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Abstract: As a shift control of automatic transmission was managed with the electronic control unit (ECU), shift
quality which is a measure of shift shock during gear change has markedly improved. However, the initial clutch
pressure control of the clutch filling phase should continue to rely on the predetermined control input since the
input and output speeds are unchanged until the shifting process attains the inertia phase. It is critical to minimize
the clutch response time and control the clutch pressure accurately at the end of clutch fill to achieve quick shift
response and smoothness. Advanced transmission companies have adopted an auto calibration method which
establishes the databases for the clutch piston fill-up attributes and the frictional characteristics of the disks. In this
study, a distinctive auto calibration algorithm for forklift transmission under development is proposed and verified
with the real-vehicle test. The experimental calibration results showed consistent turbine dynamics at the initial
stage of shifts with the properly calibrated clutch-fill control parameters. By using this technique, it is necessary to

finalize the shift control for the various operation conditions.

71 M4 iyv : PSV current reference minimum, A
ipp - Current reference for fast fill, A

: Clutch piston stroke, m ipe - Current reference for fill compensation, A

Xé
X, ¢ Clutch piston end play, m ipp . Current reference for torque phase, A

w,  : Clutch piston displacement, m tpp : Shift time for fast fill, sec

k. : Retum spring rate, N/m tpe : Shift time for fill compensation, sec

F,.. : Pre-compression of return spring, N typ o Shift time for torque phase, sec

A, : Clutch piston area, m’ N, : Turbine speed, rpm

Fy @ Clutch piston friction force, N AN : Speed drop of turbine, rpm

pe ¢ Clutch piston control pressure, N/m® tgor : Time for the start of inertia phase, sec
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Fig. 1 Hydraulic clutch for automatic transmission

A B E s v tid olsiE iR o R HE

AoY7} AdAE ofoF At

Fig 1€ A5W&7|04 T 0ess AP
AT FeiA o WETEE UEt, FELsT
AEard sZeRlos AqE Zex Zol

(plate)?} Hl2=F(disk)oll T3 2=Eo] F2E S

A mpEEo)] ofste] F 3K Q47 Ao dA
2 3| M= wlolty, Z8x AFHA

fréfol 3EEHE 2R J2ELS v2E P4 X, 9
ﬂ*ﬂﬂ- ]O]E«] o:]‘rr'a‘H X oﬂ 3“%5115‘ %‘?’]

U= o] 53t & FE| X Zgo|Eo wdol AAst
o|wj X E] olHof nlE sl viFHo] BAYsI] T 3

Aosrd AGEAR ALIth F27] AT
2% J2Eol F& A&t ZHA| FHOIE
of ¥7] AAX7A e olF R FHFIelAE
nE g7 DAY EA] ettt S8 dAe E8XA
NAECRRY o] iEHY gy hEY
of oJste] Zx] F|2xFo] SFHX| Y o|ES} &
H 3 27 fAE EASHA "tk siAl Al 22
) 2~Eo] st YAH o R st A&sHA Qb
go] AR ForE AAFAES sAsk] HAst
o AW 7159 A FZE(check ball)S AH&-SAL
% &3] 22 F(balanced piston) ¥4 o] AA7} AH-8H o)
HE Al FHA FAA e WAL MEZTFARE
G5 98l A&GsHA YA PR ES
1 SeA 32aFo] FHo|Eq “L‘_&% T3k Ao

bell ofste] WA= 27 ©

H
Aoleh. ol gHel Afel EAGY ZrvpREIE
Qolwl, ols} Lo ol WEEHY gAML

z, =X+ X, & A H2E S5 Fo] Hoj

oF gt
o] AREE WEAo)7s HE Sl
s SHA d2Ee] S E

o]l:ﬂﬂ

Fill compensation

Fast fill Torque phase
P, Py
lpp—» ¢ P O4— ip
PG [ O

3h7F veh
1oz 24w
A7 Aol o7]A
Ao} & (control point) P1-S 7 A7 P2 & 53
TZEe] W&dolgoly 7}

I AFipp, i po)’t SAA O FHZE SHA] &
Aol HAsHA RAE ojof it} WEA|o] FEtu|E =
w TATFNAE FEFAOE B3 FHA AaE
9] olFEEE 2-stal & FAFNME FHA
g B3l 7] "MEHEIE - AR dHA
9] o 1;‘<] D}%/\]ﬁw— & g2l up gl 0
UV]'EEU} Hl/\gﬂx] B

JNrE

4] Qemas Ahos For Hﬂéﬁﬁ@l =
@317 2| —g #3)ol tiste] AT ghol 2Tk
3. MEAL RS2 2
AEAA B A gAEE ARSI A

&3 MES oY Aol 95T MAe FEs
HE71o m&FE fAE RAdE] fs) Lzl
Hae] SR AsRA7IHE &8st v F9
A AsEAC gk o] B dAV|Ee] FHHA
Fe dHolMe AXA MEr]e] AsRANE S
N3y ZAH9) AERY %uaéﬂ Mol &
A BEY 5 Ak B AFAE A Y2
AFWE7)) AAE ABRAN S ARAPoR
FH9 AdulolEg 53l FAA veue 2y
7IWHe BAstov BAdEEY AR Wee
gotsty] o#EY AAAQ AErRA FATS 2z
3tk

TCU A% 1_*']7]8) FZ2d AzlE MRAL HE
719] TCU AYE] A& AANTCE RUHHTC
EA ARARS Tl WdEAe] dauges 4

HU: 5{:

cajole - HEE 20209 49



AFWEY) WEED 4L AP

st7] 98l e x|tk TCU As&471&
T3t dolEle Az, HAL
Hlg] &elicol=dly HFolm AFRAG A
slel] w2 ER&EEI} ¥stEE 5402 HE &
HA7IHE 3o :
7l AZ 4, 3 35ke] 7]ojd S A 7+
ol A= KV, KR, K39 Wk Z212)9} K1, K2, K3
o] &= ZEAE A4 14
Fig. 32 Z81x EA4S BAs] st 3=
A2
BEUEHS 234 YERATE Fig. 3(© N 60x
of AA == AeRA A Aotk AeHA 0]
AZtEE K4 WeF FEAE AT dEelA K,
K2, K39 £&5 FEAE AsHAS}L o]F& K3
&5 ZEAE A JHlA K4, KV, KR B
FHAE AFEASA Aok AsRA s
ZF ZEA g8 QrtEE FAYE ARE HHA
7
E

fu
a Ll
ol
]
4>
)
&
e
f
ik
)

= 2PA rEEI o8 AstE=
o8 defete Aow FAHHEY Fig

100! .32

Nt
0.28

[
N
I

K1 K2 K3 K4 KV KR

Speed[rpm]
SV Current[A]

0.16
o

0.12

0 10 55 .08
Time[sec]

~1000——g

8

(a) entire calibration process

04

o
W

PSV Current[A]
o

Turbine Speed[rpm]

0. opoos

0.0 02 04 06 08 T
Time[sec]

(b) overlapped plot of KV calibration process
Fig. 3 Clutch auto calibration

50 Journal of Drive and Control 2020. 9

3(b)= 43 WEEE= KV A ZFoA vl &
wolEdly AR} HYEEE THAA YERA 1
ol

Fig. 2014 AFHE 7|EAFH2 e SAA d2t
tE| S W3k 7|H ]

HANE FAAQJ] B dar
&t Fig. 4= 20 AgHE7] TCUE o s
W7] A g olE? 108 o] &8l e RA MY &
o] F2-R2 A$Z MEWHSE ARFAZS vlugh 23
ojth, W&ol AlE we] JHET W} AAEFY
oA WslE = HF 71717 vEA UepAT &
TEA A 3o AF 7L FYSEE AFH
AL 2E FYA Y 7] FHIY AFTE "I
7= Ao deotH ) Fig 5= AFHAo] dgH
TCUE tldo2 F2—-R2 A HEWHET N-RI1
HEo] AFAZAS v Aoty F2—R29F N—
Rl= WH&EEA0] AolatAqt 25 Z21X|= KRE

PSV current[mA]

1 2 3
Time[sec]

Fig. 4 Effect of auto calibration for F2—R2

PSV current[mA]

0 1 2 3
Time[sec]

Fig. 5 Comparison of KR current trajectory



At

%%_%}Ei W B2 St Aol
R o

& 4= AAA "HAEH=
T30 2ete] Aol HEr 2 Sl SARd

FrAo

41 E3 U H 7|08
Eznd Hev|=E HE

£
B4 S7s<S Zte B AWEHE AR = A

gt glom Hxel EHElS AAATE &Y
(lockup) 7152 AAE A Ft}. EEv]d &
ETv|e} SHAIFE VEFHe BT AWEH AHEA
S o]gdld WLy JHEIZ AN F goH
HEA o7l dPETL] HEXAL 185}
HEA S T3t

B3loxy
Table 1 %

Fig. 6= &
EHH

’ﬂo}*‘ 71017} 23] 2wl ol 3= 75135]
o] 588 MLs= 7H=EH AFZE(counter shaft)d2)

o7 HAAFHAT SARTS W FAXA 270
Agsle 595 dgsts W02 AASA Fig.
6(a) 7loJgel AFEE AHERYE P4 =
Wy W, we, We, woE SR FAXA £= A
4 27sh 7 WM&l AEHE 27 ThR ke
&5 BAN o3 IARES B BT B
Qo] £EH7t 4950 A4 Fig. 6b)= BR
3 Bl HeolaE FA 7ol X3 = &
Aol EEHAEE o7]A GRE 1T HEH|E 9n|
ot SRAAE BNIG S0 AAEo glom
AFEEE ECUAA FAl8E CANS o] 83tES

AAEo] Qlth W&y whEeA F CF9F BRS
positive typeS. 2 F& x| FAE Qtgof o3 vlAE

a7b BAEhE AbARl wWolAT BIdk 2
negative typeS.Z2 BH 232 F Q=g oz Age A
BE S8} 284 92E geo] Z/laHd 4
AB)E Aol ol AAEHo] FREA g A
glell A E=e] 37 Beola glo] B1# 28 A%
oA 397152 FHs] 9 Aol Fig 7
o AT F2 19 OF SEAES UehiT, &

Mo cot
BRI cF c2 Il B
=

w
R (0)

L L
. ¢
VA

r C
o 1
Direction PG Speed PG

(a) stick diagram

(b) block diagram for velocity relation
Fig. 6 Gear train

Table 1 Clutch and brake engagement
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Table 2 Specifications of HydraForce PSV

Item Unit Value

Pressure ranges bar 0-30
Nominal flow@Ap=9bar Ipm 23
Coil voltage v 12
Control current A 0-1
Coil resistance 0 7.2
PWM frequency Hz 120
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Fig. 9 PSV control pressure for 10mA/sec ramp
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Table 3 Auto calibration results for #1 T/M

Calibration results CF | BR | BI C2
1 pp[A] 033 | 026 | 0.69 | 0.64
i polAl 025 | 024 | 0.61 | 0.64

tso lsec] at st cycle 1.30 | 0.81 | 0.84 | 0.65

tsosec] at last cycle | 0.65 | 0.60 | 0.65 -
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Fig. 15 Auto calibration for #3 T/M
Table 4 Auto calibration results for #3 T/M
Calibration results CF BR B1 C2
i pplAl 032 | 027 | 0.58 | 0.65
i pc[A] 024 | 024 | 0.58 | 0.63

tsozlsec] at 1Ist cycle | 1.07

0.89 | 0.65 | 0.73

tgoslsec] at last cycle | 0.65 | 0.60 - 0.64
# of Traj. cycle 5 4 1 4
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