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Abstract : The proposed mathematical model of the starter-generator system incorporates the motor speed, battery
voltage and the desired current to estimate the moment generation capabilities of the starter-generator and the actual
current of the battery system. The fundamentals for this mathematical modeling are the simulated results of the
experimental data. These pertinent data are used in establishing the governing equations for the determination of motor
momenfs, actual battery currents and efficiencies of the system's operation at different loading characteristics and speed
regions. The derived equations will be used into simulation programs to predict the fuel efficiency, vehicle
characteristics of a hybrid electric vehicle equipped with a transmission starter-generator which will be developed.
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Fig. 1 Schematic of TSG2) System and 42 volt
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Table 1 Specifications of the prototype system

Motor

Model W168E19
Type V8
Displacement 6208 cm”3

TSG

Model CSG W220E50

Max. Moment 30 Nm

Max. Power 6kW

Max. Efficiency 89% @ 5000rpm

Battery

Hoppecke 12, 25.5, 30, 36V
Efficiency 92%

6 Speed Automatic
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Fig. 2 Moment vs. n(rpm) with three different voltages and
at two different temperature(25, 80 in C)
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Fig. 3 Efficiency vs. 72(rpm) with two different voltages and
at two different temperature
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Fig. 3& E854L 3709 AdA| === 2719
AN SE255%, 805)o M HoErh A& oA
HE&2 YA or U1t whH n&EJHol A=
Ao AA% FhE ztet) 13 A 25 dFe

=z
a
i)
)
Hu
i
&
i
i)
=
2
fr
1
@

o
2
L
uf
i
32

S
. / /\¥\\“
A N
T AL
T
IRRIRN e
..,-n.-_L—,-—,
S

n (RPM), Speed at Ug = 36 V and 25 degrees Celsius

Fig. 5 Battery current vs. n.(rpm) at 25 degrees celsius
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Fig. 6 Battery current vs, n(rpm) at 80 degrees celsius
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Fig. 7 Input and output quantities for starter/ generator
mathematical model
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Fig. 8 Maximum moment vs. 7n(rpm) with four different
voltages
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Fig. 9 Maximum current vs. 7 (rpm) with four different
voltages
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Table 2 Moment generation coefficients of TSG from
experimental data

[jg n, wl 'k
25.5 1733 181 18.925
30.0 2233 234 - 18.687
36.0 2800 293 18.980
AVG:18.864
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Fig. 10 Efficiency vs. n(rpm) with four different voltagés
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Table 3 RMS comparison between experiment and model

497 24 3 (RMS)
FE A9V | 49 | =d | #4%)
25.5 12.75 12.43 2.53
ZdE
30 13.92 13.24 4.93
(Ne)
36 14.80 13.94 0.06
25.5 56.23 58.00 13.43
EE(%) 30 61.96 61.99 11.58
36 62.70 63.70 6.27
25.5 160.5 168.3 - 4.86
AF(A) 30 159.2 167.5 5.21
36 1584 166.2 492
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