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Abstract

With the dramatic increase in the number of population and the expanding of the
living community.The class and quantity of the garage disposed by Health and
Environmental protection department have gradually increased. Therefore, It is of vital
important that using an effective garbage collection vehicle to improve the transport
efficiency. Without the suitable means of transport, the transport process in the garbage
will appear leaks, exhaust and other secondary pollution, artificially increase the
difficulty of wasting disposal. In order to give people a graceful, comfortable
environment to work, study and live, all garbage must be handled rapidly and efficiently.
Considering the condition, some large automated machinery and equipment are needed.

Hooklift vehicle is a detachable compartment transport vehicles, the chassis and
trunk are separated, this kind of vehicle not only can complete the car's overall handling
in a very short time without the help of other machinery, but also can install backdoors
institutions. It is widely used in environmental health, industry, agriculture,
transportation, post and telecommunications industries. In China, the vehicle is used
more widely in environmental health.

In this paper, the two-dimensional arm-pulling type garbage truck is completed by
AutoCAD software. Vehicle design has been completed with arm-pulling vehicle
assembly drawing, arm-pulling unit assembly drawings and assembly design of key
components. In this paper, the working process of the arm-pulling vehicle is discussed
by dynamic simulation; and arm-pulling structure is conducted through the finite
element analysis. Three-dimensional solid model is created by SolidWorks, then put into
ADAMS for multi-body dynamic simulation, obtaining the key hinge point load value;
then make it as the load conditions, creating the finite element model in the ANSYS
Workbench. Each work process is conducted by the transient finite element analysis,
and the stress and strain distributions of the various parts of the arm-pulling structure
are obtained. Then modify the L-shaped bend of the arm-pulling structure due to a
larger stress, obtaining a more rational structure, and making the effect of releasing
press more obviously. In a word, with the ADAMS and ANSYS workbench virtual
prototyping technology, the product development cycles are shorton, and product
quality is improved.

Keywords: hooklift, structure design, emulational analysis, finite element analysis
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BEE AR E DT TOLIE,  HUAT 28 T A AN IR K SR T 4 R AR by B 82 T ) R
BEAIFEE K TR WS A, WA MNRHEE, Sl d. e
ADAMS/Viewid A Ge 5 57 ¢ 56 5O AR W P& JEAT AU 2, DRI A SCHE 7 LA
o0 For AR B TN, R A R B S AR RRORD TR R AR R AR AR X R K
TR AT AL A2 )G O SER R AERX MG, T
B2 10 5 S b T O 22 AR Ko SR R 28 TH A I, R IS0 {7 L 1) 45
RR L, fFE5%0 Tl 1 H, SR, R TAERZETH 8N,
WG 28 T ) 25 AR K, 28 THA AR 2 A KLU, 2088 B s L
HETE )RR A (50 SR H B G, ABH P LT /T 2571
P BRI A, XA RN T AR .

(1) REL. BAFNZRANEI 2 E . B EEMBM R EEENER S
M TEL S RS BRI B A S A L[] e R IBR By SR A 1) AR FH IR
ol 3-120 Kl 3-13. & 3-14 Pion. fr R8T E 5 o0,y BE
BN AEFN RN R SR L T e AN I B S B B AR ] 1 AR A D — e
] FRCS AT T (R WETR), AR 5 B3 K 3] 659kN, M EEIR TR . (H12 18 25 & 46 14
UiE, ER BT B, FE RS Y H B R ah 28 T, s &L i 4E A 0 77 )
HEIERMEE A, R 6.3°% HETHABEEM KLLE, R EG/EH 1 —
FER, AEFIAEAR R B0 0 A A Wt 3 I, DS 28 A AN W B iy, IR R
WA F O TG ek /S I 5 o AR o B AR A R B, AR AR B 2 R AR A
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PEERAE EREH J A2 K, A, k)
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400 /
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500 /

400 /
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It 5 JA L5 15K 2 B #2410 (k)
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BT ()
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350
300 [\
250 /
200 /

150 /

100 /

| 42 ZRBE AT AR L 0 (KN)

50/

=2

s 06 3.5 52 83 97 123 14.7 15.8 18.0 19.1 21.1 23.0 23.8

BT ()

3-14 RSN B2 B R AT T

(2) FIBHLBIIER D P 3-15 s o B ) Sk A2 S0 B 0L I A ] ) 22
P 2 I o A T B S AE ST I A T 0 22 ORI K 21 69.68kN [ i KAH, KA
SCRBER] 19.72kN [Fdi/ME, B e AR 28 TS 4 1 00 I B 22 5l 4 A4 11
WLy et SRR DGO, R E R i H N SCE I K,
BRI 2100 41kN o MR A 000 10 45 2R 5 2 1K) AR B B A Y, AR
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0
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3-15 Hr B Sk AR

(3) ER®ELBIERA Ja R B R AR - e 1 3-16 BTos .
TFAR 2 TEIN 7 28 76, 10kN (JUEAE , 3% 3222 55 IR 25 TH I B AR A4 (10 5
Ko [ E PR 1 s HOR B SCEEAE RTINS, R A B AR FFAE 40-50kN Vi
AR o AT RED B IR YA IR TR (EL AT 0 I [R) BOAR $H 8t 2 10t [ H A .
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70
60
50 /
40 /
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20 /
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Je B AR D (kN)
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(O BEERFLOMMAA 8GR b 5 A 2
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D5 1P B T S 20 2570, [ 5
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0.6 3.5 52 83 9.7 123 14.7 15.8 18. 19.1 21.1 23.0 23.8

2T (JE) o
Kl 4-17 [ e e i B B4R R )

3.3 EKE/NG

AREGNL THE R TAE RGP, BB ERAEMPM AR T 2
WAPLRIBE K, ZRTI—BEERENK S E o LE, %
ANSY S B2 25 2 Bl A W EE 0 A 55 50 B O3 A S 3t 1 m EEAT R A HE o A0
PO R 07 ORI R, R R AR . D3 AR R T, AR AN EIAR
LR B A A 32 2K AL FEAS AN SRABL A I R

AT U S R IR PE, AN SORE B UF SR 28 TH L ) 28 T 7 Al
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FATE HNBLEHFIRITOMH

4.1 HEHNMALAREREST

RGP 4 AE TR R 2 oL, ERER I Jm, WREM. &
ZRANRL R () 32 A5 B0, R IR L) 45 e dee B2 2% HL 8 2% 5 A TAE I A2
mh AR i BT T R) s, DR AR S U0 B HLA AT A R T A e B E AL
T2 2 AN B B A — ke, BIRELEC R e, i HORST AL
LK, HUARANSYS Workbench ' 5 B HL G (Geometry), {H 25 Tk
=YL O B IR R AN T B, P BLAS SOR] FH SolidWorks 2 37 = 4ERIHY, DL
x_thg X ARAE, SRR Al AT 2 Tl 1, K x e G 1S AR B ANSYS
Workbench™ Simulationt #t Geometryfir 42 G A4, 41K 4-1 Prox.

0,000 1,000 (m)
0,500

K 4-1 ¥ S N ANSYSWorkbench

42 BEIXAFRTER
42,1 BEAMBEE

ANSY'S Workbench X} 5 Ff ) # 47 8347 40— B R 70 RO PG 3k 6. e
PR 5 = Y Sz AR RE R B Gk AR B T, ANSYS ] I 4K B8 G 4 SOLIDA45 .
SOLID186. SOLID187. SOLID95. SOLID189 £33, SOLID45 7t F - 3-D
SEARKRI, B 8 M, AT AA=AEBEE: XV Y. 2N BN
B, BERIUE 4-2 Fios. %o R 8. A, KB, KN,
1H 2 e W% R 20 I B B R 1 e /D, AN BE B Bh AR B DY T A4 A S T A 22 1a) ) i
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Pris Option

J
Tetrahedral Option -
not recommended

Element coordinate M
system (shown for
KEYOPTI4) = 1)

Surface Coordinate System
4-2 SOLIDA4S 1 JLA] 45 #4) 45 7Y

e 2 A 20 A SEAR OTR AL, JUAT S B K] 4-3 P, ] DL R R
TR, AT RAA S AEE: Xy Y Z M), E SRR
MM, AR KRG, KNGS HT e . SOLID186 HE 4 id & f it 5 A% A
B MRS 53 o SOLID187 o — b i 3-DSEAA LG, A HITA 10 4
WALIE 4-4 Pron, BN RA=SABEHE: XY 207 BB, &
KA. KNAR, B, #5087, 5 SOLIDI86 KA, & & X & &4
BB EAT A% R 2, DU SR A T & FICADRICAM AR LAY . BrLL, X T
P AR 6 52 2% 1 B A gl BEAT A% R 2 R GE ik 7 SOLID186 HAISOLID187
7 ol iz A ABE TR O

MM PUVWE

Tetrahedral Cption
MO UMW

Pyrarmid Option
X

¥ AB

I LS
R
¢
J
Prismn Cplion

4-3 SOLID186 JL 1] 45 k) A 714
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K] 4-4 SOLID187 Jfa] A5 74 45 by 45 744

— ST A A LR PE . W R T I R AR I AR PR AR . SRR T R
JEAE, T HLA 1L $% I SOLID 186 A1SOLID187 Hit 3K it 5 b T REAT 5
(R S A
422 TEXMBIEM

SRR ER 2 L, — AT R R B AREES R, 7T
PN I BN E AL S RE, W E R E LS R R RSO h
WAL 35 202 bh A AR 20 o 5 A 42 T e, S AR AR A R R e YA AR B
W ICE R, FESESHEAR -8, Kibg & B ENIRM R A R
=2.0e+11Pa. JAFALL=0.3. % F=7850kg/m>. — L5 1 & & 4-5 s,

= Structural addjRemove Properties MDdEI
Young's Modulus 2.e+011 Pa P\_\. + ﬁ GEDmEtW
Poisson's Ratio 0.3 ] + Cannections
Density 7850, kgfm* L EMESLE
Thermal Expansion 1.2e-005 1f°C [ — JE ‘Sta Insert b
Albernating Stress | ey
Strain-Life Parameters Ik_k. qff? .,.}’ Generate MESh
Tensile Yield Strength 2.5e4+002 Pa J‘&:‘], -';'E Eljlt in CFK‘MES"I
Compressive Yield Strength 2.5e+005 Pa #(Q 5
o .
Tensile Ultimate Strength 4.6e+005 Pa & -¢ Preview Surface Mesh
A~ ¥ ,
Compressive Ulkimate Skrength a. Pa #( ShDW SWEEpaHE EDdlES
£
= Thermal hddfRemove Properties - & =
Unsuppress All Bodies
Thermal Conductivity 60,5 wWimoC L.
Specific Heat 434, Ykgeo [N ii Irvert Suppressed Body Set
= Electromagnetics AddfRemove Properties
4] Clean
Relative Permeability 10000
o alh Rename
Resiskivity 1.7e-007 Ohm'm
K 4-5 MR B e 4-6 Mesh iy %
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423 X4 M1

ANSYS A =M kR 2307 X H B A& I o RS R A . AR
7 ANSYS Workbench 4, K4 — W&l 70 75 20, 478 552 19 Mesh i
A R B 4-6 BT 14, % PE Generate Mesh #E 47 1% 38 A% Xl 43, 248K
W R A AL W] LAAE Insert WPEATRE— DRG0 R O o S5 2 WA R 25 R
YR BRI H SR 4-1 Pros, WA HA 160862 4>, HEMHEITHHA
42992 4>, PRPERICH 12724, SRR H A 71462 4y, R B T H A
115726 A, S & 1 W& Rl 3 45 Rl 4-7 s .

R 41 RN T H get

Type Number

Total nodes 160862
Contact elements 42992
Spring elements 1272
Solid elements 71462
Total elements 115726

0,000 1.000 ()
0,500

4-7 T 7R A R o0 1 0

-37-



M IR YE Tk A2 T AR 23 A 18
424 GREHHNEE

A A 2t it o 3 24 R A i) DU DR R 4% IR BT SR I P A, A
FEAEA R T b, ARSI BEE SRR W, A AL A AR & 0
FEFE ISR, prEis T iR, R S . A SO B R AR =R AR
Axc AL EVEAENDT, AR TR R, S E U R 8 = AT AR
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AR i 06 5 PR 24 o R v [ A ] R R R R T bR L R A 1R 2 TR A A i B R
B o AN D L [ R 1] 2 TR A AE T S R, IRl 4-8 P, B AR
T8 B[R 5 AN DU REAT e

K 4-8 T B AL B

11T M SolidWorks H1 3 A X T # A AIBLAL S, 7E ANSYS Workbench
H s A b AT 2 T8 3 #2249 3 (Connections) . {HE& RAR A R FEEMIH—
WHEHMIEREA, KRFHEMUE S, R4 0 1 ER 7 2 Bonded CHf
Si10 ), AT BRI LA BRI 29 AT B &N Frictional (AR 1), 1 HLAE
Friction Coefficient(FE#E REOF B E N 0.5 CIHE S5 MEMEB RED . X
Bt Connections & M H J5 41 1&] 4-9 s . XMk B 5w 2 5, i B0 Hih =4
FEEIAI AT W (supports) WH . FFEANFENMEN—NBIEKE,
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T3 AT R W B g B 2 ROR B

.,-':'.\ Contact Region 62 ~ W Contact Region 11

x B Contact Region 63 B Contact Region 12

w B Contack Region &4 w B Contact Region 13

x‘i,,\ Contact Region 65 x‘l‘ Conkact Region 14

(‘i& Contack Region 66 x‘l‘ Conkact Region 15

(‘i& Contact Region 67 ‘/‘I‘ Conkact Region 16

‘i,,ﬁ Contact Region 63 x‘l‘ Conkact Region 17
w B, Contact Region 69 B, Frictional - §ER2 To BIEEERE-1

(:i,,\ Zonkack Region 70 (:I,‘ Conkact Region 19

w B Conkact Region 71 » B Contact Region 20

w B, Contact Region 72 w« M. Contact Region 21

w B, Contact Region 73 w M. Contact Region 22

(‘l& Conkact Region 74 x:i,‘ Contack Region 23

x‘i,,\ Contact Region 73 » B Contact Region 24

x‘ |, Contack Region 7a (‘I‘ Conkact Region 25

w M. Contact Region 77 x:-.‘ Contack Region 26

(: | Contact Region 75 xa:.‘ Contact Region 27
Fl E— p A 3
REfE-1"

Scoping Method | Geometry Selection Contack 3 Faces
Contact 1 Face Target 3 Faces

Target 2 Faces Contack Bodies _

- Definition Type Frictional
Type Bonded j Friction Coefficient 0.5
Scope Mode Autarnatic Scope Mode Aukarnatic
Behaviar Syrnmekric Behawvior Symrnetric
Suppressed Mo Suppressed Mo

4-9 Xf¥gHt Connections 1& 21 &

43 FENHBIRITHH
43.1 HHEHEBRTSH

RS EASE =Foant, BidaoirF . 25 FF E X 4
B0 10 h7 o R0 2 T Bl 0 S, ] AR AR R AR B BB HLA A T KT
ZJIRES, BRI g e K. B DA XS b s 7 B A AN ) N AR Ol AT A B
TR T .

(1) HFREIRARZEFE TR W) A 114 1) 4 0 R TR AL, A
[F) i A T 2 A 0020 R 45 A 1) v B R8T (R I o X 4 = &b it n s 7, HE
PRAR TR N2 A, T AT R A SR Sl e B 1Y), 0k g O Cylindrical Support(J5
A W) B FAbbr J1 R HE F 3 ADAMS X 2 5 ik B2 10 80 2 40 A Sk 3047 4.
HS 3 5 2 20 BT B an P 3-6 BT, Zadr B A ok 55,2000 4 T 52 738 B KA
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75kN, HERTERIE e Mo 135.7° 0, Hn B 48 Sk (W4 F J7 3k 21 45 K {E 80.85kN,
HRWMATEE, WA, WMCRH AT — AN 2 JpRas . i Bl T 76
BT R AT PR T R I, AR AR R A e IS NB R A EIR S,
Bl 4-10 Bron, AEFRENEY J7 1) 5 40 B 78 1 AR SPAT 2%k 5 1) 5 T e JRE
BETT 0] AT, A8 0 B8 T 4 1R B ) I U A R AR AR AT a0 A . AR 18] 4-11
e e ) Sy RO R R VAR IN AR R VA WS &l PR ES N A RS SN N S
YHRZIT I B4 1 Fe By Fyo

0.000 1.000 rn) /\
[ I
0,500 EEe

o

Kl 4-10 78 WL 7E Workbench (1) A4 b fi7 &

WFEEHEE

B

WFEEAAE

4-11 AR 4 1 T i B LA 22 T 7 8 % 2 ) 7 1)

F, =0
F, = F xcos41.74 = 56 kN (4-1)
F, = F xsin41.74 =50 kN (4-2)
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W 7R DMl KA TR AR 2 7 18 S

TR T M BEE A 4-12 o

Cwlindrical Support 2
Cylindrical Support 3
Solution

.,{Il Solution Information
A Total Deformation
-------- A Equivalent Stress

SRR
""haﬂ'a@a@

stails of “Fores" i

- Scope
Scoping Method  Geometry Selection
Geomekry 1 Face
- Deefinition
Define By Components
Twpe Farce

¥ Component 0. M {ramped)
W Component  S6000 M (ramped)
Z Component  S0000 M (ramped)

Suppressed Mo

Kl 4-12 B9F4 )1 E

[ 0 7 g Jon AT ) i

= E Static Structural
E Analysis Settings

v Cwlindrical Support
w2 Cylindrical Support 2
‘/q‘?v Cylindrical Support 3

EI ----- Solution

- Saolukion Information
: ‘,m Total Deformation
- A Equivalent Stress

stails of "Acceleration” 2

| Scope
Geomektry All Bodies
- Definition
Define By Zamponents

¥ Component 0. mfsE (ramped)

¥ Component | 5.6 mfs® ramped)

Z Component &, mfs2 {ramped)
Suppressed Mo

Bl 4-13 ) e B
FF 4z B 4-10 K5 1 H 1w R 1 EE 0

HE G o3 il 20 B A bR L o RN I R RSP AT I Z B S KT st S A

73 55.2° (HrEHEAAD.

G, =0
G, =G xc0s55.20 =5.6 m/s’
G, = G xsin55.20 =8 m/s’

(4-3)
(4-4)
(4-5)

B 0T P I B 4-13 TR o i R LR 5 8T i & an i 4-14 TR .
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WAL
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i
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(2) BRTAOWMER FJH Workbench [£] Solve fir &, R fift 47 & 45 7Y
(N g S TE A O o 383 23 M P4 1 &5 R J5 AL BRI g, mT DA D b B
P RGIEAR DY Ty« AR o3 A il B, 1 FLAR A] DU REAS AR AT B B R .
A SCHERTHEARPEAT YRR, AR5 5 B 2857 Iy A K I 3 AR A7 S ph vF A

Kl 4-15 & hr B WA BEAR RN ) o A i O, B A7 & Pa, S KN JJ{E A
566.3MPa, {EiFH4h 2 &b, WK 4-16 Fros.

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: Pa

Time: 1

2011-3-2 9:21

5.663e8 Max
5.2555e5
+.854ed
. 4495ed
+.045e8
3.6405e8
3.236e8
2.8315e8
2.427e8
2.0225e8
1.618e8
1.213535e8

§.0901e7
<+.045e7
45.515 Min

0.000 1,000 {rm})
0,500

4-15 $r B HLAA AR L g 20 A1 15 Bt

- /53] Solution
...-’i| Solution Information
A Total Deformation
8 Equivalent Stress:

Details of "Equivalent Stress"

Eomekry Al Bodies
- Definition
Tvpe Equivalent {won-Mises) Skress
Display Time End Time
- Results
Minirmum 45.515 Pa
Maxirnurm 5.6632+005 Pa

Minimum Occurs On | EHEFSHY
Maximum Sccurs On | BT ETERE
+ Imformation

4-16 Ny d KA S ME AL B

WAk, B 0 (8 A T A W R LT 25 b B T T
OB B o DRI T — 25 B BN B PRSI AT 43 A UM 1 8 4-17 R 4785 A
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I ) e K RIS 5] 242.7MPa, Xl TAERRM R, T3 214z I 0
I Ak 75 B K BT 3

— 5.663e8 Max
I 5.2585e8

4.854e8
F— 444958
F— +.045ed
F— 364058
1 3.236ed
— 2.8315%e8
1 2.427ed
1 2.0225e8
— 1.618ed
1.2135e8
8.0901e7
4.045e7
= 45.515 Min

4-17 M4 15 1 . g o) A

Tine:
2011-3-2 11:09

5.663e8 Max
5.2585e8
4.854e8
+. 44958
4.045e8
3.6405e8
3.236e8
2.8315e0
2.427e8
Z.0225e5
1.616=8
1.2135:8
8.0901e7

404587 .
45.515 Min \)Xl z
0.000 0600 {m)
.30

4-18 A 246 5G] R 24 5 5 1 B 3 9 A1 1 D

Unik: Pa
Time: 1
Z011-3-=2 11:06

5. 6638 Max
Z585es
S54ed
419523
045S=eS
5405Ses
=Z56e5
531523
427ed
0225=G
515eS
Z135Ses
n9oler
0457
45.5315 Min

bl (i) (0 (0 o e

oO.o00

0. 300

P 4-19 i B Sl NN s AR PR 2 ) 2 A1 15 DL

43-



W 7R EV RS DR 22 A7 18 3

M 4-18 Fn] AR WIS (0 th, 48T e g 7= A2 18 ) FE e A 4 B 5 i i ™
AR RIS N 4-19 T DUE Y, TR A E L R 4,
TEARAZA LE R R 24, 5N Jj 5.

f [ 5 R 8] JE AT B4 B n 4-20 &, AR AR, ] AR 1R P AR I AR KN
4 121.35MPa, MIXRPFHCR 24, i HERIBIRREAYE, 220 )5
WA, BOBEAR N ) LN

X ) T S SLIE B A AT S Mo A 1] 4-21 P, o] UIR B2 & H7E
B T N 5 0 IR B Rl 1 R T AR, GA B 242.7MPa, fi H LR B
S TR U 2T O L T N ERBLS, oAb T 45 8
VoK, o G195 oy FUVRE TF- RS B4 o T AR AR ), PR A IR 2R 5 2o i) e fih . 44
T 4b TR N s AR AR AT ORI N ) PR A, B K] BIIA 323.6MPa, {H K RIS —
INER X, 10 % FARLE 202.25MPa i, R REL AL N R g TR AR
LK, 3 B T i b B B e R R Ak R AR O Bk b e il

Equivalent Stress
r[g 663e8Max Twpe: Equivalent (von-Mises) Stress
525858 Unit: Pa
4,654e8

Time: 1
Z2011-3-Z 14:45
4443588

4.043e8
3.640%e8
3.2%6e8
2.8315e8
242768
2.022588
1.618e8
1.2135¢8
£.0901e7
4.043e7
45.515Min

Pl 4-20 [ 5 A 5 I ) 53 AT i 0 4-21 BT RSB A I g o3 A i D

5.663ed Max
5.25585e5
4. 554
4. 44958
4. 045e5
3. 64055
3. 230=0
2.8315e5
Z.427ed
Z.0Z225e5
1.6158e5

1.213%=8
S.0901e7

4. 0457
45.5315 Min

-
Equivalent Stress

uivalen ¥ Type: Equivalent (von-Mises) Stress
Twpe: Equivalent (von-Mises) Stri Unit: Pa
Unit: Pa Time: 1

iz 1 2011-3-2 1453
2011-3-2 1451

5.663e8 Max
5,2560:6
4,854e8
4,449586
4,04528
3,640586
3,236e8
2,8315:8
2.427ef
2,0225:8
1.616e6

— 5.663e8 Max
5.2555e5
4.554e5
4. 449525
+.045e5
3.640525
3.236e8
Z.58315e5
Z2.427e8
Z.0225e5
1.618=8
1.2135e8
8.0901e7
4.045e7

= 45.515 Min

1.2135e6
8.0001e7
4,04587
45.515Min

422 4T PR TSR ) 45 46 s

X B B AR AT 3 AT B 4-23 P, al DUR B IR R B0 A 3 B S T
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Tn R AR PR fd DX e R A K, ik 3] 242.7MPa, i AR AS AN o DR 2 R )
AR TEAT e, NN B SR AR 2 S IR B 4 A

X HEA T B 25 40 7 A e KON ) 1B T B Bl AT o i an ] 4-24 PR o K
% 7] 566.3MPa, HEL/EH TR0 0%, it EEEH A TR REES
B A fi 00) 8 T B e A e X ) R, ER AR B T Bl D) 1 0 R R T
H8WF U IO, BBV D58 58T U JEIF 8 (265 1o,
AR FHENY .

Equivalent Stress

Tywpe: Equivalent {van-Mises) Stress L.663e8 Max
Unit: Pa

Be—_— 5,2385¢3
2011-3-2 15:25

4,854e8
4443523
4.045e8

5.663ef Max
5.2585ed
4,854

B

. —
| 4,44958 F 3.6405e8
— 4.045e3 || 3.236&8
| 2o P
[ 2.8315e8 5 477es
I st 1 2.020588
I 1.618e6 — 1610
I [y ! 1.21358
I 4.04567 8.0901¢7
45.515 Min I 4|U45&?

45.515 Min
4-23 B R N ) o3 A I Kl 4-24 T8 B0 g 53 A i

5.663e8 Max
5.2585e8
4,854e8

4.,4495e8
4.045e5
3640528
323686
2.8315e8
2.427ed
2.0225e8
1.618e8
1.2135e8
8.0901e7
404587

e T
45.515 Min
z

0,000 0,300 ()

4-25 WFHLRY J) 4 6 5 B

YR E A AER, BT LAHTBC R ) Ok — 28 AT DU H BT ) e K
714 202.25MPa, i B MER S RKAN JTEFMILGA . 1E355F T/ES,
T PR ST )4 A 1 R[] o R B e, SRR AR SR, N Jj AR N

SN0 < SR el AN EI R R SR N NAAR S N A i I TR O AR S
AT A N R, RS Sl & 4-2 Pk .
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R 42 BRI RE B ) o3 A i DL

A N ) fe KA NV J) e KA (MPa)
) F ) T 5 7 W AR A b A 242.7
B T i A WA 1 2% 5 e s A vy 323.6
o) 1 oy e Al 5 o AR ek i 242.7
) - 4 Bl B T Sl ) 1 3 566.3
o7 s R i A L B4 b 242.7
o 44 o 55 o 4 7 B 5 e fil X 35 161.8
[i] 2 e Il o e e 5 ] o A 5 4 b 121.35
R L5 [ 5 J 17 i B 4 fl X ek 202.25

e 1k R LA AR > A SL AN 4-26 Fion . NAE (strain) 5
(stress) F3Af A& —F00), B A4 08 oo s BE . > B ) AN k) 1) Bl 9] % B
I, NAHENAERIEL. WIS K: o=Es, BINALN HRIEL, E R
N eI E.

BER L AL o W 4 R B 4-27 FioR, BER AT AR A AR, BT
() d5e KAE 15.195mm 2 [ & fE 4 1.6912mm, 7] LAFE A 52— A 2%
{8, 55 RN A A

0.0025168
0.0022023
0.0018677
0.0015731
0.0012585
0.00034354
0.00062923
0.00031461
2.2758e-10Min

0.013507
0011619
0010831
00084432
00067552
0,0030672
0.0033792
00016912
3.1426e-6 Min

Cs

B 4-26 BEA R BN N A AT B 4-27 BN R R S5 MR R 4 A
432 HESEBRITOMH

EIR R A A A R R R, (H R B LA 2 TPIRES EAN ] . KRR
53 FXMEVAE L RE S & FATR, wlLUAE, 20 E R 1 5 A SR 90° I,
R T &2RE, RENM LIS AN SRR, Wk 4-28 1y H it kb
L5 ] 5 8 fa AT EE RS AR AL PR ) Sl 5 R i B A DR R IR R A AT )
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BT, T HCBE SR AR B 2R X8 T 10 Bz g o 8 T, AR P AL B E S A R

4-28 EIR I [ 2 e 1 5 R 8T AR AR

(1) Z93RF0 % 75 BY e A 2 [ 2 AR B 5 A AR A 90° I, ) iy 4y
ITH I T, AR RE SR F L K 28 T 55 A Bl 42 i X
I % # & Cylindrical Support, = g # il 5 8 @ 8 & £ fid X 3k 5 & A
Cylindrical Support, 7% T AW il fr b2 fmr, AR K 3-10 v &K/ A
80kN, RIF,=0. F,=0. F,=80kN.

AT LB B K, B IRAR R IR B TR O EH N, Mk E
Bar (1) 7 ) 2 B R, ROAREOE AR s . T 0 R 1K) T I [
A BE, ST —3, B G=0. G,=0. G,=9.8 m/s’.

Foe A 29 SRR 38 Ay (1) 15 B A 0 R 18] 4-29 TR .

(2) BRTHHER riih Solve ¥4, WAF B30, LA &
PR ) U 4-30 o o

¥
1,00 ) ps

4-29 AR I R 2 RN 2 Aar 45 2 1 it K] 4-30 HIFE B WA Y A 4 A

MWW A MAE BB LB 2 Ab = A N 5 6 7, B K T 849.28MPa.
DS] DA 5 B T P9I N () 0 D5 T SE AR YA Z U5 AL, RIS AR AR B R IR A
1117 FL 0 A A 4 1 R0 [ 5 R TR RE R AL, RSP AR LRI R, o 4 F5 114 i 6 ) A A1
[ AR R o O A R AR REAT R A A A 4-31 P
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W 7R DMl KA TR AR 2 7 18 S
e —

Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: Pa
Time; 1
2011-3-5 8:14

8.4928e8 Max
¥.8861ed
7.2795e8
6672925

6. 06635
5.4595e8
4.553e8

4. 246428
3.6398e8
3.0331ed

2. 4265ed
1.5199=5
1.2133e8

5. 056637
11.546 Min

4-31 A4 fa] 7 N g 5y A

HIE 4-32 Brow, it 4 fa) A 4 07 8 A S AT RT BOY 1RO, e K AE
357.66MPa, = A AEA G5 e i, 4 A IE R M )y, AR IR AL
NI A 5 NP AE S VA E- L S

Equivalent Skress Equivalent Stress
Type: Equivalent (von-Mises) Skress Type: Equivalent (von-Mises) Stress

St RS Unit: Pa
Time: 1 T |l
Z011-3-5 &:09 :

r- 2011-3-5 &:31

G.4928ed Max
F.865861eS
7.2795es8

5. 672925

5. 06635eS
5.4595e5
4.853e5
4.2464e5
3.6395e5
3.0331e8

2. 426525
1.5199e5
1.2133eS

5. 06653527
11.546 MMin

8.4928eb Max
7.5861e8
7.2795e8
6.6729e5

6. 066368
5459628
4,553e5
4.246428
3.6398e5
3.0331e8
2426528
1,8199e5
1,2133e8
6066367
11.546 Min

4-32 {025 O 577 29 93 A % R B BBCKA L

o7 R Ry B T iR A A 5 (e A A A B T M T AR A R LA N )
I KAH 849.28MPa, HAKWKE 4-33. K 4-34 fion. MWK 4-35 Fa] LUR 0 2
WER, HTMRELETYrES . BUIARE, WA S AR AN ) 4
Hr X s CBE AR TEHE A D
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Time: 1
EZ011-3-5 5:16

8.4928e8 Max
F.8861ed
F.2795es
B.6729e5
6.056635e5
S5.4596e5
4.853e3

4. Z2464esS
3.6393e3
3.0351esS
2.426523
1.58199=5
1.2133e3

&. 055637
11.546 Min

Vel 4-33 o R Al R R i AR S g a3 A

8.4928eb Max
I 7.8861e8

7.2795:8

— 6.672%5
— 6.0663e5
—1 5.4596e5
s G
—{ 4.2464e8
— 3.6393e8
—1 3.0331e8
—1 2.4265e5

1.819%3
1.2133e8
6,066387
11.546 Min

0,200 {m)

4-34 i s RIS R 5 AR g 93 A Jeg S TBOK A7 L

0,200 {m)

uli]

Pl 4-35 a5 (R AT R i AR I ) e K Ak 4 ) A T

Xof ] 7 AR FAT REAT N gy M an Bl 4-36 o AN AR, BRE A
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180.5MPa, 1 BLAE [ 5 J8 1] 55 A0 HEAE L (3t U5, oy T AR S5 4 LU AL 98 K
IR

. 8.4928e8 Max
7.5861e8

F— 7.2795e8
F— 6.6729%5
F— 6.0663:5
F— 5.4596e5
— 4.853e8
1 4.2464e8
— 3.6398e5
— 3.0331e8
M 242655
— 1.5199=5

1.2133e4
I 6. 066387
11.546 Min

4-36 [H] 5 BETE Y ) o A

X B T S JEE AR B BEAT N T 3 A B 4-37 P

X AN EB I BEAT N T3 3 M o 1R 4-38 D B T Ab N ) a3 A DL, AR R 2
L RE I, AT AR AL = 2R AR N g, B DA LB AT 12 2, h U B IOF
FAZ % T B AETE, SR8 T A Bl th 34T T8 5 ol v Ia) DR ) [ A 42 D AT
DIRE AL, XA Ja, NI AR AR/ o d KN It BLAE B T 9 3
WA, A S RIS REROR, i HoE R, BoORME N 134MPas

Equivalent Stress
Twpe: Equivalent {von-Mises) Stress

8.4928e8 Max
Unit: Pa .

Tine: 1 788618
2011-3-5 9:56 — 7.2795e8
. $.4928e8 Max —| G672l
7.8861e8 — 6066388
I 7.2795e5
I s — 5.459628
I 6.0653e8 — 4.853e8
| 5.459¢6e8
I — 4.2464ed
|| 4 245008 — 363988
[ 3.6398e8 — 3.0331ed
I 3.0331ed
L1 5 izecen — 2426528
- 1.61996 — 1.519%3
1.2133e8
I 6066367
11.546 Min

1.2133e8
I f, 056387
11.546 Min

Bl 4-37 4T K B oy N g oy A i 4-38 BT Ak N g oy A i D
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Equivalent Stress
Twpe: Equivalent {(von-Mises) Stress

i 8.4928e8 Max
Unit: Pa .
Time: 1 7806180
2011-3-5 10:02 L 727056
_ 8.4928e8 Man — 667258
. 7886185 — 606638
— 7.2795ed [ 5.459638
I 6.672%8
I 6.0663e5 — 48338
- S5.4596eq L 4 24pden
I 4.853e8
I 4.7484e8 gl
|~ s5.6398e5 — 3.0331e8
1 3.0331ed — 242650
I z.4265eq
[ — 1.819%f
1.2133eq 1,2133:8
! £.066367 I 606637
L 11.546 Min
11.546 Min

Bl 4-39 By 18 R B A AR ) 0 A

i1 18 4-39 o, WAl AE 500 AR IR 4 Ab N ) B oK, AR AR b AL, B K
539 A : 341.14MPa Fl 420.6MPa. [y 8 Hf BL G 32 202 T 300 AR R 188 A
fi T AR AN

XF 7S B B EAT 20 M W ] 4-40 BT . 551 e e TR B Ak 1 DU A 3 B
NEK, B REA 283.53MPa, HpAifEilisk, JEARRALLL: 1 )5 w1
B AR, B A s .

Equivalent Stress

Twpe: Equivalent (von-Mises) Stress
Unik: Pa

Time: 1

2011-3-510:14

. §.4928ed Max .
7.8861e8

I 7.z2795:q ‘
— 6.6729%4

I &.0663e8

| 5.4596e4

— 4.853e8

I~ 4.2454=8

I 3.6398e8 '

I 3.0331e8

— Z.4265e8

= 1.5199=5
1.2133e8
I 6.0663e7

11.546 Min

4-40 FNHLHFHLN g 4 A
X ENFE IR Y g oA AT g, BRI R 4-3 B
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R 4-3 AR R RN ) o A i B0

RS N ) g KA E N )t KAE (MPa)
CARE B T 5 S A B oy 134
AR T AR T 2k 5 e s R R 7 420.6
Py Rt A PPy R e 5 T R R Al £ 341.14

R AR R T iR AR L B4 45 Ak 849.28

i 45 181 B 55 v 44 7 I B 5 M P fi X 3 357.66
I 5 P i W] 5 e i 5 ] S e B e 7 180.5
HERER b5 I 5 R R T B R fl X ds 283.53

) wBEEHFERER AT, SEY RN RO, &
EO B EAT -2 . i LB A RN R, Bos Al o g
AN AR SRS T R A3 AR LA K 45 R (RS 0 o B SO R I B 4-41 PR

0,200 (m)

K 4-41 L B8 DA 3E4T 18 ean e

16 DR S I A S 7 A8 A0 A v W 18] 4-42 T, B KN ) B 849.28MPa Yk /)
F| 575.29MPa, J/PIEEER 32%, B AR ANES

8.4928e8 Max
7.8561ed
7.2795e8
B.6729eE
6.0663e8
5.4596ed
4.853e8

+. 246485
3.6398e8
3.0331ed
2. 426568
1.519%e8

5.7529e8 Max
5.342e8
4.9311e8
4.5202=8
4.1092e8
3.6963=8
3.287428
2.8765ed
2.465528
2.0546e8
1.6437e8
1.2328e8
8.2165:7
4.1092e7
25.647 Min

1.2133e5
6.0663e7
11.546 Min

Bl 4-42 RERLAS SO BB deOk N AR ARG
[ B 0o At 25 ) B ) AR A DL I 3R 4-4 TR o B T BT R ) A8 KBS,
VIR C SN VAV K (E R 112/ 2 NPT TR E R %4 N U503 = vt NP AP o 1) | = P
IR TR AG AR B R 2 W] LU R 1
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R 4-4 Dr IR AEAE SR A R K N ARG A D
BUETE TR BRUREFRR NMAENE

it KV J) (MPa) M. )3 (MPa) (MPa)

BT 134 246.55 +112.55

B T i B 420.6 328.74 -91.86

Py s 341.14 223.86 -117.28

o7 R T i A 849.28 575.29 -273.99

i 4 1 B 5 ey 357.66 227.15 -130.51
fit] & J ] 180.5 144.5 -36

HERN 283.53 167.97 -115.56

X AR IR N AR A A an ] 4-43 P, 5N ) oA dE SLAR S R AL, e
(PRSP

X EIAE R AR AL A o M an 1] 4-44 P, BT IR — H B LB S 4, 47
¥ M KA 15.15mm 3] 1.68mm.

ime:
2011-3-5 11:34

ime:
2011-3-5 1131

0.0028765 Max
0.0025559
00022373
0.0019176
0.001598
00012784
0.00095532
0.00063921
0.00031961
1.2823e-10Min

0.015153 Max
0.01347
0,011786
0,010102
0.0084185
00067345
0.0050511
0.0033674
00016337

0 Min

0,000 1,000 () 0.000 1,000 {m)

Kl 4-43 %ﬂ%ﬁﬁ%%ﬁ@iﬁﬁ‘%% 4-44 EIRT I REALHE 73 A1 15 B
433 EIFTEREARITOM

S SUN BN B/ R I R O S R e S v @ NI EL R AP K A N o T L
T R ) T PN O AR TR DL R IR B B8 R DA SR TR, i T B 4 [ S JRE e
AN L5 17 30 A JE B 42 i o 0BT INF,  pln  E LAL) R )  S A A B AE —
&, WTLUE R AL L AR AR B S G RS A B A SR R
(L AE W T G 0 B3 PR 1% T8, 258 T il G DA SF iz 785 [ 2 R B b B Jta n HE 7 1) 14

-53-



W 7R EV RS DR 22 A7 18 3

P GE A IR T, B T ook b R AR R A 25 A DA R, R R IR S
AR EFE oy &, SCESW G EFRNMABS) G, Wil
INf 22 T b 52 B g5 K g s BEAG 28 TH AR B2 R 38 K 18] 4-45 Fro, B A o ml
RSB SRR B AL 1 R oS, T A0S B SRR I SRR D e R, AR
1t 26 i 3-15 s o

K 4-45 EIR L FEORE R

(1) £95R F0 & fa7 B BE An H T 463 2% T 06 Bk R0 255 o il 655 40 - il
FEAAHE DT, R LR T [ S s £ b R Bl AR IR B R A AR NI e B, DRI, X
YRS A 1 BB R T A TAREAR A — o A Bl 4 R0 S e A A it
Cylindrical Support 2 3. 75578 24 F IO it o 28 4o

B T A 1R AT AR R B 3-15 B, 21 69.68kN.

KT EIJMHENN, IR % #2945 T 180°, T J) n] DL A [l i Jo fa] B
(R 77 ) B L 1) R o 48 qar R0 2 SR Bl 1 4-46 Bk .

0,500

K 4-46 B 1 B 3 R 20 ORI AT A It i 15 L

(2) BRTONER s Solve %A, HEAT it AL, Wil
4-47 Iz, KN )0 188.19MPa, A HIAE [ 5 i 1] 55 Ah H- Al 52 fi 11 ] 2 o
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W R Tl K2 TR 2 18
L2 S S S Iy K A R S R 1 [ S T e O e N = 1573 S A N . N (T =
PO O TRl (M N T = I A K (R NN I = e - X G s N s AN A iR
Kl 4-48 A7 .

Equivalent Stress

Twpe: Equivalent {won-Mises) Stress
Unit: Pa

Time: 1

2011-3-5 16:52

1.8819e8 Max
1.7474e5
1.613=8
1.47506e3
1.3442e5
1.2095e8
1.0753e3
2.409387
8.0651e7
6.7Z09e7
5.3767e7
+.0326e7
2.665427
1.3442a7
Z4.803 Min

K 4-47 DT I RE N J5 93 A i O

1.6619e8 Max
1.7474e8
1.613e8
1.4786e8
134428
1.2093e8
1.0753e5
9.4093e7
8.06517

6. 72097
5.3767e7
4032687
Z.6884e7
1.3442e7
24.503 Min

] 4-48 [ i A ) S B I MILAL I g o A

X [ 5 R T . g 3 A an 1 4-49 Prom . N KA N 122.88MPa, 5 ¥
B R X 3

1.8819e8 Max
1.7474e8
1.613e3
1.4756e8
1.3442ed
1.2093e8
1.0753e8
9.4093e7
8.0551e7
6.7209e7
S.3767er
4.0326e7
2.6854e7
1.3442e7
24.803 Min

Pl 4-49 [ 5 A 5 . ) 53 AT i L

X [ S B R H B AT N ) e BT n ] 4-50 fT o, B KA 188.19MPa, 4
PR RUAL B R N g e B TR B0 B NI T A B B, 28 T il G 41 H- il 11
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HE 7 15% 1) 18, iy HAS Tl B A S A AT 6.3°, Ml B Y Al 1) B
TR, B TRl A2 LUK Y 75 18] 4-50 Fror

1.8819e8 Max
1.7474e8
1.613e3
1.4786e8
1.3442e8
1.2095ed
1.0753e6
9.4093e7
&§.0651e7

6. 72097
5.3767e7
+.05325e7
2.6884e7
1.3442e7
24.803 Min

4-50 [ 5 JA 157 e B IV ) o3 A i D

B T AR N, Jy oy A R Bl B 4-51 Fias, Bk W ) 137.84MPa, R 45 )7
B AT B 40 15 fi X3

Equivalent Stress
Lyp:.a:pEuulvalant (von-Mises) Stress I
T|::E.' 1a Type: Equivalent {von-Mises) Stress
2011-3-5 20032 Unik: Pa
Time: 1

1.8819e8 Max 2011-3-5 20:45

1.7474e5

1.613e8 1.8819e8 Max

1.7474e
1.5613=0
1.4756e5
1.3442e5
1.2095e5
1.07535&5
9.4093=7
8.0651e7
5. 72097
S5.3767e7
4. 053267
Z2.655%e7
1.3442e7
24.803F Min

] 4-51 15 5 4 57 S 4 A 452 ¥ J LS B 04 ) A A

1.4786e5
1.3442e8
1.2098e5
1.0753e8
9.4093e7
5.06517
6. 7209e7
S.3767e7
4.0326e7
2.6854e7
1.3442a7
24.803 Min

MW 4-52 nfCLE W, N OERR AN, Hoamimh, &N IR
67.317MPa = A5 75 £5) R 3% Al 0 420 7 A 2 ik 1 338
HAD 5 I I (E S AR N T, AR LA S B G D R I R LR N ) 4
At 4-5 s .
K 4-5 E BRI B LA Y ) 53 A A B

RS = FNVPIEA RN IJEH (MPa)
BT e FOIE R AR AT o) M RV T R A i X 5K 67.317
(GEGRERES A 446 3 7 I B A 4 4 Al X 137.84
I 3 e i e £ I 3 e i P ) R 188.19
[l 2 o i [ 2 e i g e 2 4 i DX 122.88

1 BT I oz B WAL AR 2 AT A DL B 4-53 B, N )5 AR g Al 3
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K 4-53 157 ok R Y AR 43 A

#1531 AL A 3 A DL an B 4-54 s o B T 3 I E R 1, B e 24 H-
M, 7R H 3mm 2| 0 484k, DA A A Bl Ak RN 3 e B il E  1 E  Cylindrical
Support 41, fLFEE N F .

K 4-54 157k FEALFE 43 A

44 AKRENE

A% BT R B B AR = A TAIRES AT R, 5281 T E N g
AR FIAL A B o AEREAS TARAIRES, MR S B LA 1) 512 B 328 Bl I8 A 28
3 % ADAMS Fh& i H M Ei R, LRk i iashpEn, #EAT Hm A2y R
J N, SR X S5 R AT R o AR AED B S AR, B LA B A
) NEARANK CIEH AR E BT i R D, FURAE R A 28 iy T LA T IR R A2 5]
M LS . FEEIRE I, a0 bb TAR RN A4, R 4 hr B B
B B RO 900, Iy E ek, A Rk, BORN A
849.28MPa.

A SO AR N 3 o A o s S Pres i, b sl (L B at)
BEAT THE MG fem T U MR, ad B de®m i, O BT IR o)
B, S AR CBRE T4 N )R R
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%

AR ETE LA, TR 8RB E ) —ge |, o e L D AEREK,
SERCT hr i O 0B i AU T E 8 43 R = 4E 4 I’ A SolidWorks 4
SR AR, 3N ADAMS HF1, BEAT A E AT, B =AY TR
M BEAE . EIAR AN DR, ORAS S R BER R AT BUE , AR JE DL AR D A
%AF, 15 ANSYS Workbench F1 #4745 BT 70 8, AR 20 A 45 H (0 Y. g B A%
AT DL, R R HLAY R SR T R R

F B TR A

1o ARSCSER TP A I e Bt , @ 7R R A& B
B, PR =AS TARRS AT O KA, R4 1 B LA & B e s d A 2501
H N AT H BRI A A T g AT

2. WPTESRE: 250 A B80T 3 TAE R, e AE4E o
Je PSR I R, BT AR 42 A 52 B ) AR B JE R B RABL, ZE T
PR e K HE ) A AR AR B I I, de KB 659kN 28 Tl i 1) 45 K s )
AEAERERA I I e, de KAE A 509kN.

3. X PR = A TARIRES A R IT o, 193 T EmN . M
AR RS B RFAE s (R A ED SR A TAE I AR, S HLA 38 A4 N 0y [ AR A
K CUH RIS, R RIS E T LR AR RN L P IR
TEEM N, RN IS B B h B A 900, = ek, RN A
849.28MPa; A SCAR B AR Jy 70 A, KR (L BT & A #AT7& 0k, $#2
m P MR B s, EHN LT A RGBT, g R b A
1 CBRE 4D N (E AR AT 2 W B, 138 4-4 From HA R W W i 2502k
XA 78 43 38 7 W AT B R A R T R O AR R B ) R L S G = I AE
M, BORH R = 7 s vk PR, WA T AN ) e B R R

X i A R R ) R

Lo R 2 TAE R R B a7 1 85 S wT LUt H B Bk 2 ) 1) 32 2K 3
AL, e T RE A AR e A i), i DA SL AT 50 40 S0 4 1 i 23 A A
o, T H SR AR gk LR, N AT R B A A .

2. P WA S R Gy G P LA A sk B2, 450 & B R 48
X LAE R FIE B PR AR KR, DRI, 75 BN W s R Ge it —

LT
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2% 3k

FPEEmN , AR, DA b A BEHE R IR 38 DGR & 5 K FE[1]. 3B 1L
A TR, 2009, (4): 78-80.

IR Wi BRI Ry S I ) ) A O T 0] R A& TE, 2010,
(10): 172.

. b R B I A R A e A e EE ] B HRE, 2007,
(12): 40-41.

T, For, R4 AR ER AR KRS, 2008, (5): 90.
Be SRk, A 4 2 hn B WL () 25 40 2 B A ek (7). ALk CRE S A sk,
2009, (2): 191-193.

T, R, JHIMB. AR R IR R R RGN B[], B R
%, 2010, (5): 62-63.

205, vk, TR B K R CRR[T]. TR w4k, 2002, 9
(5): 229-235.

A, AT, L. ARG E AN IS0 o], 3
R TR, 2007, (1): 47-49.

o i IR A B ALK B 0 2 7 B A B 5 g5 AR s [D].
IR, 2007 78-81.

T, VU, 5. T ADAMS MR s k4 fE R Stk
Wt [J]. LB, 2007, 24(3): 48-50.

MR B, xR, AJJs. e T RN B8 42 TAERE ) ) % o0 i
[J]. W R 2k CHAREFARD, 2009, 30(1): 10-13.
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