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Abstract

Because of global warming and energy shortage crisis, it is entering the
electric vehicle vigorous development new time. So the performance
requirements for vehicle motor gradually increase, and the power weight and
volume density is key and important indicator. The motor structure traditional
design method not only makes the power density cannot effectively be reached,
but also have problems in manufacture. It causes the entire flow to produce

unceasingly design circle, and makes the project work efficiency to be low.

Therefore this research carries on the question discussion and the analysis in
the traditional motor structural design method. This research also constructs the
innovation motor structural design method, include Evolutionary Structural
Optimization (ESO), establishment of motor structural material based on of
power volume density, the motor structural material distribution optimization,
motor mechanism design with the material disposition geometry match, and the
weight disposition and preliminary structural design based on the power weight
density. The integration of these processes is named Evolutionary Motor
Structural Optimization (EMSO). EMSO can effectively achieve the power density

goal, and makes the structural design result has the manufacturability.

The practice application in motor structural design of electric vehicle platform,
Green Jumper, which the FORMOSUN advanced power research center
developed, not only promote 25.6% power weight density and 10% power
volume density, compared to traditional design method, but also make the
structural design result passed the manufacturability determination. And the
entire flow does not have any design circle. This research result can promote the
project work efficiency, and solve problems in the traditional motor structural

design flow.

Keywords-motor power density, the innovation motor structural design method,

evolutionary motor structural optimization (EMSO), design manufacturability
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LT AR RIEBYAEIRAE L R 0 7T LAGR AR IR AYAE SL R X B ) L 3 3%
W FRA] > R TS EmaTRERREERROHEE "Bk -

T 4,2 Green Jumper 4 % 9 & 2k o
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B 15 AMEBRKBATHBE LI AT 4TS E Green Jumper

* 13 %F@ﬁé%ﬁ’%iﬁ%’%i&eenJumper Z BB g R

1A B N %
B E 900kg

g A K AT 12 & — FA K FE ] 35 B 12 £ 62kW
(B — 5i34&MRh % 31kW)

ERULEY #EEe5nTE
% 4 F it 4 %4 6.6kWh
(BB T % = 43k 19.8kWh)
R & BFiR 140km/h
B ALREN B 41 F 7 A % 60km

(= E it 4 4T 478 180km)
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B. GreenJumper EH) EdmE A 2 HHH HEERARITERZRA

1-6 AARAERMEERGHRARFRREZXR I CEFHERE
FB A S BB TH AU KAREX RS BT EAAZRAR
o BREFRSRHEBRR - HEZHMH TR TEGO AL R

1-4 }ﬁﬁ‘/‘\ °

(@) F+44h CESAT) ()R F+k (E0%)  (OBF (RaR)

1-6 & # &5 Green Jumper $ /1 B EaRt 2 XM - SR BB R

& 1-4 T 24 Greenlumper #) /) HiE Eaei st & R A

A8 M %
KR F 31kW
KRB 145Nm
R 5 R 6200rpm
2% (ke) F 1128 8T 4
w548 1 0.6 ~ 4243 5.5
Rt (mm) EFohAAE 250~ S HAE 0 153.34

BTN EMR 102 2FHEHE S5
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TR E A Z 1.35kW/kg

RANEREEFE (22.9kg)
TR E A Z 11.3kW/Liter
RANEREEE (2.7Liter)

C REMHKBHARZIHETHRYLBER

1-7 ARIFEREHEI AR E R ETRT R ER-H 8
& % 38.1kg Bk A 113Liter M LSO XL BEEX T EHURB TR
BR BRREEHEEEA 08kW/kg » RAMMB N R EE A
2.74kW/Liter o i & & mi At i L EARM M AR S 2 & 2 745 e p] 3T
4ok 1-5 PRk ©

1-7 {24 sEsg st it e 8 R1
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& 15 B ErA R B AR E 8 AT4E b et &

15 & 4 AR Z & (kg) L5 %
ER T 22.9 60
X5 12.8 34
LA 4 10
Lo 0.6 2
CX 5.5 14
KRB R 15.2 40
T F I3k 3.3 9
IR R & 2.4 6
Z]
B iF 34 P 2% b 3.5 9
Z ]
B i ¥ 4 1.5 4
T 1.2 3
A 2.5 7
HAib 0.8 2

D. A AXBHRABRAMZI AR ER BRITIRILR

Wt RRE BRSSP R B S50 E B 60%
1 40% - o Rfe TR H R G W E T » HEH S H TR T2

T 10% > # 15kg> Ko FEFHFE %Lk B 1-8 AT o
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h % % B kW/kg E-HRER ——RFA% B A%

1.4 - - 60
1.2 4 L 50
1 4 4
- 40
0.8 - <
- 30
0.6 -
- 20
0.4 - <
0.2 - r10
0 - - ~ - ; ~ - - - )
14 12 11 9 8 6 5 3 2 R4 EFke

B 18 HHERETALEREEE

BE 1-8 #1% 1-5 7 %o KidM €8 BA MBI F T 2kg PRI
HhEEFETEEE 1.27kW/kg » B ULEURE Z KT 50%8) & 4444 - Bp
7.6kg EABIE R RN FEEEERA 1.017kW/kg » 37+ 25.6%89
NEEFHEME - AREOT S SRS HRTARLERS
11.3Liter » Z A L BAFE A 2.74kW/liter > w EE T K E -

FHG SRR RMSE 0 4% 103Liter 0 HLLiAE 19 Ao o B
IR K o R AR LT LA AR A 3.01kW/Liter > 42+ 10% 8 o F #4785 % B

2{%

E&}

Mk -
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(a) E4RLE (b) 8% 73, B

B 19 RaeitARERELEHE N INE BMAILR

@A LB E A RBAER RRBIZHREE B
RITE AR 16 /7l RERFHE/AARGETH > RATHOH T
B ik SRR AR AT B4R 8 B AT

& 16 XA MAASFER L TAH B AR

EN R B g%itintsE APFRAR "M

oh % /& & (kW/kg) 0.81 1.017 25.6%
BV E 2.74 3.01 10%
(kW/Liter)

34



1-4. WXRHE

R—F #%

R AR R T F A BARA G - Boy > I
BT ARB R AR TAEA B AR o

% XROBRFEH

AFERRAHUBEIENFFERILORRBEN - BEAHEE
E’Zj’%‘f‘l‘é’]ﬁzi‘ > Qﬁﬂ‘%ﬁ%’f}:/fbuxufﬁxi‘ 2 J«/(B\T,ﬁk uxd'jfxi‘[’-g’flﬁ
0 &9 48 B SUBK =1 BR » 3B B 34T XRRARSE ©

R=F AMBREHIGTAR

ok
&

I AR R R E R AR 4t ARt EE &
A REARREAAETE  LEEZE ORI BEEMH R RE
A bR A2 84744 @ = 8 £ T 8 B 35 Green Jumper X 32k 8 ) Bk

FERFE—FFREHTAABAZ
FwFEr FEXSEEBRAILR

AE € ¥/ X &4 &% 1£ 1L (Evolutionary Structural Optimization,
ESO) k4T ta 48 » X BRI H = FARE A M B %3
MART ik 0 A% ESO fizh R B AR AR RE - BRI o AR

tEE

RE - BEMR oA REESEREF HRILEE T ZHE
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B A B E AL R B E & 4 5 1 1B 2% 3T (Evolutionary Motor Structural
Optimization, EMSO) % 7% - ) 85 3% &y sb h 7E# B B 37 B2 L3R
& — B o RATE B £ 45 Green Jumper Z ¥ k8 /1 B A
3t

F2¥F BETHSMRG

RERRE R ERBA B LM E R £ RARE
FAL K B SRR AL 2 SR AR AR A ) TR 52 4 T A
2 B AR T B FE o 3B T W b F S AR R A e

EIENRE P S

FXNE BRARRLBENS

BRI BEEEEBABRAE T A ETHETRRIFER &
1R 4 BT AR Z & R BT B -

FtE ERAARTH

MR R Z R BB E S AU AR ARG AR
TR > BRI RRIEM T8 ©

$% 30k

P RF RS H TR E ~ XFE XA ESH o
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F—F XHuBAfEH

2-1. XHERAEEIBRRE TR

AR HE —FHBATRA N ERER > B A XA
RAWERy (1) BRBREAH ) HEHEEEFRER o bk
SR AR Z BAZ R R B N o eg B4 R BATER R 0 R
AARRRZEMAPFLE 5 (2) RABEHRFERAF X - #d
AR E X R fTRRPARAGENREE  FEATAGEI T E
TR BARAR S 5 (3) &bkt kAL ikayia e K 4
BEAHHEELEERELEINB SO RMEILIE > UAAKESZLH
BIEESERAR () RETREM R EWAHARELERE
B FARRAE BEEE R A o LA L X 848 B 49 SUBK IR L
THEr & 2-1e

& 2-1 XFREREA SRR F R EE

Sy XK 4 4% ER o |

1986 | J. Corbett, “Design for Economic Manufacture,” Annals of o] &k
the CIRP, Vol. 35/1, 1986 [4] BESRS

1988 | M. P. Bendsoe and N. Kikuchi, “Generating Optimal SRR

Topologies in Structural Design Using a Homogenization | #wiEIbF %
Method,” Computer Methods in Applied Mechanics and
Engineering, Vol. 71, pp. 197-224., 1988 [5]

1991 | M. P. Bendsoe, H. C. Rodrigues, “Integrated Topology and AR
Boundary Shape Optimization of 2D Solid,” Computer | mwiEALF &
Methods in Applied Mechanics and Engineering, Vol. 87,
pp. 15-34., 1991 [6]

1992 | H. P. Mlejnek, “Some Aspects of Genesis of Structures,” ARG
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Structural Optimization, Vol. 5, pp. 64-69., 1992 [7]

FAEAL T R

1992 |John Farris and Winston A. Knight, “Design for TR M
Manufacture: Expert Processing Sequence Selection for BESR:S
Early Product Design,” Annals of the CIRP, Vol. 41/1, 1992
(8]

1993 |Y. M. Xie, and G. P Steven, “A simple evolutionary HHERE
procedure for structural optimization,” Computers & | #mAEILF &
Structures, Vol. 49, No. 5, PP. 885-896., 1993 [9]

1993 | Karl Ulrich, David Sartorius, Scott Pearson and Mark M
Jakiela, “Including the Value of Time in B SRS
Design-for-Manufacturing Decision Making,”

MANAGEMENT SCIENCE/VO. 39, NO. 4, April 1993 [10]

1993 | C. C. Chan, J. Z. Jiang, G. H. Chen, and X. Y. Wang, “Anovel | 5EHEFE
high power density permanent magnet variable-speed RIF ik
motor, “IEEE Transactions on Energy Conversion 8, pp.297-

303, 1993 [11]

1994 | R. J. Yang, and C. H. Chuang, “Optimal Topology Design R
Using Linear Programming,” Computers & Structures, Vol. wAEILF &
52, No. 2, pp. 265-275., 1994 [12]

1994 | Geoffrey Boothroyd, “Product design for manufacture and T M
assembly,” Computer-Aided Design Volume 26, 1994 [13] I A

1996 |Y. M. Xie and G. P. Steven, “Evolutionary structural M
optimization for dynamic problems,” Computer and | #FAE/bF ik
Structure Vol.58, No. 6, pp.1067-1073, 1996 [14]

A. V. Kumar, D. C. Gossard, “Synthesis of Optimal Shape
and Topology of Structures,” Journal of Mechanical Design,
Vol. 118, pp. 68-74., 1996 [15]

1996 | Torben Lenau, “The Missing Element in Design for T M
Manufacture,” Annals of the CIRP Vol. 45/1, 1996 [16] IR

1996 | C. C. CHAN, J. Z. JIANG, W. XIA and K. T. CHAU, “A novel | 5EHEEFE
wide speed range permanent magnet brushless DC motor RIF ik
drive for electric vehicles,” int. j. electronics, 1996, vol. 80,
no. 2, pp.235-248 [17]

1997 |Y. M. Xie and G. P. Steven, “Evolutionary Structural Ky S
Optimization,” Springer, 1997 [18] wRAEAL T &

Chu D. Nha, Y.M. Xie, A. Hira, G.P. Steven, “On various

aspects of evolutionary structural optimization for
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problems with stiffness constraint,” Finite Element in
Analysis and Design 24, pp.197-212, 1997 [19]

Georg Thierauf, Jianbo Cai, “Parallel evolution strategy for
solving structural optimization,” Engineering Structure,
Vol. 19, No. 4, PP.318-324, 1997 [20]

1998

Chu D. Nha, Y.M. Xie, G.P. Steven, “An Evolutionary
Structural Optimization Method for Sizing problems with
discrete design variables,” Computer and Structure 68,
pp.419-431, 1998 [21]

Yeh-Liang Hsu, Chuan-Tang Chen, Min-Sho Hsu,
"Interpreting Results from Topology Optimization Using
Density Contours," ¥ R#MITRELEe¢F+ L ELRZ
HrE 3t @ 3w X &, pp. 855-860., 1998 [22]

ARG

TAEAL T &

1999

Qing Li, G.P. Steven, O.M. Querin, Y.M. Xie, “Evolutionary
Shape Optimization for Stress Minimization,” Mechanics
Research Communications, Vol. 26, No. 6, pp.657-664,
1999 [23]

M. Beckers, “Topology Optimization Using a Dual Method
With Discrete Variable,” Structural-Optimization, Vol. 17,
pp. 14-24., 1999 [24]

ARG

FAEAL T R

2000

O.M. Querin, G.P. Steven, Y.M. Xie, “Evolutionary structural
optimization using an additive algorithm,” Finite Element
in Analysis and Design 34, pp.291-308, 2000 [25]

O.M. Querin, V. Young, G.P. Steven, Y.M.

Xie, “Computational efficiency and validation of
bi-directional evolutionary structural optimization,”
Computer Method Application Engineering 189,
pp.559-573, 2000 [26]

R

X Wk

2000

T. Ohnishi and N. Takahashi, Fellow, IEEE, “Optimal Design
of Efficient IPM Motor Using Finite Element Method,” IEEE
TRANSACTIONS ON MAGNETICS, VOL. 36, NO. 5,
SEPTEMBER 2000 [27]

C.C. Hwang, J.J. Chang, “Design and analysis of a high
power density and high efficiency permanent magnet DC
motor,” Journal of Magnetism and Magnetic Materials
209, PP.234-236, 2000 [28]

BEHREE
®I Tk

2001

K. Sakai, T. Hattori, N. Takahashi, M. Arata, T. Tajima, “High

BEHREE
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Efficiency and High Performance Motor for Energy Saving in
Systems” |[EEE, 2001 [29]

w7 %

2001 | Tsai-C. Kuo, Samuel H. Huang, Hong-C. Zhang, “Design for B T
manufacture and design for 'X': concepts, applications, and BESR S
perspectives,” Computer & Industrial Engineering 41,

PP.241-260, 2001 [30]

2002 | Martin O’Driscoll, “Design for manufacture,” Journal of TN
Materials Processing Technology 122 PP.318-321, 2002 B SRS
[31]

2002 | Nikolaos D. Lagaros, Manolis Papadrakakis, George ARG
Kokossalakis, “Structural optimization using evolutionary RAEAL T &
algorithm,” Computer and Structure 80, pp.571-589, 2002
(32]

2004 | Kab-Jae Lee, Sol Kim, Seong-Yeop Lim and Ju Lee, “Bridge | B h X FE
design of interior permanent magnet motor for hybrid ®IF ik
electric vehicle,” International Journal of Applied
Electromagnetics and Mechanics 19, pp.601-606, 2004
[33]

2004 | “Evaluation of 2004 Toyota Prius Hybrid Electric Drive 2R 5
System,” Oak Ridge National Laboratory, 2004 [34] hERFEBRE

BENRERE
R=I Tk

2005 | “FRACTIONAL-SLOT SURFACE MOUNTED PM MOTORS | BiEshE EE
WITH CONCENTRATED WINDINGS FOR HEV TRACTION RIF ik
DRIVES,” Oak Ridge National Laboratory, 2005 [35]

LEILA PARSA, “PERFORMANCE IMPROVEMENT OF
PERMANENT MAGNET AC MOTORS,” Ph.D. Thesis, 2005
[36]

2006 | “Evaluation of 2005 Honda Accord Hybrid Electric Drive 2R 5
System,” Oak Ridge National Laboratory, 2006 [37] hERFEBERE

2007 | T.Ishigami et al., “Manufacturing technology for BENREE
continuous high-density coils for brushless motors,” RI Tk
Precision Engineering 31, pp.260-268, 2007 [38]

2008 | “EVALUATION OF THE 2008 LEXUS LS 600H HYBRID B 5%
SYNERGY DRIVE SYSTEM,” Oak Ridge National Laboratory, | 3/ % % E 4 &
2008 [39] BEHFER
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®’I Tk

2008 | J. A. Gliemes, A. M. Iraolagoitia, M. P. Donsién and J. I. Del | B2 shEFE
Hoyo, “Analysis of Torque in Permanent Magnet w’HFH %
Synchronous Motors with Fractional Slot Windings,”
Proceedings of the 2008 International Conference on
Electrical Machines, 2008

2009 | “HVH250 Series Electric Motors,” Remy International, Inc., 2R EZ
2009 [40] o F 8 B

2. FRABHBRDERERBR

HERABEDERERERIFEARE  BACHEALER LN
71 53 MR kR G & o #2005 F £ Bl k44 Bl % K B £ (Oak Ridge
National Laboratory)ff 464 & — % 7|3 &) TR H TR % - 4% 2004 F
TOYOTA Prius Il [34] ~ 2005 4 HONDA ACCORD [37]34 & 2008 4 LEXUS
LS600H [39] 77 fik &) F P53 A3 82 & 8l = 3L4F - GM Volt Frk A &) B H it
7 Remy International, Inc. 2 2009 %% & HVH250 % 7| & A & /) HiE >
ZREAMANERARAAEASTRSORAAN R ESEE 4.5kW/kg [40] -
L 2 B2y RE BB T R LB -

& 22 RN HEHFFEEBER LRI L

Fbr Qi BRI F RRF
8% K (kW/kg) A2k % (kW/Liter)

2004 TOYOTA Prius Il [34] 1.11 3.25

2005 Honda Accord Hybrid [37] 0.532 1.51

2008 Lexus LS600H Hybrid [39] 2.46 6.59

2009 GM Volt [40] 4.5 (fF3t1)20
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2-3. BEHRFRERIT L

R AR RSB R RE S HE > TR BRSO ARZE RIS
RoFHBEHZAHREE BE SN B LT 4 1993 F k4 » Chan,
C.C., Jiang, J. Z.,, Chen, G. H., and Wang, X. Y. [11]$2 1996 4 C. C. CHAN, J.
Z.JIANG, W. XIA and K. T. CHAU [17]#k A K B EE A TH £E R - L K
By R HREABBIVAK - R T X - REFEMAMRLETUR
MESaeREEN > ATRBRITEATARE  ARAZEHBE

mER s PAE A AR K89 A4 & 0 4 2000 4 T. Ohnishi and N. Takahashi,
Fellow F45[27] » — & %] B ATAYFR 3L & T 4R 2 # b A IR T F o 47 RAX
Bk ey Erkk st 2 - 2000 4 C.C. Hwang , J.J. Chang % & & £ Fr 0 t4
SMRAERE  MEBUAARAFEAR T T EERMAEABAR (28] £
FOSMANK R ER S EHESEABIARTF I T
NEREER F HEGE  BEBHEFENERFNE - R KER S
BEE BT 0 6,4 TOYOTA ~ HONDA ~ GM £ A Bif » R M 2R{%3

A ta K a4 it 9 [29](33](34](35][36][37][39] -

2-4. ERZGIERMAETE

ERBGHRBL—AREHBIEZGMMEINES  FRFHT
RENEE ZAFA T AREF T ROERIIATHERARERY - i
AL B3R A0k 0 &£ 1998 F Bendsoe, M. P.Fw Kikuchi, N. %5 & 8434

% % (Homogenization Method)Bi 45 A T R A% [5] 3 & 15 3% 3t B B AR 4%
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AILGE M~ FE AR AT RTEAILL BEAEHER =
WG BB EGRE TR DT & o Mlejnek 7 1992 4
32 B Mk 54 7% (Material Distribution Method)[7] > s4 % & MEAH R 2% 2
BRI B G BRUATTHMHEREME > A O R 1 RETEFR
B LMK 0 1993 F Y. M. Xie #2 G. P. Steven & H /E/L X &R 1L
(Evolutionary Structural Optimization, ESO)[9] » R R 3¢ S A L& TP R F £
RAREZOMHHM - § KRB AR E B aUE - RS HEE R —
B8 A & ey BATE M > BB A RER - BARFHAHNA
P R A8 7 8 F) R B AR S SCEATAR 2L [19] [23] © BRsb Sb 0 A X
&% AL ¥ 7% (Additive ESO, AESO)R| IR & & 4% ¥ R A& e R AT 5
RV HR B s E 0 BB E ) 38 & R B A UK [25] o TN R A AP 2
% 7% 1t 7 K (Bidirectional ESO, BESO)& & 1E & M7k K L & /[N A 40
WGt FEEAT @/ R AR BB 0 S Al AL
BRENREBLEGAGEILRTHEZ K » EAER BAEMRTE RAEL
B 2R [26]

2-5. THEMRINFE

TREMGE KL TAEAUATR 2% EBEF > 1986 F ).
Corbett [4]#2 1992 4 John Farris, Winston A. Knight [8]1% A > #tiE 3T )
WitidAz ¥ F S HN R R BT R R AR A 4R - 1993 4 Karl Ulrich
[10] 5 A 23080 7T H s MRt R IRAR A ~ RIS R % 85

16 & S BA & E T 55 F 5 01994 F Geoffrey Boothroyd 32 i & 3%
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ol R A EHEMMEG R S RA N ERRFIRFE D
2% 3+[13] - 1996 4 Torben Lenau B4 A 4B 8kfbey k3t Z R E A fo

Pl ey RiE o 3R AE2%sti842 b ey 4 #[16] - 2001 £ Tsai-C. Kuo, Samuel H.
Huang, Hong-C. Zhang [30] #4 T # s M x3tae A ARt P REBE S
RS TR EELTHa  BBEAE - ERAMBRE > RER
HABARET SR MLBLEBEOFAME ETMAANRIREF -
2002 # Martin O’Driscoll [31] A& T ®is MRt F iR T ARE
ANEE S FRERARG PR E T Higt o DR TR
Ao RS Rkt ERARR - dUMERGT e S E o R
FUTREMBTRAE SO IR RLHBHH S 8 St
ERTREMHAFMANZCERNE ARFERZHERE LR EF -

>N

[41] [42]

2-6. XRKERRIRITARE

WERG N HEHREEER  TUHRBRSERY N HEAAR
EHREFRE L CEPRER > I HEFEE KRR ABARAAR
ZBAR P ERBAIERA —RESE S ERREZANGR T EHER
e B BHMHAETREERNSFE  URHBRT AT
B BIARSRERE NEE > whF s Hd Py RRA A
HFEBERRITOMEE - AOMEBHEHFRAEF L ARTESH
ITEEAMErENHE  EREREAIBETRAR S TR

HMABE > LA forE bt aBE > FEHEMAERERT 2%
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ERBEHNDEEFERGNER  UTUR B ER - A F
BRAFT T > BRI RAAARHH B ELEHESI EHREAR

W E s REEBRERNERG N HERE  HE&EHRTHE—

BRIERHERTEE T EZEAQRB N TR BARRE -

MmEEERAEICRI T AL FROBFRCE R —THRIE 2
RLEHELEHZCGHEBRTE D BB RAECER ZRH AT B4
F % BE BRRET 0 X P BR R AR R S AL T ke T R
UE G TR R REBTXEBEHIEER  RHRE
BEBRLEHE GG B BRETREFRA - Bt dExt
EF AR 2 HEEBRFTRAARG EEE > 3 HRAFERA LR
RO S LR A B AF B AR R R AT LU — A kT B
Wik HEEMET O REN o

sbsbh 0 LB EHBR T A 48 E S H A LT Wi Mkt e R
PEREFT ERABEAZNBCELS - AMBENAES R UL
HEESREINEZRA - LRBAFTEAE HHUYBTEASETHSE
MESAE > GO ERERRERXFNLES TREFSES

Bt T B RAB B EFRE R E - Qb HEREAR L8
b BB T RHEMMBEREBINART TEI > BLs TR
REHFEBIT LB THEN  KEHBIHTHERETR

ANARET
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F=F AN BREHBCGIAR

3-1. RASFERRNARSTBEEATH

B — FEIR T B AR S ) B SRR RIRE B
(1) BREERTBR AR T (2) EERAEICR ERFERE
BT EROE T (3) K F 693k QB FBOF AT S 050
(4) ZWGHEBEANTRHOERELBBHRER

S LA BIRE b e g AR B RBASS BT RS R AT -
i 3-1 A7 & RERBES MR EREEANGHE TR Las
R OEBREIFEAN KRG SRt mMEBERITBRELELATRE
FARZ B BEM  EXRRIRBA SR REER  §HEY
HAHRCEBEFRRUBEAT A TAFNRHERES ALY
RERER KA LR ERFIT R L REZSBEATHLAR 3-1 L7
B PR FTAERE—BRRTH  AETHEARAN > AEAHAA
WA THRBAGE  KEZHEEIGAHA RN T EHILAR 3-1
TH A -

UIEHI B MR E > BELE R LBAREMENER > LRA
TRRENBARA P R AR R R ERRFEERGTE
MBS BEN RS R D & BIAFNRFER > RERZFRNHLSF
EEBIRGTH » FRBRABUI A EMAL > BHbsdRaytas

A TP BRL A RETRATE R > M e R P B2 FIEATT
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UF Ao BARABBA 69454 0 BT BR 2 A W MR T B K o
Flaka BB RAEBEHEZRS g —EROERIPLHHEHE RS
BROEANEBZG B AL ZOGRHEARERE  ERAFEGHEK
EMeFEERENORA  ERERE IR E AR LU EE
ABE > R@EER AR BRI —ETREHLHHE X
RSB ENER MAeLEL —EQR > 23O B TREEL
BAS R N XA EMEAR —EEE > b RIBAA T E
18 B i B ARG IR AR B ANAB LA R e 0 RAEAT T A2 67 42 8% [
BATHRERRZE AT HRE S RGN ER UK QB YRS
T A8 77 A B AR TT DAAR R B T P AR AR Mg ok BB B A AR RAS T I
HitEBYRARRAMERAY o B2 ) BEHNHEER
ZRABMEG RS EA - RIRE BHROE N BERFERREE
fEmEBR
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JIER Bt 3

8 AR
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3-2. RMANGEERBRATREM Z KLU RAL

APRAT— 8 oA » P H LSRR T BRESEG T
NELAE ARSI A BRI TARAA L B &R 0 Bb AT 5 5]
T EEgst m T BN ENt RESBREARE  TAEK
BEAB— W BRI AR BXRARENHREEBZR
THEMER -

3-2-a. 5 EH T T BB L

WRIFEE R BRRE  BRAXRIRN IR HEHFEAESR
%o mHE A BGEFETRERAMEER > 8 B RRIBGFLEMME
fr o B AR T RS RARANE AR T IR0y FE
EAMOBB AT LR AMANAGEE T OARBAEERHLE -
BB AR R EATIRT > ME 3-2 RAEMAIT LB RAM HEMR
HESHRFAERFRH  EEMRAFELTAERY - B A FHE
AR A RA  BBAEEFHCEAMERT » IRERWRZ
BEXERHMATIMRE > AL EE » DULRE MBS MR
EARAEAE B HFLEBRNMANIR > LAEERBRAEEFHLERE
FIMEAGR c A EEEMMNOEREAMN > HNETHLER
A —XOBE > ot @ MEFEAF B SRR > Bt HE s

RGBS E Bdo [ 3-3 -
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BEEE
EERHE=Z
B Ak

B 3-3 EZL&EETHRIELTEE

3-2-b. HERU BRI S RBEE

Yo [B) BiE AR S S R0 Ak 0 B EE 2R SRR ATS
Eokold 3-4 o BAZRERELBD R BB RS WEMS Bk
RETHIMABRCOEHEHFTHEN  BRAEEH4HERENE
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ITRAREYE  AHSB B8RS BILERIERIFARRE
HHOEIAIE > P LR T Mk M ayekt 0 R H ARG T i B
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3-2-c. ¥ 0B EX S RAAM HREM BT AR

BEELBICTABERNRI ST RYEELER » AATHZHE
B3 BENE B0 HEEEIGTHRRE  wE 3547 BELEHER
3t B L 2R DA RS AR TRR B Bk st ~ AR AN 2 EEE
MARNGEY  TEHRBOSTRELFFNER > nHEIRBES S

BB HEBETOMAABERALSE R T TR —K - §E 35
TEE > —EHEEEIT T REFA S BMRITEE - & — B RIRERE
FERH 00 HZ LB MM B B 3% 0 BB PTG &AM
BT TRT ~ LR EEAREH 0 XRFHTHBEMRE > E
A BB TR ERAFUMABEAR - FEARARALAEHNHE
HEREILE R BV B RRERNE T HE LN TS0 8 Rkt
THEEZEBIMFEPE L ETHIEAER LD EE 0 R
B mIRE AL o AMBARREHER F32] —E& D MR
SN BEEFIRMBHRRRBEOTRARER > LEAWRLEHE
KL T & o BAERAEIALT FZ B AN SRR IE A R
RBEEER RESEHUKIRRESHALE - BB EHH
BRARRESE  BERLEAEEM LA DEZT > R Y
iz gibey Rk o

HHEBRECHFTEINE _EXDBET AR N EEA
AMRBEHEN LBRET RN TR TF -2 FREZRAFELT
AHF IR Xie Fu Steven Af B2 X JEAL R & 4 & 1£ 1t (Evolutionary
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Structural Optimization, ESO) 7 7x 4k 2 38 B 32 35 4% - [18] » ESO F 7% & LA
BRI R ER F R E AR I MO EATIRG > B ARFEL
HFAFREEM B HEE > BLERERIEIMOEZRET > £
Z H| 7T & Von Mises %3 & /] ~ JESAE ~ 208 /1 EIREME L F R M
o (2B B3k ESO HiAk B RRUFE & EMIES MR LAT MR E
BRG] RALESHEZTRREZRE St A RMR > LAWRE
ko A BEMBIMRECEBARITHITER - HESF
T HEE LRI TR AR HHBEEE LT RBILT A 2B
% M A E AL XK # 4 # & 14t (Evolutionary Motor Structural
Optimization, EMSO)zx 3t # 7% o EMSO &4 && B 35 o7 LA Y 4T o 0 3% Pk 2% 2t
WE E 0 AT A A AE ) ta BRR T o B S A A AT B AT S I 8 TR A2
B > WK e RAREAT RS BB S £ B LR 0 EiE
BA—RIH M HEERET AR WARBKETARERDETE B

ST F K -
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Fw¥E X BELHRELRG

AREABER Z TR 4HEAE R B SR AEILER F ik #iT
im0 3 B 2L Green Jumper T &) ATIE A X 8 ) HEEITEH
BITER - MEBE AL A TUERAEFE—F & 16 AIREX
HEFEEBIE

4-1. KX 5 &M R AEIL(EMSO) &AL
4-1-a. EMSO %3t A S FER A

o8 4-1 prit - EIbX BESH AR AE A La RS HE
EHEAEA K B B3 0 @ T R X B EEM o H &A1
B o th3ket ~ BN EC B LI S BT B~ B4
oM ETREAM T BRI RZX T L RE IR o g TR KS
TR BHTEBT SROFAFER ARZIHEUMEE AR
T3 AT BB B E R N F B E R R RO
AR SN E AT AL 0y B AR A B R Sb A B TR T AR KN B TR
3t —SNE LR X AEAE 0 NN E R AR T AR T BB P AL
BOBE RS PR RS T - e B4k 12 18 A 450N R AR RS %
R EENEIR - BIFIERMAEL - BN TET - LHOTEZ
Fal P40 R BR e Bp 2 iR AL X B 3 B4R -1 S AR L 04 X Ande 4K
BERBEENARGENY AT THE  BTAR  EHAEEURYE

18 52ty 8 B 7 X o AF B o7 6938 Ak AF - o bR T AT 47 - KAk
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2o RAMBETHNEREIRNLUNAERETRETELZRS > RE
HEMAABRLEREE > ERARLEHELTA40ET > BILKRIE
B RRREAH R B B b 6915 O 0 BAT B AR a3k 0 ST
M S AR Wy 35 4 R LB BR AT o 09 1F DUAE B AT I B3k R o B F
BRIR 47T D43 3] & -t e AR S BULb ) A R &M e A 3k st K 0 B
CHEERNESTRG > BPITRBELHHEERS - B0 MHNEE
M) 9247 3 S A SN N AR G B33 AR A & R o R A B RA

H R ko8 & A fa SRR HN E R AR 0 B b AR B B R
BEAT T WA MRG0 TASSHH BB IWAE L E ALY Ao EE Y
PR 36 7T LA 34 2 0 %0 38 ko 17 S 0 4 3T S AT PR SR 38 A bt o
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4-1-b. At X & K4 6(ESO) T B [43]

ESO R ABIRHAI A R B AFTRATRAF AN B L ALEBR
BregzF &R - ABRFLN T AFHRREHHBIHME - KR
B AL HIE A L DU ) S5 R PR B2 0 B LA von Mises & 2 JE A
1E By 5T $] 2 o

ESO &9t B 4w B 4-2 FRoT > #An4s L E F4 thf](initial rejection
ratio, RRo)Bl %5 * REAMRE WA LEEHEN (0. ZRRMAE( T ma™)
0B ABRRE  BABEHSR A KOS EREHBE  &F
BAAB I 1% BT X B ARG TEIE LKA A
BAIRERREINZAFRARBAFTRITBR  EHALFEANEE
RH L 1%FPIAE > R 72 % B R B AR ©

4 FS IR LB RRo 7 A ISR . BP BAZX E 2 % 1t ik E (evolutionary
rate, ER)IZ S #FR L] AR 45 F Rk £&4X » BF RR.;=RR+ER - i=0,1,2,3... >

B EREBFRAINL% - F_fEEREBREZREHNFEBRLL

1

BI(RR)E BT ERN AR ERME ~ BABRT P FIEE( T max X
RR)Z F| B R B A LR ZMER » BB XMEBERAEZE SIHHRILE - F
EAERBRY 0 HBHEDRTEWE LS LB TEZR S HAR
P34 B AR RAA( T o) ©

M5 BRI A ZBIR S 0 & RR E PR E X R &AM L BIE (RRjina)

A3 JEAL T BRI AR B TR S K RAEAE X ET o Bk T 40 0 RRjina Z
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TRTHERECKFZLE > Bl BN o HERR-FHET
% 2 RRfipo H EBRRIF S A ERBRE LA TN - B b
E R TR A TR B A L) JE R 45 ESO 2 RRyyng 8 ° ] ho ¥ ME B 35 K
Mok 2 &R 0 BT AR TR AR AR L] B 50 % 0 R iE A fk PR
WEALBER > BT MEREFRARRZ—F -

Meshed
Design space

Remove
element

Complete

4-2 ESO 3t E 428 [43]

4-1-c. FH KB ERA

KA RAHE AR A E A I3 3 A ABAQUS 7 A 247k ge - H
JB ¥k EM & %/ 3] (Dassault Systems)Z &% B ATER A% 6.9-1 Jb
FREBBERGCEZZHEERALE 2% - ERGAHEIRY - #
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2 BEEFIEFTANAE HHARERNESRIIFLUENBZ MK - &
¥ ABAQUS Bt R S F (FHEIB N AB HKS 3] ) T EABER =]
SR M RE ST ~ B B AR FU Mk B A2 AR 4 R R B3 m ¥t CAD #k 52 (CATIA)
ZHELMERES > KRBT REEABRENAR T THA » WA

RERL—REHER AT A - [43]

et ESO w93t > A AT RE R EX 2RO BATHE Y
P 5 xR AL A2 X -abaQuest [44] > H Az XS B 4-3 - AN — M
A RECE KRR TS EHB AR AR AR L > Mk
WATS SR 7o M1 5 & 2 abaQuest 7T SR 20 A A TR T & o 47 g
T 2T A8 4o Fluent: & 24K 5 4740 ADAMS % #1048 > 4% A Simplex
Complex ~ GA (Genetic Algorithm) ~ SA (Simulated Annealing) ~ ESO % /%
Bk EMA XA @ AH R VB (Visual Basic) 4Bz B 3TE Bk R Rt
fE2F  UAEEHEEHERETRZERDEERAEILNA  BTES
GENR MR X G RARE B3TRF [43] - £4+% ESO 547

S YK ko B 4-4 P o
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D:\ESO.gst - abaQuest - \ - abaQueue (shared) \ J
Gie Bun Reyse Hep Tob Queue)_Settngs | Paths Y Evaluator | Job Files )

Objective | Variable | C int | Algorithm | Settings 70
1.1
Function Objective(ToRemove) n
* This is an example problem of ESO optimization
‘with FEM simulations calculated by ABAQUS.
* & 40mmxd0mmxB0mm beam is to be hung in the
* middle with S0000N, and the goal is to find -
he optimal shape of Smooth, near-yiekled stress fisd. [Load ] | [(Insert ][ Op | [cmdine] Post |
A Save || Remove| [ Dosm | [Reset || Edit[ 7]
Current Status
ABAQUS . JobFile = "CASIMULIA\A baqus_temp\EMSOM 1 EMSO
\ob-1 inp" ABAQUS: standby
FEM Steps: NIA
e IO A D M FEM increments: N/A
Obisctivei 5 incremental tme: NIA
I ‘ 0 M step nme: N/A
total time: N/A
opti. 0 _ total 0/ 00:00:00 DOF Monitor: N/A
Go! | [eval No: 0 |opti. time: 07 00:00-00
mE ESyeas
. No.: . time: -00:
2 at Go! [[ Help ][ About
convergence: N/A
Resumed Current Overall 2010745 5 09:32:32 { abaQoeoe ceady.
:32:33 { New pro et workspace: avanged.
:32:33 { abaQoest ceady
:32:36 { WARRING: n:emn vaiable seftings
:32:40 { ESQ alg loaded.
2:40 { DAESO st Ioaded.

B 4-3 abaQuest %4# BB &,

“Rbs,
.‘< \*

- Options X

Evolutionary Structural Optimization Script

- originall BgdcvelomdbyBendsoa& Kikuchi in 1988 as Homogenization Method
- modified by Xie & Steven in 1993 as Evolution Structural Optirnization
- adapted f0r abaQuest by KoShiyen@[FPLab
initial Rejection Ratio: | 001 objective lowex than RR * Max(objectives) will be xemoved
Evolutionary Rate: l—ggl iterative incyement of Rejection Ratio
final Rejection Ratio: l—gl end process when Rejection Ratio weaches this value
mindmumn volumn ratio: |_03 end poocess if effective volume xatio is lowex than this value

maximumn element removal: 5000 don't remove mowe than this numbex of element within one tera |

don't remove these elements: | 25008, 25009, 25010, 25011, 25012, 25013, 25014, 25015, 25016,

v record removed elements standby

B 4-4 abaQuest f& ESO 4 2 # 8y N @
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. RAERXHRLERFALZHTHRA

4-2-a. AR H R BB/ ERENWEEBRHFHXE

FAL R B &M 1 R AEAL M L 2B & — B A7 35 B3k 3T & B
P4t > BERTZERALNBESDRRHEE L BREARS - ARAHAR
4y B AR A 3.01kW/Liter Rt H - B R AARIRA R B 31kW - F7
LA RS A% PR 4] & 10.3Liter > 4o 5] 5 — 09 # 50 B 69 A7 1 > BB B A L MA TR
FARAARBFRGEKATAREE - BILTRAER R Eah%?
R BRI > SEMRELMEERG > SR TR R MRS 4
ol BT RRIABERERE  CRRERTRANNERBTE
W RBH RO REEEE R R B ARG R EAT > LR
TEEMAEE R ROGDFEFAT - Wl 4-5 Fiom 0 eI ey e A e sk
BRI ROLE RELEZE (GR@IESE 7Tmm ) B A E%S

% A B i AE X B I AR R 5 AL 5 47 69 40 46 & AR ke sE S
AR ZH N R ZF R FHERIEOHE > MESLERBARATR
RE O AE By B AR R 0 3Ty 0 B b b JB S B4R SRR B R B 46

FR o e
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4-2-b. B LH A RRSRHHRE

RAEGHHHELEWMBIREA T 886 8 A E TR EITR
B > 3t BAR4E Green Jumper 8 /1 HE TR A £ AR 0 B

3% EMSO S A 6 & 8L 38 AR

A BREEHRARAETEHARA

BHELHNEBRTAy HZAIRE - F—BLRKBRE T
TFHEEF X TUREESL G TERASFIREHEES  &7T UF AR
BB AL - N R ATER &) F 84 EF K A 55mm > B LT
DR G 48 BB RBE > W mia KGR AIME > (2o RTBRE BHHY
TR MELREANRRERLGABRT X - B 47 AT &
T o B3 B SRR SR L o Fu sk A Bl #REA) 0.0270.05mm &Y
NECFFUAEREGHARRAERLTFHE S LI BREEE AT
HEGTA -
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%L@%%x"eﬁﬁﬁ%%é@éﬁ% ’%%é@if%i%ﬁu 4-8 P~ > B
FREA R BTl RN AT aA - BT
S0 7B F b R A B A AR AE IR E B & 0 B sbdE A R4 AR T Fe R E
BB E T RY RERTUARB T EE XAPERTEME
HEBRwBE 49 A7 0 WA 69 shR B AF & B T dh R 09 SPIR 0 T 4 4 B
EAEBARPIR 0 s R T o 69 AR RORIRAR T LAEATHE R » PR AR T 4
SR bR R % B AR FE K 0 B P AR EY S ARAR T LA 4R b K
B TEERERIIZAIIRYGEER -
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Bl 4-9 3T 3K 3K R &1 K BLE]

FZEFSAEREENAE - AEWMBR TR BT EEA X
ABEAFRRARRORE EREBRBELZRNE T ARG EL
ARGEIRAFENLT > RBEFF R BIREWRENMBE > mA R
frwg R N EEHEE AR EMEHRLE > BRBEANEN > B
WHAGHEROINIGEME > B ELEILEAFZTH R - RKIFE LW

66



M EZREARHNEHTEEZRORE  BENXRETURAE N o

iR 8y 375 4 o

REAHHEBEENE TS X BEIWHE T RFAR T 0E
Rtk - BEMBEEFTXAFRS > ABRR > RBRBHBMLEEE
SE L AZKRT R - SN IRG R E - RA SR Ao Al By 2K R S
o NN RS @R R BibE ER @R ARRE 0 $
FE AR R ERE > B 4-10 A7 o R4 7T LA R A 69 3K
JE N RE LR B R R 0 MEZRE B RGO A R RIB KRB
Ho BRI REE > AR LIBERR S O FEF E &S o -

S5 [B]

4-10 43 L o445 B &
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B. GreenlJumper ) /) §i 2 EMSO & i EFRE4% T

WATE AR B A A ERMGEER (L) EF5(2)#F;(2)
BE > AA (4) HIEREFE - AT 44 GreenJumper 81 1 HEFTHR AR
2 33 0 AT EMSO o547 69 8 L sk e o

EFEIy BB 47 TR S B FSEA NRRBARTLERG

FTARARRMETTFHEALEEL  BERTTFERAINRZ T > 2R
mAETZRARKHCHER  AREENEBLHE L FEHT -
eoh o BE SR LG EFANLERIL > AMESHEAELLFEKE
B LR E > aNEEERBROBA ST > 2RFRIURARND
B E P BIRAAR B R LA IE AR 0 AT AR & BARMF L 0 Bk
BB TR EYFRREZLT wB 411 BB AEL BAETTF
tEBALRNERT  FREZTALENEZARETRWAR > 7
sh o FREWMAIRG IR > FHLARRU=BEAFT RRG wREL
FHREMEROBE - Fe T FARE Tk 4157 -

\

& 41 BT A WA

&1 a8
o i 18.3kg
2
% | 0.004m
686250N/m?

wAFEL (aTF)
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TSy 4.6kg

Bt 40 1.5ke

T 1.2ke

Sh@% (MuMKRES) 0002
109500N/m’

whHERL (&T)

T 3R @

B 4-12 # 1 #hAKSE

70

— Iz
= E



B 4934y LA ABAQUS ¥ 89 E ) ok B RE B 4-13 AT
HASHE A P rr 0 Mtk AL F Aok B > IR EEF O E /) ik
Bk 98m/s BT E=EAMREMRSEE  LHELT
294m/s’ > ERAF A B EERBANE AT AL - M HEEE
89384 > LA Green Jumper 8 /7 B 288 F a9 B3R R A 0 AR
Toy =8 R EEE L > ko[E 4-13 Ao 0 B biE A4 B B H»
Bims REEZ RS > AR HE= AR LI ERT T L=
Fey A AAE  Hpus s L o

BHIZHE &

4-13 Bz B T4 E P&
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4-2-c. RAL X HEE&BMH 5 R H

EE TR B W E AR B E A AR 0 BT AEATEIAER S
BEEBMM SR REICSN > RoMT BB 4-14 Fion o &
4-1-b B A7 0 7T LA 4niE ESO ik R A &M A RS BB REHENE
MRS RH T X TAFAM ~ B ~ BREF > i BHF
ST B E R > HIRAB AR IR -
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4-15 F—RoMWMERBE A HE (3 @E )

RAZE M E —FE AR ABAQUS AT H —R& 54T BE
& BEEIEIbE R abaQuest A AL B AT E R T LAEAT 0 ko E 4-15
P TREREASHHEN > BE e LR AMEAEAKR  BE K
BHEA HAEBUEEEHNIS SRRV ENBRIGME > BhENS
- 0 abaQuest Bp T #| ATk &R F B EMH  EMBHRUAEE
HAEILe) B &9 - Wb F — 5 w2 B 4548 A abaQuest 47547 » ££ 4-1-b
Fu 4-1-c 8 ©39A abaQuest AR T LY LW LB ER WwEAAT > A
RZ AR B T RE A MBS R RR=0.01 R /ve
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RR=0.01 - & K% RR=0.1> &/ FIEREEH A 05> BERTEHKRLE
BT A28 100018 M R T AR LR A =B E R A L FEe
B 4-16 & — 2 Z| 69 L E AR » T UE B & B8R e EILERE

& 64930 5 PP & abaQuest PR R Z S #M AR L FK 0 R T EAA
H I e e /1 A E I 0 abaQuest A& AR &Y - /1 oA 1F DL 4 4R AT R TR
A2 o B E W E AR oA b EAER B R EURE
%k o

75



75

N
U=,
==
Q\N\\\\\\\\i 724
R

Vi 4
U

Ve

S S S
e

y

" 17

5t
iy

7N
77
774

K /4

ganss

A7

416t LA SR ERE (HEE)

76



KB 417 ZFLERFTUEEUATHE ' T FHENEHST
- EAEESZHEDMA - RENMMEE BN L
WA ROy > 2R TFHELHE @AM > AR HERE T
SE @AM S BT ARED MRS RBRRIFHEBOEEAX > I
HINE AR BRI LR B ML AR T AR T E R ey B4
AERAFSRTERS - BHRGEHR B SMH LB Ed TR
A ERERE R R AW REREE IO BEAFEGFEETR
B Sb M8 A7 69 #E 7T LAY B TAZER AR SRS R LR B S e R >

M 3218 51 T fE AL 8 48 Rl 4 48 4T EMSO 893% 3t Az o

f
0" I
!

|
o
!

y /7
&Q
\
Q.q !
i
W
0"3,

&
\)
.'%Q

\

M
i

y 77 7]

F/7
1777
\_Y

Y
\
=I

A\
\\
‘\

\ \

-
-
\ N

A\

\\
S8
NS )
RN
W

S9X

S
NN

TAEATA
L W
NSNS

PN
VAN

W
w
\“

4458

4-17 ¥ FILER (3 @E)

77



4-2-d. SA -4 S AR AL o7 & R AT M -4 33t

ARG GEEREM BN E -~ PR RAJE > B 4-17 X SRR
B HAE LT AR W R BARRIR G K R Y AR 0 R T4 E
S E X R SRR RE N E K o KRR T E o AR
BRMMAKENEREERE  RELES A RO BASEHE
MAHE R e 42 0 B b B 4-18 AT 0 R S T A R T4
PR AR B bR A 0 DARE SR SR E R IR o

-

)
i
i
]
1l

TThmemaR

) 4R B 3
K JE L #y i 3] iy R

BiE

4-18 B iZ Ak 1R

4-2-e. AR RE M A RECERRITE B

TR AR REHR 0 RISTH & o ey iR Ao AR - iR 1L

R EAT AT AL - 35 b B AL R &AM R o S AR b 047 Fo M AE 1
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AT RAVFEwE 418 ER > N EARTE MW ik PHEA LA
DA XTI > B ERZFRREGETBIK > o REEITHR
Fo i mIat > RIEAEA TG B 4-19 Ly ek
ki A CAD Bl 456y HELBH B HER > XAR U ZBEHIA
18 B AR D AT IRGRT 89 IRAE » ATkt e o fF o B 4-19 T Aors o

R4 AT R
B E

—

BT IR A SRS
# (£8L25)

By ) b ) B K R
4 (28 1)

8-19 4y 33 U A f 2447 I B

79



42 ARG R EFFRNETRACERE RS MR

FEL AEAEXSZE&EEMB S MERELGSHERY P X
HAHHEELERETHE BRAAXELZZHLHIEEMS
W EgLets] o B Mk o R R AR 5 6 RAE B AT R ELAR 0 R TT 2
EREE> MM MALRTEEFEOTHAILELG AR
Tl R EEEE BAZRA A 1.017kW/ kg &iZ &3 & & 31kW -
Bt 98 EF A 22.9kg » AT AT A soil B Y LR A E 2 R
%2 7.6kg HLpIBE R EE ok 43 Fiw o S F BH K5
AL EERE R FRBE TR EZ LGB TREE R 4-4

P o ©

& 43 RIFFRG BARZ EAbA R R R L EE

LA L5 % Z 7 (kg)
BiE 100 30.5

ErbA 75 22.9

KEAEAT R 25 /7.6

& A4 B R EBBS NS EZLAEHETRER

KL LB 45 % # 2 (kg)
AR - 7.6
EFIRAEA 22 1.67

&A1 Sh 3% b K R
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#y i shfa) S 3% b 8.8 0.67

7R
By i 8 by 19.8 1.5
LI A Uk 12.6 0.96
¥4 26.3 2
H e 10.5 0.8

HBEREZORT B TURIEREI X ETERSL 24
BALREBH B ER > BITEEN A PR - 0B 4-19 AT
ST FINRR A AR A BRI D AR A DR B ) ] S R b K R AR AR
ot LE M 2 F R 44 FAF B E S RA] 0 R B A KAE S
ZAE R BEAM R ERAEELT SRR ARERLBAR T
TR B RS E R ER -

4-2-g. B3k S A4 bm 1R

A MBS TRt ARG B T R AT RN IRy
REAT O a3R3R3 - AN SR L AR B FRR TS E
iTA 0 WML A S AR R A B F RimEh > wE 4-20 A7
0 R B ZE B MRS IR E B AR X AREFEE akis
Wt B R sl R R RLBREUA RAF L ETRERE
FERBGTHERAEE S G LAAET AFAREN > #HRRHER &
Koo Btk IR MR LL AL R T HEMGRT  wEZF
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4-2-h. RIEX BERERRECRIFERABEBARTERZILER

% 45 B TRIER BELB R AR ER > R F B 52
BB ER 2 e - — B £ R T AN B EEM TS 6 B
EMSO #93% 3t & Rk ) Lliter > 4 8.8% ey B4k » 1£1F3h BB B E 3
i 3] 3.01kW/Liter » 5% d3 W42 EMSO XA T » B TEHNEE
ML PR REAE B QR T IRA] > AR BRI LAARRTRE AR

T BRI E - F MBI o) £ BB R EE KD 7.6kg
#) S0%EE TR EE RS ES 1.017kW/kg » TR AL F
T EARITRAL © LA EMSO #9547 T4 2l R E 2 IRH 49 &0 B IR
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