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This paper deals with the design and modal characteristics analysis of a drive-train for a parallel-
type hybrid electric vehicle (HEV). The function of the drive-train system (DTS) in the HEV
combines or divides the torque and velocity from the internal combustion engine along with the
induction motor. The system consists of a compound planetary gear and unit's electromagnetic
clutch to provide the operation modes such as Engine Only (EO), Electric Vehicle (EV), and
Hybrid Electric Vehicle (HEV) modes. In order to investigate the characteristics of the velocity and
torque flow for the system, dynamic models of the HEV with DTS are derived from the prototype
DTS. The performance of the derived dynamic models is evaluated by both computer simulations

and experiments according to each mode.
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Fig. 1 Drive-train design for HEV

Table 1 Drive-train design data

o

The drive-train design Element Symbol

motor pulley O mp

motor axis @ ma2

electromagnetic clutch ®e

motor axis @ mal

motor brake ® mb

planetary gear ®p

output pulley @ op

engine axis ® ea

engine pulley ®ep

engine brake @ eb

ring gear @r

carrier gear @c

sun gear @s

FA710] WAel BHRNEA HEY § e}

olnEeldle T e FEE Q2 we 4+ n
59490 59 Aol Pt dde FHAY
o qdnel A% AWEE @ ep o Eholw
£z g7ue g¥o] Awdn 1 FL Y
% ® e & AH 700 ©s o AREL. o]
R % neola ® mb & BAAA 279 ©
of wARe] Aolrlol @ ¢ o EAE A
S mEel BE 498 wy 8433 wy
g O mp o EfolYHER AZEo] FHo] H
doh 2 82 BEH F © ma2 ¢ dAA=d

-

RN )

® e 2P REF @ mal & AA H7]o] @ r
of AgEth o] wf <X F Bola ©eb & 2
TAA A7l B s 7t A EH Aelr]o] @ ¢
o S YFeA I AAFYA Qe v &
He 58S d&ate] §A7]019 BE HIE 9
g 548 7.

2.2 Engine 2E 2H

Fig. 3 Angular velocity lever analysis for Engine mode
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Fig. 4 Torque lever analysis for Engine mode
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Table 2 Teeth ratio of planetary gear

Planetary gear elements | Gear teeth

ring gear 59

sun gear 21

carrier gear 19

N, sun gear angular velocity

N, carrier gear angular velocity
N, ring gear angular velocity

Fig. 5 Power flow of EV mode
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Fig. 6 Angular velocity lever analysis for EV mode
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Fig. 7 Torque lever analysis for EV mode
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Fig. 10 The torque lever analysis for HEV mode
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Fig. 13 Shaft torsion

32x180x T/
7°GE’

Z 4

®)

7
3459 % wyAelnz o
sela s AUAE BN,
AiAR Ho] Fe| 9
of Wy wEHE 2

| ol AF wFAE

oft H
o >

[9%]
[9%]
)
£ pob
e Jb

o

3]

o iz

oot
By
offt

_|

Z

_O‘L
£

= i

e 1S
o,

T

o

9

A Y =S
w7 AR EAY 1 o]zt u$
&7 (resonance)°] A7 WEL T3y
A dadd. s dodle F

4 %= (critical speed)2} 31, 371
1 F] R E A 25% o)

T
L

2

e T =

3]
=

L ool o

SE o [t b 2 (R
i o

o w2
e 1 b ol
Ru

2
T
[e]



July 2012 / 774

Fig. 14 9} o] %] o] Rulojg oz 4
o]

Hi Aol JaAARE spAsta Fo 3714
of g3 APe Ao gonz, AYLne 4
(10)2. 2 Fo] X},
1
Fig. 14 Drive Train Bearing Axis Load
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Table 3 Shaft critical speed (rpm)

Table 4 Shaft minimum diameter value (mm)

AISI | Egs.(5) | Eqgs.(6) | Egs.(7) | Egs.(8)
1045 16.31 23.98 12.49 19.63
5130 | 14.49 | 20.29 12.54 19.63
York
4340 | 14.04 19.39 12.54 19.63
4145 13.24 19.31 12.54 19.63
1045 18.86 | 30.22 17.88 | 23.48
. 5130 | 16.76 | 25.51 17.94 | 23.48
Ring
4340 | 16.23 | 24.36 17.94 | 23.48
4145 15.31 24.33 17.94 | 23.48
1045 19.06 | 30.62 18.24 | 23.72
S 5130 | 16.93 | 25.85 18.31 23.72
un
4340 | 16.41 24.68 18.31 23.72
4145 15.46 | 24.66 18.31 23.72
4. E8jo|E-EgQl F &H

Fol Agahe
£9 olgdtel 3E

F9 FAE AL Ansys 314
TAe FEM&EEE F3}

3, 3000rpm o= 3 H3E HE&

T2 97 Fig. 15(a), (b), (c)o] LEFAATE o 7
A F9] AFEE structural steel = AAsATH 34
o o] &3 43712 bearing load ¢} cylindrical

support & 7|22 3T Fig. 15 oA

| 1 |
e ETEES

7}

9] 7

Fig. 15(a) York axis concentrated load and rotation

constraints

Diameter| York axis Ring axis Sun axis
(mm) |Critical Speed | Critical Speed |Critical Speed
20 7382 2745 6078
25 11525 4282 9487
30 16579 6197 13643

[€] cylindrical Support: 0. mm
[B] Frictionless Support
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15(b) Sun axis concentrated load and stress

Fig.
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Fig. 15(c) Ring axis concentrated load and stress
distribution

sl

Fig. 16(2) York axis concentrated load and stress Fig. 18(b) Sun axis deformation and stress distribution
distribution
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Table 5 Concentrated load, rotation deformation and
stress

i i)

00

Concentrated Load Rotation deformation
Axis |Deformation| Stress | Deformation | Stress
(mm) | (Kgf/mr ) (mm) (Kgf/mr)

final | 2.4¢e7° 0.42 3.8¢7 0.0089
ring 1.8¢7* 1.27 6.3¢™° 0.047
sun 1.5¢7° 0.11 4.9¢7° 0.095
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