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ABSTRACT

This subject based on a gasoline engine project from one vehicle engine
company in local. The related new fuel rail sample was broken on the braket during
the engine fatigue test in the development process. This thesis is trying to use the
theory of FEA (finite element analysis) to research the random vibration response
performance and combine the fatigue life calculation math model to get the fatigue
life in actual engine work condition. And the paper focus on finding the failure root
cause and then raise two design schemes to optimize the rail structure and then
analysis the feasibility of optimized structures. And then verify the method through
the random vibration fatigue test. It establishes an analysis platform for the random
fatigue performance of fuel rail. At the last, the paper raises the material optimium
scheme, and its feasibility is analysised by FEA method mentioned above. The
researches will bring some benifical reference for the similar fuel rail structure design.

The main contents and research work of this thesis show as follow: It states the
development and prospects of the passenger vehicle in Chinse market, and meanwhile
analysis the engine components development needs in local. Then it gathers the
engine component research techniques both in local and overseas, and it points out the
propore methd for the fatigue response study. This paper adopts the random vibration
basic theory to analyse the random vibration response and then calculate the fatigue
life of the fuel rail assembly base on the metal fatigue strength theory. The first step,
3D models are builded with UG code. The second step, the 3D models are imported
into Hypermesh for creating a finite element model. And the steps include creating
and assigning materials, creating instance and steps, setting boundary condition and
load, deviding meshes. The third step, these finite elements models are imported into
ABAQUS to do calculation and visualization to obtain the response of random
vibration. The forth step, to calculate the fatigue life through Goodman Equation of
fatigue strength theory.

With the help of computer simulation softwares mentioned above, the contours
of stress distribution in X\Y\Z spectrum direction for random vibriation stress of the
failure structure are obtained. And the maximum stress of the failure structure is found

in X spectrum direction, the maximum 3o stress is 318 MPa, which is shown on the
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flange edge of bracket near the inlet tube. This stress value is much larger than the
material yield limits 200 MPa, but not above the tensile limit. Thus the structure may
occure deformation, and it cannot meet the requirement of the static strength. And the
number of failure cycles is 9.25663 X 10°, which is much less than the number of
material infinite life cycles. So the conclusion is the fatigue strength of this structure
cannot meet the design requirement. And the fatigue cumulative damage would very
probably came up on this position and led to fatigue fracture. Since the fracture
positions for combine analysis result is close to the fatigue durability test result, so far,
the failure rootcause is found: that is the structure strength does not meet the fatigue
strength of design requirement. Base on the analysis conclusion, two optimized
designs are raised, and FEA combine with the math calculation is applied to them.
The maximum stress appears on Z spectrum direction with the first optimized design,
the corresponding 3¢ stress is 179 MPa, and the related number of failure cycles is
1.387347391 x 10°. The maximum stress appears on X spectrum direction with the
second optimized design, the corresponding 3¢ stress is 166.89 MPa, and the
corresponding number of failure cycles is 3.097893432 X 10°. The maximum 3c
stresses for these two optimized structures are all below the yield limit, and both of
them meet the requirement of static strength. And to compaire with material infinite
life, their fatigue lifes are much larger. And the conclusion is the two optimical
designs can meet the requirement of design fatigue strength. On the other hand, the
weight of second optimized structure reduced by 20% compaired to first optimized
design. With consideration the analysis results and the costing factor, the second
optimized structure wins.

To verify the combination analysis method of FEA and the fatigue life
calculation, a random vibration fatigue durability test comply with the actural working
condition for fuel rail is designed and conducted. By collection several groups of test
datas such as visual checking datas, X ray checking datas, leak test datas, microscope
detection datas, no suspected micro crack was found, and the performance for those
test completed samples can meet the product performace requirements. The reult
implies that there is no static fracture and fatigue crack on the samples completed
testing, and also the optimized structure has infinite life cycle. The test result is
congruent with the combination analysis forcast, and it also shows the combination
analysis method is basically correct. These researches focus on the study of fuel rail
random vibration fatigue performance, and final an integrity combination analysis
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method with FEA and fatigue calculation for fuel rail random fatigue are raised.

At the end of the paper, a type of new composite fuel rail different from common
metal rail is raised to optimize the fuel rail material and manufacturing process. The
verified FEA method mentioned above is applied to this composite rail, and the
maximum stress on the rail is 40.02 MPa shown in Z spectrum direction. And the
structure can meet the design requirement of static strength. And it shows that this
material have the feasibility in production. Yet there is no fatigue life forcast because
of no accurate fatigue life calculate math model for composite rail. Since the weight
of this composite rail is lighter around 27% compaired to the failure metal rail, and
the piece cost will reduce 1/3 when the production volumun achieves 100 thounsands.
It is positive in leading a lighter and lower cost fuel rail on the production, and the
fatigue life is worth to be test in the random fatigue durability test, and it will be the

next step work.

Key words: fuel rai system, metal fatigue, FEA, random vibration, fatigue durability
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BI85 MR Ay, Y9057 RN T3 bR 1 IR N T R 5o, B4 S i 1 2 g 3
PRI EE . EHEAE ABAQUS 1, BUERENIRS M A Fath BN E, T2
FIMENF RS AT, W7 EET T, il 2% T3771# . Rmises N/
VE 9 BEALIR 2 H f - G P BME N/ IR 70 A . ABAQUS RN Hith 1oy
fift, RN BN 7] A P e AR N, LT 1 o TR A
HILA I R /N T 1 PR 2 (o) M RNAE FIMEZE N 68.26%; 20 HIfER N E
Brm BAE N T 2 PR HERZE (20D WERE ML 95.44%;: 3oL 75 SE bR
NAE/NT 3 PR Z (3o) WNAEHIHER A 99.74%, WG, DR BN 1A
A] B H I R N2 3 A Lo . =T 3ofme MR AE MR RAEFEAR, RA
0.26%, H:TIXAREA, RO E i E A — R 3o NAE A THE EIR

224 BEHE S EWITE

BRI 73 Be & RGUAE TAEI 32 22 BENL BT, HIBEAL R ™ A 95 57 IR AR
NBENLIES o ARV ST R R, TR DR TR A BT A2 1 R AL 2R A A e i 9
I3 T RS AR S IR FRAEFA N, ) (B S5 AB IE N J)) A REREAT I8 57 75 i Ak B
T 0 R FH % 55 W PR 24 B i A7 9 59 AR BRAB IE LD B, 5 55 i PR 2 ] A2l i A
[F] 82 7 BE B 987 55 1k 38 15 2] 1R S 7l AL - 38 B 77 1) 9% SR 4, LT EE v [R5 S
T (2-13). FEHIRPRZEEHE Gerber %k, Goodman &2k, Soderberg &2k%%,
W R & Goodman 2k, VW FK 2.3, K, A AEFHIR S, B NE®RE
PRPR A, S MR ARG Ao XERRTEIAEN R FTEE r=—1, XJ N9 57 B PRS-y

BRI 73 B 2% R G ALHR 31 1K B KB T A O x> TP TI A O MR
JE MR SE Ao, BLPsRiE Noy,, TRERNLFH A I8 5 KA BHARE I 557 R R o WE N
PUHL R IR 35%, AN ) JCPRTEPA 73 i Ny, T HE AR E] 107, M )95 57
sREE S b L MR SRS R A NG R, B ESRAEN
Goodman & F 1B 1E N /1S_;, BRI 2% R4 Goodman ¥ 55 75 iy m i+
BRI TR (2-13) & (2-17),
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o’a!\
A
1
S_s
3
S B -
i s T ,o—m
/'l
Op
|
1-Gerber %k, 2-Goodman K%k, 3-Soderberg K%k
2.3 B FH IR 55 AR BR 2R I
N ATE © 8 R
=0 min/ Omax (2-13)
NS IMEAE 0 7E A
0= (Opmax — Omin) /2 (2-14)
EIIRE S0 E A
Om= (Omax + Omin) 12 (2-15)
Goodman J% 57 1B 1E N /1S B2 R1A XN
S_1=0,/(—0,/0p) (2-16)
Goodman ZKEREEIAIREL m B2 RIE AN :
m= (S_,/ 0_))Y? x N, (2-17)

B Je LKA 73 T R 48 ) Goodman % 55 77 fir 544 KK TG RO 73 dirNo 12
ITHEEG: 35 m>No,  TIS5HE) A8 5 98 P RE T /2 BETH I ZEK s 45 m<No, JUZ5# 1

W57 RS T AR T ISR

2.3 BRim o EC RS 2 A RV IER 54

RENHLZ R SR 2R 48 PR 2 Rt CEMH R 88, TRARZ AT 2>
B #% S G, 9305 Multi Port Injection, 455 9 MPL. 2 s RIS, RAEREA
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RSB R, ERTTRTBES O, RTTITIR RIS, TR AR
SRR BENTRLIARE . X7 HATRASR S PR EE s v (i O 2K, 02 F A
NI W R G

% s AR THT 5 S 2R 9 RV JR T o G 25 3 o 2 B RV 2 TRC 2% 28 0 R R IR 1 S
T RGP ER > L. RN 73 C 2 28 S8 AR A s A GE AL RN A B R SR
WAL T R T L P B E R BT, RKEIUZ L ERI L — . 1%
U AR G T2 A YRR R T 2R AR Y AR DA e (14 T 70 2 e 13 ROBCE B AE %
AL TIEA, R EHHLGE IR AR 1 2 WA LU AN 2 A0S R IR A I

RENHUR I L2 RGTHIAEE s 02 B AR G0 e B AR RATH I 70 3 75 2 e LA
WA 2> Bl s 2R GE A s F AT BE AT U 2 R g i Jm — BuAT AR, R SR
FE R SR T S s AR 498 ] R SCPRAE R BRI o BB B Bz By ARt E
¥ B AR I 1P 5 R I A R St id B RSE I T G TR AL R A
FACTEBE AL B2 AT G S A AR 48 B B WA WS P REREAT IR I . BT SRR
YA BE 4% 28 G2 RE A W A 2 AR e 1R (AR Il AT K 77, o DR L R 3% e e
RS Zi) i

L2 RIS RIS R LR 2.4, HORI 2R IC &5 R SRR TS 4
RGP AR WA 20 oA 28 98 BORA T A I8 R SR R 7 O 48 8 L HE T
B RIIR I I 5 2 P L BRSO

— _

-SRI RRE RGCIEINEE, 2 MR R, 3RO B RS, AR AN RGeS
Skl A% RGCHEM BT, 6- WA MR 28 RGCH I, T IRTRIEST B R
2.4 % RIS RGEL 1

Forp, b 5 AR DR WS YOS I, 2 2 s R S AT
BN, AR O3 B S A T L ORI A s AR SR S A A7
AOGRB ) 25 1) 5 AT P8 S5 20 90 2 20 JAE T AP Tk % A0 4 2% 490 ) i 8 3k 2 8% [ e 1
FHFF R A A e 5 4 AR G o0 B R 22 s AR S AR 008 T AR g L SRR R
[ FE A AL Sk b, AU I & AR G000 0 55 AU Jr e o R TR o (BRBED
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[FIGF RS Rt 2 A i8S MPT IR 73 Bo 8% 2 GediRsh 07 50 A S AL BE i

WL BN O RGP w HHERE

2.4 PRM T ECEE R G RIBENIREN T E A RS HFaitE

£ T RIS T G5 K 3h 77 52 00 A B RAERES . WSS IR dr .
W LA A 3 A BL R BEALIR B 0 M o AR SCE ZERIE FE I A& BE A LR B 704

YO 2 G A A Y 3D AR A H UG BPFEE ST, K 3D Hoisi A 245 IR ol Ak
B A Hypermesh Y, @A IRIOEA, EETAFCRFILFFAM. BT, R
FIE S, FPRMRFPEIR T A RIS R 05 35T ORKE A IR 3 A3 ABAQUS Y
BEHTEARE, BB EL, PR)EIRA TS, et BEHLIR B0 N N g
s, WL RE 5 i AL 0 A BETT K o R Ja A 0 FOTHSRLAS 3 (10 B K 7
VLRGN 55 75 i, P L B8 7500 A2 5 98 P e v R 263K

AR SCHAR LRI B R 1 2.5 Pl

P P B
=ity

— DEERSA

TE X AT
T FEim i

— TS ER,

S e AR
BRI Gl

—  REsimTiE

— Pl Rl

| elEsE

B

X RIS IR A

FRALARE0 A B A Y [aiE N R AT B A it E

Z SRR R AT

2.5 Wit 3 TE #s R GERENLIR SN 01 L TR 598 55 73 i v BRI 24

22



552 B PRI A R GEREN LIRS U5 B M S 57 75 i v 5

2.4.1 BRM 7 ECRS B R A R TTIR B K miTHALL 38

PRI L 88 RS A AR 3 B8 SS304 NN, FAF 2 M@ ET 1 iE# .
H TR T &R, HFE RN A 2o e N EREN, #9175
LB EBIAENI M LGE R, 56 IE I L% B2 A58 S AR T AN EE A 5
AR, TR g ST A PR e A Y ) I i T DU BT R B A fal AL BSONI It e 1 . B N AR
(1) 38 R0 FH B 6 A PR B 1) o B AT AN, RV ) A0 e e S SR P 4 T g
HH O BT AR, o

BRI S 28 RS AR NS M 2%, MBI 2R, (2 IR LU A .
AT L AR 9 G Py 30 s A A TR L A o B R A R SE AR, BARS B e LR
#22.

PRI T 28 R G000 ) SR 0 e 38 R GU R 76 () il B R O Mg
WRELER:, PRNAZIE; Wi as T umdnt O BUAR i Bl B T 55 A FL Calsi g e £L)
SR, R SIS R R S R ) B AR AR G0 B 1 R 0 SEBR AR S () J1AR /N,
FIr A AU B 1 <40 DA TR A A A
(1) BRI AR SRR 1 R H 2 3i0E

FEIM B S HENEK 2.1~ 2.2,

2.1 ABHRMAT 2 88 R SR 25

PR ATLAS | % | BB | Wit | EIRSRE | BrhisesE (BB R
MRS | (gem®) | & (GPa) (MPa) (MPa)
06Cr19Nil0 | 7.93 200 0.29 205 515 0.02
% 2.2 BSOS

28| EE | BIERE | ARt | EE | NE FoEE
X5 (g/cm?) (GPa) (g) | (N/mm) | (mm)
e Bl e v O 4.5 200 0.29 - - -
Wi as N | 2.536 200 0.29 - - -
O RIR ik Fel 1.2 0.02 0.43 - - -
M55 Y1 2% Ak B - - - 37 30 25
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[FIGF RS Rt 2 A i8S MPT IR 73 Bo 8% 2 GediRsh 07 50 A S AL BE i

(2) IR A AR B Ay

T SRTERIAE 0 Hh e B ALY R . FE AN SR T8 X M6 IR AR
T[] 5, ZVARR 7 BCas RGN B I, RIS AERRIIE #45 R 4 O 2
R R AL 3L Bottom 1 4, FHT2ILAE 3 407 1 ERIALAS .

SRIEALE B RE LRI AT 20 R I Ay » 326 s 0 P i Vi B 14 7 AR 3 S
MEE, USRI SN BAEAR R 53 i i o [58)C, 2E00 P SV VR 11 Jot B 2
SIMPAE T AR, BASHILK 2.3,

PSD S il fti N T80 23 Bl s s E KT T O JR Rl A A S AR iR A ik 22 T
YT R kN o

* 2.3 AR ED it A S

HESH | R | SRR | SORBEAE | 3R b

(g/ml) JF B (g) A= f1%(g)
LA 0.74 38.6 M6 20

(3) BRI Zr L8 AR G010 % i P R

PRI E AT B E T AR BE T, FRONFRSREE . Fom LB 2484
RHAOPTR . PO PUBIAIHIE SE0m A . BRIM 2 e 2% R 48 32 B P TR A2 il 48
T, RIS Ha 0 ok B A B R IR PR B AP hr 1 RE A B = I B R . AT /0 T8 R R
BT RS DY 06Cr19NIL0, Zeid iR K ALEE, ARHERGEEE N 205 MPa,  fiihi
SRIEN 515 MPa. AT /3L 38 2R 402 R BN e A, 8% e Ji i AR R 1 it
WU A 5, AN RE AR AEAR TR BT, DR b 3G &5 W i B 0 20036 2 5 0 2 PR T
TR, B PSR ST 20N TR R R AR
(4) PRI 7y L8 AR GuAm itk Wah 77 v () 52 S

BNk — 20 e SODNE B Th 23R % 2 B U A ), DR R A . InEk
T3 T R A AR 2R 58 LU 2.6 BT o 0H IR T 20 BC 28 0 8 23 ol 78 = A7 [) b ind8oxt
JSE ) Tk ) R S T

X 7 Tl ——SZ SRR e 2 21 I P A 7 [
Y 75 1Al ——F LS QAR e 22 2T 1 1477 175
Z 77 1A ——E M S T ]

24


http://baike.baidu.com/item/%E5%BC%BA%E5%BA%A6

552 B PRI A R GEREN LIRS U5 B M S 57 75 i v 5

Bl 2.6 KRy Boas BRI ATE RS . a7 AR 2 K32 177 1)

(50 PRI T 25 Ak 5 5P TG 2 Y (10 3B 3 1 D A% P ) 473

PR 7 T 8 B I BR T RS A L P 2.7 (o) Fiow, Horp, SEARFRITEL
327464, i RiH 313441, DAOSTHRIRAERR 7> B0 C3D8R N E, EH /D&M
BT H G C3D6. A P T A% 5 5 H 3 1 20 4 K sy 2% 2R 40 1 A0 T 201K A PR G Y
BRI 2.7 (b) () (d) (e) Fiare

Ca) MRV 73 G 25 e BRI A A TR

(b) RIS 2% R0 b3 O B4 Pl o) A A Y () PRIMITN 28 R T i il O 7 Pl pod s A2 7

up 2
REERRARRR RN ARRR AR g

(d) SCHEAR PO A% A 1 (e) MRHITT 35 28 8 11 1 F 1) o0 A A5 23
2.7 R T 4 S B F R P e A R
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[FIGF RS Rt 2 A i8S MPT IR 73 Bo 8% 2 GediRsh 07 50 A S AL BE i

FIt, P ARG IR T o R A e . 8N P RN LR
L) A VA A /B B 2

2.4.2 BRSO ELSE 2 AAY 3D HFIEEY

XA 2 Bl & R G BENLIR SN O A 0 NPl oy B o, R SCRAR A
THHRRIH 7 BC a8 R ST AT IR oe O 10 A, SRAS L BEHLEUR Y 10M M) Rmises
LA, 15 2 oA Al e H 1 R A 8 X A K N Ay i, 25t
BAG R ERE R A 1 99.73% 1 3o KA NAE SR 5 K H [RIRE I 47 120 A 5 7k
XA G BIRATH 3 Bl ds RGEEAT IS, 22 EAEBEHLE I 3ok KmE M
fH. B 2.8 25 7R 20 o as 28 98 SO AR RGBT MR L Ak e i (1 3D Kk,
T 2.8 (a) ASEURBBLT B . IARMILAL BETTJ7 S35 1 IR AS [F i DAk 7
e TR, HEAN RN AN a SO/ B2 SRR, Insm 45
SREE, WA 2.8 (b): TR, WEAREM LTI, SR BRI,
AT 8 B AR e B 7 AL N A S R I RCR . WnlE 2.8 (o) Fla

(b) WA 7> BC & 2 875 T 2 A DAL BT ke

Ce) R Tic s b FS I T b A0 A e vt et

B 2. 8 Wi PO & S S SRR T M AP LA BT 3D Hiokst
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552 B PRI A R GEREN LIRS U5 B M S 57 75 i v 5

2.43 IEREBOLITHIBEIIRESN T E ST R F HE

X AR BRI o FC 4 AR SN2 X 7 ] BRI Ty 0 0% o Wl 153
80 ZEN I EVE R E i USRS P v S W PN 2
TE 1o B8y N 280 = &, anEl 2.9 Bros, HcK RN J)fE 4 106.1 MPa,
P FE BRI SRR 22 e T 1 b, FEXS L 3o MR DY 318 MPa.  EIHE
SCERMR Lt i 4% EE AL (KL A 3 = B ] 2.10 (a) (b)Y (o) Fore

RMISES

[Avg: 75%)
+1.061e+02
+9.728e+01
+8.8440+01
+7.960e+01
+7.075e+01
+6.191e+01
+3.307e+01
+4.422e+01
+3.538e+01
+2.653e+01
+1.769e+01
+2.848e+00
+4.054e-03

Max: +1.061e+02 ke
Elem: PART-1-1.1047734 Gole+002
MNode: 1602454

2.9 TN X [T 9 R RABE TR 7 PO 8% R GEREALIR 3h A 208 ) =

RMISES

(Avg: 75%)
+3.369+01
+3.08%e+01
+2.810e+01
+2.530e+01
+2.251e+01
+1.971e+01
+— +1.691e+01
+1.412e+01
+1.132e+01
+8.527e+00
+3.731e+00
+2.936e+00
+1.397e-01

Max: +3.369e+01
Elem: PART-1-1.1125122
Node: 1670130

(a) EihE LR ) 7

RMISES RMISES

(Avg: 75%) (Avg: 75%)
+1.061e+02 +4.186e+01
+9.728e+01 +3.844e+01
+8.844e+01 +3.501e+01
+7.960e+01 +3.159e+01
+7.076e+01 +2.817e+01
+6,1918+01 +2.474e+01

— +5.,307e+01 — +2.132e+01

= +4,423e+01 = +1.790e+01
+3.538e+01 +1.447e+01
+2.654e+01 + +1.105e+01
+1.770e+01 +7.627e+00
+8.856e+00 +4,204e+00
+1.318e-02 +7.813e-01 . 4, Ty
atey /e o A At 7 —
(b) MRS SR ) = (¢) BEME MR =

Bl 2. 10 fngk X A AE 1 R BB THIR I 20 BL 4% R S04 T A I REN LR 3 3 208 71 = 18
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[FIGF RS Rt 2 A i8S MPT IR 73 Bo 8% 2 GediRsh 07 50 A S AL BE i

[FIRE, Re Y 7 1 R s i Th 2505 2 5 Sl n 8 28l 73 S 4 5 B 5 R 3L
FRER AL, SRJEEATRE . W5 B, 2B 2 7R B A R
GAE 1B IR NS = B, il 2,11 FioR,  H K 748 H IS T i3k i
(¥ 32 B 22 35T |, U 50.037 MPa, XN 3ot N AE A 150.9 MPa.
TR SOOI E & BB I EAL N A B 2,12 (a) (b)Y (e)
BTz

EMISES

(Ayg: 75%)
+5.037e+01
+4.617e+01
+4.198e+01
+3.778e+01
+3.358e+01
+2.938e+01
+2.591%+01
+2.099e+01
+1.67%e+01
+1.260e+01
+8.39%+00
+4.202e+00
+4.445e-03

Max: +5.027e+01
Elem: PART-1-1.1047734
MNode: 1602454

Max: +5.0837e+001

2. 11 JRERY [l ) 2R et ki 73 FE 2 2R e BEHLIR B0 S5 8 ) =

RMISES

(Avg: 75%)
+2.930e+01
+2.687e+01
+2.445e+01
+2.202e+01
+1.958e+01
+1.716e+01
+1.473e+01
+1.230e+01
+2.877e+00
+7.449e+00
+5.020e+00
+2.5392e+00
+1.642e-01

Max: +2.930e+01
Elem: PART-1-1.1125122
Mode: 1670130

() L ELMHIERN =

RMISES
RMISES
{Avg: 75%) (Avg: 75%)
+5.037e+01 '
+4.6178+01 l4d0e:01
+4.198e+01 +%'4639+D%
+3.778e+01 +1'3218+01
+3.358e+01 "1-1799+01
+2.030e+01 e
+2.510a+01 +8'950E+Uu
+2.100e+01 o Eaoetn
+1.680e+01 e
+1.2608+01 Pt St
+8.405e+00 +3'2759+Uu
+4.2082+00 e
+1.2428-02 I¥90e01
Max: +5.037e+01 .
Elem: PART-1-1,1047734 R e
Node: 1602484 Max: +5.037e+001 MNode: 1709919 Max 1 Fa6e+001

(b) SEHMREE I RN T 2= 1 (c) HEAE SR B EE RN ) 25 1
Bl 2. 12 Y 1A 0 BT 20 BL 8% R G0 8 A F A REHLAR 31 4 208 ) 2= 1B
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X PRI 23 T4 B N ER Z 1a) (R s BE D 2R % B, 53 TR LA R4
1 1ol R A N2 AE = B, Wi 2.13 fios, KR 418 39.15 MPa,  HLAE
FIME 2P b5 B — ) SCERBOR B, JL 3ol KN J1E
117.45 MPa. T .« SRR HE S & 55 BT AL 1) N g 73 A1 2= B 53 i) ]
2.14 (a) (b) (¢) Fimme

EMISES

(Awd: 75%)
+3.915e+01
+3.588e+01
+3.262e+01
+2.936e+01
+2.610e+01
— +2.284e+01
—+ +1.958e+01
+1.631e+01
+ +1.305e+01
+9.790e+00
+6.528e+00
+3.267e+00
+4.7562-03

2. 13 INEY TR 0 e R 20 E 4% 2R SEE LR 3h 4 08 ) 25 1B

RMISES

(v 75%)
+3.915e+01
+3.590e+01
+3.265e+01
+2.940e+01
+2.615e+01
+2.290e+01
—r +1.965e+01
—r +1.640e+01
+1.315e+01
+9.905e+00
+6.656e+00
+3.407e+00
+1.582e-01

Maz: +3.915e+01
Elem: PART-1-1.1134033
Mode: 1689402

(a) FiHE SR ISR 7 25

RMISES RMISES
(Bvg: 75%) {Avg: 75%)
+3.473e+01 +3.866e+01
+3.184@+01 +3.549e+01
+2.89%a401 +3.233e+01
+2 6062+01 +2.917e+01
+2.317a+01 +2.600e+01
+2.028e+01 +2.284e+01
+1.73%a+01 - +1.968e+01
+1.4508401 = +1.651e+01
+1.161e+01 +1.335e+01
+B8.720e+00 +1.019e+01
+5.830e+00 +7.022e+00
+2.940e+00 +3.85%e+00
+53.0422-02 +6.9552-01
Max: +3.473a+01 Max: +3.866e401
Elem: PART-1-1,1047862 Elem: PART-1-1.1165870 v
Node! 1602761 Max: +3.473e+001 Node: 1708290
Max: +3.8662+001
S5 — Mo At A 2y —
(b) SCHMREE M SF RN ) = B () BEWE S5 RN )z B

Bl 2. 14 SRABHINE Z F ek 70 TiE &% 2R 52 %% AT RENLIR 30 55 208 ) == 1
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[FIGF RS Rt 2 A i8S MPT IR 73 Bo 8% 2 GediRsh 07 50 A S AL BE i

[ PRI 20 BC 2% S B2 N XL Y Z = A5 I8l 5, 15 2R 4>
P R RIBENREN E RN T = B, Ha BRI, X A KN /) 318 MPa, 'Y
[F] 5 KB 77 150.9 MPa, Z [a) e K8 /) 117 MPa. o KN /7 318 MPa Hi IL7E 5
T I A 1) S AR AR VR 2R T I AL, ELAZN T KA Rk ) AR FR 1 /T
PUhit R, R ASERIIAR T, R W AN RIS A2 7 it PR i B2 PR T 225K
BT R BB LR B0 N B KN A — 0 L 5 R, LR R 2.4,

2.4 KAV 557 2 B KRB L

55 B HE
TR 06Cr19Ni10
T AL FRZS Bk
J g oy (MPa) 205
Pihism S, (MPa) 515
I 55 PR S Pt h s E IR B 70 G &R 35%
B Ro_, (MPa) 180
R TE PR IEFE 73 6N 107
I 57 R B EL b —0.103
FEA 5 KM 10, (MPa) 318
FEA £:/NY. 10 i, (MPa) 0
FEA J /)& {Eo, (MPa) 159
FEA “F¥JN fjo,, (MPa) 159
Goodman J% 5712 1EMN /JS_; (MPa) 230
Goodman K EAE m 9.25663 x10°

M 24T LLEH, Goodman KGN E N 9.25663 x10°, 54 ELIC R
A 107 HEAT LR R B, Goodman 5 57 75 il i AR T FL AT KK TE IR G 3E 75
o PRI 12 FE A Tk it a2 9 o7 TR B I T R, IR RE R AR S IR, R
AR A B AE B KN 3R A, BV ST b 48 (1) SCHR MR B A 22 vk == 1 b

FE SRR K BN G G A T 56 H A 73 O s 110 B 2R 30 5 9, H ILAE B U gk ity
RISCEEHAL IR =222 360D, 50T E M T AL B B A — 8. &, R
WA B R BR R OB, BP SR R 55 B T PR v R T,
AR EEIAE & QL 2058 Th R A TS IR, S BUZ S TRIR T T ) X
THER . PRI, FRATFR AR S5 14 1 77 TR PR S EEMR X m] IR 55 . F g, A
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6 A2 7 i B TR
244 AT R R—HRENIRS TR S RE TR

AR TR, BT RAE T ME TRAAS,  BRSCEEAR LLAME
TR ERORFEAAL, BARMRA T R0 . RN AE B 7 8 22 1) S B4R 33
TSR, SCEEMR PG IR, A RHERE . TSR, 3mSR
BT AL R FEAAR, W] 2.15.

—

B 2. 15 KMt SIS TT 5 — B9 SCERBOT LA

SCHERMRGRAL B 3 K, 350 BH S SRR IR R BE AN, s 1R 0 G 8 ) g =X
A DL B I A A SR AR o S B0 HR 45 R4 0 5 DA G X8 A 7 23 TE #% J= B5 23l o
BXS Y Z =AY B Th 2 A B, FEA 7 B4 B R ik .

o R VH 23 T 4 S RN AR X 7 Al (IR FE D AR, iR E G, 5
B TR IC AR RGAE Lol IRy N E <, i 2.16 Fros, iR )
fH°N 36.55 MPa, HIAE ST AR 22 2~ bz Bty A iy — M, X R 3o
IfE A 109.65 MPa. FiME . SCHRMR S & 32 B2 ST AL B 8 ) 43 A =
WK 2.17 (a) (b) (¢) FizRe

RMISES

(Avg: 75%)
+3.655e+01
+3.055e+01
+2.801e+01
+2.546e+01
+2.292e+01
+2.037e+01
I +1.782e+01
 +1.528e+01
= +1.273e+01
+— +1.01%9=+01
+7.641e+00
+5.095e+00
+2.550e+00
+3.9942-03

Max: +3.655e+01
Elermn: PART-1-1.1404759
Mode: 1857672

Max: +3.655e+001

2.16 ALABETHT7 58— Ik X R r ki 0 B o 2 SEREALIR B0 55 208 ) =
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FIMISES

(Awg: 79%)
+2.885a+01
+2.6452+01
+2.406e+01
+2.166e+01
+1.9272+01
+1.6872+01
+1.448e+01
+1.208e+01
+9.6868+00
+7.290e+00
+4.895a+00
+2.499a2+00
+1.040e-01

Max: +2.8852+01
Elern: PART-1-1.1050589
Mode: 1596518

(a) EhELMHSFERN =

RMISES

(Awg: 79%)
+3.655e+01
+3.055e+01
+2.801e+01
+2.547e+01
+2.,203e+01
+2.038e+01
+1.784e2+01
+1.530e+01
+1.276e+01
+1.021e+01
+7.671e+00
+5.129e+00
+2.586e+00
+4.373e-02

Max: +3.655e+01
Elemn: PART-1-1.1404769
Mode: 1857672

(b) SCHMRES M A 2808 ) 2= 1

RMISES
(Avg: 75%)

+3.074e+01 ~ Max: +3.074e+001
+2.823e+01 _
+2.573e+01 p -

+23230401 8 j

+2.073e+01
+1.823e+01
+1.573e+01
+1.32Ze+01
+1.072e+01
+8.220e+00
+3.718e+00
+3.216e+00
+7.146e-01

Max: +3.074e+01
Elermn: PART-1-1.1171516
Node: 1714736

(o) B LR HSFERN =
B 2,17 AL et J7 58— Inak X Bk i & T AR LR B0 S5 R0 ) =
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O R IH 2 T A S BN AR Y 7 1l IR P D F S R, 153 TR A LA R
GiAE 1o (R e B 5l = B, e 2.18 o, kN JJME A 30.62 MPa,
PALE SE T HE 30 A — 0 (0 S 2R AR R I B an T A B, X R 3o M B AE R
91.8 MPa. FIHE . SCAMR S adh i & B E AL 7 70 A = B E] 2.19 (a)
(b) (¢) Fizme

RMISES

(Avg: 75%)
+3.062e+01
+2.807e+01
+2.952e+01
+2.296e+01
+2.041e+01
+1.786e+01
+1.531e+01
+1.276e+01
+1.021e+01
+7.657e+00
+3.106e+00
+2.555e+00
+3.202e-03

Max: +3.062e+01
Elem: PART-1-1,1043427
Mode: 1596975

2. 18 MRACVCTHTT R —INER Y [ AE Rl 7 PO 8% R LS5 308 0 = ]

RMISES

(Avg: 75%)
+2.28%9e+01
+2.099e+01
+1.910e+01
+1.720e+01
+1.530e+01
+1.340e+01
+1.151e+01
+9.610e+00
+7.713e+00
+3.815e+00
+3.918e+00
+2.021e+00
+1.232e-01

Max: +2.289e+01
Elern: PART-1-1,1050589
Mode: 1596461

(a) EhELHSFERN =

RMISES

(Awg: 75%)
+1.513e+01
+1.390e+01
+1.267e+01
+1.1442401
+1.021a+01
+8.983e+00
= +7.7542+00
& +65.5252+00
+5.296a+00
+4.067e+00
+2.838e+00
+1.60%22+00
+3.795a-01

Max: +1.5132+01
Elem: PART-1-1.1166990
Mode: 1709855

RMISES

(Avg: 75%)
+3.0628+01
+2.807e+01

+1.278e+01
+1.0248+01
+7.6888400
+5.1418400
+2.5938400
+4.5148.02

Max: +3.002e+01
Elem: PART-1-1,1043427
MNode: 1596975

Max: +3.062e+001 Max: +1.513e+001

(b) ARSI 208 1) = 1B Ce) B E S5 H RN 1 2 P
Bl 2. 19 PRACBEIHTT SR I8 Y [l ) % A F B LIR30 S5 RN ) 2
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X PR 53 T 48 B N ER Z T 1) BRI 3ok FE ) 20 25 FE WA, 15 BRI 43 BT 2%
RGAE 1o IRy N = B, Wl 2.20 fror, SRR JIEN 59.8 MPa,
H BRI B 3R A B — M B S HeR b, HLE SRt B M A B, HXTR 3o
(e BB A 179.4 MPao FeE T . SCHEMR A dE i 8 & B 25 AL I B 1 0 A =
B 2.21 (a) (b) (¢) Fime

RMISES

(Avg: 75%)
+5.980e+01
+4.555e+01
+4.176e+01
+3.796e+01
+3.417e+01
+3.037e+01
+2.658e+01
— +2.278e+01
— +1.898e+01
+1.519e+01
+1.139e+01
+7.5398e+00
+3.803e+00
+7.266e-03

Max: +5.980e+01
Elem: PART-1-1.1398665
MNode: 1808122

2.20 PLABETH T 5 INEK Z RS ki 0 A R SEREALIR 30 55 08 =

RMISES
(fwg: 75%)
+5.577e+01
+5.114e+01
+4.652e+01
+4.100e+01
+3.727e+01
o +3.265e+01
T +2.802e+01
+ +2.240e+01
T+ +1.877e+01
+1.415e+01
+2.526e+00
+4.902e400
+2.7709e-01

Max: +5.577e+01
Elern: PART-1-1.1317235
Mode: 1808288

() L ELMHIERN =

RMISES RMISES

(Bvg: 75%) (Avig: 75%)
+3.2462+01 +5.0802+01
+2.921e+01 +5.483e+01
+2.7168+01 - +4.9268+01
+2.4512+01 +4.4392401
+2.1868+01 +3.9928+01
+1.9212+01 +3.495e+01
+1.6562+01 +2.998e+01
+1.391e+01 +2.501e401
+1.1262+01 +2.0042+01
+8.6162+00 +1.507e+01
+5.966e+00 +1.0108+01
+3.317e+00 +5.1322+00 ~
+5.6842-01 +1.6232-01

Mai: +3.2468401 Max: +5.980e+01 Max: 455808400

Elam: PART-1-1,1171521 Elem: PART-1-1.1398665
MNode: 1714752 Node: 1808122
S Y A AL — AL —
(b) JEME S5 M SRR ) = B (¢) CHEMAHIN R Ty =

Bl 2. 21 fRABETHTT S IR Z [l (R T 23 B0 &% R G0 & AR RE LR 30 55 200 =
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H EIR TSR AT W, SCEESOIEA AL S fa,  Tm BRI 73 B 2% sl 70 i)
X Y Z ZAT7 W SR, 15 2 Bo 88 RS X ) RN )
109.65 MPa, Y [Al#x KM 77 91.8 MPa, Z [alfx KM 47 179.4 MPa. J5 3 E 1)
AT T7 S48 H SCHEAR R R 8 J IR S 1Y) 318 MPa £ 3] 145 109.65 MPa, 1%
Qb ) S BRRRAE G5 AL I i J5 ) W S BEAIG s (B S RTINS, 72 Z J7 a5 — M 3
RN S X ETHE 179.4 MPa; Y J7 1) () d R N JHE =AM T7 [ P Refie s
BRI TIN 179.4 MPa, A I AR 8 IRAR PR, FH aeb 0 By JFG 5k A 36 1 72
(IR ORE )T BSR4 ORI — B B I 5 iR R A 57 A T L, X
BEALIR 2N ) S 5 R R A TH R B TR N T, 957 RABEI L, BARII% 55
THHEE R T 2.5,

# 2.5 A Btit— W57 5 5 R A AL

5 ZH HfE
TR 06Cr19Ni10
FAFIAE IR ZS Bk
JE AR 5E o, (MPa) 205
PidrsmpESs, (MPa) 515
9% 57 I PR S B s FE IR 3 LG & 35%
W5k Mo_y (MPa) 180
RL) TC PR IE PR 75 N 107
9% 57 SR FEAEEL b —0.103
FEA St KN }10 g, (MPa) 179
FEA /MY 710 i (MPa) 0
FEA N /jliifo, (MPa) 89.5
FEA “F-$4N Jjo,, (MPa) 89.5
Goodman J% 57 1& 1E )% 71S_; (MPa) 108.3
Goodman £ A E m 1.387347391 x10°

M 2.5 TLLE H, Goodman &4 EH H N 1.387347391 x10°, S5 kL
PR PR 45 i 50 107 34T LB R B, H Goodman % 57 75 fir 32t v T A4 4 1 T BRAG
e BRI TMNZ TR A 2 R IE 57 R A, F 26 R 9 5 5 B mT LAY 2 7 i
LT 2K

[FIIS 3t — DS A A B, ZEEMERLAN 252 e, BZIE TSR 219 g Bm
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133 g, MR T 10%. BT IS ARE R Beit, 5 R SCRIRR L
BT A, BB MR BN b AR TR T S A #A g

2.45 it B R ZHBENIREN T E ST K S HE

BRI R IR AR B R A Fe AR RO S5 A, 32 B PR 5k
SKHL: B e W E WA AR, AME RS TTIE 15X15 mm 2208 [ E015
mm, Z£5E SCHBICAR BB T T RO 4 ke S AR R & R RIS a1 52
SRR JEE ) 7 ARG SR S5 H A 5 B, SCORARCM R IR JEE H R S ) 3 mm 3 0 21 4
mm, L& 2.22, @A B SR PLAOR SEBLIL AL AR S5 R ) FL K, AT
AR R Bo s R SR SR 98 L

K 2. 22 SCERBCRRCBETHS P et 5 58 = (0 T 0 B R SRR AT TR0

HAR oA K 2.23 Fras, SEREITE 327464, 15 550399149, LIS
TR 46 FR 43 8ot C3D8R A, A /b EHITE 86 C3D6.

B 2. 23 [BE 32 i AR St 45 ) B R e R AR A R
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X PRI 43 28 S RN # X T 1a) 0o FE Dy 263 25 FE R, 45 3 Ho A T Be I
ey 87 HH 4 SR o I S AL ER AT, PR B TR L AR R 1ol R
Wi L5 2= B, W] 2.24 B, KR J7{E A 59.8 MPa, A7 T 58 1w 3k il 5 1) 3¢
ZERRMRAR YL 2T %%, FXT LI 301 BNAE A 166.89 MPa. & 3 52 J1 =44
KL F7530 A = I 2.25 (a) (b) (¢) s

RMISES

(Avg: 75%)
+3.566e+01
+5.103e+01
+4.63%9e+01
+4.175e+01
+3.711e+01
+3.247e+01
+2.783e+01
+2.319e+01
+1.856e+01
+1.392e+01
+9.278e+00
+4.639e+00
+8.745e-04

Max: +5.566e+01
Elemn: PART-1-1,1895867
MNode: 1618806

2. 24 RACVCTHTT 5 IR X R A R 7 PO 8% R LA RN =

RMISES

(&wg: 75%)
+4.852e+01
+3.252e+01
+3.256e+01
+2.961e+01
+2.665e+01
+2.369e+01
+2.073e+01
— +1.777e+01
+1.482e+01
+1.186e+01
+8.901e+00
+53.943e+00
+2.985e+00
+2.652e-02

Max: +4.852e+01
Elem: PART-1-1.1524019
Mode: 397374

() L ELMHIERN =

FMISES RMISES

(Avg: 75%) (Ava: 75%)
+5.566e+401 +4.087a+01
+5.103e+01 +3.754e+01
+4.639e+01 +3.4210+01
+4.175e+01 +3.087e+01
+3.711e401 +2.7542+01
+3.248e+01 +2.4212401
= +2.784e+01 — +2.087a+01
— +1.7542+01
+1.421e4+01
+1.087a+01
+7.541e+00
+4.208a+00
+8.745a-01

+2.320e+01
+1.8562401
+1.393e401
+9.289%e+00
+4.651e+00
+1.360e-02

Max: +5.566e+01 Max: +4.087e+01

Elem: PART-1-1,1895867 Elem: PART-1-1.2237919
Node: 1618806 Mode: 1785864

(b) SEHMR SRR T 2= 1 (c) HEMAE S5 K B8 208 ) =5
Bl 2. 25 HRALBETHTT 5 N X 1A A R A 70 BC 8% 25 A BE AR 31 48 2808 ) 2= 1B
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X R 73 FC A% S IR Y 7 TR0 JEE Ty R s P sy, 45 B R il 20 O AR
GTE Lo R M BN = B, Gl 2.26 fis, ORI HIE e FHS
2 B S E RO G B AL, BN AIE N 45.1 MPa,  H XN 3o M K
{EON 135.3 MPa. % T2 F 3L T a7 0 A = ] 2.27 (a) (b) (e

RMISES
(Awg: 75%)
+4.510e+01
+2.000e+01
+1.833e+01 ;
T1BETELO1 = ax.+4 510e+001
+1.500e+01 ’
+1.333e+01
+1.167e+01
— +1.000=+01
—+ +8.336e+00
+6.670e+00
+5.003e+00
+3.337e+00
+1.671e+00
+4.376e-03

Max: +4.510e+01
Elemn: PART-1-1.1842062
Mode: 1567355

2.26 PRACVCTHIT S ZINER Y A R 7 PO % AR SERELIRBh A8 208 ) =

RMISES

(Avg: 75%)
+4.510e+01
+4.134e+01
+3.759e+01
+3.383e+01
+3.0082+01
+2.633e+01
+2.257e+01
+1.882e+01
+1.506e+01
+1.131e+01
+7.9596e+00
+3.803e+00
+4.861e-02

Max: +4.510e+01 Max? 4001
Elem: PART-1-1.1842062
Mode: 1567955

(a) EIMELHSFERN =

RMISES RMISES

(Avg: 75%) (Pwg: 75%)
+3.396e+01 +2.031e+01
+3.0008+01 +1.865e+01
+2.750e+01 +1.699e+01
+2.500e+01 +1.533e+01
+2.250e+01 +1.367e+01
+2.001e+01 - +1.201e+01
+1.751e+01 = +1.035e+01
+1.501e+01 = +8.593e+00
+1.251e+01 +7.034e+00
+1.001e+01 +5.374e+00
+7.514e+00 +3.714e+00
:3-%:?3:88 +2.055e+00
+1.887e-02 Max: +Gb3'969+001 +3.932e-01

Max: +2.031e+01 Mac o3 DATEe008
Elem: PART-1-1,2237919
Mode: 1789265

Max: +3.396e+01
Elem: PART-1-1.1395867
Node: 1618806

(b) SCHRES MRS5S ) = (o) BB LM HIERN S = K

B 2. 27 PRABeiHTr 5 TR Y DS KR I 20 C 2% 2% F B A F BE A LIR 3h 55 2808 ) 25 ]

X RT3 G A A IR, Z 7 TR 0T Th 3% o B Bl A5 BRI 20 Bl 4 A
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552 B PRI A R GEREN LIRS U5 B M S 57 75 i v 5

GAE 1o [N Sy N 28 =, I 2.28 Fiox, f KN JI{E A 49.45 MPa, H
PUAE 9 b H 507 B R T 1 S B S G A, 6 N 3o M B AR N
148.35 MPa. % F 52 JIEAL N 350 A = B 2.29 (a) (b) (¢) Fin.

RMISES

(Avg: 75%)
+4.9452+01
+2.500e+01
ML
+2. e+ —
+1.875e+01 ax. +4.8452+001
+1.6678+01 I—— =

+1.4508101 == _.f'

+1.250e+01
+1.042e+01
+8.336e+00
+6.253e+00
+4.170e+00
+2.028e+00
+4.5492-03

Max: +4.945e+01
Elem: PART-1-1.1842095
MNode: 1568021

2. 28 XALMBLTH T & ZINER Z 1R RO 2 PO A JR G5 N =

RMISES

[&vg: 73%)
+4.945e+01
+4.5342+01
+4,123e+01
+3.712e+01
+3.301e+01
+2,890e+01
+2.478e+01
+2.067e+01
+1.656e+01
+1.245e+01
+8.33%e+00
+4.227e+00
+1.156e-01

Max: +4.9458+01
Elem: PART-1-1.1842095
MWode: 1368021

(a) EMELMHSFERN =

RMISES RMISES
(fwg: 75%) (Awg: 75%)
+3.396e+01 +2.025e+01
*S%EEEIB% +1.B62a+01
+e.
Lzsa0aior Trgeernd
+2.250e+01 +1.370e+01
asaian:
T150ie.01 - +1.042e+01
+1.2518+01 A gL
+1.0012+01 +7.142e+00
+7.5148+00 +3.503=+00
+5.0168+00 +3.864a+00
+2.517e+00 +2.224e+00
+1.887e-02 Max: +3.39684+001 +5.8542-01
Max: +3.396e+01 Max: +2.025e+01
Elem: PART-1-1.1895867 Elem: PART-1-1.2237859
Mode: 1618206 Node: 1789798
St — S Oy A St 2 .
(b) CHREE SRS = (o) JEME 2540 B S50 T 2= Bl

B 2. 29 A BeitTr 5 IR Z [ Sk Rk il 3 FE & 2% I F B LIR 3h 55 R0 ) 25 ]
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=AM 0 B A s R T AR B, A0k 7 AR SCEEAR B X ) e KB
7S SRR SRR 318 MPa %% T 167 MPa, Y J7 [H# KM /104 135.3 MPa,
Z 77 )i KB J) 9 148 MPa, N 73 A AE =N J5 0] R RO . izt &k
.71 167 MPa, & A I Rk i IR B, wb ) 7 JF R A 2 = ol P 7 it
JERIBETTEER

TR — D IR S A A, B BEALAIR Bl e S B K S 4B T LR T
RAKAIEFAE, BARBIIE ST R AR T K 2.6,

R 2.6 tRAC BT IR 5T SRR AL

5 ZH HiH
TR 06Cr19Ni10
T A HRAS Bk
JE ki E o, (MPa) 205
PidrsmpESs, (MPa) 515
I 55 PR S P hr s E ) B 70 EEC &R 35%
P o_y (MPa) 180
RL) TC PR IE PR 75 N 107
P57 TR H b —0.103
FEA St KN )10 g, (MPa) 167
FEA /MY 710 i (MPa) 0
FEA N /iifo, (MPa) 86
FEA “F-$4N Jjo,, (MPa) 86
Goodman % 57 1& 1E % 71S_; (MPa) 99.7
Goodman £ A E m 3.097893432x10°

K 2.6 7] L, Goodman KGR EA 3.097893432x10°, LRI CERIEH
FF A 107 AT R I, Goodman I 57 75 iy 378 i T A4 R TC PR A6 35 75 i
WFRAZ AN 2 R AR I8 57 SRR, L5 A PR 90 577 56 B mT DAV A2 7 i ) e K

I &5 A A b, 12T R EEN 206 g, B2 HEMKBOTE 219 g &
T 13 g, WREL) 6%, [F AR A5 00 S0, 1EE 2 I JC i B

40



552 B PRI A R GEREN LIRS U5 B M S 57 75 i v 5

2.5 REINGE

A F e R T BEMLAR 2 ) 1 2 J3 A o4 )0 A 23 Be 8 R g AT BE AL AR 3h 15
FLO AT, ARG R 98 55 9 FE BEAR KT B ATL e B J2E AT % 57 B g B A R 4, e fe
B i 1) 9 5 S N A BRI i R AR R B IBEN L 5 . BRI
Jo, BRI FEVLIR S AR B . BENLHR SN IE & 0 A FBE LI 55 75
TR I SRS H Hypermesh 1 ABAQUS B4 X 18Ry 43 L 2% & il 3D %4
BT 107 BB 8 AT R SR A B, AL BRI il ds R4, M
W28 R4 KAWUGLAR 2 A A BLERE . TR DGR B a0 SCEMRUR 30k
TERPRAAG T 3 Al AT BE LRSI BT, R XL Y Z =ANJ7 A 43 il n gk
BENLIR BN IURN 5 15 2] 7 NN J) 3 AT s B e iR IR 55 9 2 B2 1Y) Goodman 4%
N FEA $5 KN AT e 49 B LS RO 57 B 1E N ), e Al B =G5 1
W57 5. BT BRI J1{H Goodman 5 57 75 i AN i &8 L R 38 2.7,

R 2.7 =B KIRR I 23 IC 5 2R ST REH LR 3 o AT 57 TS SRS N o A e

MR R BE LIRS Goodman Goodman ig=s
mAMNJME | BIERLT RAAEI L (g)

UES (MPa) (MPa)
SCHERRR BT 318 230 9.25663%10° 220
AT % — 179 108 1.387347391x10° | 252
AT R 167 99.7 3.097893432x10° | 206

H# 2.7 AW, SCHEMRR R0 T 1) FEA e KR JJE N 318 MPa, KTk}
(¥ & R 1% B 205 MPa ifii /N T- i hi i BR 515 MPa, 7] Ge & A2 J IR IR s A
Goodman KR MK AR T FORH o IR AF e B30 0 107, BRI FI0I 122 45 #4 T vk
T AL ity RO 9 SE ARG 57 9 L A BETE 23R, I HL T BEAE SR RN AT AL (SZERAR0D
IR 55 R o TN 25 R 5 e W 1) 65 200 57 kB 45 R AR AT . R, 5 20 ulie
[ 9% R0 PR 2 AR TT U R A SCORMR S K ek 32 X R R 57 45 10 RAR,
AT STROR . AR R LUE B, LA T S B K N T B I A
Ry AR BR PR s[RI, PSSR R R E K TR B T IR 3 e . kT
PEAL BLEE R, TN PR S5 R A2 PR B 2 R AR A BE RO AR 57 BAR , RENE s
AT i R 0 S AT 57 9 T E R, HLARAR I 58 B 57 A i TR T R
o TN E AR ERHGIE, B AT R RO SRR R B 11T 20%,
JEA W EEAR, DL, 58— Fh7 A e R S AL B %
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%3 E R EC AR R G 5 T A SR

B 3T MmO ESF R GRS AR

3.1 PRM ST ECER R G 55 I I IR T A

AT o Bl & AR G 07 IR TR PR R AE R R shpLalEe & 20 Bt
17, F—MAEEHIRE & & BT AT U0 2 k6 45 2R S 1R S B iz H
W&, RAEPUERA R BRI TB, HIRAERS A, 2 m H A6
BHT IR EW, AT R R SR ZIER, 72 TR I RN K,
RIBOT R AT, A&, Ja& WO, Wk, 2K,
EANRE 58 AU W AE LB AR A NI JIRES, A ORiIE ™ i A 7oK, 8
HllERam T &R, FE-MIERERIR . BARWLL, EEHETIEX L
I BRI, AR BO8 R REIRIE . S ot & T2 S U7 A
EIIFBACHIPE R o ASlBe i BT R 7 AR @ R38N 8L % & _RIRUEFF LT
FF3 A K5

H 4R 0 B 2 AR GERR SRR LAA (K a5 R R A2 B F . — BL B 55 R AL
H AR T = B 57 R AL, 7™ [ 57 SR S 2 3 B4 1 [0 2 B R 1 2
Pho DAL, ] B0 LA AR N J7 2 mT LG S A 7 i ) B P R A 27 i 2 75
S BNPE ST, AHRX M OITVER T O AR 57 R SUE R A5 57 A i 24
FARRA R BRI MANREL, AR N TREREL, HNIRA S E5E,
PR ZE, HTRRELLN 0.3 mm, #7722 R A X 6aE s R
PIREAT IR o A8 R F R 5224 XA R AN AT S A B G 7oy b = BUARL 45
W X EERMIRAGHID I Eh R, IR o B 5 252 T L 1 DA ey ARE —
A E R Y BRI 7 A AR A0, AT B e A I 75 AR T I R 5
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+4.150e+00
+3.321e+00
+2.492e+00
+1.662e+00
+8.330e-01
+3.725e-03

Max: +9.9552+00
Elem: PART-1-1.44147
MNode: 12134

RMISES

(Avg: 79%)
+9.955e+00
+9.126e+00
+8.297e4+00
+7.468e+00
+6.638e+00
+5.800e+00
+4.980e+00
+4.150e+00
+3.321e+00
o +2.492e+00
o +1.662e+00
+8.330e-01
+3.725e-03

(a) 370 B I (1 S AR AR A 12 ik T 2 ) 2= P

RS RMISES
(Avg: 75%) R
+9.955e-+00 (Bvg: 75%)
+3.12fe+00 +8.955e+00
+8.297e+00 +9.126e+00
+7.468e+00 +8.297e+00
+6.638e+00 +7.4682+00
+5.809e+00 +6.638e+00
+2.980e-+00 +5.8098+00
+4.150e-+00 149806400
+3.32Le+00
¥21392a100 ekl
Ao ¥2483e400
+8.3308-01 oAty
+3.725e-03 Hhenzeil
Max: +9.955e+00 +3.7958-03
E,E.;L:‘PQRIE’LMH Max: +9.9558+00
Elem: PART-1-1.44147
Mode: 12134

RMISES RMISES
(Avg: 75%) [Awg: 75%)
bt eet +0.0556 400
+;.§ggg+gg +9.126e+00
o
Te536a100 +8.2978:00
+5.8082+00 +7.468e+00
+3 ?ESHSS +6.6382+00
dolon +5.809e+00
133528100 | +4.080=+00
+é.gg§g+unln +4.150e+00
oL +3.321e+00
+3.725e-03 1~ +2.492e+00
Max: +0.0550+00 | 1 16622+00
Elem: PART-1-1,44] +8.3302-01
Node: 12134 %
+2.725e-03

(a) BRHZM 7> HCes RGN ) 2 &

(b) BRHR b/ Beas RGN = K

Kl 4.8 YRHRM /M LA RS0 Y W) PSD 187 2 &

(b) 328 18 3 Jph 5 F) S R A B o 132 77 2 14

(c) FEITHEINE (3 JAR A HE A 1fT ) 5 P

(d) FEITHEME 1R ST P B A T 2 ) 2=

K 4.9 BRHRh 7 Bos RGBS = & (Y 17 PSD )
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RMISES
(Awvig: 75%)
+5.486e+00 . 4
R Max: +5.486e+000
+4.574e+00
+4.117e+00
+3.661e+00
+3.204e+00
— +2.748e+00
— +2.291e+00
+1.835e+00
— +1.378e+00
+3.21%e-01
+4.654e-01
+8.961e-03

Max: +5.486e+00
Elem: PART-1-1.182312
Mode: 2095563

4,10 ZERHR I YO & R GUHEE N ) =B (Y 17 PSD )

[T Partinstance NodeID Orig. Coords Def. Coords Attached elements RMISES
0 PART-1-1 2096840 0.771339, 34.: 0.771339, 34 166869, 184664 5.19967
O PART-1-1 24043 0.652807, 51.t 0.652807, 51 181411, 183355, 18- 4.53725
0 PART-1-1 24042 -0.218259, 51 -0.218259, 5 72356, 72367, 7236i 4.71831
[ PART-111 26150 -0.480605, 26 -0.480605, 2 71937, 73055, 7455 5.2258

@_ PART-1-1 2095563 1.83278, 32.2! 1.83278, 32.: 182312, 182315 5.48645
0 PART-1-1 22325 4.35068, 32.8° 4.35068, 32.t 167698, 167707, 16: 4.53515
[J PART-141 9352 -101.625, -7.0 -101.625, -7. 23537, 53453, 5378 5.40854
[J PART-1-1 10804 -257.505, -7.3 -257.505, -7. 42503, 44147, 4628. 4.44464
[J PART-1-1 11394 -88.1517, -8.3 -88.1517, -8. 9561, 9694, 11779, " 4.72511

4. 11 BRI 2> BO 8% R G045 e B B4R UK 5 B A (Y 1) PSD i)

X SRR T 23 FL A8 A BOIN AR Z 7 el DO B D 3R e B, RN ) =
Bl 4.12 s, SRR 71 R AL R BUETE L 4.13 (o). [FREGIBRIZA S
W05 e, e KN TR B S e 45 A R, WK 414, R EN
13.34 MPa, JL 30/ JJ{E N 40.02 MPa. FEHU #5507 155 B 7775 15 KA N . 7 %
HBUEVE WL 4.15, [FIFE, 5 SECR IS — 57k WAT a7 & .
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RMISES
(Avg: 75%)
+3.026e+01
- +2.773e+01
+2.521e+01
+2.269e+01
+2.017e+01
+1.765e+01
+1.5132e+01
+1.261e+01
+1.009e+01
+7.570e+00
+5.04%9e+00
+2.528e+00
+7.354e-03

Max: +3.026e+01
Elemn: PART-1-1.14253
Mode: 12968

RMISES

(Avg: 79%)
+3.026e+01
+2.773e+01
+2.521e+01
+2.2692+01
+2.017e+01
+1.765e+01
+1.513e+01
+1.261e+01
+1.00%9e+01
+7.570e+00
+3.04%9=+00
+2.528e+00
+7.554e-03

FMISES

(Avg: 75%)
+3.026e+01
+2.773e+01
+2.521e+01
+2.26592+01
+2.017e+01
+1.765e+01
+1.513e+01
+1.261e+01
+1.00%9e+01
+7.570e+00
+5.0492+00
+Z2.528e+00
+7.59542-03

(a) 320 BT (14 S JEAR MR A 4 i 1T 2 ) 25 P

RMISES

(awg: 75%)
+3.026e+01
+2.773e+01
+2.5218+01
+2.269e+01

+100%e+01
+7.570e+00
+5.040e-+00
+2/528e+00
+7.5548-03
Max: +3.026e+01
Elem: PART-1-1.14
Node: 12968

(c)

FENTHEME B SO AR FE ik 0 15 ) 2= P

Max: +2.826e+001

(a) SR 7> BT 45 2 S8 1 TH N ) 2= 1B

(b) TRMR I 73 BC & R G0 R 7 2=

Bl 4. 12 SRR EC S R Y80 Z 1) PSD % ) =

RMISES

(Awg: 5%
+3.026e+01
+2.773e+01
+2.521e+01
+2.269e+01
+2.017e+01
+1.765e+01
+1.513e+01
+1.261e+01
+1.009e+01
+7.570e+00
+5.049e+00
+2.528e+00
+7.554e-02

(b) 328 Bt inh 7 FA) S ARARRT A i o 17 7 5 &

RMISES

(Awg: 75%)
+3.026e+01
+2,773e+01
+2.521e+01
+2.26%9e+01
+2.017e+01
+1.765e+01
+1.513e+01
+1.261e+01
+1.00%e+01
+7.570e+00
+5.049e+00
+2.5328e+00
+7.554e-03

(d) FeEmadh ith i 1A SRR T AAH2e i T 12 77 25 &

Bl 4. 13 SRR 7 o8 2R B8 SC RN /) = 18] (Z 1) PSD )
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RMISES

(Avg: 75%)
+1.344e+01
+1.233e+01
+1.121e+01
+1.009e+01
+8.968e+00
+7.84%e+00
+6.730e+00
+5.610e+00
+4.491e+00
+3.372e+00
+2.233e+00
+1.134e+00
+1.438e-02

Max: +1.344e+01
Elem: PART-1-1,164739
Node: 2097002

K 4. 14 BRI /L #s RG M E N 1= B (Z 7 PSD i)

[T Partinstance Node ID Orig. Coords Def. Coords Attached elements RMISES
O earT-1-1 2095737 5.97388, 34.1° 597388, 34." 166683, 182605 9.05745
O PART-1-1 2095756 6.2495, 33.54¢ 6.2495, 33.5« 170917, 182863 11.3012
O PaRT-1-1 2095805 6.31307, 33.50 6.31307, 33.1 170917, 182864 10.123

[  PART-1-1 24255 -1.6869, 33.0C -1.6869, 33.C 164799, 167764, 16° 11.3803

PART-1-1 2097002 -1.6233, 33.2E -1.6233, 33.Z 164799, 171649 13.4448
[0 PART-1-1 2097048 -1.68686, 33.5 -1.68686, 33 171649, 179800 11.9329
[J PART-1-1 9085 -81.6254, -7.0 -81.6254, -7. 53142, 55006, 5538 10.7658
[0 PART-1-1 9352 -101.625, -7.0 -101.625, -7. 23537, 53453, 5378 9.68017
O PaART-1-1 2053593 -254.78, -7.61 -254.78, -7.6 3955, 10790 11.7432
[ PART-1-1 2053591 -256.47, -7.61 -256.47, -7.6 41735, 42511 12.8637
[0 PaART-1-1 2046714 -256.47, -7.36 -256.47, -7.3 42503, 42511 11.4152
[0 PaRT-1-1 2049913 -92.4704, -7.3 -92.4704, -7. 14229, 14253 12.0366
Bl 4. 15 JRHRI ) Bl ds SR G045 i LT AR AL AR I 15 i B3 (Z i PSD %)

GE T EAT MR, 2B X RIS N 45 8 oK B JIE N 26.25 MPa,
2B Y (A AT 028 A 45 M B KN 1B N 16.46 MPa, 32 %] Z [A) 4 in 28 B &5 7
RN AN 40.02 MPa, HLHUHioEE N 221 MPa, i KR A E/N T HprhiamiE,
DA b G 25 A6 5 i P R B8 W AT ISR, AR AR B B R A B AT et

S, MEE BT, ZBERHAH BRI EEL N 160 g, &R HLAR L
N 220g, HERMFKTL 27%, WRLSFEGEAT 10 T4, WSRAHEE 2 B
K2 173, SATH HARF L 48 70 FL 2% K20 30%, %) T 2235 40 B 2= (A ZEoR 3K,
X T R BN B2 B AT R AR — E Bk .

Fah, T X E AR R0 3 FL 88 2R GU = v 6 1% 57 75 i TR A A
Rk, 7E AR B3 A PR R 73 L 88 5 40 R 9% 57 5056 1) 75 2 USSR IE
Foyg o7 A, RS — 2D B A A2l i 95 577 056 SRR T 23 L 98 2R 48 1Y) 9% 57 9
.
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A B PRI ICAS R G R B 0 A

4.6 KEBINGE

AT I g HUE 0 33% 3 AT 4k 1) 5 G A RHME R 43 B 38 4 JE A R
BARKIRE, I T R AR S5 M . ARG R A B SCE LRI BR G
GIHTT Eot HE AT BN LR B0 B o AT, 15 2 ZE BRI 7 FL 28 R4 —MR3H 7 )
I f = B, Hod X a i KN 77 26.25 MPa, Y [H 5 KN /) 16.46 MPa, Z [f)#x
K77 40.02 MPa. HTZE AWM BB RN 221 MPa, HEH5EE AR 21X
THESR . T BRI R R 2 TC 2% R GUE 57 5 B 2 A A T B A,
W TR TR LI 55 . (R 5 & @R 0 LA R, EEREL 27%,
10 T ERAN BRARE 1/3, 18 BISEZE b JS AR B B R AR U7 TH AR A B
BROLH, BT XTI, g 57 5 FE v] DUE I S 2R 198 55 i A gk
AT AR
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WSE SVEAG S TIERE

BIE 2NRESITERE

5.1 Z518

ARSLUBR M o Bo s R NN B, N A UG 837 = 4E 808,
Hypermesh 4= il BR IG5, Bk& ABAQUS #7145 B EE oAb ¥, WG T
—ANAT RUR B0 23 BC 2% 2R G BEATLIR 2 i 2 1) R ORE LA AR, L B 45 RASEAD
TR B RAE RN S ARAS,  IF B L FEATLHR 20 1w B2 87 77 6k BA T 5 i
WRGMAT TS AR, R B — B 20N g 5T 5 R O BE LR
BN AT B 53 At 7 VAN 55 A B v FAR T BEAT TSR . R AR SO AT 1Y
Wit ot 5% TE, RS H R4l

1) #it UG f1 Hypermesh 2 [B) 54 e ST BRI 70 O~ SATHIE o
e BEHE . KAWIEAR Z A A BEE R R, S ERI M, WA LS
PRJRAAFR 7> 5.0 C3ID8R N, #4521 1 BRI 70 Bo &8 S R4 14 1 PR oA R

2)  H SR SCEEMR RS M S A R R oA Y AT BEA LR Zh 1 B A e S
R3] TR A RARIE X Y Z A RMBENLIRSI )0 AtRas . X3
N X AR S 3 73 20 3o KN 1B 318 MPa; X HM#EL Y [m] FEHLRS)
WS, 3o KN JJEHN 150.9 MPa; XFHINEL Z [\ BENLIRANIE 5, 3ot KN )
fE9 117 MPa, =/NJ7 R ECKN /78 318 MPa, i B 75 5 3T 32 1 1 52 284
RREARRVE =ML S . AR JE IR A 205 MPa, it wRSE N 515 MPa,
Hig KRB MEC AR 7RI, KAWL, A 2 451
FOm BT R . ARt — AR YRR 57 s B HR, Z H Goodman £5 FUKE B AL
AT PR B KN 0 e il 5 002 55 05 BN AR S R 5 AZ IR ), I Hal i % 5712
BN 3 THEAR B TR 55 R A EL 9.25663%10%. 1% S BEMUR RS R (1) 9%
57 RAAEIAEOT AR T HA R TG R A A a5 107, Bt T 22 45 1) 78 B KB
JIAE 2 KA 5 IR, FLe 57 o L e vk R vk oK. g R 5 2RIl &
AR RIS S5 A AT, PR & ZEHR B 2R R0 SR DRl 2 S ZR AR 45 M 1) e ik A 2 X
] SR BE AR BN S W 57 N BN, DABURKAE T X R S5 R o 2 2R RS A
PRI b IOV A2 A5 R 1) i i B AR 57 9 PR BT K

3) BHJE, AR RSN ) AR, $RH T AT SRS . [
I8 X M ST S BB — P A T7 R EPT B a5 R an . AR X i EH T
H 3o KN JJME N 109.5 MPa;  ££ Y [A 8GR H T H 3of KR B HILA 91.8
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MPa; f£ Z [ T H 3o KRR JE 9 179 MPa. Rt =NJ7 A B 5K
. J32 179 MPa, HELAE G B9 32 3 & 10— M S 48k b, BAE B EsEiid i 46 A
AR E . B M B0 BT R HAE X RS 57 A R H 30
KN JIEN 166.89 MPa; 1E Y [MIAGAE A T 3 3o KM JI{E N 135.3 MPa;
7E Z [ S AE F R 3 3o KN J1ME N 148.35 MPa. =7 A i e K8 J1{E N
166.89 MPa, i KN JJ AL T 551w 3k i & 1 SRR R L 22 T i 2k . PIFR 7 R AE
27 7 BENUIRB IR J5 08273538 8 A R JE IR AR BR 7R B 10 b I A 2
P BB R P R B R . B SRR O 57 BRSPS AT BEAT R 55 A i ()
THEL, 153056 — ML BT IR 57 R R EC 1.387347391x10°, 26 —MiliAl
BT I 55 R AE A BN 3.097893432x10°. H T MBI TEBE A fr B BN 107,
PARIRAL T7 S35 Rk BTG IR 75 dm () v H 2K, BRLIG, I FR 7 R 350 R i 2 77 i (1)
T R TR . S NP R AT T IR 98 55 75 45 RN A I T T 5 58, 36
TROTREAR, Bk, B M7 R E R ARSI TR

4) 0T B AN 5T A T AR R R HERA PR TR 3 — P BB, Rk,
WK VE 23 TiC A PR 57 i 2Bl e ok BT S SRR SR R T %, HIME
FEAE, SRIEIRIE IR T A am 2K, SREESCEIER I, e sk FE D) 24,
I — 3k 30 AN CRE[ET =AM J7 W) B BENLRE &4k 107 (R BT 75 B[R] (1) B8
ML B CUJG , A% v 23 P 28 1 25 B PR A, ViU 25018 20 0 AR 60 T 1 ~F 2
0.168 SCCM Z&1L Ak 56 5 714 0.256 SCCM, “F#J1¥)_EF+ T 0.088 SCCM, izt
RTA MM G RN EE, FHE—SEE B, XN, S8
MEEF- BN AR EIN, BHRIFE SRS, FART] DA 2 %4
PR A AR ST TR, U B 2 65 ) (10 e o FEE AR 5 5 P8 300 2 7 i B T PR 5K
FORI0 & AT S B A AR 57 5 e o S T, R 1A BRI BT AR Y 5
A ARG B 0 R AR TSR 1)

5) R T RO BRI A B R GE, BT AT S O A5 B I0AIE K47 B A
o7k, 152 R L Es RAFEALIRBN ) X 18 KN /) 26.25 MPa, Y [A]# K
% 17 16.46 MPa, Z [f]# K /7 40.02 MPa. %M BRI HTH 58 5 )y 221 MPa, [l
WUIR B R 5 R R 79 3 A7 R AR B iR B2, i B S MobA RE A2 7 A 82 ]
REPEo AT NIE —3K R BN AL BT BRI 25 T 45 L4 Ja 08 vk 20 T #5126 0k
BR2)27%, WMHEFRAR 1/3, 1677 SRR As f Az At B A A5 AR AR B T 5
DALtk B AR FLIR 55 75 i 0 VA0 TREAA PR U1 SRS A mT LR AT P, ARA7 mT DAIE i 9 55
IGO0 HE 55 0 .
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WSE SVEAG S TIERE

52 TIEREE

ZERMPRIN 7 Fo A% 2R ST BB LR B 105 00 H B 77 B AR BT B I e a5 1) 265K
(B2 BT SR 57 A7 i B TR, Onf T AR S AT 55 il Bk — Dl e 57
M AGRBOR AN FI, ST R &R Y B A TR 2, X TR
BEHLIR B0 105 073 B I ASRE TR 22 ZRE O BC A AE AN R A T I PERE, Wiz i
53 M T B SR IN B S M AT R R 43 O 2% (0 AR 25 A, 49 HEORE Bl 4 017 L 20 BT A
M, BT DM IAFEA, Jae TAENE 58 LR A

1) RS IR 70 Ba Bodhs AN 07 00t (K B 8E 2EAT 0 A L, DA
BE— D1 8 T VAR R R A

2) TR ISR RO U, H T HE 20 2 R TR R SRR
SrPECERRIVERERE A, B R B SRR TARTRE .

3)  HERHRIN 7> HOAS 2R G R 57 9 5 7 B SEIAE A (KR 57 i A e AT
Bk
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RN T R DA S 8

Bt

AR TN RS EHER ARG 05 3 TR, o O R A
TR A A A SR 7R . BRI GO SC . RN R, IRV
B FITE 2N L IR, R I — AR NG S, R
Xt A AR BEAT O 00 35 5 A AR ORI S AN IR FC 5 21 1 B RIS AV 77
XA FI TARRI A ) EERALFR LA TR . 50 =M™
T RN Lo 4 3 B IR AR SO IR SE e FERE, R Tl S XS 452
FUZAS PRI $5 S AN D AR R B, A SR ik 22 A IS 21 85 351 B A 3C
KWho R RIGE R AR B A 2 I es T IR A B ANdE 51, ZRAT %
EHT PUROIHE R FCAE AT AL (08 ST ATEESRE, (843 3, LA JE I REAE 242
Bt—bitE B Ol ER AR, AER RS TARRE A & A et
NHCERZRREFA R RRAE NI [RIN A 1 — I A 800 5 1 [F) =F
FER S E A AR e it 45 T AR Z A s M R s AL T 5. B
Rl B BRI KN, AT 4 70 S RIANIEE R o3t s 45 1 3 455 2 0 55
BN ST, FRPTEAS BRG] 42 0 A R B SRR AT

A F T A B JA M A (R S H o 1 Jk !
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