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Abstract: Recently, automatic transmissions caused a good improvement in the shift quality of a forklift. An
advanced shift control algorithm, which was based on TCU firmware, was applied with embedded control
technology and microcontrollers. In the clutch-to-clutch shifting, one friction element is released and the other
friction element is activated. During this process, if the release and application timings are not synchronized, an
overrun or tie-up occurs and ultimately leads to a shift shock. The TCU, which measures only the speed of the
forklift, inevitably applies the open-loop shift control. In this situation, the speed ratio does not change during the
clutch fill. The torque phase occurs until the clutch is disengaged. In this study, an offline shift logic of the
learning control was proposed. It induced a synchronous shift when the learning control progressed. During this
process, the reference current trajectory of the release clutch was corrected and applied to the next upshift. We
considered the results of the overrun/tie-up characteristics of the upshift performed immediately before. The vehicle
test proved that the deviation in shift quality, which was caused by the difference in the mechanical characteristics

of the clutch, could be improved by the learning control.
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wp,Wp,wg,we, wo: Rotational speed of gear train
element, rad/sec

r;,Tp,Tg: Gear ratios in gear train

GR;, GRy: 1st and 2nd-speed gear ratio

Ng, Np, No: Engine, turbine, output speed, rpm

NSp , NSe: Slip speed of Bl, C2, rpm

T Turbine torque, Nm
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AP: Accelerator pedal position, %

CF, BR: Forward clutch, reverse brake

B1, C2: l1st brake, 2nd clutch

iCF, iBR, iB1, iC2: Proportional solenoid valve current, A
(Ng)ia: Ny for 1-2 upshift, rpm

(an0)max: dNp/dt maximum during upshift, rpm/s
t;, tg: Start of inertia and slip phase time, sec

Atyg: Ng changing time during upshift, sec

PSV: Proportional Solenoid Valve

1PSV . i PSV it PSV reference current for clutch

engagement and disengagement, A
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Table 2 Comparison of WOT 1—2 upshift

Data Unit | Favorable | Overrun | Tie-up
(No)p | tpm 588 588 587
(ano)max | krpm/s 23 2.35 5.0
t;—tg sec 0.04 -0.08 0.18
At g sec 0.13 0.20 0.39
cojojs - HEZ 2022. 6 21
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Table 3 Shift results for sequential level change

Data Unit Ist | 2nd | 3th | 4th | 5th
Level before 7 6 5 5 4
change | after | 6 5 5 4 4

(ano)max | krpm/s | 1.65 | 1.63 | 1.43 | 1.70 | 0.88

t;—ts sec 0.08 | 0.07 | 0.04 | 0.08 | 0.03

At yg sec 046|049 | 042 | 0.45 | 0.45
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(a) 1st shift(Level=7, t,—t¢ = 0.08sec)
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(b) 5th shift(Level=4, t,—t¢ = 0.03sec)
Fig. 11 Sequential level change learning control

t,—tg] AEEHE 3 GA o)te] HEwsE 2%
FoEN AL HEAYPOR FI|MES 7T
ATt Table 4= & 79| 271 delellA AU &4
HSLE 283 WHEAIE Adoltt HEws dAl=
t;—tg=0.03sech}t} & DA} WIEHEE LA}
At 12 W& t,—tg=0.1secE F7|HE 7|F
?l t,—tg=0.04secET} 0.06secAEE W 7oA
' 5E §3tE o] 22} W&o] WPHT 22} WG|
ME t,;—tg=0.07secE T TA Yolx HHE 42



At

Table 4 Shift results for skip level change

Data Unit Ist 2nd 3th 4th
Level before 7 5 4 4
change | after 5 4 4 4

(ano)max | krpm/s | 2.97 | 227 | 1.03 | 1.45

t;—tg | sec | 0.10 | 0.07 | 0.04 | 0.03
Atyg sec | 036 | 035 | 0.41 | 0.29

——Level 7
Level 4
1.0 1.0
T <
£ g
) <
=z o0
0.5 0.5
0 0.
%835 05 10 780
Time[sec]

Fig. 12 Comparison of 1st and 4th shift
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