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Gear Position Self-Learning Control Algorithm for Electronic

Transmission Range Select System of Automatic Transmission

SHI Yongjin

(SAIC Motor Corporation Limited Commercial Vehicle Technology Center, Shanghai 200438, China)

Abstract: The control accuracy of the electronic transmission range select (ETRS) system is affected by the
part dimensional errors and assembly errors in the automatic transmission and the gear box actuator. The
theoretical positions of the parking gear, reverse gear, neutral gear and drive gear cannot match the actual
results after assembly, which will not only affect the control precision of the ETRS system, but also have the
risk of shift failure after long-term use. Therefore the hardware architecture was designed and the gear
position recognition method and the key self-learning control algorithm were proposed for the ETRS system.
The control algorithm achieves uniform speed control of the DC motor, sampling of H-bridge drive current
data, gear position identification at the slot bottom, multi-turn scanning of the slot bottom and the gear
position verification. The simulation and experimental results show that the error of the gear position
identification is less than 0.15°. By applying the self-learning control algorithm, the difference between the
mean value from the actual vehicle test results using big data and the theoretical angle is within 0.3°, meeting

the long-term requirements on accuracy and durability for the ETRS system.
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s BHE:2022-02-09 s EH:2022-03-29 MR EEBE:2022-10-26

Ol
ARG SR B T RO AL B 1 A T PR SRR BT[] R T4, 2022, 12(6) : 742-748.

SHI Yongjin. Gear Position Self-Learning Control Algorithm for Electronic Transmission Range Select System of Automatic

Transmission[ J ].Chinese Journal of Automotive Engineering, 2022, 12(6) :742-748.(in Chinese)



Ak&: BFTER[REFREREHMAE B F IRBIEFLT 743

SEF-POREEE S AU N i YN R ST i PSS
PN 25 ) ) 238 A ORI AR FHRNAZE <Rk
SRR TG, B RGN &R T
e, Horh, PR R GRS B H R
e TE D) P 0 ) B B A I A X — R R
s A B8 g R 1, 0l By R AR P T
A B e 4 ML) R P4 47 2R i MLARA TR, SR
VR TR A BE B BRI AR 1Y B B AR AR HEA
TP BIPY . S P RRTER M TIRE 2. L
P4 U0 2 38 5 B O R A B T A R A R AR S
SRR e N RS A EE A VAT S I i EE T IR B
R IEAT S AR R AT R, A R R A
feia#h . Wi &R I L H A R
e, el PR, R FE 2RI,
ARG G PRI R R AT s ), i .
AR B AT 3P UG5 A, 32 T2 3 51 45
Yo R A [ B i A N s Tl [RIEE, PRk
B P s E A, R ECA F Sl 2R A Bl B
B BE AR R E B

ETRS $UATHLAG AT 43 R P2 . — 2 Rk |
A A5 R FH 0 4 A P AT LA (BAT K LA ),
W H PR P R A A ) — 2 R A e
Bl b A EE S PP T AL 1 5 OB A R R & A
TR S A P4 B, ST R P AT IS T
B BT AR 7 e Lok H AR P B R AT AR 2
b, BOPYOIO7E [ 22T, (A H AR
A ST ST R D, B Y ARG Eh )
AR K, AR T AR P AT AL T
S REE, TS 12 s INSERLR . N, DY A
TNERHET, B R 5 22 WIAE 0.13° LA .

AR SCEE R T AM SR BT B S04 4
Pl %, Wit FHRMREM A E A5
RE AR A ) 5 38 2o 43 A 4 £ BT MRS LI L LK
BH R S HABEEN R, 456 AR RS
PH R X R A2 B4 R R X T4 R i 1 2
B PE LA B R 5 5 [ I SRy 3 07 AR 7 2

Yy T 0w R AR, AR IR A R B R A
Z ARG BT R P ALALE A o T P S

B\ T R R 5

i1 F ETRS A4 THLH  (Gear Box Actuator,
GBA) PR 1) 9 v 4 JBE 46 B ) 4 R A0 S g 2
M B A7 Al 0 A8 R A Tl S0, RIS, F A
AN R F2 e B 158 22 B 23 X e P AT LA T SR £
PP R S A R, ik, ETRS 2 7E
IR LRTXF P Ry N D PUAS HARES A7 7 B AT
FESARUN,  FRRE U 00 25 5 b i A e P
25T (Shift Control Unit, SCU) 1, X—id iy
AR Sk ki L ETW O S AL W = ke o B )i =P (1B S
PAOIALE A 2= T iR 2 K, Y GBA iz 3l B h5 &
LB, AR 57 A I R 5 Tt v il D) D Y2 K
TE A E CLHRAEIIS , 2350 I FEL T4 P R G i 4 T kG
BE L I S W] RE A7 78 e £ 2 B 2k AL T AE
JRUES:

ETRS £/ 07 & [ 2 > D Re i {1 28 i 28k an 151 1
P, Hrbe (1) #PERFIT (SCU); (2)
PAHRAT LA - BT AL (3) 4 PAHAT LA - sk
ars (4) BPIPATHIY Pl (P ) s (5)
BRI PAT LI TAE M TG (6) AR gsdidiE 7
B ARG K L PRND £ M1 5 (7) P4t ol
M- B AR B . KER B g hr 445 0 A 328
TS T IZ AR 2R DL S 2 a4y

1 ETRS#HALLE B % > ThRERE {4 20 A 2244



744 REIREFR

B\ ST o S R g T

A SRR X GO AR P AT, LB B
T ORI BE L HLAT BR 2N 7] 2B 77 1) KR536 R 51 K
ekl ELIR F B, % RSB HLEA R . S
AN R AR AL, LS, B TR, e
AT A R B BT B, LSS 2
k. %% BB T RGO, i,
R S TR 12 5 RGO RO

B2 HBUTIEE R RN
iR RGN, BT R R
ELUHLAL, — B LA S 5 R 5 F A P 3T A
B (#ETEE ), RS E L
T,.=kI(t). (1)
E,. = kaw,(t) . (2)
Korpy T oW ERHBALER ; ko8 BB AL R
B LR E AN E,, b E AL B8l
e kHEWHBHU B EIHFREG o, WETHEILE
FE
HRE AR B 727 A 055 — 5 i M R IR L
FE R PTG RS AT A A5

%.de)m(t):n'ktla(t)_ Ts_(n.Tfm_F T‘fr)O (3)

LAU)IUAG—RJAQ—%kﬂmU)O (4)
AP n WP PATHWGE L T, B IRATHL
P PR A e o Bt i s T, oM 728 S S A R A X
BLAR A s ARG T Pl A e s T, o BT AIL
BRI 5 T, Ay i 2 1) PR 452 BEL 7 AR 148
PR Lo B AL A AR U, B
PUE AR ; R, A LU A AL HAX L BH

S Ti=nTy + Ty, W T, 0 ZR 5882 T3 AH XS
TP A AR . R E LA S o, FE L
PUHLRX FL UL £, VR R GRS AR i, [l 3 B HE L
i AR U, FUE LA o, AR, 15

BRI PATHLA R GRS 23 ) s N -

(1) B 0 #k/ln[wm(o}+
i) | |~ksnL, —R/L,|| L(1)

0 ~1]n(T,+ T,)
{DIJMK”+[O}JmO (5)
o, (1)
y=[1 0] Io (6)
I1(1)

Rl AEF, xF=C (3) Fial (4) #E47$7 KA i
CIEES

dson(s) = wkL(s) - T~ Ty (D)

L;sL(s)=:CL(S)-RaL(s)—A%~kJDm(S)Q (8)
B\ B iR s it R ER R

3.1 A EIRR AR

ARSCHEFE P B A > ThE, SEbr il
X PSP TR B AL R, IR RAEA AT
R AU B ATLBR P A 7 (H Y A AR IS 7
) k. mal (3) A, CHHERPIAT I B
i LML ST ff R G S i, BRI R AL A i
o, HOWF, AlfG:

(=0T (9)

ARSI AE Y 1 3728 S A AP AR T AR Y R
IR TP 50 T, ph R B 3 R 1o, A
AL, ARSI P, R N D, M4 RYA Al
B, AR ESAR Ty R AR T ARk, R 2Rk [VRE g A
TS, AL H oy kA T84k 7

2 4
E 1 P R N RD J\M
@\ (09 23.2%) 34.3°) 45.5° 56.2°
£ o
g. \Q :

2

o 10 20 30 40 50 60

MR ()
B3 TiRESEHRNIEEX E MR IE BT T
WAL Ah A SR 4B H £

FEL 5 P 4 ) B T A T e 2R ) B R AL
IR Zfes r BTN7970 A28t o %t A H A 3K 3l
HLARAETNRE , W RAE IR S B AL IR (&



AkE: BITEFDEFRIYERFHEMAME BF SR EEIZI 745

WL PFE ), AH R Y L i R 2 M S
YERRITF BT PR, RUHAE IR AR ' 4
(A ) BTN S a i S I ) == N | S I A GO
Lo, (1), DUV B Bl 46 5 PR AT HLAG 3t i BL Y FL 3t
I(t) A
I.(t) , Dir=0

=1, ). pir=1°
X e Dir = 0 R IR 4 B AT UL H I oL WL IE# 5
Dir = 1 F/RBPHATHUE BB . P, 3K
Bl P BAT LA T A AL HLUE L) WAR &
EfH.

Ha (9) AL, A H L H K I 7, 5 AR
P X R S AR 4 F ) AR R T 45 Pl ) R T
SEASCHE, A SRS PA T HLAS B AL
Uit 1 () 578 SR A4 P AR X 2 A R 1) e ) AR X 4
PRI 0 5 B A X | T [ S IR e

PRI 22 8 P 45 BEL O AR T 3 B b 0 55 0 T 0 g
{8, EHALIE . SRS S ] HEH X R 5
My, Herp, BV A AILAY A s SR Tl A5 )
FHAY PID 3k o R IE ] 5 S il e 25 401 T LA
FL AL S R, U SRl HL I (¢ ) 2
T 0 B AR /NI X R Y £ BE R ALF(0). ALR(0).
AIN(0). AIP(0). AIM(0), JzIakEshid #E i f
R AIF (1), AIR(1). AIN(1). AIP(1). AIM(1), T
LW S S YA AIr . AIR, AIN. AIP. AIM,
RISy 25 P57 X I 1% £
32 M EIRAAEGFEIRE

i 158 32 e B 48R BEL 0 AR T 48 424 5l %) BHL 7 56 6 T
0.2 Nmo PP PATHLAG i PREK S 2 M P A
TR, LA o/min 8%y o B2 425 H AR Has AT Bk
BRI, B PATHL B AL A AR
e RN 4 TR, AUHE B 330G A ) I A A
FERT IR, WS DGR, ST RO R AT

FAR IR PATHLRG 23 500 1 P 43K 3l 2 M54
(I 47) . HMPSAMERE = PP (mZ2) AYEKBhH
Ui L () B fE, @ik 3.1 SR NL DL MESHLA
B OA F A5 H O 23.05° 0 34.44° . 45.44°

(10)

56.17°, 53.1°1 2 AR H 2748 a0 e AR Py
A7 MR S B AR BE AR R 25 378 +0.15° LA, H2F T #8
SRR R AP, B PAT LR B LIS 3l B
55K Sl F i e 0 B 4 ELOC R AN 5 7

B8 FE/Nm
D= O = W

3 /(r-min 1)

[ I 2 3 4 6 7 8 9 10

B‘fﬁﬂj/s
4 BEPUTIMERENAREESHEREFTEXR

2| SR ]
<8 ]
g - 4
gy 4 i
(22.36) (33.98) (45.16) (55.76)
Lof EEh ]
sl |
| 4 /4 J\J /J\
L (23.74) (34.89) (45.94) (56.57)
: %
0 6 12 18 24 30 36 42 48 54 60
N
B SEPITIMERBIIZS A E SR RR
HIMEREXR

B\ G A2 IR E Rt R ERE

4.1 HEAMUMEBZFEIEREXZIT

AR, TR R GE A P A T B TR R A8 R
FH #i % Renesas ) 32 i B { HLVE M 88 R/, VU
CSHAENERAFTT B8 o R THE SR T HL kG
st sy, P07 [ 27 S B A AR i o
ARG AT 60 s, A L T il 0 2K .
HARL BT

(1) ARYEHR P AT HUAL 7 £ o7 A B P m]
iz ) B R A ST, TS A A ) 4R B e
(VA=



746 BREIEFR

L I P4 28 5r AR A7 7E PR 3 20 3 T A AL A PR
B, & PHYAM NI SIS M N 0, MESA
s S BIS A JE N Oy, P-REY . R-NFH | N-D$4
F1D-M £ 2Z 8] (9 BRI A FE 5300 N O Opus Ops
Oy WU 346 35 52 57 M 1T 5% 3 19 F1 JE Oy = Oppn +

Opg + Oxn + Onp + Op + Oy BT (1) L
B HATHUA U 0] T 5% S B e A ik, A0 sk
IS ) NS TN Qomin s Ortmans Br 2
P. R. N. DPififi &MY IHIB AL E D, Dy,
Dy, DN

Dy = (Primax ~ Pomin) X Opunin/ st T P

D = (¢Mmax - §0Pmin) X (Opin + O )/HALL + Opmin

o (11)

¢N = ((/)Mmax - ¢Pmin) x (0Pmin + 0PR + HRN )/QALL + (aPmin
Dy = (Prtiman ~ ADLilim) X (Opin T Opr + O + Oxp )/GALL * Opmin

(2) RFASPHOEHEAT 2250 50 A ] LATE 25 3 14
(LA A HERR AR LA

Uah RPN A B o
i Pp —AB

!

fin) 5 25 it st e AT L |
t ™

v

Y
0k B B e ) AR N

6f

|

(i) 7 20 S S A A T L
th

PAR AL E [ 2 ) i — Pl e o i, Ak
TR -

¥

fis) A 2 ek it i BT AIL |
)

|

¥

¥
o v 2

L 0 8 4K
oF

|

i A ) e SR LA T L

h 4
R 46 85 S 020 Y 2 2 i J

RISz BLUL K 115 21 th
(6% + 68)/2

Bo —RREMERFIMIERIRE

TE PO E A 2F S S H R 6 TR AT 31K,
WS 25 B BN T — 5 3e A &, If7E
T84/ A0, EHZE AT (BPIHATHLG A
AL R AR RAFAE B 1°) o 3l 3k B i 4 /N2 Bl X
B ZWOE . RIRS), A5 SIHH G A S

(3)  F AR SRS P 28 LA AL T A8 RS e R N
W, AR TEMbaHES BSOS, ik, &
R BN A P e 2 > B 7 A o o
76 (TCU) fHS KR HEATIC R, F RSy, W]
B H 22, # BAREUE S A i EEPROM 1

o JE S R R A P AL A B AR E,
Wy, s i UDS 2 Wi B U B A1 A 27 ) R Mg
RLGHE P H AL
42 HuMEBRFIEHNEEIFRE

B AT LAY 5 72 e g S A S T 51 7
PR, BRAEE S g oe R O il ik 761 5 4
NSO A s EEE, RBIILER T, L dE R
) B0 K 2 A R AR LR AN A 2 ) B e &
R, RHEUE N SCU i i A AL AR TR 4E 1) AD
{6, HAS SRR R L8107/ (7)) ARSC



AkE: BHTEF[EFRERGHAUME B F I EHEXEIT 747

VEAE 1 [ SR B A8 T LAY TCU A B2 IR 715 [l =+
40, SEBRFLE ) FEAT IR 100%

DV P H 22 45 R E N E AL, ¥R N. D
PARIPEOL 22 S SR E IR RN AR, R N, D#Y
G A 2 2 4 3 BUIE Y 23 il oy 22.96+1.85°
34.01£1.92°, 45.26+2.24°, F[ESLPREE 4RSS B
WAL DIRAAE— B R 2, PN S A5 Bk
ROREGTF, 761 6508 0 4 H 5 B 0e A B A 8 2210
AR T 037, i 2 LA R G0 K T AR e
PERPTREMEZOKR

ARSCE T TS RGN RG] SRR
R, WRFEBT R TR RGO H M . R
BRI E BORHE F 2 I i Bk, B SR
SR HSEARZE/N . IRE L ST RARRSE
st o

(1) FL T4 R SR AR G A e P4 il 2o
R HATHLR , JEBMCU, HFFSKZh % . 1

S##t (References)

(1] 36 A~ ZE T A A POl B9704 ABS W RS R 45
HIFIE[I]. 74 TR ,2021,43(9) : 1367-1374,1393.
YUAN Lei, HE Ren. Research on ABS Slip Ratio
Control of Vehicle Based on Linear Active Disturbance
Rejection Control [J]. Automotive Engineering, 2021, 43
(9):1367-1374,1393. (in Chinese)

[2] HATAMOTO H,ANO S,KIKUCHI N, et al.An Evalua-
tion of Transmission Performance for Wireless Harness

Systems Using Propagation Models in an Automobile

Rl EWRTHREMBFIERLE
P PRISUE REEMHE NEEUE DREUE AIEER

1 2320 4725 5920 7080 OK
2 2205 4 685 5875 7120 OK
3 2195 4635 5830 7020 OK
4 2120 4 680 5850 7045 OK
5 2285 4 665 5 860 7 060 OK
6 2205 4670 5855 7080 OK
7 2 140 4675 5860 7025 OK
8 2220 4645 5760 6 980 OK
9 2310 4650 5890 7120 OK

TRHALRE S PP f R A R RS
LRI A s A8 o 25 T 1 2 A TR 42
R, DT REAR S A 3010 455 5 25 B B &
SRR DR A

(2) BT IR A7 B IR T ik 205 BARE, 25
REWHZONIEM PR ZEA KT 0.15°; B EH
PRSI A TTHY A 5 S Bk S LA R, 45
TR T U 45 5 5 B0 A A 2 0
AKT 037, [FBFRELRUE 100% B T2

(3) A SCEIT Y 2= 2 E AT DL B ke
TSI IR O AP BARE AR B, 48Tt
BB ARG K TAE R HER M T Se k. i s
KEHE . R TR TP RGP T H Y TR
PRI

Engine Compartment [C]/2013 IEEE 24th Annual
International Symposium on Personal Indoor & Mobile
Radio Communications (PIMRC) , Sept. 8-11, 2013,
London, UK.Piscataway NJ:IEEE, ¢2013:117-121.

(3] fufife, skAe, fLIRIES . LT 84 B B 9 AMT it
P AL (7] P E AU LA, 2016, 27(10) : 1414~
1419.

HE Xiong, ZHANG Nong, KONG Guoling. Dynamic
Sliding Mode Control of AMT Gear-Selection and



748

REIREFR

(5]

(7]

Shifting Electric Motors[ J].China Mechanical Enginee-
ring, 2016, 27(10) :1414-1419. (in Chinese)

W, Rk, 22T AT RS AT R A 8
A2 S BRI ST (D] R4 TR % 4, 2020, 10(2)
116-121.

YANG Yong, CHEN Fafa, LI Jiaping. Study on Self-
Learning Algorithms for Gear Shift Positions of AT Shift-
by-Wire Actuator [J]. Chinese Journal of Automotive
Engineering, 2020, 10(2) : 116-121. (in Chinese)
FITZGERALD A E,KINGSLEY C,UMANS S D, % .
Bl BB oM. JEAT: fL Tl AAE:, 2004,
FITZGERALD A E, KINGSLEY C,UMANS S D, et al.
Electric Machinery : Sixth Edition[ M ] Beijing : Publishing
House of Electronics Industry,2004.(in Chinese)
PNENFE, XUHEER, XA . A 3722 as gt 4L frk gt i
REPEAEBETELT ). P4 HAR, 2020(3) :17-21,37.

SUN Yincheng, LIU Xianghuan, LIU Defu. Research on
Optimization of Unlocking Performance of Automatic
Transmission Parking Mechanism| J ].Automobile Techno-
logy, 2020(3):17-21,37. (in Chinese)

BT G A A Sl AR IE A ML A A s

E&E '

Tel: 021-60569999

E-mail: shiyongjin@saicmotor.com

(8]

(9]

[10]

5¢[D]. Lifg: BigsgmAR:,2015.

FEI Ningzhong. A Dual Clutch Ransmission Parking
Brake Optimization Design and Research[D ]. Shanghai:
Shanghai Jiaotong University,2015. (in Chinese)
WIBERG J. Controlling a Brushless DC Motor in a Shift-
by-Wire System [D].Linkdpings: Link&pings University,
2003.

R, ESLAE, A, A5 TOR B LRI A R
MRPID # i 47 il J7 ik At e [T ], v LT, 2021,
32(15):1786-1792,1800.

TANG Wei, WANG Lizhong, ZHUANG lJian, et al.
Study on Fuzzy-Tuning MRPID Control Method in
Rotating Speed Control of BLDCM[ J].China Mechanical
Engineering, 2021, 32 (15) : 1786-1792, 1800. (in
Chinese)

FMER, EIRE, SEAR,SF . T ah P
R 5 A [ ). U513, 2017(5) :241-244.
WANG Yanfei, WANG Zhenhong, ZHANG Guilin , et al.
Test Platflorm Construction and Analysis of the Manual
Shift Mechanism [ J]. Machinery Design & Manufacture,
2017(5) :241-244.(in Chinese)

k4 (1966-), J5, WLAMA, 1, @ TR, FEMNFEREIREI MRS IR TR,



