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Modeling and Economy Performance Simulation of Hybrid
Electric Bulldozer under Whole Operation Cycles

Zhang Baodi Zhang Xin Xi Lihe Jin Biao
(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044 , China)

Abstract; In order to simulate and analyze the economy performance of the tracked hybrid electric
bulldozer under whole operation cycles, a secondary development of ADVISOR was applied and straight
and steering dynamics model, track model, oil pump model and transfer case model, etc., were
established in Matlab/Simulink, then the models of hybrid electric bulldozer and its compared bulldozer
were built. The real two compared bulldozers’ tests were conducted under straight cycles and steering
cycles, respectively. And then the key operating parameters of powertrain source and powertrain terminal
in simulations and tests, such as speed of engine, power of genset, voltage of super capacitors and
traction and velocity of bulldozer, were compared to validate the accuracy of the models. The results
showed that the established models had relatively high simulation accuracy. The economy performance
was simulated under whole operation cycles by using the established models, which showed that the
hybrid electric bulldozer had significant energy savings under both straight dozing and steering cycles,
furthermore, the adoption of the engine-generator set optimal efficiency curve control strategy can further
enhance the energy saving effect.
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Fig.3 Model of hybrid electric tracked bulldozer
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Tab.1 Main parameters of hybrid electric bulldozer
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Tab.2 Main parameters of hydro-mechanical bulldozer
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Tab.3 Parameters of the same components in

two comparative systems
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Fig.5 Real bulldozer’s test in typical operation cycles
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Fig.6  Comparison of measured values and simulated values in typical operation cycles

PR L T ) S5 00 L R 75 AR X L, A AT 6b ~ 6d i
Ro

HI &l 6a AL 75 0 ~ 10 s iy 25 3 2 9] i B,
JERAET| i BT fE 10 ~ 68 s Jyia i B, K
15 2 km/h Ze Ay, T4 BT B9 29 2) B2 s 5 Y
P, A G AR R KO P R BU 0Bl s 75 68 ~ T3 s
B B, A2 51 Jy FE BE X T B E] 0548 73 ~ 109 s
s WOR FE Y B, A 51 J1 08 0, 0 R e v {5
o TER 6a v, {7 BT A2 51 ) Al B2 -5 5 K 4
W& R R B R AR 2N T 1%, i
BRI % S I 00T Al DL AT 05 35, B RLE AT i ) o

1 & 6b m UL, s B ) A i B, A S bL- ki
HLLH B4t D 3R B A 3 T2 R 42 5| 7 B4 3 g
HEEETE s AE s B B 2 AR AL T RGR KPR AR
A S b AN BRI Yk 1D i B 5 A ) e o R R
05 75 25 28R R B B, SG 800 I 21— 4> v 48 6 i 7K -
PASERAT B BHL A3, SR 5 R B O Did 4 4 i A 6c
ALOL FEAN ) 1 T80 B B, A s bL e s iy A e 34 5
S g ALk B BLZH fai D R B AR A R ORI R [R] i
e DAL DAy 7 il R s R i Sl AL s A 5 R D
FI b i 5 D 00 0 A, I HL A R A 72— A~ /N e
DX, 4n 3. 1.2 45 B ad i O 1 o SR Y 0 R [ I
ALK BB TAR XS i B 6d al L, il F 72 4 il
M BLE K Sl v ML A F bR R 2 58
BRI R R D g R A i Hh D) SR AEAR N 1 Y
W B, ESEAEE . 7E 65 s iz LTI )
I, LA AE 78 s 3R R A A B ik, 2y < ok HL 3
BES, M P R TR AN A B HL- e i AL B I 2 R A A

S LR FEAIC

i &l 6b ~ 6d R AT, fE SR TR, & shibl-
S H L2 s o 3R 0 B S SE I AR LG, T
81. 2% MY [H) N /INT 15% 5 2 sl BIL 3% il 1) 17 FL iR 2
1 93. 8% WA PI/NTF 15% 5368 2% v 25 v, [ ) 2L
BRZELE 95% MBI N/NTF 5% o fEiZ TOL T, i 5
H5 S A S F B E R, 51 AR 2200 3 2 A
S TE b B S e 0 B R AT
G BHL Ty, 3 7 0 B rPoME DAAG B 3 B SR T 2R 11 5
22 (R 5 & shBl—%& AL s T S /0 & sh DL
R R 2 H T F 2 E R R A T AR AR /DN 13
W BT AT SR TR R 22 AN 5| A B8 g 28 L v

[l 4% (8] 6a 518 6b ~ 6d X & 0] %01, 3l J7 1% 5
R UE K 5 A 1T S 500 1 FLAE 5 S5 A
MR GEARWY) G, % fE A WLPE L 26 B8 1 & 2 b 1%
BRI LR 22 0T DL A2 o R UL, i S R0 AT DL X 3R
Al S B AUE BLAT I 2 TR B AR R AT
G i A4

TE S B 2 ] v, SIS (1 LA T s R AN A g 2
BIEARZ Gy, PR By A 56 v 45 315X 2 4
TR AERE [ 00 SR, R 0 A RE R AL B
Ti] 00T T I ) R ) EL A R T A . Dy it TR R
T 50T 1 ) R e A O DR R AR R O L
AL UE Ta s B2 Lo ,0 ~ 18 s 45 507 i it
S ) B O R R /IR A5 T A L 518 ~29 s
HEAT T —BE B RAT I ;29 s B HEAT 4T 35 i) A 0 %5 1)
A 0 e R, A R . R B Ta mT T () B
5 SR A R A B R N R 22N T 1%, 1B



% 6 1) £j =

RASN L P & TS Tk K 299

BRI AE 255 10) 00 R m] LABEAT 05 L

5 AT & T BB T5 % 648, 1 32 X Sl
T3 IR F BAE AT 2 B S8 A A EAE AT X L, K
S AL R ALZH Ay ) S S5 0 9% 2 v TR 0 LE A T
7 ME Te Fron . i T 5 B AT i 5 il 55 s A ]
S AL A AL A ) SR R AR AN X L

oI 7b Al WL, 5 & Ta H T O0RH X R, 76
M 1) IRF 2 g AL v LA i ) RN AT g
TR JRE B2 ey Iy A R T D N 2 R T 529 s AT
TP T 5 1) PR B0 B 115 5 08 o B % S 2 S P
et mE Te AT UL B2 L A A T AR % 00 T Al
DA% SR s R 42 2 T AR L TRV R Y, X R &
S AL R BLZH i i D SR L AS ] LA K IR A2 5K

= o — s

= 4F 02F — A MsEE 60

E. 0 - EMGAE ®

2302k |1 - ANGHE 28

Y EP§JF40

i 2 ®E

i =5

s 1 EHor |

=4 N & 310

5 0 P I “JI
0 10

L '
30 40

t & 7h FE Te WAL R W LALT IRA S
e - HLAY & Bh L& v ML 4 o 2 S 0 0 LA 58
DB AH EE , 7E 65. 5% Wy BF [ N /NTF 15% ,77. 1% 1
B[] P 158 22 /T 20 % 5 8 9% L 25 HL TR I 07 FL R 25 7
A B N /NT 5% o | P I AT DL 4 EL(E 5 S
DU A [R]  HL 5% 1) B & H B 20 i o ) 3 8 2 L
ELATHE B R, 32 R AR R LA X S o 2 o o Y
FEAE 135 A 3 B% D 0% 5 1 BHL ) 3R B TORG o A 5
.

FALRY, (6] B 8] Ta 518 7h FIE Te X REAT
L B A5 B R G RISk 5 L s 1T S 800 BLE
55 S AR R B A G, i ST A A A AT A
TR A3 i L WLAE R 10 00T 138 7R 50 26478 1
B4

— SEWIfE
. R 575
A , ! ‘.. 2
o B b
C 3 550
L & 525
B
] > 10 30 40

20
fif J8) /s
c

7 e TOUH B SIS 05 HALX L

Fig.7 Comparison of measured values and simulated values in steering cycles
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Tab.4 Comparison of measured fuel consumption

and simulated values in two kinds of cycles
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Fig.8 Comparison of measured values and simulated values in tractive performance test cycles
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Tab.5 Comparison of two compared bulldozers’ fuel

consumption in typical operation cycles
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Fig. 9  Distribution of engine working points of

hydro-mechanical bulldozer in typical operation cycles
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Tab.6 Comparison of two compared bulldozers’
fuel consumptions in steering cycles
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R L % /L %
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Femg 1 0.192 8.13 0.192 8.13
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