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The automated mechanical transmission(AMT) is composed of electronic control management
(ECM) and automatic shift gear(ASG). The AMT has advantages which are high efficiency of
manual transmissions(MT) and offer operation convenience similar to automatic transmissions
(AT). However, it has defects that are the forque gap during gear shift transients and shift time is
long. To reduce such defects, it is necessary practically to evaluate error and characteristics as
developing simulation model before the control algorithm is applied. In this paper, models are
composed of vehicle model and AMT shift control model. Particularly AMT shift control model
consists of main clutch management model (MCM) and shift control management model(SCM).
The developed models were verified by comparing the simulated and experimental results under
the same operational conditions. It can also be used to evaluate shift algorithm.
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F = Vertical force

F,.; = Force of the clutch actuator

F, = Force of the clamp

F,,; = Force of the release fork

kcrr = Ratio of the clamp and release bearing
krrz = Ratio of the fork lever

n = Number of the plate

R, = Outer radius of the clutch plate

R; = Inner radius of the clutch plate

T. = Torque capacity

3t &HE7)), Clutch Control Actuator (E2{X| H[0] H50{ 0]

# 201 0lE), Select Confrol Actuator (A E H0f 9 Z0{0[E),

xre; = Displacement of the release fork
X4 = Displacement of the clutch actuator
Xcp = Displacement of the clamp

1= Friction coefficient
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Fig. 1 Block diagram of AMT model
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Table 1 Parameter of hydraulic system

Parameter Value
System pressure 35 bar
Select spring stiffness 190 N/ecm
Clutch actuator diameter 20 mm
Shift actuator diameter 20 mm
Select actuator diameter 15 mm
Current range of the PCV 0~0.7A
Natural frequency of the PCV | 625 rad/sec
Damping ratio of the PCV 0.72
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Fig. 5 Models of the clutch and clutch actuator

Fig. 6 3D model of the clutch and clutch actuator
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Fig. 8 3D model of the select and shift

Table 2 Valve status at each shift stage

it " Luw Rv/v | USPCV | DSPCV
1 ON OFF ON OFF
2 ON OFF OFF ON
3 OFF OFF ON OFF
4 OFF OFF OFF ON
5 OFF ON ON OFF
Rev. OFF ON OFF ON
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Fig. 9 Transmission Control Unit model using MATLAB/
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Table 3 Vehicle specifications

Parameter Value

Engine idle speed 900 rpm

Engine rated speed 2500 rpm

Engine inertia 0.015 kg.m?

Engine max. torque 13.5kg.m / 3200 rpm
Engine max. power 100 HP/ 5800 rpm

Transmission gear ratio

3.61/1.95/1.28/1.03/0.82/3.25

Differential gear ratio |3.65
Tire size 185/60 R14
Vehicle mass 990 kg

Vehicle size

3801 x 1665 x 1495
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Fig. 12 Transmission model using MSC.EASYS5
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Fig. 13 Test equipment of the AMT system
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Fig. 15 Comparison between experimental and simulated
result from 1™ to 2™
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Table 4 Comparison between experimental and simulated

results -

D, [ D, | Dy | D
Exp.results | 44 | 368 | 351 | 2.7§

12 | Sim. results | 45 | 3.67 | 347 | 25 |
Tolerance 3% 1% 2% 9%
Exp.results | 45 | 374 | 338 | 2.7
2-3 | Sim.results | 4.5 | 379 | 361 | 25
Tolerance 0% 1% 6% 8%
Exp.results | 45 | 354 1324 | 2.7
3->4 | Sim.results | 45 | 376 | 349 | 2.5
Tolerance | 0% | 6% | 7.2% | 8%
| Exp.results | 4.5 | 3.74 | 3.41 | 2.71
4—5 | Sim.results | 4.5 38 [ 368 | 25
Tolerance 0% 2% | 7.4% | 7.8%
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Fig. 22 Shifting simulated result from 4™ to 5™
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