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PSiIM Based Dynamic Analysis of Input Split Type
Hybrid Electric Vehicle

Tae-Suk Bae1, Jaeho ChoiT, and Deok-Young Lim®

Abstract - In this paper, the input split type series—parallel hybrid electric vehicle (SPHEV) is established
and the interpretation of the dynamic characteristics in four kinds of HEV modes, such as electric vehicle
mode, engine mode, hybrid mode, and regeneration mode, is described. For this research, the forward-facing

approach simulation method is chosen,

which is useful for vehicle dynamic analysis. The rating of each

powertrain component is designed based on energy-based concept and electrical peaking hybrid (ELPH) method.
Finally, the designed powertrain is evaluated with the developed PSIM simulator and simulation results are

shown.

Keywords: input split type HEV, planetary gear, forward-facing method, PSiM, HEV simulastor
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Ring gear

Sun gear
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Fig. 1 Structure of planetary gear

Table 1 Parameters and constraints

Parameters
Ring gear teeth number , Zr 78
Sun gear teeth number, Zs 30
Final reduction gear ratio, Nf 5.347
Gear ratio, n 26
Tire radius, r 0.3m

Constraints

IPMSG, 70kw, 190Nm,

Motor 7000RPM Maximum speed
PMSG, 40kw,
Generator 12000RPM Maximum speed
. 57kw, 110kw Maximum power
Engine 6000RPM Maximum speed
Lithium Polymer, 40Ah,
Battery 3.7V Norminal Voltage

55 series connected cells

Table 2 Torque, speed and power of components

Carrier

\Y% w T P
7(km/h) 0(RPM) 0(Nm) 0(kw)
40(km/h) 2921.9(RPM) 123.6(Nm) 37.81(kw)
100(km/h) 4800(RPM) 113.4(Nm) 57(kw)

Sun gear

\% W T P
7(km/h) -868.3(RPM) 0(Nm) 0(kw)
40(km/h) 5534.1(RPM) -34.3(Nm) -20.07(kw)
100(km/h) 4897.5(RPM) -31.5(Nm) -16.15(kw)

Ring gear

\Y% W T P
7(km/h) 334(RPM) 0(Nm) 0(kw)
40(km/h) 1901.1(RPM) -89.3(Nm) -17.77(kw)
100(km/h) 4746 .3(RPM) -81.9(Nm) -40.71(kw)

Motor

\Y% W T P
7(km/h) 334(RPM) 130.5(Nm) 4.55(kw)
40(km/h) 1901.1(RPM) 39.1(Nm) 7.78(kw)
100(km/h) 4746.3(RPM) 14.2(Nm) 7.13(kw)

Final drive shaft

A% W T P
7(km/h) 62.2(RPM) 697.9(Nm) 455(kw)
40(km/h) 355.7(RPM) 685.9(Nm) 25.55(kw)
100(km/h) 887.5(RPM) 523.3(Nm) 48.63(kw)

g e 5
5 ¥ 19 ¥

0~120km/h 7HA] S7kA1 71904 2413 9k

{0

361

Fig. 2 Power flow of Input split hybrid:
(a) 7km/h,(b) 40km/h, (c) 100km/h, (d) regeneration
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Fig. 3 PSIM model of planetary gear
Tire
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Fig. 4 Planetary gear and powertrain

Fig. 5 Model of permanent magnet synchronous motor

Inverter PMSM & Ring gear
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Fig. 6 Block diagram of PMSM

vvvvvvvvvvvvvvvvvv

C—EH O
0=
8

Fig. 7 Model of Li-Polymer battery
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Series-Parallel Hybrid Vehicle Simulator
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(A) Battery_Model.|_bat
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A Ring gear
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o 0.875 1.75 2625 35
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(c)

Fig. 13 Results of electric vehicle mode: (a) Current of
battery, (b) SOC, (c) speed of gears
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Fig. 14 Results of engine mode: (a) current of battery, (b)

SOC, (c) speed of gears

(A) Battery_Model.|_bat

i &
N N
& o o

-187.5
1275 17 21.25 255
Time (s)
(a)
Battery_Model.SOC
06
0.596
0.502
0.588
12.75 17 21.25 255
Time (s)
(RPM) ICE.carrier_RPM Planetary_gear.Gen_RPM Planetary_gear.ring_RPM
@ sun gear
17.5< |l carrier

A Rring gear

8.75K

I

12.75 17 21.25 255

Time (s)

(c)

Fig. 15 Results of hybrid mode: (a) Current of battery, (b)

SOC, (c) speed of gears
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Fig. 16 Results of regeneration mode: (a) Current of

battery, (b) SOC, (c) speed of gears
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Fig. 18 Output power of Powertrain : (a) Planetary gear
power, (b) Motor, Generator, Battery power
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