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ABSTRACT

Magnetic drive pump is a new type of pump, combining modern magnetic theory and new
sealing technology in common centrifugal pump. It uses magnetic coupling to transfer torque
non-connect and to solve the problems of leakage caused by pump with shaft seal, so it is
widely used in nuclear, chemical and other special industry. In recent years, with the
development of computer technology, some theoretical results of magnetic pump have been
gained. But there are still some technical problems discouraging the application of magnetic
drive pump, such as the method of solving magnetic circuit accurately, eddy current, high
temperature, monitoring, the materials of bearings and magnets, etc.

The current situation and characteristics of magnetic drive pump were reviewed. Aiming at
the transmission efficiency, the magnetic field and eddy current of magnetic coupling with
different arrangement of permanent magnets were analyzed, using electromagnetic finite
element analysis technology. This will provide basic theory for the research of high-efficiency
magnetic pump. The main work and results of this research are as follows:

1. The development and research situation of magnetic drive pump were summarized and
analyzed briefly, and the specific research program was identified by analysis. The
characteristics and basic principle of magnetic coupling were described. The main problems
which need to be solved in the develop-process were pointed out.

2. The causes, influential factors and control methods of magnetic drive pump’s specific
energy loss were analyzed. The methods of calculating energy power loss were summarized and
common formulas for eddy current power loss which used in engineering were introduced. All
of these formulas provided theoretical basis for the analysis of eddy current of magnetic
coupling.

3. The arrangement of permanent magnets of magnetic coupling was designed by
AutoCAD. We analyzed the magnetic field characteristics of permanent magnets with different
arrangement by ANSYS software. In order to improve magnetic field intensity, the Halbach
array was applied to magnetic coupling.

4. Based on the Maxwell equations, the 2D analytical models of magnetic coupling with

different arrangement of permanent magnets were established by ANSYS. The air-gap magnetic
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field was calculated. Then the distribution of magnetic force lines, magnetic field intensity and
eddy current of isolating shell were analyzed. The torque of magnetic coupling with different
arrangement of permanent magnets was calculated. Compared with the coupling with
traditional magnet arrangement, the coupling with Halbach array has a significantly improved
torque. The impacts of angle deviation, air-gap, relative permeability of isolating shell, and
thickness of permanent magnets and yoke irons on the transmission torque were analyzed.

5. Transient analysis of eddy current field in the magnetic coupling was carried out. Then
the eddy current power loss of magnetic coupling with different arrangement of permanent
magnets was calculated. The influences of the thickness, radius, resistivity, relative permeability

of isolating shell and the speed of magnetic rotor on the eddy current power loss were analyzed.

Key words: magnetic drive pump, Halbach array, air-gap magnetic field, torque, transient

analysis, eddy current loss, finite element analysis
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AT AR E ML, R B, BRTHAKESTRKREZH. K
B, BoRBE R S B REER  ARXT AR A RREAR K A U E R 5 1

2004 4, FHAE, BT HRRBECI I BEBR KB HESIE T 2T, X,
SR T BRSBTS LA v DA R BEBR R A R AL I AR B o R R — S 4
BIEFE,

2006 4, FLESR, BRI, ¥ DRSMERE S EARBRER LR T BRI
JIRR R RS A R L R BB R R R R K

2008 4, FRiEWEmBIGEE A RE MR L, 25N FATIE AR ROTIAR B A A
B 1 B AR R A FEREAT T 4o

ML EAATATAE S, [ P4 SR BN R R 5T 1 B4R R 7 KA BT
Rl BB ARG B Al R LR R R T, XA R KR A HES T 2
(IR Bk S SR AL B R TR D, TLHRX Halbach FESUN A THEARHIBRILT N
%,

14 AXWRMERRE

B T A 5 R VR ) B B R R L B 07 s ATTOE R 1 SR B R AR B S S A )
SRR . BB, Q4R m B AR A B R A R A B U8 U 7 B R L 1]
Bl AXFEU—-EGHAEINFEAHFXNS, FIH ANSYS12.0 HEH B TEE, 72
Hr¥§ Halbach BEFIRLFTHE S BRI E R LA R &R E LR KSR K
AN, FeHH G RS KA B HE BN (R B R A B B SUAT X L 54, RABHR
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D) RIERHGRR WE R, ST WA E ARG ) B R LAk
JRE,

2)%534 Halbach FE 51 f M A% 5, FIFH ANSYS 5450474 BN B & FE AR TE Halbach
RS (37 53 A 1 L5

3) SN RFA N EBRERAEMEE . BWEE LB

4) B R ERAH ARG 2 E RO, #ITRRERSMERTS T 4
BTy B 2% & 5 Mg S HO AR SBRBLIT I ), Hee A R o 3 38 HE51) 7y X e Bk
AL AR 5K BEAA 4 Halbach REF R Bk b 88 A 3 B AR (L HEAT XY EL 24T

S) BOLHL BB IRMBEMERL, FH ANSYS RU4H BB L BREE LN
WRHHITRES, WHERREERRRKRIIEARAD, HITHOBRGSEEEHS
BN R K T EE R A 1 g @ HE 51 7 2K PR R 3 Tk 28 FO SR T K T 2 5 K
14 Halbach FE51 (5 /1 R B8R IR 1 KR ThZ AT S ELMT, MTTERA Halbach FF 51N
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£-F HWHEDRESHRAOEESH

MBI BERINE BB TR M BH B R LRESH EEEBRERORARK
XA, B T RS R ARALS A D305, BT AR EREURHREE. A
BT S e, AR % . MBI RSANEHRIE T HEERREY
BREORK, THERERK. MEAOBHREEHORESR KRBT ENR, BHOTES
TRRERAR R IFHAT S BB ) R G ILAC B4R Bl ) R B W RIS RE EE A
o

HA SR BERBIRR T RALEEORMAKNIREK. BRGRAIES K, i&
T e T ISR K LUK B T P OB T S R BRI v AL Y LA
BRBUR. BESKANRTEARE, MREAENGEME, B ERRABRAE.
B, X#ABHREFKOHAKEEB RO AR LE S, BB, bR
AERIR . A TEF RN BREHNREEDUR, HitRMmHE N RIESIUERNR
7.

21 BABHRWBRE!

211 ARENEERREERE

Tt BN R TR, mEhHLI A 7 ks, @R MR s S R
B T RD e, TE NSRS T MR 27— N R M A kS - AN T BEsE
Bk, AIERSMNIER T Z KRR BT S & iEE), EREEASRBRMHE, Ui
ROEMBEERE A BT H AR BN, GKKHER—F, BRRABER, mE
2.1 fiRe

B 21 ARG FE

Fig.2.1 Generation of eddy current
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MR, FERNE, W5 T TEMHNESRE, BKT R38N0 57, Hik
FRUERSEAANEALESBRAE LRRRE, HREINKIIE, BERNOTHEX
Z, BABHREETHN, RASEREETH OB BIRE N TREN> 4L, 2&
BEAMTIRAR, [EASKEIER TR SR AN LT, SRS AR R —BE iR
TEI, KGR ETEPE RERBIR B MO SR EETH R T REAG, TR AR A4 B I D AR SE M B 2 e
1, HETTR W B B 28 IE W 101817 THE . SR R BEUKMEARHNE B i, K
MEHOB M RER e 2 K, BOUBCAARH B2 R £ TR . BRI AIE RSB
ERRE 5%-~25%, RAM. LWIHREDRERNBEHOBARES, tR2RE MR
FUFER OB

212 RAMENENTH

WA SRR EE, B HirEmm - ERin &R HEIEEH
Mo R HEHNILEREENRRBRRRA, BE T A8 B I FR R
RMEEMDNERE, HFHTAHNRERE ., Fik, B ERERROANDRRER
H. SEMRBE I BHROEEZF. TEREN A -FERRRRIIBRTE L.
I MHSER |
OEFHER 55K

M5 REEMNEAELNE 22 ME 2.3 fin, BEASHOERSER LK
BL(mm). BEEEE t(mm) . RIMETHAE ¢ (rad) ,

B 2.2 migp A AHR
150 EE4EF; 20858, 3.MAET

Fig.2.2 Basic model of magnetic field
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Fig.2.3 Basic model of isolating shell

Ol &M

a. WERNIRAE B r B, HEERREEARE 0 R4r2tL, B

B=BF B =B,-sing

KA, By A LSRR MR ARHBNIRE . FRREARN A T R 50 0 1
¥, BB AN BRI Z |, BEHE LA
E=E,Z
R, Ez b o RALKIR KR

b. FREEAH RN T 153 R LA AL

c. MBERE (m/ TR L, BT 2RI, AR AR5

%.
2. WARADEERHHEHANSH
%18 Maxwell 572
VxE=§é .10
ot
RIE LB AN a MR Q)EL LR T AR
9B, =—1x@i (2.2)

ot r O¢
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B, =B,sinmg

A . de
=pmsSme—
a ey,

_27n

60
£R24). 2IRARC22)HF,

"
£1£=—r@mB(, cosme
de 60

X (2.5 R R4 5

(#) nnrB,
f dE, =- 2 0 foosm(od(m(p)

znrB; .
E,(p)=- ';:)"smm(o

RN

B, .
6q=7EZ(¢)=—W;(; 0 sin me
e 2.3 fiw, TEHRTTHRdA=rdot FRIIERTK K

1 dL
dp=(8,rder) dr =(5qrd¢:)2;x e

EEANREETRRRRRINE PR

3.2n2
P = ff (JWrdqot)z-}ljxri;t:Lr’t%%y

AP L—HHKE, m;
r—MWEE¥R, m;

—REEERE, m;
n——FHLEEE, vinin;
Bo—H RN 5RE, T;
y—REE, s/m.

(2.3)

(24)

(2.5

(2.6)

Q7D

(2.8)

(29

(2.10)

Hal, EACHKERNERARHREE T4, % RNERRRRIRNZ
RIHERRE 21094790, x BNk S0 HET Maxwell HF24L, FABHSN RS,

T 7Bk 2% R BB P R T SRR SR R K IR
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A 2.1 FRARAARR L EX

Tab.2.1 Common formular of eddy current power loss

5 W Py (M) WHA W (Nm) SCHRSKIR & &
th [ + 240 pD
1 | P,=kn’pD*/poM,,. =kn’riM, . 2 E ——=0
p. / w g k 1994 4F55 1241 o,
KEEAR
2 P,=337x10"°xtn’ryM o, Fgs —
1998 45 2 3
KFEHAR
3 P, = ihza)zB(fLS ) W& —
Ap 1999 4E4 2 1
KFEHER
4 M, = (knrt] p) M e BEt7 4 —
2000 4E58 5 ]
3 2 2 AP SRR N,
5 P == (nZTP)B—D—}' | i |
7200 fo o5 2001 455 3 4 fo SRR
3 2n2 6 LA
6 p=L" "B, ek —
900 2003 £ % 6
7 P, = gzﬁm x DLt f*B} S— — 1 WA R
B2D’Ln? BN | THF | s MBS E, f
8 P =k
vouf 200445 1L | HEIS | BAMTREE
P, =0.0689Lr’m’B.y ‘
=32x10°m*yrM, . EHAR | BB
9 —_—
2005 EH 48 | AR
M, =3.23x107 xnrtyM, ..

213 RERKKEWER

I DA R B 5 K SRR R R L AR v B A SR AP AT AR, R LR
RWBERNMIEREER:
(D WEERER. INRRRANEWER, SRRAENFERARRABE
BEEBANNRR, QEREENRREL TR MK, 7T UK KR/ MRt BAE .
(2) BESEFHHE n MBRNRE B. FERSUREHE n T EREENMBNEE B
MR T, FARTESRISRRESNL, BEDE P FEHEMT, B’ FREKK
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FIAZAL, BT AR 55 B A R W B FE IS W A R KK, RAEE D 3 S R
B FAES.

(3) REEREHEE p. AHREMBMERRE, BETCHERKEX, REET
MRS KRG, BHLEAEEBERRMENKE S, WRESMBAE, TUBENH
RAKIRIIR: RROERBNERRATEREETERBENRED, IRREER
2 ) o 4B 20 T % e 2 o BEL Rt R B AR IR IR SR K IR — T 7 ik

(4) THBGHZRAR, EREFRNBERT, EREREE LTS HE
SRR, WRIRIBKPEE, B R RIE MW AVFEMET, SRR BT
R .

B LR, RN BERRREE R XTI, BEH HitRNER
T, AR ERMATR T, RWHRNEKBEEEMRRIR, Mm%
BRHIMEBIH R

2.2 PEETRIKDERRXSITEY

WA BENRIEE TR, Al TREEREN T, BN TR DieH. Rk
HIANHHE T 5MIEN R EE, ATe e Er L EmR, AR TIRK RS
%, ERREFE A EERES R AR SRR K. BARIRHOEHERAR, N
T ERANEMBERETAN SRR, B LRk BES R BRAER. BN
THMRE R A MR BER, BMEETNMD, FKHEESRRD: R
TR T ks W T SRR B BB R, BRI S, B ERK
FEEBAR KRB R . —BORE, BB i/ 7K 45 T B0 LA BRI A RS T K 7
BHR

BN ERE )
AT -

f=4p'(Ro) DL, [2g (2.11)
U [

df'=ip(rof2mrdrfg (2.12)

BN PR 7 BT PR A R
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rl ZWthm )DQ’L
7 2 2 (213)
= —M(Rf +5R'L,)
58
B WG F I BB R IR A
Amp'e’ 4
P =Mo="T—(R +5R!L,) (2.14)

A o — N REE, ke/m’s

o——WHEEEFHREE, rad/s;

R——WHEEFHMER, m

L—WHHTFKE, m

A A— MR TR R LT R AL

Shr b, AEETHAKIEBRAEEAES. XEERFENLFERKNEETA
RS, RREWEMRSERTHER, THESNEEFRORIMABE. 44,
REE+ A ETNMXR. AR (2.14) TTVEY: BANABE THRAKDBEERRIIRE
W LRI RE, Bk, /R TR R R AR T K BB K
DRBEERER, B RS ORART, SEMERRENKRIL/D, AREERkE
BPRBHIER/MIREN, BUNLEREERREKR, BHR3)RIESIBERE.

HE R TR R o A TR HASHENER, FNEHBIRKRTRSIKN
BUFHI AR . METHERSHANBHERKI, WERXEEMBRBAE BN Z
WK THER. B2, ¥ KERSHMABETRK ) BERANREERRARE,
BREAEEINE, RMEBITRA. SIS TRHEREAASNEEXAIEK, ETRNA
BT HK 1 BE B R ARG B IR IR IR R, R EEBIR . JATD LB SR Ak B e HE — e i,
RS TR EAREE D, BN SRR T, KRR, BEAHR R,
AN HOEER, TRUATE. Hit, BEFRBLEENRENEEER. HED
WECME; R, HEANRKE. R 22 AREFREXEREERASEER.

BHTFRERMTERRTOfE LR ER, CHBERHPERTHKE. ER5%
B TR RBRRELRX R, Fit, TEdeRit, BREBLHXRI &K
i, BEEEESEEREEENKEL, SEAEEMBRIKRI, TR
FHIK I BEEBR R BRI R DNREN .
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£ 22 BT RZHEA

Tab.2.2 Selection of the ratio of length and radius of magnetic rotor

BKEFHHE (Nm) KR

<300 0.2~1

300~500 1~2

=500 2-3

23 AHERTENEERE"

FERAD BRI TSRS, AR 75 W R 2 (8 TAE B B o B i b P ke B9
R TIEY, WAREZNREER A ENER, FRAZRTEAE, EREEE
R RS R R R R X R R KA B TR AW BT
THRBITHTEYE, BOBHR-BERERRL, 5182 THEMRR A A
FHREE, RN HHEREIHA, RLERHBHEORRSERRT BB RE
AR RIE . WA RN B RS E, & H YW BRI BRI K]
Sk, AR EHER T HARSIR—BINAERGK, BANEFRIENRRETIA. EE,
REAHERREAESE, BREARRBEFRELTROEEA, SIRERHKM AR
REIREKIRE. i, MRAWENHEAL, S ERsFLl, FERERKZIMNG
BIAKDBK, EFHRZERTIETNIERR.

RAERE AR E T XA PR —MEARL DMAHERSE, BRErAEd
SMEIVE i AR PRIR B AT HIENE , RHAMBIA K S —FhRIER AR P R
G BB RWAL, SRIBHIAR A FAERFDY, Kol AR K R e ™= AL (X B SE SR B
WEAR E 8, AR ANREERITR M, FRARERT R KIhRE# T
BE, FRMSMERK R AR, B0 R AR R A 5 RIS RS MSL BRAE, T
SR A HIE R RE AR R AT AR N RTE B ITHE; MAIEB BT, —BK
FI R T5 30, HAB AR R BN DL AR A PR I E M AL M A B E B A A ZIRA B AL
BIRR, BITNAZENTEREN. KRB DEETAN, MRIEAEEES
RENREANBH, —BRAURBA RABEAERTEhE, BURSIKRATK, B
AR BT RS, ROV AN AR — R I .

RIFRAIAAAR, RABRETH g A q RS Fi g 10 RS TR
BEMRR, A5+ OAERIREORER, TETERDENRRRBNA#RE
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F IR BB R A AR g WIRRR B AR AL, R R B M R AL P B LRI R VR IR X
HE R AR ERARNMA LR AR AT LENAE. REIBRRE q HHTEALR:

g, = %ﬂK’,o'co”(%l)s+27rK’p'a)3><(£)2l]4LZ+W1 Xp'_-(}A; (2.15)
R o — A AGEE, kgm’;
C— NI, K/ (kgKD 5
AT — A FRAGHIRT, K
K —R#BEEAY, K ~131x10°;
o—WHSETFREE, radfs;
D,—WHHTHHE, ms
L,—NBE TSR KA, m;
W,— WS R G IHRRBIR, kW, W, ~0.15M0;
M —H S R AR R, kN'm.
AHERE v H K
q2=§ﬁﬂl('pa)3(%js+0.00123‘égo (2.16)
itquo.omz;;_go_zém, AR R
d,—EIHAARE, m.
FHRAHRHHE
Hq+q) |

AFI—BRBEERSE, 1=0.55~0.75;

H,—SRAEHKEK, BEREAFFRLOLEE, m.

ST /MR E SRR R KB, RS KRR HEREE, BiERBANEE
Bk, TinTFEGELKBE, WEAHNFEAED D, FIRBIERA O RHERRERE
BT REE | M, EDAE LRI KA R E . AHERRENEERA SRR
Wk WHETFRKDEBRAHEEPMRE . XA LBREENM I WHRANEER
EHRERRIR SR BERIIRE 4%~6%, TiRAIELBREEERR D WHEANERR
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BB ER RN S ERHEDNEN 2%~3%.
24 NG

AR X BT WARITRA MR RAER IR : HERTIRKR . WA TRIK N
R LRV HIER B BEEBUR, NS EHTHE ) BB P (R T K B e BB

D ARBFFERRE, B4 HEATHEERRSRDRERKTEAN: RE
ZRAR, PRGN EEERIFE HEERAR R E RN .

2) ERAHHETKNBEERATENERARLERHSHES, RELRAXSTH
EHEE.

3) NAHWBHER WA EIE RIS A0 B AR TG I RE BB R, PR
o R FHRIE A B e
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¥=E BAOARMSBSREANARTSH

7 B 28 00 SRR AU W ARSI AR R R A, I th R U & TR B I iR
RHKKMEERE. B, 0o BHRE 0 BREAHEAT 24T, s B Ry
RS, TS AR RS 0 4 ML RV T S ) Bk 3 1% S B AR PR B R IR TR R
MIRTR A&, A FH L 24 BB BN FIN R, SRR KRG HER 7 R T K
3% B S SRR S AT BRI AT B G S BN JLAR B AR R R i

3.1 kBiikz E#IgR T H

A B 7 25 (8 T 7= A B O K /NBR T T AR R A B R — R e M 7
Ah, ST T A A A AR B AR S T e AR,

311 ERMEHEES™

100 ZAERT, AEIN-Z R HERBABARROBSIUE, B AELRF R HK S
R RAEHATYCE LIRS, QLT RS B —R TR, %E
T HESHER. ZRHFHHRAKE T B REARY, ERKRBRT B 5y
B2 RNHEXR, RXEFAEMEHERSE —HEAT R U EREHAL
BRI IR B e i VR R R e R R A R R E

1. ZHEAREEHE

T2 84 BRI BEAARE H (A 0T, FERES 78 R AR (T — 2 P & B AR NI ¢
RS T gt %R 2 B AR R E M Q I RS A, BB RSO Y . X
B AREEFRAMCE RE, ARIEARTA:

qHu m@+~%s (3.1)
ﬁ¢,ﬁ%m%ﬂE(Nm);fﬁ%@%%%ﬁ%i(mmﬁ;%gﬁ&%%ﬁﬁgz

DAHBHFE (Cm?) .
2. W AR E AR

BB E— S BRNERS ST ZBRAH T ROME B R R LR 5E, B
BRI B MR . AR RTA:
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4 Edi=- H(J+—st (32)

RA, ENBEIHRE (Vim): BRHBENIEE (T 5 Wh/m®) .
3. A Es

e, AEEMREREFERENMANE, FHEM—AHAmEYHRER
FTFx—HAetEmmatEhRfEE. ARMEAERN:

cﬁsbds= HLpdV (33)

RF, p NHFABEEE (Cm®) ; VAAAME S FrERNEHRXSE.
4. FTHGE ER
B35, AR RS HAE % R B AT, F R —ANE i R R F
T%F. ARG RARTH:
4f Bds=0 (34)

T B EGRN, BORANZ W FHEATER

VxH=J+— (3.5)
ot
VxE=—g§ (3.6)
ot
V-D=p (3.7)
V-B=0 (3.8)

By b, RUAMFRIARTEEMOLE), BN TERET Flfe EAFE 5 e
MHIBAN TSN, BB TREERARZ G E T RAME - R, EEHR
BTBRFEALMNRERY, h TRIMENR, EFEREGREMALXRMN
HE, MAMXR. FEGERMNABEIRNR:

D=¢E (3.9)

B=uH (3.10)
TR AN AR

J=cE (3.11)
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RH, e pv o FFANEEH (Fm) « BFE (Hm) ABEFE (Sm) . R (39) ~
310 T EMIRBZIEMR R, BRRA BRI RER AR 772

ERAF T RARBRASFHEMAENH RS, HEETEET ANMRERMEE,
HERmg L k. i, 76 FRESBE T 85 5\ AL FIREAL 1 % Bh sk B a4k ot
.

312 Z¥ MmO

S5 B TR A 25 B 37 R e R 7 AR I o — B SRR/ K AR BR R 8 )= 2
PR 30 PT A A A2 S P AR 3 A R B TR 7R 22 1o P AR RS A8 0, SRR T

p, =~V -M, (3.12)
R p, —ARHEAT 5
M, — TR
p—EZHFE,

—ROK AR REALTT 13 S e, I RARTALRRE M, A ERE, W p EETF.
Rk, X TFEUAAKKEA, REEREST Bis B o, ST ERRIXRA:

Om = q4m%h|

A r— R R 5 R BHIEEE;
S——KBhAKIL 5 ;
C—HNELH, WRTHASE QHEHR;
p— KR %
U7 R A P 7 A 0 225 () Rl 30 O R 37 TR RE A «

ds+C (3.13)

H=-Vgp = Vq4w”| (3.14)
MRS R SRR NGRE Z AR R
B=uH (3.15)
KA R ML W WG N o

A p,—F RGBSR, MRBERNE, Wy, = 4.
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313 THEARETER
LT AR, RN KEANSTFEEEZANT,, B0 A/ m® HEHER
IHAit61,

J =AxM (3.16)
0t FEE MK KR, BURRRE SRS TRIE 2 BIRX R ZC,
B=puH+uM, (3.17)
Rp B — KB TAE S R B 5
ty—E B TE;

o, — KRR AR 5 2

H —— KB TAE s RS 50E

M, —FIRUEALREE .

WK ARER ML, 4B=B ", H=0, kEBEK (3.17) TH:

=~

M, == : (3.18)

|

EERABAATREERERIBER T VH =0, MK (3.18) HUFRNBEE, W
H:

Vx( B )=VxM’ (3.19)
ﬂo/‘r ‘ur

X (3.19) HERBEROEN, KT KUKRRIBER . FHRUABIISHME, KN
B R AR RBEAL SR R ANRTT ISR KA ERRREES TS, HE
FATFRAKHARBE N LA —BERR AR, FXmEREER:

j, =X (320)
K,

R i R R ONE R SR R R . WA SR 3 A R Y S LKy

BQ):LdB:ﬁ%L!%§de (321

AP r—— KA R 56 R 8 R 2 TRl R BB
S’ —— I L2 A KA T A
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§ —Fr KK,
3.2 WA

TR B ARV R, AEHEMT RN EE. B, AEREERTER
%, WEMEAE. ERMHBNE, RN AR, SRBEE, BEERT
WEKE, ERXEHH LRGN, TR EBERANTEERM, BIEE K@%
MER AT
321 BERKEE

%77 1 2 P 0 S R K AR B-HL 2R RSk g e sh i, HRERN:

T=(Lj KMHmSt,R, sin(ﬂqf) ( kgf-cm) (3.22)
5000 2

A K—HUH ALY, N THEHEMM, K=4~6.4;

B,+H,

M——Iﬂﬂﬁgﬁ}g, M= » Gs;

By Hy——LAF R RRRN 58 B 5 Bl 8 5

H—HM B TE W RE AR AL = A B 98 B, Oe,s H=N,x4mn(1— d ]n;

N—REBROZRRE

te—TAESBRTE, cm;

to—RERRIRK, 4=0.5 (RBMRSMIR+SMHER TR, cm;
n—HERBEERE, n5 ity IXRELEK 3.1
m——E AR IR A

S— AR KRR TR

m__mwwﬁﬁ,5=g%+%ycm

R. W%ﬂﬁ@&t%ﬁﬁﬁ%%*ﬁ%?ﬁ%@¥&,&=a&+&)

cm;

o TR, .
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AENUAATK A NS EER BB AL, LR A SMEEEE T 2 8 B r= A il ) A AR
He
A31n 5wt kA

Tab.3.1 The relationship between # and #/ty

bty n ity n
0.2~0.4 0.7 0.7~0.9 0.95
0.5~0.6 0.85

322 ZRANKMRE

R AR B R R R, BT DA LRSEH AR A X R RE . B R Bk
AR m WA IR A S, FANRIEE m A N, S IRITHHI IR L KBS AL, 3
AR B B 87 95 BE AR P MO LB PR SR K R 7 A T 3 3 R RO S IR v 52, SLEL )
A

AP . XZL ——r;! L1, 2 (3.23)
\/t th+L, (4, +1 )\/(4t,.m+tg) + D+

-5 g} L1, 2 (3.24)
4 f\/_+L +L (41, +1 )\/(4tom+tg) + 2+ 12,

H, =H,+H, (3.25)

A H PRI AR ORI, Oe:
Ho—SMBER L AKBEAA Tt B TR, Oe:
Hy— TS MBIATEE, Oc:

B— KA AR, Oe;
e TAESIRTEE, om:
L— KRB K, om;

y CINj

Lo— PKBASMIK, cm:

Lo—SMKBEAATIK, cm;

L SMKBASNEK, cm:
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