig. 9 Simulation results for sliding-mode controller
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Fig. 10 Simulation results for sliding-mode controller
with adaptive disturbance observer
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Fig. 11 Step responses controlled by PID, SMC with
U,,, and SMC with adaptive disturbance
observer
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Fig. 12 Step responses before and after warm-up
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Fig. 13 Robustness against engine torque error
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