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Drivability control of automotive drivetrain
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2. College of Communication Engineering, Jilin University, Changchun Jilin 130025, China)

Abstract: Drivability of automotive drivetrain is one of the main properties of the vehicles, and is closely related to the
dynamic performance and comfort of passenger feelings. The change of engine torque and the release and engagement of
clutch influence the drivability of automotive drivetrain greatly. This paper introduces the dynamic model of each part of
the drivetrain, and demonstrates the working scenarios that affect drivetrain drivability: launch control, gear shift control,
anti-jerk control, engine start-stop control and backlash compensation control. For each working scenario, the control
method and algorithm are described in detail. Finally, the conclusions are given and the research hotspots in the near future

are pointed out, including coordination control of electrified vehicles as well as the effects of intelligent control.
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Fig. 2 Engine torque is converted to the wheel drive torque through the step speed transmission
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Fig. 4 Torque characteristics of clutch damping spring
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Fig. 5 Drive shaft in driveline
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Fig. 7 Architectures of hybrid electric vehicles
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Fig. 8 Structure scheme of centralized drive electric vehicles
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Fig. 10 Model of automotive drivetrain
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FE A BEH 7 — A B A AR A
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A2 G A b A T 5 B8 e A s R A I
A A T B R AN ) L SCHR (43100 R 15
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W Ja, 1R B TURN 25 45 28 32 Bl 7 i
AR R S E A R R D 1R, fRE i
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AR TATEM B U — e A, HERTITRE,
HRRSIMLIEE A T R, 2 5B A i a s
USRS B — € [P BE BY, # 3 5 TR 457 — BUIN ],
MBS A e UK AR AR Nz A B AR S S
ARSI 2 T EORA B R E B A A
P R E.
3.2 #P4¥EH(Gear shift control)

T ATHB e g2 E - AC VT R
(1) Dy RE, 31X P 25 75 B T4 i B8 A 1)~ i 1
AT BE 8 PRAUE BT TR 42 2 Bl it . DAL, A5 8
B AMTARIDCT FI 4 FE d2 ).
3.2.1 AMT #& 4 i #2 ¥ #1| (Gear shift control of

AMT)

AMTHESSE R, BE8RA S AR, /%
B b2 i A R, 3 R A 32 B A3 A
T 22, A3 R A0 AN T A b S B B 7 A I R e Y e
5461 AMTHe P4 FEAR I 28 & 2k s 1R sk R 3
MU AR Ab 3k R AT 43 34N B 47481 LLTH 5]
(B34 5 2 M, TE ST [49)), Hettid FEan &l 15
Fi7s.

R T,
L REL:

VEL REHUIE R BEREL
VE2: AL I B
VE3: RENWUERE I B

R

K15 AMTTHE R
Fig. 15 Gear upshift of AMTH"!

BIBTE(ED)  REIHUHAR N BER BL PRI
AT, FEAE R ROAE TR sl S A IR
B RGPRRA M. WRE G BT
R, IX LE 3 i 2 75 R RE AN 8] PO ARORE TR oK, 38 el
FURIRBHAN Ry, DRI 5 4 ) 2 I TR 0 R 2 1
BYE SEFEMER MR, BRI B
RV (1 [R] IAR 0L, S RAIE B & 25 43 B I 11
P, B B A AR IS AR O T IR e
G 146. 50521 gy A PRI AR DL, TR P A% B A a2
FETRAE EARIE S8 A D, RIFET, R
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NFEN e B G A, PRI IR3) H,
Al et RN B A 1401, CRAEASAS 0 T

T L A SR AR v, T A A 55 S PR A 1S
FEAR > BTS2 BRIR 4 R A 190 990 5 7 R
T2 [ A SR BB i A S TR AT Al T RER L
B A A B A RIE B, T AR S A 5
FRE P b B 16T . Bl T o SRS R AE A T,
FONHEINAE B £ 848 LI E ), T ARSI,
We, wy 73 I BN A GEH N AN 4R ek

LI — F [ s
T,
w(‘
W LA w,
it

K 16 SR SRNHFHA I X B a7 i AR
BEAT ] 8
Fig. 16 Control of clutch disengagement with drive

shaft torque observer!3!
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Y, SR Tustin S8 2R B, IFAI FHHHAE AL
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PEPE, SCHR [46]17E SCHR (521928t -, SR AR08 2 W
DN B b R HEAT R TR) N A o, AR A
T Y AR Eh LA 1 5 1 2 0 N, S
EBR B e 3 F TR 1 B FE I 76 42 7085 LAY/ Nt o
I FORUE RO A A2 1]

2B B(E2) Z BOVABSIHE R | [FD
SHEENF AL B EHEE W E 17RO, TR
Erashh T BIRES, KEWLEh F1 A REE L & s fh
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— B BORR I S AT LAY D 3l 7 A B AR ) 22 B
T ES KBTI, SR S T RES TR
PR R BT LB T ) F bR T, Il R
U/ NE 73 T TR A A ZD L R F B T B
AR AT S AT EE D).

0 B
B AR B
Rt B H R
S 4 ;1 i
BR% [ A L
BOW | HirE Rk
R

B > KBl

BRER e

K17 RaEhLedashiie

Fig. 17 Block diagram of engine speed control
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EATIE BHHSAL T B bR, 254 By
ARORIFEZE, N B a5 S I AT BRI,
5, KA AR I BL B # kR 2
FaaKor, R e & SR AR 5 R S HUHAE R R
Z AR AR5 AN, 2 B ol S M e
dh BB TR, AZ Y BRI H AR R S

A A I 5 A S M U AR, PRAEZE T E g o
iff, B RAFH-PIBE AN 7y 5461,

SCHR [52]EMPCHE S Ab 2 22 H Fr 2 il 17 72,
FE BB A [0 1, L i SR A P f 15
KWK E 2 P KT, RN 2] 2 & 4%
s AR 5 A S LR DR, i 2 B il B
b, (HEMPCIZE I HE R A I8 8K, SEHPEA 55

FEIr AR —R3AN Btk AT 15 1), [F) B & de 45l
AES B, R AL R P S e R A 23 93 AR B 45 i)
HEATFE I, 1K 7 VS fET E, (H T L R 5
R BT B A AR e BRI B 4R e, Atk
REEESRIR i, 75 AR E EROK.
3.2.2 DCT #t 4 it #2 ¥ #ll (Gear shift control of
DCT)

DCTAH W/~ & s, a8 A AR 2 A 23 il
AL T ARSI — 0, BH PR S G o 23 4 il A — .
DCTHIRH B A 2 Ul 20 #2424 77 2 (clutch-to-clutch
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shift), AT 941, DCTHaY i A2 & 18 7.
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L FRiE AR H el %»‘Jﬁé Bmows u
(a) 1347758 REEPIVEEPAL: L
IH$ 5 2 38 [EEEp=pee
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Fig. 18 Gear shift process of DCT

XTDCT #4245t 4% ] 32 M 1A A SR EA
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55 IH$4 B5 5 2% (off-going clutch) ¥ F2 BB 4 55 &
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(1) 53 B 22 5, o 2R AR AL, S AT AR
PRFFIHPEIE L, MR R s G425, 1H
PG e &, YA TT AR, i R Sh AL
A DMERL & B bR i e 722, RINEE R s A
(A3 RSB FL RD PR B BT i & A A B s,
EE EH TH 438 LU 58 278 B #2490 EL . B AR A A e i
LS ) SURIAR A 15758601 Sk 36 S S5 1R K5
M 1991, PR B o B8 A 2R IR0V EE X ¥ b s . AR
JEIRN AT Ay S AR A AR KRR, DR i B Ik A4
ALY B R B A @ T RS RE R s L
THFRAR, PR K WL 5 B DA
TR RS AR S Bt AH, B R 2 e i A )5 )
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19 il Reh B & S ARSI
Fig. 19 Control of clutch and engine during gear shift
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clutch) BIME, 4 HAL S J5 W) ORI B % H 30
SrEB HIARY S A AL R Y R B A A e A
I3 B B b, REE PREAE 25 & 28 D) i P #
WA BRI IR 20, SPIRYE . an R B &4 03
Iy Z5 e e, DU AT g2 i Blcluteh tie-up B AR
T IR, I EH I 5] R 42 v o 0 I R 45 2K 1 3
Jel621,

WRIAPS S G2 BB AR E 20
G, AIORIE B & 28 73 B B0-P . Qo Fi prd, Eﬁﬂ:
AR BTk A P Ji O], R A IR g AR 2D B FH AE S s
IR ZEA ™ b, 3 J1AE AR I ) HE s FELEDCT
IR B2 TR AR 1A, nT LI e 4% 2 e x)

26w AT ¥, 1 [F#F K F clutch-to-clutch shift
() ATYR G0 0 AN 26 TR A% IS, Tk B i
Erdn. NRRE — A8, 7B AL T IK S A i
ez i B G 48 B AR, AR B W ER20 . B
e T N S B A A AT, i P HS B A
A PR 10 PR, o, R AR 1Y 5 A H A IR FL VAR,
We, Wi, Wy 73 I R R BB TH e 0 2 S FH 2 50 5%
A FC PO B AR FH R im0 R P R
MRS B A A AT Al ok, ARAR A T B B &
PR AR A A o B Z Rl SR S e
(PR RTC B PRAE T RE AR P IS R 1921, 6 F%E
FHBY Bt — MR F TR, SRR [63—64 58 £ 245
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RORAE B & T VI R AR AR R SR 38
LA THRAS R B AP, R 2
REfZEE St Hiclutch tie-upL R, (HZ P RES S UM
HEGARIRTEIRSD. H AR AR Bk 7
FEARBUAR ST T8 D, SR [62] B v WL TN & A 1
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PP Z I sCORAE S5 AR 5.

EEIDACSN

Ay [ onoomne | 4
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Off-going o
B A | "
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I [ men
HAERIE
K20 B4 e i mIRE )

Fig. 20 Block diagram of clutch disengagement control'®

TR ARB BOW B 8 5 4% 00 R P AR, B B
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SEARA AR KR 52, DR b B I R 4 | e 1 )
FRIOS-6T] A5t A B B 32 3 3 X B 44 B 5 45 R 0
JEE S REHEAT PR CRAE A S 5T, el Tz BOs &

T ) 2%
Aw’

T FE AR, IF B T F AR SR 10 3E 1,
B R PAIPA  1 SRgS . W P PR ) g V2 e 2
PRERFEAR 79, 5 P A R PP O febn vt
BLES & A 5 NBh B 22 H AR, SR A Wit
il A S S PR e T 22 BRI AR, AN 1T ik 33T 2R 14
B, 2 A R AT ER R R B 5 TSR

Awdown 7 AT & 25 T NBIELETHERIRES S
PR BT EAH I B o 72 HARPLZE S 81 1] 20 g
HE I, 3 22 e RSt ) A S A5 R AL, AT A%
RS RSB 1A R A R R B ) R A
e LAUE, Bl T IR B AT E T & T
PEMIAFAE, SEPRfztil &5 B At B R A e 22,
JAGHE ] BE F IE R X 12 W Z BT R IE. 2%, 1
P SR RERT T, 45 2R A2 &

Aw,

B 21 B A B bR 58

Fig. 21 Reference trajectory of clutch speed difference[®®]

HEHDCT |Aw
EapaRs

PATHLR
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Fig. 22 Block diagram of clutch slip speed control

SCHR [69-70135)K FH 26 MR | BV SR PRAIE #4240t
FEWUHEAR 4 B bR, DK, SRS g A
Shedas i e FR M MEAH, SCHR [58]1°K Fbackstepping
T B G AR EAR A 3 BE I AR R SRR 4 Y
SR FIno-lurch 25 4F, FH7E 4 A BIRZSFE € (input-
to-state stability, ISS)HEZE 57 18 1 45520 [ & F 14
SCHR (711K AR 2P E B is A Ze it S it 07 Aok il
PSR & G AT BRI AR, 1% 07 SR T Hh
WbEE RGeS 1 AR ZE NP

Fie I ) 5 A R I R R s 4 R B M AH
Ab, AR SR A 5 & 2 S VR R UE 45
dn T 72731 3 TR E AR RIS AR s e i i R AN
77 A HI AR Zf% (torque hole) HEARIE B A 2 (2 A 40
SRR AN AR R AR, RAIE S I (0061651 ¢
BR [S71EE X DCTH£4 I BB AR B B R FH PID 4% i

SR AR AR R R B LA AR PR AR DA
PRUEVRZEAEA S 30 T VERE IR 0 T ORUE LRI 1)
M.

3.3 2y H (Anti-jerk control)

TEIRE 2N 2d o FE i T3 R g+
(B LE T G B 5 AR SR B | AL sl A B 1
TEH, T e 5l AL 3 RAIRM 74, X LedR B0} 2
B R — PR, FE BT RE 2 S B8 g KT
AL BN R G AE. BUAEVR SO S
Tt R B G X AL 3 SR AR R A

1R 2 JR R P S B EAT B AR b ) ph e R
Bl B Ja, LN BRI N A4S K Sh L RE R AL
IR R = AR AR KR, KB AE 15 35 Bf%
ARG ] e AR A, 0 AR AL
BN RGP, XRS5 245 2
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RT3 b, IR AL SN, 3
R B SR IR AR 73 A S L AR BRI (tip-in) B
PRI (tip-out), IX PRI 0 AT 2 5 22490 A 4R 3 AT
T A R/ B0 | BB IUAED 121
I e (RN =R M |- e o S G 18]
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AR I 22 ST AT B AR P ARSI AR AR
AL, T M A S LA 4 5 A o 7 SR o 2R A A R
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AAETIEAE AR AR K FE M. Ak /)N X BE AR Bl A
i BN ZE AT e A A

A3 I ) A ST Rl Bl AR AE RS T
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R KAWL
PR | EERgG | B
M|

!

e
A
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23 Anti-jerk = HIHER]
Fig. 23 Block diagram of anti-jerk control

BRIt A, 3 AT i A 7 R AN SR AR R B,
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FARRAAR LM, Hn T 1L 3h RGN B 2R,
KRB E R 2215 2. SCHR [771K HRiccati J7 BT
A UL LA IR SE bR s A e PR
RGRWINMREN, BT P vk BRI 8 Lu st 4
Wi SLARAR 22, B LWL S A5 TT KSR s 7 30 S B
PRBN AN, SCHR (781X & ShATLHH AR B8 T Bl 3R 1%
R RS bR o T AN B AR 2
HFRMPCHE il g5, 17 545 R R PIMPCIE i 28 HeiE 7E
DRFFAESN M R A7 B RTHR ARG s -5k 3
Mk, e H P U, £ A AE AR R AN E M AR
IR OL T, I 428 11 2% A IR PR A 28 455t R ORIk 428 1
RGN EREVE. STk [74, 801K R BIHLIE AATHL
Ha), vt S R 1 | A8 kA ) A S L LR Bl
R, AR S AT S5 A5 3 R G824 T OO PR,
WA Bl LR G ) RS I Ho R A
TEBU L AR 283 St IR A B SRR
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34 RWHLE5HEH] (Engine start-stop control)

FEIR G IR T =2 @, SR R SIS 14 2
P SRR SR sk & BRI A AT V. TR

GEIRES, JIREEAT 1LiE3hEE LAk s 5
RIS ATRE, KT 1EE 5, T 47 EE R
B ECE KA L0 R g7, KEhWLE R Eshis
78S S FORRAT B T, YRR R SIS 5 (1A
AL S R AE R 37K 57 R ARSIk
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JafE ARG R R A AR AL E . I
B FHEE BT LE N, g K
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FEEESRMATELR G VPl HEsaE ]
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PR A R BIHL LA ES A A I R
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iERGHI IS

RAWUEAE 5 N B B B KB ZEAT 1]
JEANRBEINL. KENWLERE B 15 2R S B IR EE
() TAERE N —, Gy Tl R ALAT AR SR AT VR A
A, % LI ] LR R % R B AR
PR R SR AL, IRZEATE RS B R S LA
PUSRBLFIFARE — &6 - BB AEAT R, —H A 3k
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UE LB Pt KHHAE, STHR[91-92]73 A Bt X 4 1
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ISG)FH B2 i 4% 5 3 3/ B — 44K HLATL (belt driven
starter generator, BSG) i #2347 T #1. K BNAL
JaAF AR TR T R BIHLE B BAR K AR, Rt
Al RE 2 5l AL B RHEHR. B RGEH iF FT AR & st
2 ] F A LFR R SR AT 1 SRR B, AN SRR [93-95142
BT BRI 7 R v P PR i B, 45 A LA T
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FEBER). SCHR [96-9TIHEA TH A BIHLFRFE I B ) Al
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W AR REHHL
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230
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Fig. 24 Block diagram of engine start control during idle process
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R BRI BUERSE, £ RS N —1E,
HA ARV 3. 0 2R 2 1 PR AR s S e
HIAGF, 22 BARIR G2 B M RE D), DM o — 1),
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