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An automatic transmission of construction equipment is controlled by hydraulic and electronic
system for doing in various functions like as shifting and operation. The shifting is operated by the
engaged and disengaged clutch motion from hydraulic power. On the shifting process, suitable
pressure control to the clutch is required for smooth shifting. Hydraulic control system in the
automatic transmission is divided by the pilot control type and the direct control type greatly. The
direct control type has an advantage than the pilot control type. Because the structure is simple,
the design and the manufacture are having less troubles and the system can be maximized
precision pressure control. However, the excellent performance proportional control valve should
be used to achieve proper control-ability. In this study, the dynamic analysis model composing the
automatic transmission and hydraulic system for forklift truck is presented to simulate the
characteristics of hydraulic system about the direct control type. That model is verified the validity
compared the results of the testing examination. Parameters of input signal are analyzed to
reduce the oulput torque according to input control signal is affected in shifting characteristic.

Key Words: Forklift Truck (X|H| &b, Automatic Transmission (XHEH £ 71}, Clutch Pack (22{X|%), Proportional Control
Valve (H3 ®O{ @ 2), Cluich Direct Control Type (21 A J% MO 4

71249y T, = turbine torque

T, = pump torque
X = displacement of spool T, = torque capacity when there is no slip
P, = controlled pressure T, _sip = torque capacity when there is slip
Fioaq = force of controlled pressure
F,, = magnetic force of PCV 1. B

Ssr = speed ratio
Trr = torque ratio AX7A A5HRE7E 4 £ AR A2"
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KV : forward clutch
KR : reverse clutch

K1 : first stage clutch
K2 : second stage clutch
K3 : third stage clutch
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Fig. 1 Gear train of an automatic transmission
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Fig. 2 An automatic transmission and clutch pack of

forklift
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Table 1 Parameters of a PCSV

Parameter Specification
Pressure control range 0~ 16 bar
Current range 0~06A
Chopper frequency 150 Hz
External orifice @ 0.9~1.0 mm
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Fig. 6 Finite elements analysis of magnetic part

Fig. 7 Scheme of hydraulic system
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Table 2 Simulated results of magnetic force about disp-
lacement of armature

Currnet[mA]
100mA | 300mA | 500mA | 700mA
Displacement[mm
0.5mm 2.49 22.45 62.5 84.74
Imm 1.44 12.98 36.51 71.56
2mm 1.35 12.16 3444 | 67.52
3mm 1.53 13.82 3847 | 7541
4mm 1.61 14.51 3946 | 7735
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Fig. 11 Simulated result of magnetic force about current
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Table 3 Comparison b/w experimental result and simu-
lated results of controlled pressure by using duty

ratio
Pressure [bar] 04| 8 |12]16 |17
Rising Exp.resuls | 26 | 33 | 37 | 46 | 52 | 58
S?;Zl Simreats | 24 | 33 | 38 | 47 | 52 | 54

[%] Tolerance[%] 7 0 3 2 0 7

Falling Exp. results 16 | 26 | 33 | 40 | 44 | 48
d

MY s | 1727 | 36 | 42 | 45 | 49
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Fig. 12 Comparison of simulated and experimental results

of controlled pressure by using sweep signal
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Table 4 Comparison b/w experimental results and simu-
lated results of shift torque

0.7 0.9 1.2 1.5 2.0

Time [sec
[ ] T 1 Tz T3 T4 TS

Input duty ratio [%] 32 26 36 39 55

Exp. results

225 | 214 | 208 | 25.1 | 263
Output torque [kgf.m]

Sim. results

22 | 217 | 195 | 229 | 26
Output torque [kgf.m]

Tolerance[%] 22 | 14 | 62 | 87 | 11
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Table 5 Input duty ratio and output shaft torque
Simulation case No. 1

. 0.7 0.9 1.2 1.5 2.0

Time [sec]

T T T; T Ts
Input
oy 322 | 26 | 36 | 39 | 55
duty ratio [%]

O haft

utput sha 2 | 217 | 195 | 229 | 276

torque[kgf.m]

Simulation case No. 2
. 0.7 0.9 1.2 1.5 2.0
Time [sec]
T, T, T; T4 Ts
Input
7Y 31 | 25 | 35 | 30 | 55
duty ratio[%o]

O shaft

utput sha 2 | 2 | 20 | 215 | 265

torquelkgf.m]
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Fig. 15 Torque variation result about duty ratio change
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