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Abstract

Ball screw’s performance test technology and its axial stiffness are researched in this paper.
The original overall performance test platform is updated and the theoretical model for ball
screw’s axial stiffness is built. Finite element method is used in this paper for analyzing the
contact between the ball and the rollway which is a main component of ball screw’s axial
stiffness. In the end, a new test way is applied to the axial stiffness test, and the patent clamp
was designed for this test.

According to the actual needs in production, technical improvement was done to the
original ball screw’s performance test bench. By comparing the newest test technology of ball
screw, higher precision, higher speed compatible measuring way is used in the new platform.
The noise testing and temperature testing is introduced in the new test platform. A new
hydraulic loading system was designed to overcome the shortcoming that test under load is
-impossible in the old platform.

Ball screw’s axial stiffness is analyzed especially. By applying the theory of tension/
compression member theory, thick walled cylinder theory and the Hertzian contact theory, a
new axial stiffness model is built. According to a much deeper research in Hertzian contact
theory and the approximate calculation to elliptic integral, the analytical solution to the
above-mentioned model was deduced which makes the effect factor explicit and gives a
mathematical reference for calculating ball screw’s axial stiffness. The model was proved
suitable for all kinds of products by a living example.

Finite element method’s usage in contacting problem analysis was introduced and the
contacting analysis steps in ANSYS were discussed in detail. On the basis of the ball screw’s
contacting prototype, the contact model between the ball and the screw rollway was built and
the contact deformation was simulated. The stress concentration point was found and the axial
deformation data was obtained which were in agreement with the actual failure mode.

The test technology of ball screw’s axial stiffness was discussed. By using material testing
machine and the patent fixture design, a possible, low cost test scheme is discussed.

Key words: Ball Screw; Performance Test; Axial Stiffness; Contact Analysis; Hertzian
Contact Theory
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FR 2 B AR 10 18 B M B R ) SR TR A R4 3l R
O oz = X0 (3-44)
2rxab
a-a'(—2 _y» (3-45)
2(A+B)E
b= b'(~—3Q—,)"3 (3-46)
2(A+B)E
5=0 (3Q s (24 *223)”3 (3-47)
H, a0, 6 RWEE kR, HitEK.
«_2L(e)\us
a =(—37) (3-48)
14
(2L(e)k )1/3 (3-49)
5 - 2K(e) 2K(e)( ak’ s (3.50)

na x 2L(e)

TERRZE LR TR I8 A KT, 8 AR A R L S8 (), Bt X 3-41
EXHEMRRBEHASHE KR, FIAR 3-42 Fk 3-43 HATIEN, HhEHE RO
%o MMERR k 1E; FH 3-48. X 3-49 Fix 3-50 e MR KL R B AR
BRERZRE: Bats s 0 EAT B 3-44 fux 3-47 vHE B KAl ) R
ETEIis 8
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BT TRIREL AL S PN RE B B8 ) BT

3.4.3 HEEZIEMIERISRYIEIAK R

e ki Bl ) R, B SEEEMR RER SRR BT RIEXPEEE
B-XMBE _RTAMARSY (X3-42), BEFA—RMBER S HiE#ATHE, B
ST KAA3- 41 XA B, GRENITINTEEIEREE. A T KM 2% f o] &
ERMFEEERTRENLR. FRMT. HENSFRIBE T —RIVEEARRNE
RN R AR B R, AT LU RE & bR B B R R BT R R,
A % B B R LA S5 MR R BRI R, LUEEH. 55—
FRERABMETEN TS, mE R AR R RS R s TR kg, A
18— R R B T U vH B 7 00 PR R TR T R R T & o 45 10 B B Al 43 A7 ) L o R
BABZRER O REXRERTR TR A EREN. 5
f#, EHEERFEMA, RHE RGN MR TR TR TR L.

EIRED, EFEFERUMRRLZIABMENSET MR ARIE. KX
R A MR TR, TG4 DR IR ER 2 A LRI i R H R R K YE . Rk,
AR LR RE SRR RO ETY, FRHZEMEROMAEHE, UBIR
EARBEARBRTHENSY, #FSEMAWHREANGEL, BHXNHEEMSE,
FEBNFPALHRATEHRATRIE, THEESANALAEE.

(1) FEBS: F—. ZLHERSHER (3-51) “HH:

K(e)=[a, +am, +a,m’1+[a, +am +agm1In(l/m)+ e (m)
L(e) =[1+bm, +b,m*}+[bym, +bmin(l/m,) +¢,(m) (351)
#3-1: FENB_KMRARI SR HRER

ar=1. 3862944 a:=0. 5 b:i=0. 4630151 | bs=0. 2452727
a,=0. 1119723 a=0. 1213478 | b,=0. 1077812 | bs=0. 0412496
a:=0. 0725296 as=0. 0288729

K, EWASHn K, GRER<INER, @A ¢, (m) RIETEZWMANE
HIRSIE, X /e, | <3X10°, | e,(m) | <4x107™;

(2) BRMREMEXSHHKE: b bR, @Ede s fE3-417] LIk #
BMHRESE (WEZA/ROEe), NTHEEMNA o SEMTR 6. BifKREs
FRR3-41 T SR AR ANTLABEERT . B AT R3-410T 1L, MR RO e B
Ay NS 2 ECA/BRY BB K, R RT DL FIMATLAB R )4 7K R B3 58 K AR K R K EAT
kiR, HAEETLLUAZEI0™. Houpert, Greenwood, Hamrock& i it B 4AlE BA M (B 2 45 46
XTJ' HH%H:A/BB{] 9%/%[40] (46] (471 [48) Mg]ﬂuﬁﬁ:\‘%}!

k=(A/B)Y (3-52)

Hep, AENSA/BEMR, AR RRERRBAARBRERE, EREEXASS
AR AR b 2 BB k=2/3"M™ T B R IUJ-F. Antoinel 547 1 ) £ A AR R T
I H1A/BEYE P9 B T A RS 0, A STRUR A B R R o 5
T+ X + X+ X+ p X
1+ 4. X +p X + X, + X
EEP, X =10g140/3 y M My By By U, ubﬂflﬁﬁﬂﬁ&%ﬁﬁ:

(3-53)

¥=2/3(
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¥R AR L

#3-2: J-F. Antoine K R %10

u =0. 40227436 1 5=0. 42678878

1 =3, 7491725%10” 1 6=4. 2605401%10™
W, =7. 4855761%10™ u 1=9. 0786922%10™
1 =2. 1667028%10” 1 =2. 786892710

(3) MM L AR

LR R R R T ARk R AR AT AR B BT KB R R R B T R R
. FIRAB TSR, REREOFEE. B, SRaEienskg e
CURYE 3B 45l 3-8 fos, ERMERMEMERNDBNR T SHAE 25,
THRELHEIN S, MRREENERY, BKER, #ilf, ARERFSH. dilE 3-8,
2 EARER SIRIE A A AL MR, T LUTE K A e A RIR R L AL R R B 5

TE e AR o
e

#3-37,3-38
R RS
#A3-39
A 4

X kg

#3-52,3-53 (JF.Antoincl# %)

[ wmmos |

A3-51 (LHAKR)

Wi
#3-50
k4

LT =Nikiie 3

— 2]
gadr | REMERA A4 I HHEN

A J
A3 dhlin o

B 3-8 M R IR
344 BEETRARRKRLIE M EMBIE

R S MR KRR, ERZAYBERM LN ERRED
&, RATLUES AT AL SR MR R R IE R N SRR, B, R
BRAKRIRS SRR, AL AL R0 MR BT SRR, IRIRE TR MMM IR, Hi
FRONE R, EREEINLA N TRER AR, EEREEMET Z RPN R
EHE AR, FEE, RKETFA Frent-Serret iEFIREE L R IR R AR5
PR, I AbREE A, RS O TR T 7 A SRR VR B R,

2

P =P ’E’

w




B=F RRLARI I AR B R S0

1
faeD,
2¢cos recos A (3-54)
D, +D,«cosa
RS SALRE S R AL B E R Y .

p = -—g—
1 =P D

w

1

fs*D,
= 2+c0s a1*cOS A (3.55)
* D, -D,cosa

a—HAlfh

A —i2JE S A

D.—AWER

D—ERKHR

Py ==

Py =~

Py ==

Alv/t,e iﬂ_
2 2

T
Y
4

_& Albst,e
2 2

SHRIERR L — AR F—Hm 58
Bl 3-9 SRR TSR SR LATHI

RERLALRIGE KPR TAE AR MR T8, ERBREMT, RREIRERER
fib AL SAE R P AT . EEATIRIE 3 /01T, PR HE AR B B A s 1
) B o 8 RE AL T 2081 IR J-F. Antoinel 555 ) A8 BY X Ak 22 15 k) R PO R W A EEAT
Torre 3 3-47 B T AR EIE R BAETY 5 ZHIE @B BEXR,
AU E B RHRBRZALRI AL R AC I 1 5T, Kk R R IR ER 2 AL B )
BT SBR[ HIK R,

RIAERKBHE A 2, RIEE 3-5 B BIBET fa W RERZ H 5T, FH
AEBERTAERT, #E LERMYSNRATENTERSE, BEMNEKRNIER
N ENES L, WEMRERBAZNER S Fy 588X A0S 0MaAED F,
PALSPS Sk

F, (3-56)

Z+cos Assina

n



FREAFETL A8 X

D T
cosAeD, Ins
i-- TYERER B 4
FEERMBEMERT, BERSRERMARMERERE 1, LT R L5 RIER
AN FLALE —Hm A%, (BIEREEERE), HE 3-5 (b) MEBEILAX
REE:
u, =u cosA/sina (3-58)
B, =ty + oy,
B o — 2R SEEE R EMT
W — SRR R BR 5 R VE R A AR
# K 3-56 M 3-58 MRIEAXMAMELEMBTHRAN 347 7
(24, +2B b,,)‘“ (24,,,+28,,)"

Z =isf (3-57)

1/3
23 COS A-F 23

17 =(63b/t 2 5,.5/: 2 )(ZE Z) sinla
(3-59)
24, +2B, )? . (24,,+28 »? cos'? 4
A, k=( - 24, sbjt 5 b/t b/t /3.
( sb/t 2 nb/t 2 )(2E Z) 81n5/3a

Rk i BT R B N k (RIS 6 "HRER 3-50 7T I, k R 5 44L.
KRB RIEBNSHSH, BERLABIMAME LR ROERRESHA X XdTHEN
TR R T A 1) AR BT T8

" =keF 21
d(Aw) =§-k-Fe“”dF (3-60)

e FAERT, Rk S HE b = AL 8B [ FFRIRE Ry A
_AE_ 31w (3-61)

Rb/t d(Au) 2 k e

X 3-61 RYFIREHRSRZ AL H R EMRERR—AER, TEEAAX, B

S58HMRAZAIEEEXRR. RN, i3 3-61 AT, TLUEE 8RR LALE] LA

17 11 KB R R IR AL BBV R HERARIRE Ry RIERFATBRBRLALAIN RN, T—
AN RS EERTFFUIE L S INFRE ) Fpr SRR 20 0 160 BRI E O IR R A2 AL RN 7 B

345 FIHRABRRLILE B R)IERRAIE

AT ERKREREEM A LHEREMRIE, 8% RAEE S RE NPT 75,
st FRA S RO RIR R, A RE A HE R A,
&1 3-10 4 8 Jy SOXUR BHHUR 45 MR BB i B ) TAE R B Al TR R (g B 1,
25K a, b REM, HEMAFTRBITHER.
Fp ATRES], TEWRBRIBHERIAISM A 8 TAERAT F, A FR, RIER 3-60 HXTFRTR
BB RGBT T AR B 5 IR B R A B R T T AT K ok
Hypy =koF 5™ (3-62)

KA, kR EMER R
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FBZF RIRELAT B SFWIBE 0 SRR 0T

.

Fy—ikREf ) F—MRHE F,—WEh
1. 2—8f 3—441
Kl 3-10 MR MRER L AT R

& 3-10 &, ZES M TS F=00, 8E 16 H FAERTEMALRERD £ %
tb FAZEREA F, EREEERRED, 4 THREKENER; B8 2 MMk, &0 A
AT, HTFHEAEENRE TSR, FEE3E 2 PR S RER S HY
=AM nEER S £

—RIERT, B8 1 AUER 2 MEWHER, ARESHEBERIMERE, BiRHh L,
Z BT AEW, RIBEIZMEROSHENZEHRXRR 3-56, HIZEHF
& HA:

w

F, +(F, - F)Zsinascos A - (F, + F,)*Z *sinczscos A = 0 (3-63)
@'F=F1+F21 ﬁﬂ)ﬁ@:
F=F+F-—te (3-64)
Zssinaecos A

MR (3-64) TTELEH, FEBRZH W TEBGR FAERT RMNRERTZEINF 95
677, MoMngh 8 F KR, FEBEK, SRR 1 5 Rk S AERITER
A, SRR 2 SREREAL ALRIIER K, IR EE 1 SRR s b v 1 0 B
F 20T, RPEEE 1 M TFUNEAR &AM R TAERSER T h TEEREMNE2HER.
BB, R R TYEBAT F SR, NRE 1 5IREKkEAL UL BB B R B, &
FORBRAALAES PR R R 18R, 7= 5 SRR TS, BT CLH R sE I IR Bk 2 AL BT AR S 9
AT F AR BURRERLAL B SO Vr 0 B K40 1) TR Fimo 7 BLERAN:

F.= 24 xF, (3-65)

Y F.=Fj, 0, SR8 1 TR S B4 p B m S AR TE A H R, 188 2
Hh 4l e AR A T 2 KL B = A ) S R T B 1 e MRAER MR IR,
e RS AERT, BEE | 3K S BN 1 TR R 2 AHXT AL ) S M A AR
FE:

e ™= M i (3-66)

BFFERA™: %o XU B T % 45 M TR TR A2 AL R FE AT AR SZ 18§ B O<er i, HRAAR
MG T YRR, FrUERTTSE, X XUUR BH TR 454 FRBK 2 KU A L4l e 42 Ak P
FERTLL F=F BRI AS % . RIEmERIE e X, SURBHRSREALE, KK
55 7 1 ek AR IR A ol R AR

Ry, ~Jim i p e (3-67)
»ul,pr k
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TR AL

VR BRI o e 01 TOU R S0 B ) VR K 5 VROE ) P R B T S VR B A O XL
SRR T E

3.5 WRBRLATEIS 1 #5 WI B H L4

HRARRTTI R AL S0 B IEE, SRBRAIRE Y BE AR LU R 22 AT R RFBE AR 72
RIBEXT Bk AL B R IR S 0T, TIPSR SE IR ALBI B RO R T, 1R
75 148 IRk L KL B R GE 21 PR RE A £

3.5.1 S4B BRI LT R B B R O

EH A 2% AR R A SRR AR IR 3-8, 4B AR B TH X 4 AT 1) 40 N FEE R AR 53 44
WE R ARFRA, FIRRIRZALRIR PRI HR SR B A 3-11 B
VA

HHRSTRHABH
~ --#3-5327 - --— R3-543-55—
v v
B A LR e De Pifef 40 E
BERAFTEIN
£39 ¢ R3M . R3-51,52,53 HHEK
A 4
zaﬁdﬁmmﬂ [ﬁﬁﬁﬁﬁhrﬁﬁﬁ] REAERABR
Wi BP1 ey B TR E iR
. A3-61
; Y
? S AN
%Ba
A 4

TRER L L] (0 S ) RIS

P 3-11 B8 RHR PR AT B Hh ) FRUBE R R LR

RIEE 3-11 AT CATESR R IR BR L AL M A5 0 RF AU R S B 15 00 F 05 (B I AT
RERLALB i BRI AT L, D= Bt A s S B R B .

LU T 248 % i 8 PR 2 ) 17 i R S0 B A IR B R R AR AR S
I, BEARBAARMRRFR, &REEN, SRR E=2.1710° 0 n =03, &
F ERERHATHEBRIER I, PRRTEEWE 3-3 Fim.

#33: PSR RATXSHO)

Gk KE | 4% BiE
YA AREAD,, | 32mm | AR 3
REKFAE Dy 5.953mm | FERLAT RIE R ERE £ £, | 0.54
S Py 10mm | #ftfia ° Q) 39
Y EESME Dy 53mm | fREAESLR 3

WA ST R BN R R LALR R BRE S BERABNERRLEH
[6) B I UL & GB/T17587.4-2008 T B LA R AR BR L2 KLU HEFH £ (0 4l 1) 0 I FE AR
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FT RIREALE B BRI R A O

RUESRFIT R 3-4, B0 HeAh R RBEE S &8 F R, TRAHEREM

RIlfE & 7E F=8KN H & H#.

R 34 FEEANG RATHR

2R il ) B AR T B ) 22 Ad R | BARRIEE

"y Ry Res
BRI | 1853164 m 647.543N/um | 158.4148N/u m
BRER | 1889621 m 635.055N/um | 157.0413N/u m
B | 1907841 m 628.983N/um | 156.3623N/1 m

&g

(DHEER 34 PRVIRERSERGRIUN, ENNH R EMTRRERN 1.93%,
BIKNIEREN 0.87%, WA ENBITBEE SEREBELA T, KRS
Y

(2) EEFHIERHERRME GB/T17587.4-2008 &, ZWRIBHEF AMEmW, BT
BRI B R BEMRERRE, MRAZEMTESRINR 4R, ERGRERR
ZibH R BEME R ER 0.96%, BIARIEREN 0.43%. 5 BASRHEF £ 554 15 S RIE
RIEREAK, XUEM AR ENTESTRIKLALE & TR 2R e f ¥,
PAR TR A R R B AR R R LALRI R A, WERKLABINAERTSHP, &
R I 2R AR T f B ST R,

3.5.2 XFRFABRER LA 2R & AT H X5

DATE o T 255 & A IR B 807 @ W R R E sh 3 r VR R PR 2 AR 330
A, AR AR PR R SR, & R, SRR E=2.1410°, AL £ =0.3,
BH ERGRHATHAFRIRR T, WY PR TSR IR AL B R A AL 11
CARR BREAT Fm B B 480 ) BE AR E S AT THE

R 3-5: AR RAXSH

6 il G Huli
RE VR Dy | 32mm | BATEE 3

RERHR D, 5.953mm | RERLAT AR FHRIENE £ f | 0.54
SR Py 10mm | #fbffa ° C) 39
Z2R}5M3 Dy 53mm | HhiE SREST F (KN) 8-20
WRHEAE R 3 % 71 F(KN) 10

Sl R TR TR Bk £ KL B 10 0 U B ) o SRR 5 OB REBR 22 AL B b BRI O T
WA, REEZRMNIEAEFRHR 3-67 AR 3-61; @B TREA MM
16 R R BHR R AL RN 2 1%, B 3-36 AT, MU HGRWT:

#3-6 FRAMARHHER

2% At 1) ERA R R | BRI
Ry (N/um) R Rys Ry (N/um)
RITIRZEE | 1315302 13560.89 210.40
mRE R 1289.938 215.23
Ehrsti 1277.604 13560.89 208.60

Gk
(V) EEZHBEREETHEN — B8 2088 A F OB ERIE, B 33 P
TR0 E T 7= A AR 1 AR TR TR B 2 AL VR 53 P A 1 9 PO FBE (Rs), AR 3-6 B S0 TR AR TR
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FRAIRFH LRI

WOTRER AT R, FCUR B340 o 1 ) 5 O A 50T 1 R B 5 VR i 1 R R U 2 K18
%, T LAV Bk 4 AT 51 45 1A 1) 0 U E D SR 2 FRT AL T R T DA, (B SF AR RS
A B S I RERLALRI AR RT LA 2RS, Bl SCAR19] P IR GR IR R LALBI T S, WR%
FEAR BEA 4 (¥ 1) 0 B E ) 5 1 % ER HL R R B KR NI BE AR 0 20%, A T W SR I,
TERANT VS PIE R AL v — T SR B R 040 0 RO P 5

(2) WK 3-4 ML 3-6 (T, EEHMRTSEMFANERT, MRMBREKLAL
B i sk PR L B MR BHR TR 22 AL B A P SR AR SR 40 2, IR BREZALRI B4
BRI SR BT 40%. L3R 8O — J7 WA T FRBGR R L2 KL Bl o) 5 U B A KW 42 U 45
i, FRREET —ESE0E LRGN R MBRRLZILRRIE R SRR L AL 2
B R, RESRENZMNERRRLALRBANEH—BI M AZEM.

3.6 RENG

AEIHRIRLAL R R = SR RIBEGEAT T B T, RIFRRL, EATHER, B
PSRRI A 2 R AR R SRR, BN T 241, SRR FRIR Sk 5 IR E R IR
RS DERTRP=ANBRNET, #2 T SR RRIRLALE % A= R R
FRNTIE, B SBIIAE T BT LR M IE R T AR AL . B BB DR R S IRIE M
BRI R 441 B 5105, ERVE R ZWRRZ LB AR EHRIENEEIRE, R
TR 22 KL B S R B 1 S SO I BE 1 R AL R R A BRI KN R R AL L FER
BRHFERR, BHRSREERMOUCERBRNLTSH, mRKER, fhEil, Bl
A, BEANBERYWRK S REEMRIENEERE, BIER A RIRAALR] A1l
WIEEZmW, EAREERR,



SEVUEE FRIKLAT S5 AR (1 4 IR G2

FUE RRLABEMTROERTIN

AXEF=ZESHBSFEMRE L, B2 R EES A E MR TR
ARV BRI ENRARRY, FEAT T IRIALSRAR . JL oy T 2 Bl BT 5 L ol 1)
AR TR IRER LKL B 048 ) BRI AL S K, B8 = F @R A J-F. Antoinel #EAL A 5]
AR 2 A IS T IRER L AL B B0l 110 $ A T I o ) A U P O A AT A Ay
T 36 0E o ) P e R T O B PRI R v SRV Y, A FEE B RCAR S 2 T BOIR Bk
LRLR| S ERMARTCHIT IR, I 53R 3-4 PREBRYE R H M 2R <
GERBATX LT

4.1 FRTCEMI RN

Hefhic) BB TREIRLME A8 . AR R IERIEAT H, Heflia) BT
PA AP AR NIA—RiR B, RE—RIREM. ERIB—RERZE R
Pra, — A RER7TERIER: BRRKZZSERHRER, 5H—REN KRR
TR ERB—REREMI T, WA ZEE T R .

ANSYS K P fith P TTORAS I B o ) R, A B T BRBR B B, (RUEER AR B R 2
(PiEEMREMELFE) , ERMRE BIEEZMN N GEENMER) . EilH
TR B e fE 2 TR B R AT B —E T8, 7E ANSYS A LURA =M AR # # Tk
Bl E—EEMET. S HRRATNE—SRMET. SNEMRTERT
FEE KRR I RE, AR SOR VA0 8 T — T B B T AR TR Bk 5 AT IR BHR I b A A e
FIN o ‘

4.1.1 EMEEMEBET

ANSYS 2 HFRIA—Z2 4 i T 7 £ fud 2. 7o, R TR 4 44E B AR, 2% F TARGE169
1 TARGE170 K& 2D M1 3D # “BHs” M; RHAEHRDHE XE “Bm” @, B
CONTA171, CONTA172, CONTA173. CONTA174 Sctifl. — A B b Tfii—AN g
fl BTG — A “HEALRT” , ANSYS @i —AMEEASLERS R INGEmMT, HTE
SL—ANERLY, AT4G B AR TR TR EM R M E RS . 5 A—H Rl T,
T — T kB 7T A A e IS0,

(1) ZEARF A EBY LT

(2) XHHFERRIHEENKER;

(3) ATLARMLTE M EAb1T 45 BL;

(4) XHERIEHRMERN S, TERTIRENES

(5) RZRIARERREBE, SRIGERAAEHEEERRN™E, ATEBRK
BN B HG RIOREAELE;

(6) RiFE MG,

(1) XFENBEEA. FTVHEBE. BREEHBHRGEM,. FHEmm
(ZHRTTNER) | iHRTESHREENM, FRXERTREMES () M
#he () . Bl XARRELARER (FnR. k. %, B, B
BRI, SR AR BB I LA I B M RATER .

412 HEEMSTTR i
TS REFEANL R ERMAES, &R ERIB—NDFEN BRETERS —ME
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RERFWEFR

AEME. STNG—RAEREMRE, BHRESENtR, BHESRENA, XH
ANEERRM M. 5 TARGE169 #1 CONTA171 8, CONTA172 k€ X 2D #:fil
%t, {8 TARGE170 Hl CONTA173 B, CONTA174 k& X 3D #fih%, ANSYS it
7] 6 54 B0 S SRR e Xt . T — TR A 4T ) L it 75 o R LISOIS2),

(1) BUEBFERTEE: REEFRTRY, SER. WHEEHAEES M
XI5 WA

(2) e BB RE: —8 BTN BN E ., FRECE M.
NI K. REPEHESRKE, KANEARE;

(3) WERTEMALER: Bt hEERSREN, Bl ERad
ﬁﬁ%ﬁﬂ%%%ﬁ

(4) 8L HFRHEHIT;

(5) #3708k $ T,

(6) 7EH FRICEA L inia R &0

(7) & SCREETAER 2

(8) KfHefkln) 3 ;

(9) HELR: ERABMB. M. NENERSER: BMES. BENA.
B AT B AR B BREE B | YR B BE B AN AR A AR AT LAM/POST1 B/POST26
B3,

4.2 HRTERRE

FH & BIE RTER R ST RAD IO EER, 1 R IRUE2 MR I < i . ANSYS
AL, BB 2 —RIBAIEE, NE— M ERTRMKE, £
BB RESRE, AEBRIEEREL RS AR R ELERA, FRET—R5F
BUzHIRE . BAR SRRV, ot 5 AR Al 18 2 T KRS
K, ATHITARNHE, FEERREOATE, RIEAR 8T E A
AR R

4.2.1 #ERIFEL

AT EM R LA B PR RS SRR E = EHTE R T EN IR R 3-3 48
7, REkSGRERMSEE LR T U RN #T.

(1) 24 EE

KRBT EERD T RIES = Fch Brad SLH)BER 5 7 18 B2 R BE AR R
S, BRI R RR SR E R Er BN D EERE, 2K
KRERE, NEZFXHREKLALR e ERIER AT 1L, BwE MRS LARE
T AE R e s RAE B SRR T oM X ERRBERKER D, RIEE
N folfons ¥efiF a, FRER Dy URKBIEAA 0. BEEF AN FEFBREHTHE
BE %, WLMEER 3-51 MR 3-52 Hff) ¢=0, B) ZREIBNET AW,

(2) HAEBHTERIM R

ESE-ERTREK SREEMATTZ B, MERMH T —RIMOER, XLE/EHN
R HMETHRBNRE SRER AR AR S AR, AT DU T X — MR 5
SR E AR AR TR RBR IR 2L B AR AR &, IS T RME R Rk
B RS mERE R R R E, Fik, Eﬁ¢ﬁ@m%ﬁﬁ&ﬁmﬁﬁmﬂm&
W, T AT DK R R (e 4k h BN TR BRI 4 ) 4

(3) WOIHEBE
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SEDYFE JRDRLLAT HIBL AR B9 IR GO

BRI TR B LT A, %%§M$ﬁ%£ﬁﬁ&$%ﬁ%ﬁy@%,Eﬁjﬁ@

TAERIN B SIS EI M AT R, TUTH v aTRE ALK, BEZE 0 OR P72 & ful T

Ehﬁ%ﬁ%h%ﬂEﬁX%R%ﬁ¢%@@ﬂEﬁﬁ%@ﬂo
ﬁﬁtﬁﬁm,&%&8%%&%@ﬁﬁ@ﬁﬁﬁﬂ@&q%%q

/\N || e AN
’A;\/ \b o — ]
\?‘Z V%3 1\* -

/

B (a) i ] exct pustle (b)

Bl 4-1 B RHRER AT BIR 2k L IR AR R AL KR

TER 4-1 0, ZBZEFANEW, B35 I BREAREE. 25, RHERE
R, REE 3-3 FHRIRTSEAK 3-54, 5B F BRENEHEEB A: Z=D.%7/D.=16 (I
) BN ERYE, B 1/16 BAGEIT 7. FIAR 3—3 PRSI TMER A 4-1(b)
Fios, TEXHZER AT R, hTFBRmER A, SA7EB 00T b ik 1 S e,
R TT R MARERARAE, BRTBABHESKRE, FNRGRAEHE, &
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