SHS: THI2
Z R NF

Fi48%3:10363
5:2220110160

$E HE

Anhui Polytechnic University

ke [t ®
T F 4
B H EFAERRRSGNEEERT
S RERR ST

it X 1 & E 15k

EARA &M Fmik (SRIIEMm)
B W &S IH a5 (G&IEm
EF LS AL

WRBRE ) IRIEIHER RS A

WXARZL BN 2025 F_ 5 A _20 A




FRAS: 10363

2
Y nIF ¥ 5 2220110160

TRk 2 S HITE AR W S TR T
Design and Performance Research of Sweepers Based on

Permanent Magnet Vibration Damping System

SR Y BIRR

RA=IMm: _ FHEE ERTET
RS E BE (BT
LR X Pl

wrgeTrE: _ AU T R K Tk

WxZnHE: 2025 £5 H 13 H



I TR K E AN SR B = B

ANFBEFE: PAEFAARELE, ™R P2 i# AL
W, RANESITHIE ST, MALBATH R TAETBS R BOR . B
SO BB AN G A N A SN, A SO S AR HAl A A B4R
O R R oS Ao KRN E . WIXONANTRHERE, 3ot
PSRBT I8 R IRBIAE B A AR R AN K.

AR AR E R A
H 39 £ H H



TR AR R 2209 STRRABUE I #52AF

SR ST (ER SE 4 T RS KB SR Bie S,
R R R IR [ 50 Yo BRI A 1 SIS BRI TR,
VRIS SR A A AR AR 22 B TR ] LUK AR i 3 4
SR N BN R BT, TR EN . 4 NS
205 5 5 B ARAE RN 20 A 220 1

H'

e O, f6 ERERIER AN
A S T
AR W,

CE VAT R (Y 1AM -

Hi. & H H Hi. & H H



LA TR AR S48 3L

AT AR RGN EE R SRS

w2

SERIR TN EEE 2000 £E1 46.7%ZE T 2 2025 1 59.6%.
PRI I T4 BB R B AL 4 TR E R Ha B gug K. BReit
TE AV R L 9 AR o T P T R 55 1 S B Bt A7 o A% R 25 A7
FESEFE R AR RCREA S AF W, TCHAER IR ROL T, H RIS TEAT
T B PERIR AR o PG GIE I RS RGN TUR B & AR
PRAESIA R R ). ASHE FUEE TR AR 248, Wit 1 — R A4
Tghik), FEFRNREFE:

HoE, BT, it TRt RN BORTERR
MAEGE WE RG LA RAERIER, $RH T K MLRR R 40 5 DY K DY %
IRERE, R = R

HR, Fe A WRoe ik, MGHE RIS 43T 5 8t 0 A
BT Z AL ERL, ZRa KA BT 5 75 S5 280U ik, R
Waiy, SCHEB SRR R E 7 AIRE 27%M 25%. 45k,
WG B GEAE MR E . TEAR T ARSI T S0 2 BT 223K

b5, A Adams BAFITJe 1 80 /1A B, @ LS B,
TEREAR LI N s aSRaE o tre L@ 30mm. 50mm Al
70mm ) PR ARG ANGTEE S JE I, 2R3 B [ R8s B AN IS 25mns,
R BATF HIRIR GARPERE .



LA TR AR S48 3L

B, PELOTH AN S BRI, SR 1 K RETRIR 2R e TRk Pk
B8 o 7EAN [T B S B AN B i 7 i B T 00 T B SR AT 64.2% % 86.9%
Z A, TGRSR 64.2%% 90.7% 2 10], KM% R GHEH T2 PR
EEHRIE, A RGRTHMT E 2 e SR . AR AN T K
FARTE PR T4 4 AU B2 R Y B, 0 R SR P A0 R A BRI T 4
AR3CHE .

KW AKEGEOR, BHET, EIRrERE, AT, Adams

II



LA TR AR S48 3L

Design and Performance Research of Sweepers Based on

Permanent Magnet Vibration Damping System

ABSTRACT

The proportion of global urban population has surged from 46.7%
in 2000 to 59.6% in 2025. Rapid urbanization has directly led to an
exponential increase in the maintenance workload of urban public spaces.
The application of intelligent cleaning equipment has become a critical
solution to urban sanitation challenges. Traditional sweeping vehicles
suffer from structural complexity and low operational efficiency,
particularly exhibiting poor flexibility and stability in complex road
conditions. To address the issues of high structural redundancy and
insufficient low-frequency vibration suppression in conventional sweeper
chassis systems, this study proposes a novel sweeper structure based on a
permanent magnet vibration damping system. The main research
contributions including:

Firstly, based on the modular design concept, the study
systematically investigates design principles, technical specifications,

power systems, drive systems, and control requirements. A permanent
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magnet vibration damping system combined with a four-wheel-drive and
four-wheel-steering (4WD-4WS) configuration is proposed, followed by
the development of a 3D model for validation.

Secondly, based on the finite element analysis (FEA) method,
static load analysis was conducted on the sweeper’s critical components.
Leveraging multi-objective optimization theory, a combined approach
integrating the response surface methodology (RSM) and parametric
sensitivity analysis was employed to refine the structure. As a result, the
mass of the support arm and support plate was reduced by 27% and 25%,
respectively. Experimental validation confirmed that the optimized
sweeper meets all design requirements in terms of structural strength and
deformation performance.

Then, dynamic simulation analysis was performed using Adams
software. A parametric model was established to evaluate the vehicle’s
dynamic stability under various operating conditions. When traversing
obstacles and potholes with heights of 30 mm, 50 mm, and 70 mm, the
vertical vibration velocity of the vehicle body remained below 25 mm/s,
demonstrating excellent vibration damping and cushioning performance.

Finally, prototype development and field performance tests
were conducted to validate the vibration damping performance of the
permanent magnet system. Under varying road types and obstacle heights,

the suspension absorption rate ranged between 64.2% and 86.9%, while
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suspension efficiency reached 64.2% to 90.7%, demonstrating the
system's ability to significantly reduce body vibration amplitude and
effectively enhance driving safety and comfort. This study not only
expands the application scope of permanent magnet technology in
sanitation equipment but also provides technical support for the

development of similar specialized vehicles.

Key words: permanent magnet technology, sweeper, vibration reduct

ion performance, optimization design, adams
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H375 R A fu I, T8 G T e GO 5 DR 2 fk PR A 1T 7 A ) BES R 98 55 ) R
2.3.3 KHARIR ARG H R

YRR F G I N F 2 SRR R B AR GE I WU SRR R 2%, SR A SE A
R e S R RAR RO . BAR BB  n F

(1) BEVE A TT UK FH 7K BB 3 S R B s SO AR R BE e Ttk o K R
AT IR K MEAR . AR . BT A A IS IR R AR
587, TR R A AN A2 BHE

(2) 7KW B % )RR A R A e S A B0 iE, 45 SR WA L RE A 2 I 55 4R 31l
JERBRE, JCHALIRSN AR J7 A BT R I . B R s 3  S5, n]
PAHE— B0 L AR 1 e, 3 LA [B] R B LA 2 B R K

(3) 3@Id K Halbach FEFARAY K BESEE RG340 A1, T DAZER /NI AARAR
PR RGNS, AT SEBLRE T 2R R AL Bt s BT EAMERRR T R
gre s, 1M HIRT T RS0 BRSO 1 .

(4) KRR TR ERIE R GRS Rl o ) WAV s 3 1 4
W SFRMEE— S, R RR . SRS B S , KRG R E M T
TEMERE, KA DI HEBN LR R A E AR LA 2 N
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TRTRER R 20 1 3

2.4 ZE¥EIT
HTF KB ARNE R R S g E 2-4 Fir, EEMAmRESE: OFEH
ERRENELE, @30 ) IR RSt OFEMIKE RS @OiLhKsh RE% .

&) 2-4 JERE = e
241 REMERKIT
NSEIER R R, RIAESCR A AA40-4040-4-H U5 4R A &2 R
CB-4040-A05 Y5 (RS A B, XA &, BTy, TR it
Reth A, JEHZ TINL KRS, FAMERHPIR 1400mm A FAR 722mm 55044
B N 2-5 s

Kl 2-5 JEATHESE

242 shH RN FEGKIT

i 2-6 Fiw, 371 KA R G F B R =N OfIRFBAL. s a8
2% QB RIR A @B B BN BHERZ)RIET AN
B, Rea AUl SO SRR A — s e, BORIRIRAS ) — i S R E
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TRTRER R 20 1 3

EEHE, Ak AL I e 5% 13z, SRS R LR, DUGR s 1 4 A%
EEZI(EE

@

26 I R G
243 RRIRENRGF

RRIIKE R g 2-7 Fros, B Ok @ERsifiRK; @3HER; @l
Felih; GBI, ©FDwE; ORI ©RMER: OFJER; W%,

T AR, s s Sy MR ) LR, i ahigil T F, IS &iEH
BT o EBR R AL 1 R P e A s, JEIL R AL sh g R A TR ] L [R]
Aalr, SRS, SCHURRNS IR

®

@ ©
K 2-7 R EN R 5t

2.4.4 WBRISREH R G & 1T
WRRsh R Gl 2-8 Aras, R EAL 22278 EALRE b, P AY B AL R e —
2 970mm MR RIS iERE, I I 1 R s 2 A A FE LA
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TRTRER R 20 1 3

K 2-8 1LRIIKEN R

2.5 fEHIEK R FiEE
2.5.1 EHIZK

W AT SOHA B RN S 2R, S8 G st s, T ESEEl g
et Dhfe. {FAMRE, @I AR RIS SR E A, 35 A AL
SR AR ) P ALK S VR A S BE AT e SERaEA)E, AR LR
LI, R ZNHEAT IR, R AR S TR AT A R FEH DL i 2R

(1 DU A A R LEE TR A4 360° e T

(2) NERBEBENMEFE TR EIR, RBEIGA XS WD

(3D B WEHR NI R e . — BRI AHLIRShR A e |
=B RE SR T

(3) AR IR BT 9 MRl HARRE. HERB. HAAR. B
WA 45° RIBLRTHE. 45° R AR, 45° R AR, 45° RBAEIR,
JEt % 360° 5 JRshdEl. F1bdgdl. A inGR gL B TIHREE,

(4) LM BRR SRR ERITE RS, EFmK 4 Mafka
BRI F A= 4 BN B HRIT G JF L AAT AP i A Th g, ]
R i A7 AL, TE A8 P38 TR 753 30 s =4 i PP B fER PR TR AR T T

(5) TLEHHE: 50m, 55558 E D6
252 RBEHNSEEEBENIER

(1) RN R K5 Kk A

FEAEAAT R R, P2 R iR A SR i Ay LR =
SRR HRARMWT:

JF=F+F+F+E, (2-1D
X FONRsIL s FONSOE ) RO L) R, A <BT.

RBhH 7
Fr = mgu (2-2)
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LA TR AR S48 3L

P mOYTE 4 ORI 400kg: g N E JJIEE 9.8 u TR BN EE 5% 0.02.
KA BB EA A (2-2) 1, 15
F; =400 x 9.8 x0.02 =78.4N
WL T
F; = mgsinf+mgucosd (2-3)
A OONIEEEA 18°, AP (2-2) , 15
F; =400 X 9.8 X sin18° + 400 X 9.8 X 0.02 X cos18° = 1286N
INIE R 7] -
F; =ma (2-4)
XA aNBEHAERRKEE 0.5, AKX (2-4) o, 15
F; =400 x 0.5 = 200N
THRERLR, TSRS, R NERT L REEATE, BIE, =0
JF =784+ 1286 + 200 + 0 = 1564.4N
ARG 7€ Al 5 (MR B 7 27 24 3
alw =Ty — F¢R (2-5)
b TONERESR, J, NERE S E, RI6FE1ERN 0.137m, RGH

1 1
T = 5mlRZ =X 6 X 0.1372 = 0.056kg/m?

a N LR A TR
a 0.5
a=5=5T3 3.65rad/s?
F AN R 0 32 B R AMERFH AT -
JF 1564.4
tTa T s
WU EEE A (2-5) Hh, SR
T, = 55.78N - m

R HLEE 5 302 1 A )

= 391.1N

pP= Tin (2-6)
9550
v
n = ﬁ (2-7)

A nAEREE, vEAEELEE, Wy = 7km/h = 1.94m/s, 13:
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LA TR AR S48 3L

b 55.78 X 1.94 X 60 X 1000 -
© 2x%x3.14x%0.137 X 9550

THEARIMEIRTIRP, KiZEFULE R 1.2, [IRP:
P, =798 x 1.2 = 957.6W

WP EAS B A S 25l , GBI, HSEENE 2-2.
+ 22 BEBHNISH

i i R WUERE  BUEEM BUETiR HlEiR ik
T REfR FEHL XS] 2%
L b ] 48V 80N -m 1200W 12A LDS15B60G

(2) ¥ MU AR T e it Y

b2
M = G;€ |a? +§ (2-8)

mg

AP MONHERFEFM AN GoNTFRIMw, G, =—=980N; alyfe

4
AR A0 2 3 1) A B O 2R AT H T A2 S I EE S, fEAR BT a = 05 bR
JAYERE, b =0.09m; ENEREERL, Ha/b= 0K, & =07/ AAR (2-8),

0.092
M =980 x 0.7 3

e 1) FL LA 1) 0 R N R, DRI DA B 1 g R A N Al R 2 B 1 el o A7
WA 77 AT 3, LBy 4, U AL IRE DS

5

=218N'm

M
My 2= 545N -m

B RT A  05E, B BN, SHULE 2-3 Fix.
* 23 RBHNSH

A h R e T e e HUEDIR BUEHR #iFE
Wiz EIRAR BEC IR B 25
A GER! i 72N-m 780W A SDA-C21B-08C

253 FERwEER

(1) 2l 5 m

FETIEHAEN S BTEKR, e E BT A = e SRR, A0
2-9 fiizn, ARIZ#180 x 400mm, JRFIZ%1690 x 300mm.
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TRTRER R 20 1 3

(a) kI (b) &R
K 2-9 1Lk 5% R

(2) LR PSRRI AL

RSB LS E, W& 2-4 s
2R 2-4 R LS R LS K

i 45 i H el BUEINR HE IR e
DC.MOTOR 21/l LA 48V 1800RPM 90W 1.5A 5GN18KB
TAILI Tl AL 48V 1800RPM  200W 1.5A 90 #Y

2.6 RE/Ng

AT VR R T T AR ISR RS T 2. B2, BmEHE %
TR R, R T BT FIAE ARSGRR, B0 T RTS8 ik, T
Febs, VT TSRS, ARRANEZE. 30 RIS RS RRIKE) £
GRS RS, FEEMNAT % T RAEMARS TIEEM. K5, 4aHH
PR, SRR T WA MR, SRS AL RIE. R IE L RE
H1o

16



TRTRER R 20 1 3

HI3E FHERRTATESHK

3.1 5|8

WA BRIC A ST 1%, SHE A S A AT B o i, SR
RGBT, DA BRI R PR T o PRI FEAR SO RN S AR AT B A
I3t DR FLSR BEMII R K, SR 2 HARUA 7%, G55 i L T A5 20 2
HOBUBAE AT, A SCHER FISCHER I A5, PEARTT RIS T e . Fd i B 22
FTBRICANT,  B0UE Db 375 1 25 1 B Ak 5 ) i o RN AR A 1 7
3.2 KRBAHFERTIH
3.2.1 BRI ERERE T

VR S ARAE S 5 R PR e b R G B E D, DR A e A X LR
WIEEEFF b, CAULHA R B Ttk o SRR =AM R Q235, T iz M T

FAh LRSS R AN U, AP RHR R INER 3-1 s
2% 3-1 R LA R S5

R FVERIE (GPa) EL/N #E (glem®)

Q235 210 0.3 7.85

18/ Workbench Hi5tR A HEAT A BR 7G040, VR MR A PR oA A 4n 1
3-1 fiow, RS RSN 2mm, WS BT DLS TR N 32, Jede /b & DUTHAARPIAS, &
T 17534 NIRRT, KN AT SEUCN 77466,

B 3-1 VR AR P S AR
BEATER R AT AR, B BRI SZ DR, TR EACRA XS BRI T
T e R B M AR T AT o VR 5 AR 3 AR SR il 5 b A RS e
ISYEVAVSE

F, = 150N (3-1)
AL B P P ) =5 32 380 ) s 9 KD
Fz = %Fl = 75N (3'2)
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TRTRER R 20 1 3

TEVR R AR (0 26 FLAC B B AR, W IR it n T A5 L, E A BRI 324 1
IS 3 B SRS AR o IR AN B 3-2 FT7R, 8l 5 B il R 10 4 i X 1 B
KT, BUE 24.51MPa. MR N 3-3 RN B RIERRE, &
T S H AN 0 e A A 3t H PR R 3%, AR VR AR S R R B B, AR TR
EIRFIRR, AAEEN 1.41x10°mm.

. 24.505 ®X
21.782
©19.059
16.337

13614
! 10.891
8.1683

5.4455
I 2.7228
8.6085e-7 i)

B 3-2 TR EARN /134 = ]

0.0014039 |k
! 0.0012635
0.0011231

0.00098274

0.00084235

2 0.00070196
0.00056157
0.00042118

0.00028078
0.00014039
0 &

K 3-3 W EARM LA =
3.2.2 NIEBEEBH O

SCHEB AR R BB MM RE S S8 A% i, AR E BRI E A .
PRI, EEERL i o HR I S NI BT R . ST AR Y Q235, AIRIT
PRI 3-4 s, BRIREERS, BOE MK RSN 3mm, BRI AN AN
x, RS OEMNEAME, SIERT 14416 DMK HIT, WRATRECN

62233,

K 3-4 SCEEE RS AR
PR EHE RS E A BEEENI s —, BEFEEN:



TRTRER R 20 1 3

F; = 4000N (3-3)
K, BERSTIEE 2 3R E TN N
1
F, = ZF3 = 1000N (3-4)
14.386 Bk 0.50042 &KX
E 12.788 0.44482
1119 0.38922
9.5919 0.33361
7.9937 0.27801
333?: 0.22241
3199 0.16681
1 E01 0.1112
0.0028112 F!)s 0.055602
0 J|I)©
K 3-5 SR 120 = 3-6 BTN A E

SCHER RIBLIH, T 52 B AT P AR o SCHER (R ) R A A il 1] 3-5
Ny BN SEUME R 14.386MPa, %5 KN A7 s T 3O (R (R AL SR s
MR FE AN B 3-6, SCHEE T R RARTEALE, TR EHS, AT &2
BEAR, S KA EA ] 0.501mm . SCHEE 1 B 5 AR (E 2540 T e Al R 9 1
DA, i BE AN AR T B EE K
3.2.3 ZIERERE M

SCHERUE E R K BT 3 5 ZE BRI O B A, W00 R BN R AT B PR AN I B 43 B
MR LGSR TTRE, BB RS2 AR A0 5K RESR 3 (MR 70« SCHERRM LR Q235,
Iz N TR AR M AN G S, HA R B MR 3-1 R

SCHERCA BR e AL an B 3-7 Bz, Pt RSTA 3mm, A% B0 32 2
JNTHA, /b5 DUTHAR RS R B AR o 1) R B 70 S B0R 56877, 5 22 XK i
AT RAUA 204586

3-7 SCHERR AR
SCHEBICENYER, RRHI S WA R B &, X R SCHEERGEAT 70

19



TRTRER R 20 1 3

R EEA:
Fs = 2000N (3-5)
DRI, B RSCHEAR T 32 B R RN
Fg = %Fs = 500N (3-6)
b g coerre

0.0059601
0.0051087
0.0042572

E 0.0034058
0.0025543

0.0017029
I 0.00085145

0 i)

5.0033
4.2887
3.5741
] 2.8595
21448
1.4302
I 0.71561

0.00099018 /)

K 3-8 STHEERRN H AR A [ B 3-9 SRR A
Hs JIF A FIAESCHERR K B3R T, LR AR T Z00R . AR 3-8 i REWS B 1t 0 52 2]

SEHERR I S SIS B, RN 0N 6.433MPa, HA7 B Ab T 37 B 1 8] 347
1M1 3-9 JE7R T SCHEMR IR RS AR ES . RL RS AR A0 2 3 A DY ] iy o T8 7 k)
fikadh, KB EN 0.766x107mm. SCHENR I 7 1E 5 B ARAE 34 A8 H i A
PCPRYG I, X 78 73 10 B L0 P 5 AR T AR BE A9 5 BE T H I I K
3.3 ZEBEZBFRIL

FEARN T, R AR TS R IAG CAE, i A S i, &
R IR RE AL, R R, DASEEUR BT B bR 38 BT S AU i
W2 HARRA T E, M S PR m ST A A o B A, s B 2 IS
B RSF S0 H AR s B BURFERE, BR300 W8 B H AR 80/ 15 TH R &
YD ST PR AL AR P T R, R SE ISR 102 H ARG,
3.3.1 XEENNEAAHTLIE

S S HE R AT ARAR IS SR P e L T PR A7, 35— 2B R SR = 4RI R~
TSR . BAREEIEL, T SolidWorks 4 #E I 5 N4 Workbench
WA SCEE IRARARTE WL 3-10,
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TRTRER R 20 1 3

FHa

VeSS
s
v
SRRt
AR
v

LAFEA D]V
N s

ZEMRRAE |

Kl 3-10 SCHEE 2 H bR AL TR
Wk 3-11 fow, KRB )RR S mEsoe NI RS, SO
I P RO, SR Py o IRIR AL H AR B S B I BRE (A28 Ps),
PARE T R BB RN ) (6o Py HEKARTE (s N Py dEReIEA 1)
BTN 7 MR KA AR, FETSEE AR BUE T BIN, TSRS

REANRERT,

Bl 3-11 SCHEE IR IX
FEXP R A AR ST J5, 1EHE 9 MREARI AL B, M KB R
SR ETRYY, BE S P ROIEREDY 150~170mm, WEJEE P, ROFVEEDY

25~31mm, 15 FIFEA SR 3-2 Fios.
+ 32 BRI

Wit E SEP (mm) JEE P, (mm) M JjP;(MPa) RNAE P,(mm) Jii&E Ps(kg)

1 160 28 16.38 0.622 2.503
2 150 28 16.381 0.729 2.068
3 170 28 16.382 0.623 2.938
4 160 25 20.039 0.876 2.366
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TRTRER R 20 1 3

Bt E EE P, (mm) JEE P, (mm) N P;(MPa)  NAE Py(mm)  JFiE Ps(kg)

5 160 31 13.62 0.456 2.639
6 150 25 20.035 1.001 1.931
7 170 25 20.042 0.884 2.801
8 150 31 13.614 0.547 2.205
9 170 31 13.622 0.454 3.074

A SR AT W) I, W SE b HE 2 AT S B0 s, — B
SEPME-S TE  BRE EEROR, MEARHI A SIS, PR T 545 R A9t iR .
HI P&l 3-12 From BREAS s FOMAEL ) 5 T vl 2R, S 432 8 v L T I A PO S Pl L1 A2
AREAS 3 P AEL 22 1) S B bR v PR UL 5

| BER 7] ]
LY 3
08 n s ER
=
0s F
07
® o =
a
=
= 05 L
&
o |
1 ]
03 a8
|
02
o
01 L]
o{®

o 01 02 03 04 0s 06 07 08 09 1

B 3-12 FEA S TIIE M & B
332 XEBMUSHSRERNNEEL
N T EAERER B bR G R U s A SRR S, A RSP TR
B TR 5 Ny e ST A 3-13 B

PS5 [kg]

26 \ 150
27 r \ 155
160
165 i

28 .
P> 29 .
? 30 b

31170

B 3-13 ST S B o i B i i 2%
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TRTRER R 20 1 3

3.3.3 &7 Screening EIAMNZIEE MU T
A75i2 H Screening FE I 74, FERAIEACHT , S0 F ALK PR
B Py 5EE P, WEH ETR. BB NE 3-3, Hrh, EEP,KET
PR E A : RAFAE 25mm 2 31mm 2 [8]; 5 Py B9 RS YE U % € 7E 150mm
£ 170mm.
33 SHEERMSE ETIIREE

e Wit S HIME (mm) TR (mm) FBR Cmm)
) P, 165 150 170
2 P, 30 25 31

NEMARAL LR Frezflfiie HArBUsE, W 3-14. sEpUETE S+, 90
AR ST B o B, BRAR IR RIS N AR TR O o B & T AE B I N A o =4
R RNL, X =ARALRETE 0 RAF S B MPEREIL S, (EaitsnE. W S EE
B EH A, KIE AR .

297
287
D277

T267

257

237
2279
’

’

05

2,

2 v <
/”’o,/DSS y 155 ¢3

15 4o

Kl 3-14 SCEE AL H AR K]
mE 3-4 pox, KEEER R NER P, BUE 229.572mm, =& P BUE
151.96mm. 45T LpriFiE T MR, Sz Ao, JEE P,
HUE 29mm, & Py HUE 152mm, Zubfith, MR TIEARG, ST
27% 1) B R
34 B FEAR SN

Wit E SE P (mm) JEE P, (mm) MNPy (MPa) MNAFP,(mm) JfifE Ps(kg)

1 165 30 14.386 0.501 2.81
2 151.96 29.572 14.78 0.581 222
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TRTRER R 20 1 3

3.4 XERZEFNMK
3.4.1 STIEARME R B AT TR

SCHEBUR 5 S AR R AR AL S G o ARARRN B, X SRR 1 = SRR R ST
S SHANE, BEHAE SolidWorks % 5 N\ Workbench 1, fifbifife 53¢
PR TRARARRL, EHCCHER BT EREVE R R SR &, i 3-15
R o

K 3-15 SCHERILILIX I8
SCHERR I 3w B ERR RN Py, T im R REN Prys AIRIEAL HARXS SO STHEMR
Wb Py, UALRAE P HTRERE AR 2R F) Ps M KA Peo £EORIUESCIEARA
A LR FAF BN T, BE Po 55 Py HIBUMEARZN X 8], 31 KA H BE 0812 ik
SCEBRER R AARHRAIUR ST G o AT RAALIRAE 2 A, Fedn FEAS sk

3-5 fion, dREL 9 AMFPEARES S,
R 3-5 STPEMRFEAR S

Wit E JBE Py (mm) JEE P, (mm)  JiifE Py(kg) /] Ps(MPa) JWAF Pg(mm)

1 7 22 5.883 7.645 1.09X 107
2 5 22 4.968 14.171 2.77X107
3 9 22 6.798 4.885 0.55x 107
4 7 19 5.448 7.784 1.09X 107
5 7 25 6.318 7.709 1.09X 107
6 5 19 4.535 14.171 2.77X107
7 19 6.364 4978 0.55X107
8 5 25 5.403 14.272 277X 107
9 9 25 7.233 4.909 0.55x 107

B 3-16 AFEAR SIIMEW) S REIE, FTRLE Y, SCEEAROm B I A ) S B
St AR S REAS S TINEL AL 5 EAR = o
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RER

HESITNBIARE
]

K 3-16 FEA S FIEY &
342 ZEBRMASHERERINEZEL
SCPERA S ES & ) e N T A ] 3-17 Bz o

P4 [kg]

1
21
p7 f T 22
9 8 i FYRRE R S8
925

[ 3-17 SR AL 28 3 B o 7
3.4.3 EHT Screening BIER TIEMMAL ST
FERAEACHT, FRT TR PIAAE &, BIJEFE Py MERE Py, WEH EF
PR. ik 3-6 s, B Po i) B NIRLAREEHy: RATE Smm £ 9mm 2 [A];

JEJE Py BRSFIE RN 2 7E 19mm % 26mm.
* 3-6 HFERMASE LT IREME

e A #ME (mm) TR (mm) FBR (mm)
1 Py 8 > ?
2 Pu 25 19 26

NEMEMACHOR, 2] 7 Outk HARpLT I, UL 3-18. A&,
PNARBRR LSRR B, BARR RO N 1 548 . Sl T, S r ki =
ANBETE T DL SCHERR MERE R R BE Y A, fEES A5 . WIE 5 SR AL 58 B e
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FCE

s
) 8 78
0.015 T 993\
Pg , 0.02 i s, 11 10
[mm;™ 0.025 13 ee \

K 3-18 SCHERRAAL H bR &
IR 3-7 B, SCHEMR T B LA T i Po BUAEL 5.067mm, J& ¥ Py HUE 22.095mm.

BT LbrFiE T2 R, SZ R T In b B, B Py BUE 5mm,
= Py BUE 22mm, TEJFESRIEERE FIE 25%.
*3-7 TIEEREASI

witrE  JEEPy(mm) B P, (mm) [JjP; (MPa) RAFP, (mm) Jii& Ps (kg)

1 8 25 6.433 0.766 X107 6.776
2 5.067 22.095 13.912 2.75%107 5.067

3.5 BEFRTOH
3.5.1 BEHRTIRBEN

AR B T S 2 4 A T R U LR AL S0, AR A e AT
PRI #r, 7E SolidWorks Ht AT A 2544 RUST U4, fRifb B 254, 1
K 3-19 s

Bl 3-19 2 TR BEHAR T 4 (AR ]
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B RIS 35 1 25 = 4B 5\ Workbench 1, #HTE IR TCHHT, TEHEM
R 3-20 Fios.

3-20 TR MBS 134 AR o

A PR T T WA AR B0 B 58 963927, 1 5 .5 2249600 U4 446
1% RSEN Smm, PR 5L T0 DASS T A X A% A 32 DA /D0 4 DU TR A4 R RS 2Lk, A
SEPX A% B TR 289272 KT AL 999516, SEBHC BRI ZE B 1 DU SCHERE R A% R
P Smm, FRS T DL TR W% S 8 DA R /D30 43 DU TEIAAS P ks ZEL s, I A o
JUHL 31184 S mi %y 125128 JEEALHIPIRE RS Dy 10mm, RIS 550 AU i 4 41
i, AR EA TR 210818 KT K 358390, PUAN K R #55 1A WX A% R 1A 10mm,
FEA% e LAY T AR LR, e 3 WA B c 3 358184 12719 4 624669 4 ZLHI I
A% RSE 2 10mm, JL A& 550 DAY T4 ZHL R, A B0 45 83469 S 717 i 141897
3.52 MEI5RM

BRI TR R KR S Bk 3-8 s
R 3-8 HAT MRBE TR R KR S R

At R PR (GPa) H{ER YN #E (glem’)

JEEHE Q235 210 0.3 7.85

LS i BRIR 7.8%X107 0.47 2.7
SCHERE Q235 210 0.3 7.85

2 &4 6011 71 0.33 2.81
TKME R AN 164 0.3 8.0

27



TRTRER R 20 1 3

3.5.5 BESH
SEMPPRH i SR RV 30 AR MG, 25 H6 8 25 0 R AN B
AR G FLHE AN TR 1 ) 9T /74 4000N. SRAFIR SRR S0 b
B 321 [, SORBIAN 183.59MPa, 4T KRBESE 5 HBEIE AL, W%
MBI 322 Fios, (0GB AR I DR B PN, Bk
Bk 1.0872mm . LRSI (7 FERBIR SR Y, KRR FE A i
IR,
183.59 |&X
E 163.19
142.79
1224
102
81.597
61.198
40.798

20.399
1.8561e-6 &/

Bl 3-21 HETRBEBARTERE NI

1.0782 &K
E 0.95837
0.83857
 0.71878
0.59898
0.47919
0.35939
0.23959
0.1198
0 &/

K 3-22 HEFRBBARTER MRS

3.6 KE/INZh
KRB PR ICAT 5 2 HARAL 18, SRR MR« SO S AT
BRI AT, BOAE FL o AR B L R . BT, ST I T R 7R R S



By SR PN N 2 e S VAT

YL, X SCHEEE A SCIERGEAT 2 HARIEAL, 73 BIE 27%AM 25%. IEFITI
W H bR, EEEREEGRIToM, R )R RTETE R 45 2 Bt 25K, )R 4k
XHETA I8 H o b 5 e 2 i
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LR RZ R - 2 Ar 8 3

FAE FHERIRARSEN N NZESH
4.1 5|15
WEHE =B TN Adams W, WENMEER]. #3hEl. HhE|
MR FRLIR K R, B SHNEAFEEL, BEEXEHER T 10 5
T, 4 B B E ER T HUHEE I T . AT I T A A AT B T AT
a4 i
4.2 Adams EREETIA

Adams F AT HZEE MDI AR TR, VIR G 7157 0 B Uk ) — sk 2
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