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Research on Transient Control

for Waste-gate of Turbocharged Gasoline Engine

GONG Jinke' ,FAN Wenke'",LIU Guanlin' ,CHEN Changyou' ,HU Liaoping® , LIAO Xiaoying'
( 1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha 410082,China; 2. Hunan Tyen Machinery Co Ltd,Hengyang 421005,China)

Abstract; The different PID control strategies of waste-gate were used under different transient conditions to
establish the transient calculation model of turbocharged gasoline engine. The transient response under constant
torque acceleration and deceleration conditions was simulated and compared with the transient response of original
engine. The results show that the transient response is improved remarkably when the transient control target val-
ue takes the greater boost pressure at each fixed speed. In constant torque deceleration condition, transient re-
sponse time is shorten when using the strategy that makes the waste-gate fully open in early stage until the speed
reaches 1. 25 times of the target speed, and then switches the control target to the boost pressure. At the same
time, this way not only improves the transient response performance of the engine, but also prevents the turbo-
charger from surging and overspeeding under transient conditions.

Key words: gasoline engine;turbocharging; waste-gate; PID control; transient response;control strategy

*  IgFEEHE:2017-08 -16
HEETH :EHEARBFIL4 B H (51276056) , National Natural Science Foundation of China (51276056 ;2014 4 /g 45 B} £ &
KEW W H (2014F]J1013)  Major Science and Technology Project of Hunan Province in 2014(2014FJ1013)
EEE N 3B ERHA954—)  J WM IRV WM K= 8 LR S
T 38 I &2 A, E-mail : fanwenke01@163. com



2 IR K 2240 A BR2E D

2018 4

AT SE AR B A P L HE S W0 - T AR T
ARAEFCIAIL L 114 fei F A1  oA 2 e L 73k L R
PRI FEHE IR B AEBE S T 00T 5 1 F 1 T 4% T
T 7 ThT 23 A — 7 [l e B T 0 5 78 I e 1 8 s
X R AL B W) IO 45 A 6 SiE R L R MR VR TH BIL A 1B 25 Dk
HPERE L PRI — )L E NS E TR TR A
B4 T T PR 05 O T AR T ST B L LA
B R HLAE 2728 00 T 1 I 2 i B A RE A5 31 2L
ST R P R R 5 s 0 R LR A 45 R TR
B A AR A G L TR A R TR AR T
T2 IO 55 38 s 4 T T IR 9 e i U5
R T JBE A7 49 T 9 WL 3k B A [ 00T BT = 19
SR AT S BEAY T A4 55 VP R 4 DT S TR I
T X R 55 T IR R AT I A 4 o T 5 BRI A 0 T
PLAE AL T 00 1 PRk 24k B8 H AR (E IR 78 SR IEA
T ORI T 2 Wi i B 3 2 B9 DL R 2 v P AL
M BESHERE L LR B IR AR VR ML ZE R A T
DU SR JH IR 55 1 1R I 25 47 o) o 18 39 T P AL B
285 Mg 07 A P AT AR R S B A (L

A SCAE A 37 ) 9 T A BIL B 285 7 A 7R £ Al
F BTSRRI T R R RS TR B A 4 7
14 F AR 3 Hs T g 8 5 AL I 255 D00 32 o o7 45 1) 52
P LA E B 0ok o T 50 w8 T 4 5 7 L DL g iz
PR AR I B T B 25 00 R IR AR5 IR Y 4
] SR A TR S 9 3 AL I ek e T O 1Y
PEREUEAT T 1.

1 RHFNRBERESL

L1 RHNEESH
A 5T 3 T — /N HE B T A8 e I L
ARSI 1.
x1 RBNERSH

Tab.1 Basic parameters of the engine
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Fig.1 Turbocharged gasoline engine model

RSB TEALIY (9 AR 56 R BEE A e 1T
PEHER B UL L b R AR S I A 2 LA A5
(S HMH s £5 BR AR L HE 1 0 B o 1 P B R B R 3R
B s T IS SR & L 7 A SR TR A BE AR
G55 B 1 Bk Te A X & S AL B Oy P RE R
TEE HE ST TBEH T AR B 51 v i A2 HE T T 2 B
i b 7 0 2 Al R L 0 o B A% T 1
ACIE I AIHE I I 5 A i i 455 R A g A I8 i T
Wit ot 7 R 2 A B R AR 1 £ O IR0 A TR 5 R Y
M3 2 R 25 08 L 5 e Bl AL B8 5 I R A oK T s £
T AR 2 28 B O B R R R B B
Sl AL JEE 5 400 2K B % T A A s 7 T OPL A i e AL
JC H A T TC T A 6 R K e MR, 224 (L J A5
PSR AR A SC 2800 B B AR I TR T 1 o R 55
IR 42 ] 2R e A He (PID 25 4 6% ) 19 22 161 H A O ik
FESMRFIE B0 T AN 7] 5% 3 X B 1) H B 38 1 s 77 fE
PID B XS & 55 1 18 T J8E R/ 572 ik 9 42 A fek 1 <
B 1 738 2 H bR A

CRLAL R P T Woschni A5 RS A i £4 4 6T

DAY BFLASE T 7 £ A B g
deii 3 B
7 *GHIZIJ(IWA,'(T Tu) (D



5 8 3]

FB G RLAF - T e 30 TR Y AL 55 T IR B 25 42 o T 5 3

KHen BRGNP, r/min; o, N TE KL
AL BE [R] B I P BE R B, W/ Cm® « KD s AL g BE
T BT AR m? 5 T Sy 15T g B3 B2 L K T,y BE i
SRR EE L K= 1.2, 3 43 3 R AEL w5 RELE
E S

K (D TR & sl HLAELRE 18 ] B 7 2 46
AR o FTHI AR (2 IR

@ = 130 D PLST0

(Q%+QE£%R—RQYB

paVa @

C]::2.284FO.308§1 ;C, = 0.003 24 (3)

K PN TRIET Pas T 9 TR . K e,
N LV s m/sse HIRAEE . m/s5 P
LR K 7 Pas To h #E V45 R 20 UL N /9
I K5 po F2E G A Z) LN JE ) Pa.
PR W e S HLYE RE 19 2 B O 45 A 3 TRV
HLAR SR 552 8 B4 X 2% 3 B30 R R A I 45
WnlE 2 . 2 A R S BLAS R R D AR L
AER TSGR 5 2 Rt R L) & R 2
TE 526 T P & B0 o A LA 2 AR 28 0 B
s AL I 285 T 00 W 7 P B A B 5% R I 2 A

il S s AT BIF 5T
320 ST 70
[ [t 165
310F hER oo
I Y g—8—a Jeo
300 1ss
= 290 _451(5)
z 2801 laos
% 270f -35§
¥ 260} PR
=71 125
R 250} 120
240+ 15
I J10
2301 is
220- 1 1 1 1 1 1 0
0 1 2 3 4 5 6

54 /(10%r « min~ 1)

B2 Ak AU T OU T i S R e A 2
Fig. 2 The contrast between the simulation value and

the test value under outer engine characteristics
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Fig. 3 The contrast of torque transient response
under different engine speed
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characteristics under the acceleration condition

phy P4 T B e R v X R R 5 3
SR FH DA [ % 5 R S A 18 TR T 0 8 AR 45 il (B 1
PID 4%l . & shHL s s #E 0. 32 s WL TT b 1 7. &
AN Tk T R B ) B R MLAE S T 1.5 s MBS
36. 106, YR AL TE A B A0 0 T 0 1 S g N &
.
P 5 1B 6 4 1) Sy e i iR T 00 T 4 A A
B AR5 T I T RE B I AR A 1 X L

2B e
26}
g 24f
=
S 221
20}
m - > Y
B g : — - — UL A N
! J 530 R 2
E ks - - R
- - = IR AV
14
1 " 1

1520 25 30 35 40 45 50 55
] /s
B 5 FisEik TOLTIEER & A EHFRESTR

Fig.5 The contrast of turbocharger
speed response time
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Fig. 6  The contrast of wastegate opening along
with the change of time in accelerated
operation with constant torque
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engine in accelerated operation
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Fig. 8 The contrast of wastegate opening along
with the change of time in decelerated

operation with constant torque
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with constant torque
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