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Abstract

As the working conditions of the electric hammer products are very complicated,
the properties of the electric hammer are very high. But the electric hammers made in
our country have various kinds of problems, such as short working time. easy to heat.
easy to wear andLarge noise and vibration. In order to solve these problems, a novel
kind of electric hammer based on magnetic impact theory is presented in this paper,
and the reciprocating movement of the punch was realized by the magnetic forces
including attractions and repulsion generated by the permanent magnet materials.
Compared with conventional transmission methods, magnetic impact has the virtues
of simple structure, low pollution and no friction and wear. In conjuction with national
natural science foundation of China and major scientific and technological project in
Zhejiang Province and the practical requirements, this thesis takes the magnetic
impact electric hammer as research object, designs the structure of the electric
hammer, studies the impact performances of the magnetic impact mechanism and
carries out relevant research about main parameters design optimization. The full text
is divided into the following six chapters:

The first chapter elaborates the research background and significance of this
subject. Furthermore, it summarizes the research situation of electric hammer
products. magnetic transmission technology and magnetic numerical method both
here and abroad as well as the key technology involved in subject study, and points
out necessity and probability of the research about the magnetic impact electric
hammer.

The second chapter introduces the basic theory of the electric hammer, and the
detail structure of the hammer is designed. It mainly includes the design of the
magnetic impact mechanism and reduction gearing.

In chapter three, according to the basic theory on numerical analysis for
electromagnetic field, the 3D finite element model is established. The magnetic field

and mechanical properties of the magnetic impact mechanism in static state, and the
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variation of the magnetic force and impact energy in the reciprocation process were
calculated with finite element method by software ANSYS, respectively.

In chapter four, magnetic impact mechanism with different pole numbers and
angle distributions have been studied,the relationship between the main design
parameters such as the minimum gap, the radius and thickness of the magnet and the
performance have been analyzed. And sample points have been selected to establish
surrogate model, the main design parameters have been optimized.

In chapter five, experimental platform has been set up, and the magnetic forces
between the magnets have been measured, the results of the experiment verify the
correctness of the simulation model. What's more, the process prototype of the electric
hammer has been introduced.

Chapter six makes the conclusion of the paper and gives research work of the
next step.

Keywords: magnetic impact electric hammer, magnetic impact mechanism, impact

performance, finite element analysis
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23.7 ¥ R et
EbEd, BHAFEELAMDRDRE, R EA RGBT A
ERARS, RE AR BAEARAR SRR AA ST, BARR
FRRAHEBAN, AT BARE S EEEXAEENAZ N, £34
B A 2.9 7.
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St {178l S
a0 ab|a6la7||| a8
a8

H29 (pREME

228 1 AREHNREEN

ARXECHRAEAGER LY, REAALEF RORAER, Ao
huEReENAKEHBTRI, TEAEAAEK. Gk, HEL. B
. REEH. XAEEFANRI, E22RANFEXLENBREKRA,
H23R#AHEAEENZERT A,

kA

77

22 BhREREEERE
e, 1-EEE, 228K, -RAUEE, 4-BHER, S-# &8, 64 &K
HAARSk, T-REFRY A S, 8-HA&, 9-A%H, 10-%54, 11-BX&,
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WL K28 L2467 18 3 EhRE AR BN R SR

12-84, 13-#K, 4-XAE, 158K, 16-FEEH, 17 R, 18-12ZE
., 19-7E4 %, 20-F %, 21-REEH, 22- B&, 3-HHER, 24-7K,

23 #hnEAeE-EHEANE

FRUNCEEHHREAEANRT TOTLANKE, FFETHNCAH

[50), |

1. ZRARAEHERERANRSEAREBREAN T HHEHRE & HH
#3), AXFAEHATRATREGERENA LML, TELAANREK
REN.

2. BRBUREURATEORELURLANA EARNRERET, %
REFRARARER A EARBTEE, 47RO LURFIMAAEER
BX.

3. ZRABANRTAEHSAREDEURS ERBTRM, #RTEALA
PHEEEH, #-FALTARNEA.

4. ERAERBHARTHUAR, G THEOREEN, &RE T EHMET
i

24 REZH AT

mAwEXEBNG RN &G REFMN, L Pk ST ha S o E4
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BRI K026 R 3 By bty A o R O B R A R

HREAE, MEXAREDRUR B REEHEAN. BRI ERAHF
Db EEEY, FREREEAMRUENS X2 %5, wE 2-10 i
7 REEHARHUERA TERE XN, FHROMPERA TERBALE
RIEFH.

04

SNOSN SN N NN
1X0.5

S
[=]
o

al

a3
a2
N | 7 A AN

$ab

al

T
¥

all

N\ N\

a8| a9

$a14
#al1b

9016
$a17

B2-10 eEEHEHE

2.5 XARHH

HTEFBEEP I EHMRE T EANBATRANY, FURE
EH R RRE A o A LR D F B, B KD RUKT
MHARTHABRELHRE, IRRNAREHDE 211 7.
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a1d
al3 , al4

gald gal1 Ba12

a8
a9
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BN
RN NN

a7

al , a2 Ra0

a4
ad
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N
K
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E“I
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N

E2-11 XRREHE
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AEMBTHAREXCENBREENURA & LANTR, LH Tw BN
RERUFE, HEAMR THAENHNAREH R, EARAEHRE
#EENES, BLRAUBEIAASARORERAT, FELER T ERAS
AERBEAR, HU T EHHAEREN, T REEEFLURAEERX,

20



BT RZE WL O E NS E BT s

3 &6y AL RS A RT A AT

HRTFERS ZRTFRANLAMT. e T, Rl FRRKNFE TR
RO BT, ARTF RURLS RERHIZEN EA G — R YEHE
ik, EANAENRERFRERANML T RBHFRBEA NN EL
FE, BZERREEE REMNRAHNSMEE BRULIERNEES TEHK
WARMEFE A, RAPEN S TORET Y, RERTRES. HFAR
THERARGORAR UK REOEFE, RUEEANTRARE T EHE
R.

ANSYS K AR S AR TN REFH—F, FRAARANZELH
ek, RGBT _EZENBS. BIFSIHRENRAGHN, FEAAEX
WEAEDR, RYETHGLH. BBERESEHATEMSRN NG T
HO, MAWX P EA ANSYS 8 BT, xTk A o &AL B
MR TEEMTURGE.

3.0 AR TA T R RER

FREHARGERAETUETEERA - MTERL, B F 74
RET. EPERSF A RARETERERE. 2 HFEHREZH. BiliE
ATHEUREFHEEE BRXAHF T RABS TP LREAEEG T
BRI E, RAA E I ek A,

(1) £XF &

o EH AT R A — R AR, T AN R TR AMY R

%, TN THA#MGHERTBE (Maxwell 5 B4) SRAHALT:

x50

K VARSAEET, HA#GERE, BA#RNER, I AfEwER
EE.
EHgY, BRZAREEEANXR: B=pH, AFp ANTAHHESR,
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BT R HW 24718 3 Bh RS RuMR

(2) TRAH%

ERRLRE A PR, FEAAERBETEANTRES, KPERE
HAEMEEEURERAE,

M AEREHE LA XS, SENSEREFRBESRTELNE,

HREG-RIANTR: F-RXARFENLRRAELNLE LR
A=0; BRLREGATEARRE L RE L8 A %% H £ 4 BB,

#A SN BT R ARG, TEENS A REELRAE.
BEAAXFALIHMER, REZERNENZAARREN LS LR TFT4
BT, EUFRERSRE LNARAEEARER.

(3) &R N

W Tk o R KRR Rt R R, MRk A a4
RARKXHEIEFRESAMAR BETUBA R R BUBERMS

SR ERER S, KX PRA ANSYS KR H R EEAH G T

R Bt #ATIHE, HGRENTELY:

e[ ([

Rk s /e LT it EX A

3287 AR S X

MTARKEE. AAERERAARENREHGRAEAY, —KTUA
WSRO A Ay AN A R AT AT B R B A
hENHR TR EEARGE LN, WARB= AR AEATAE. €44
BESH RS TH A S P RAR 2 E GEER N URE I ER, ZA
ANSYS # % workbench 3 #THRTEEI . RAEES R T:

1. BIZ4KR

DL B N. A#KLZR, ABABEEd BNGRsETERHEE

EISBAME, FAERNBERI-ANZEE, 2AERT-RAZGEAR
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WL K F B2 AR By LR B RS H R TC AT

TH 354, RERFAN part #ATAREHFERKRE, E3-1 hE N
V=R E, EH32 A RTARZHERANZERTE.

B 3-1 8 h % AL = S A

H32 AREHEH KA

2. EXMHEHE

EZ BT R H A LT solid117, 252X ABK. k. ZEAMH
B, xtA#EE XHFRRFAS, HEKRA B-H #1%; HFHRENTE
RSB TN LT HHBEURLER, E33AZANEXE, B34
ABA B E X E, E3-5RE%ARE B-H &,
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L RFH L # AR 3 B LA B R A R T

E&3§%WEXE

; Fmoateetzerommstresscmhm
54 % m DI- 1998 ASME BPY Code, Section 8, Div 2, Table
i

15-110.1

1 : v .
2 |2 A Coercive Force &Residual Induction ‘ O
3 Coercive Force 956405 | Am~1 w| [
g " 1 |
4 Residual Induction |13 | 1T v ]l
E34$ﬁﬁﬁﬁﬁix5
w;
1
2
3
4
S 318.3 1.16
6 7958 Tiw .
7 152 s o
8 | 3183 1.625
9 |97 1,665
0 ewe e
1 |79 1725
12 | 15915 1.85
13 | 31831 1.96
14 47746 2.01
15 | 63662 |2.03
16 | 1.27326+05 | 2.134
17 | 2.5465E405 2.326
18 | S.093%+05 | 2.678
19 | 7.63%4E+05 o
- S h o — - 1
A 3-5 B4k AR A9 B-H B &

3. WXL
ARIAEERTON BT RRAEEN - ANSK ABRRENTFRER
PHEMERNERMD), ATRARFHORERE, ERTRERIIHYE



B K5 # AR RED AL MRS E BT

%REF ANSYS B ¥ 08 AR BROABL S, - LRIANNE
ERARBPEL AT, REAXBBAARBRTELLE, ZHE-X &
BRI RERTHNE, E3-6 Al AR ENHN=ERBEEE.

H3-6 ZERBEAE
4. EXBRFEG
A EABE B s RE Bl E AT R A, xR & WA A 893t
EHE, B3 HEXARAEHREEAE,

0.000 - 0.080 {m) Z./“\
B 3-7 W wit R& 4

5. BREXRRE
BPENARTER, KBRTKEEEHEXER, URTH d=10mm,
R=20mm B8 17 % AL A AT R, B 3-8 Xit H15 2| 8 51 o S a3
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LK FF L #AR X BEh wh LS R H T AT

BEAKE, B39 N HAHNEANELEE. NESTUEE, £RAH
JE 4 Smm BN T, #pTREHRAMEN 23T, #IEAHHEN 183.38N.

0.000 0.050 ¢m) A
—— X

0.025

M 3.8 AHBEAHE

0.000 0.080 {m) %
M3-9 XAt HERE

3R EHA FRBHAGH

BENLFEAREZHR - M RARAASELUNIE, RREEA
BB ARITEL, A FRXABENLE, —RRABRUTERTARREF
kM, MRELARNEZHARATER AR - AERMNEI LIRS
AT RAE.



WL RF A X B UM RESH A BT AT

EEMSBERHBAT, #EANF dAMKZENEE L URHEE
fOARRE, MARARENHLAREEHNIEY, HE L REAOH
ERWEN FRABNMDSRBRTEEINE KR, BEERA TRRE
WREERYEMTER, FMTRNHERRAYAT. YAT REPNHE,
TUAYEde EERAMER T FAL, ERFHEHRATHMIHE, &
wItEAR T

F—f=m=*a
V'=v+axAT
_ ATV +V)
AS = 2
L'=L+AS
8'=0+1

B fREEEY, a APER, m ANEHENRE, VAN —HBY
EEME, VA —MBRGREME, FARIHEAN, ASHE-NRBRAFE
kg

w P KBKERES A, s 2RERN, BN T RiEH#)
RENHEAERIETREEERE RS EE BRI REBME, £ AHTRIT
B B R B AT A B . R AR o AL AT R AT B AT AR
WNEZE, KAYAMAHMKRZFAGETAT 12mm B, REKEFE£HRE
ERARLEEH SR AMBLES, FUNSHRE TH A EHNHNTE
4 12mm.

BARENHOEA S FZDRBR NN BUREEFR Y, FESA#T
%, &Ry, BREDNREABENHER N FIUHEGFILBAL
REREFHHCEN, TERAFHLREAO, BRANTROEE it
ERAT—HuRNHERLF, A BH#TERUE, EZRHESMLEN
HANL; MEBZRRY, hTEENNSKEERCHN, AFHRRTL®
ANERHT, RERBIHHRAGHUER N FRTLSAL HIHE, REIHER
HLRHEAG, BRNARTEEPHERAT - MuBN#HERA F, 5k
REHTERE, EZRAMBAENL. BEMERENRELE 3-10 A

-

e
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HHLRF M # A R 3C B MU E RS E R

FHa

v
WEL 0YeE

A

Fu=HRE

A
HRESHFARE

LA, 8'=0841

U=l-As; 872841
U=L+As; 8’041 v

LA 8'=841

e
L

WELRRM?

x
R e

PEREGHER

%R

A 3-10 BRI ERER
EER ANSYS &R E TR B A, #¥ A GUIER o AREAXHHEA.
Hob GUERARBREANRERERIAY, AeL4REANZEZA APDL
BERIHEEREMAMTHABATR ANSYS HAAARER, £+ APDL
ANSYS Parametric Design Language 4 5, B ANSYS £¥ k% & 1%,
WFER APDL EEHEESRAORAERF RS HERZAE TR
H5# 4, Bl APDL 8B 5 A RERES E.
mTEEA SR TAEZH NIRRT, BKEE L WREXHEAO
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WL RF B 2R BAnE e E RS

HEFTHEWL, FURAXFHER APDL SHLEFAEMH SR PHT
HERBTITES 2, RELFPHER T EABEE, AN IAIRLA
U AN FR:
1 RXAHBE

¥k, BRI ZINFEARFABLRXEALYRMHEY, B ET
44 %% SOLID117 #75, AR MP 4444 TENHBARTTRNMHHARY,
AEHSRURFAAANE, THABLIKED;

ET, 1, SOLID117;

MP,MURX,1,1.05

MPMGXX,1,0

MPMGYY,1,0

MP,MGZZ,1,1000000
2. 3HNERET

BiEs o EHA AR T, UAK afoEE s YXE, EA cylinder.
block $® AR L# W HHME Z & XAEA, KAEER VADD &2 ## L8
EAMEBRR, ZH VOVLAP # AR AR EE, RANSHAEE W E 3-11
FixR, EF APDL E#E#5HAERAR LR RS EHALBASKUL
NERZIFEANEN, TAABIND;

cylinder,0.003,0.02,0,0.01,a,90+a

cylinder,0.003,0.02,-5,-0.01-5,0,90

block,-0.007,0.007,-0.007,0.007,-0.012-5,-0.035-s

VADD,5,6,7,8,9,10

VADD, 15,16,17,18,19,20,21

VOVLAPALL

NUMCMP,VOLU
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BT K FW L F A0 3 R LG B REsHH T AT

H3.11 SHAHEE

3. WELL

¥ %# i MSHAPE # 4% € MMty X &, K5 EZ A ESIZE 4R AN
AN, RIEER VMESH #4 %12 W#, RAGNEDE3-12fi7, ANEFT
DUE B A A SRR B REY, RERE, TEABINE;

MSHAPE,0,3D

MSHKEY, 1

ESIZE,0.0015

TYPE,]

MAT, 1

VMESH, 1

B 3-12 MR HE

4. BRFGOHRE
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LR 2R By U RO A BT ot

%M ASEL #A4%ME, REEZA DA ®#AEHAE EAMD ReH;

ASEL,S,AREA,,107,110,1,1

DA,ALLAZ
5. X#nk

HEHBAKBERTRE, NERAERMH QI ERS, REEA EMFT
A LI KB

ANTYPE,STATIC

ALLSEL,ALL

MAGSOLV;2,,,0.001,25,0

FINISH

/POSTI

VSEL,S,VOLU,,5,8,1

VSEL,A,VOLU,,10

NSLVR,1

ESEL,ALL

EMFT
6. BEHARBHLA

* APDL EEH AR S ZABRANS 4, LR ENHERAK K,
# B *DO L R*ENDDO @A #47fE FRi f2 B9 L 8L, R A#IF. *ELSE LU X *ENDIF
EAFLARMAEHHAREE. B THENH TR - NMEERFIRTES
3 180° , MR EHNERAMN 180 K, REREFIHERANFERA UK
SREHRETUGHMEE. BEURLGEE, TEAHIRA;

*D0,i,1,180,1

V(1)=0

F(i)=_fzsum

V(i+1)=V(i)-F(i)*t/m

LE)=t*(VE)+V([i+1))2

*IF, F(i), GT, 0, THEN

*[F, s, EQ, 12, THEN
s=s, a=atl
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L RFEM LA By MR REAH A R

*ELSE
s=s+L(i), a=a+l
*ENDIF
*ELSE
*IF, s, EQ, 0, THEN
s=s, a=a+1
*ELSE
s=s-L(i), a=a+1
*ENDIF
*ENDIF
alls
fini
*ENDDO
¥ £k APDL B, R4 s=2mm, d=10mm, R=20mm ## £y % 4l
Hotsk S RBHATTHENE, BAHKEA AR R EHER R R L0 E 3-13
KE3-14 57, B3-13 PEEREERN, RERKREA.

[——s=2mm, d=10mm, R=20mm|
X

200 4

- -
8 8
A N

WA (ND
8

-1 °
>
§-
Q
<
8]
(-3
2
Z
(3]

100 “HAE (°)
B 3-13 sfER NS AN LE
BNk G AR kAR NEER AR LE 3-13 I, KA E
A K, A#RZE-E2ANRINER, #EHETED, AAZBKRE,
MAREERAANEFA, HPRASFH X £A 1846N, #HEE A E; B
3 CHB, BHF4L#THSE, CEDNE, HKEEAIHIRE S, £
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PHLKFE WL FAL 83 BAmd MBS H R

HERKREAY Ah 698N, W HHEEAMEAAE, phEXRERELLE,
BRESHFFES (ENBHAE A - BRRALERUHHEERS, ER
ZRAREEFAGURELRART A RAER I, BAKRBRANHER A
).

164 | ——s=2mm, d=10mm, R=20mm |

0 ' 100 ' 2(])0 ' 360 460
BB ()

B 3-14 e BEMEE AN TLE
34 KENG

AEMET B HERTMTOEXE LR, ZH ANSYS Sty nd
GRS Tl A SN RSTRTOEE, FERER b by &4
Hs A ERBAT TR GON, S THEFHERE, HFEH APDL &
BUETEATENMN S E ARG RNE R LR AE.
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T RFFLFA R B mE T R R BRI Bt

4 BEJ7 o E A o bk AT RS AR ALt

HAREH MO EH R EEXZ AR F B BN EANEE, wHie
REARXNAREAZ —, AREFIENEA L, MYwarHH £ F 5t
SRHTTHRRM, FERERTRURINTEE, HETRUEFEH, BT
TREER, xbah &m0 55K44T T AR

4.1 TS Hor b o o R Y AT

BT PHEBEERP AR, PR, MBI /XY, FREA
e Bt AL R A BEAEFEURR 58 TAXFRER I —KANHE
Wi, REAKFEARAIRY 550W, Ed %% 0~3000 X/min, $XEEHY
A 0~1.7), mEATLEEA 4~10mm.

BELXBERSEA B ENERENURRTHMIHHE RN, RERER
sl BB EH SR H N ENHHR T SR#TIHE, APt ERE s
HubE AR SHE: BRI E N=4, N, SH#ERHI2%(061=90° ,
02=90° ), K@K ¥ R=20mm, FHEN d=10mm, #iLRATHMKAEK
ZEHRNERY s=2mm, ZAFEEZAE 3 BEOFTEINA A » HENHNE
ERU SR ST,

4.1.1 AR 4k R B

EFRERMSHAEAT, HaRKE L 2. 4. 6 898 770 EHAGRATH
Kt TURAETRARRE ML AL —RAR SR ABERNHEA
#&, WwH41RA2F.



T KSR L2 BAwE G SRR T
18]
] —a— N=2
1.6 —e— N=4
14 / ——N=6
’3‘ 1.24
1 1.04
2 0.8
H 6]
£ 0.6
0.4 4
0.2-
0.0 4 b
-0.2 — T — Y — I v —
0 100 200 300 400 500
¥HAE ()
B4l #HBRHESHERZENXE
200 - —a— N=2

—o— N=4
—a— N=6

BEAN (N

SR ()
M 42 MRKESHERNZANXE

%k 4-1 FREBERME THEN L

MK E B # RERK | RAMERASL | #E8E | EaEa
24 1/25s 1500 137.24N 1.56 2340]
4 1% 1/50s 3000 184.60N 1.32] 3960]
6 1/75s 4500 199.70N 0.87J 3915)

HE 41 R42FHEE T, dERKXESHEREZEEELXE, XR
HFERERDE EABMEN. SRERSR K, #EHL TR —KF HHE.
HAKE N 2HA HHERA, LARKE Y 6N ERES T 793%, B1
AR ERERE; HBRKEL 6 WHHRHS T LEHRAMERNHRR KX
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WHLRF B2 i #AmE S RS R SRR

Wy, WERHEN 2 HERARERNEF 45.5%; Bk 4.1 F 0 R &6k T 0L
i, #RKE R 4O RopE i SRRy 6 HAHEETK.

# B3R ERFTONT R, ARITHE A S NERK B, ERH
ERAAEHE. AENRAEFHAERNANFTENEE. B, HRKETHT
A, TUAERERH, ATIBAETEIE TETAARERSE . Kok
BmaBEARBEEEERAD, FRERFERRDTETENA G HRFR;
LR, ARBALTIN, ENA ARG, WAFHE A THHNEEK
REX. .

WE 41 RE 42 TUEY, HTENERE R EA0E, BRKEN 4
HRAEE, BAERKE Y 2e SRR, TARKEN 6 HERMN &
ok, HTERRRITHER,

4.1.2 R A LA Ao R Y W

EFRELMAEHERT, N, S#REHR AN TR Sa 5 o &t
TEH, TURALIERG—AATEREHEEA NN T LHEERWE 43
KB 44 fir 7.

14 ——60-120
13 ——70-110
1.2 ‘ , ——80-100
1.4 i ——80-90
1.0

5091

~ 0.8 4

0.7

% 0.6
0.5

4]

T Ll T 1)
0 100 300 400

%d)gfi ®)
W43 BAAEAA SR SR ANER
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WHT K2 T+ 2A R Y AN B ST RS SRIL B3
zoo.: —a— 60-120
—e—70-110
—a— 80-100
150 ~ —v— 90-90
~ 100 4
Z |
R 50 -
& |
&
& o
$0
-100 - EHAE ()
B 44 BBAEQHSHERHZHAN xR
Z42 FEAEAATH BN
RE A 90-90 80-100 70-110 60-120
HEHE 1.32) 1.24] 1.04] 0.70J
BAHER N 184.60N 179.22N 157.96N 118.42N

WE 4-3 RE 44 Pl & T o, £61=90° , 02=90° HHATHEHRER
BEANHIRA, HILE061=60° , 62=120° WEATHHHERET
88.6%, MIEANRET 55.9%. XRE TR ENHNHCHLR HLHE
b Kok A bR XTI s xR A Y, BRI KN EBRART
RBEA A S B AR KN LR S P a3 B A, ELE R A o LA
HHEREERANHAND, $01=90° , 02=90° B, HTRENEANER
RABMH, ATURBRANEEAN RS ERE.

RA2P AR ESHKAREIT LN XE, TUREADTER, &£H
Brehak o EA R RS AEAEAE 01=00° , 02=90° BBEIRF
Wk, RENSEHHE.

413 HEEE N S AP

fE Ak Sy v A o — R, RAEREBAREEFRGES, BRGEA
HRETHRGEE. b, KHARENARTFENRBREERRX, #
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AL KZE WA B L B 4T R S MR Bt

F /U B b K, R R

ERGSEHAEGERT, UL R R e B ol Ay b Hl A o o k4
RHTMTHE, TURAEHER T AR FRRBEANNEMEEER
W 4-5 KB 4-6 fir, FRHKEE THERERFEANNRAMELRK 43
L

14 - —e—d=8mm
4 e (=0mm
1.2 4 —a—d=10mm
1 —v—d=11mm
1.0 4 —o—d=12mm
~
-
~ 0.8
[ ] J
& 0.6
| )
£ 04
0.2
0.0
0.2 T ¥ T Y T T T T T
0 100 200 300 400
BHAE (O

M 4-5 REGHER 5% & Fix &

200 —8—d=8mm
—o— d=9mm
—&— d=10mm
—v—d=11mm
—4— d=12mm

150 ~

100 4

®|AERD (ND
8

o
1

&
o
X

8

#HRE (9
H46 AHKERSAERNZ AKX R
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BT R FHLF AR B E it e R R IR

® 43 FEHEKRER THENL

HWKEE 8mm 9mm 10mm 11mm 12mm

HEeE 1.24] 1.28] 1.32] 1.34] 1.36]

RAHER 1| 178.50N 181.46N 184.60N 186.85N 188.74N

AWE 45 RE 4-6 FHEET UG, BEREKERAE P, HHEEX
HERNBLHEZHE N, ERAEMERAEER, BEX d=12mm M HRERK
WK d=8mm HE#*HEERE T 9.7% BE d=12mm H#ER H{WEE
=8mm FAER I RE T 5.7%. TREN S AGKEmE-ZHEEZE,
g RS RS R REHE LT, SRR ERANNT
BN, B e ok EHA AT, Y SN MBS HR SRR EX
WHRT, A TREKEEGHRRRBRAE, TUSRBAAKEERAEE,

414 AL B G BHYW

ABEHEEEERE T ABKNERANIRENERER, #TAET
HERBAHAGIA, A EREAEEXEENYH. B L, Kadkn¥E
HA, #AOERANERLLEA, HEARENREHREHNZEX.

EEMAETTHERAT, REATRBERAFRELB AN, 80w EH A
AR ETURARG AR ARG REEA NN EAHEER DA
47 R 48 FiR, THEEKEETHEHEREERNORAELE 44 T

e
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BT K& AT 0 B d A g T R SRR R
—=—R=16mm
1.8 4 ——R=18mm
1.6 4
144
512
" 1o
fé 0.8
® 08

Y T
0 100

200
KA )

B 47 A IEERERIFHXE

250 - —a— R=16mm
—— R=18mm
200 —&— R=20mm
150_‘ —y— R=22mm
~ 100 4
5 ]
R 501
E o
m-50-
100
150 4
200 #HBAE )
B 4.8 AEGEZ5HERNZEANXE
44 TRHEKEETHRENN L
HAREZ 16mm 18mm 20mm 22mm
HEeE 0.62) 0.92J 1.32] 1.73]
RAHEERH 116.22N 149.44N 184.60N 221.68N

MWE 47, B 48 BR 44 FHBERBRETUE L, £—XREA, HF
BELBHEA, RERERAEANEEZEA, $42 0=02mm B9 & 6
Eth¥2 2=16mm HERE T 179%, +£ R=22mm B AR A#MER /7 L+5
X 16mm BAIRE T 90.7%. ML LHBETUEY, shLEmE AN T




L RER L2483 Bhr LA E RS T R BB LRt

FHURRFROERE, ERETRAR A EABEEREHNRE, #key
FRETRERMAE K, ERTHARUNER, FTEREFRFTHE. &
FHERREERTEEE.

4.15 R/MFE B FHER PN

EYHhEHaNESEEY, RS EERARDNARR N EREE
WEE. BFRAPHAEELAMARFHARSE, FUAREDPEANT
AR R A, B o S 6 R
EXRERMSER, REAEAR s KNHEAT, it hn ENa#aTHETE
TUBEEHELG—AALTAARANSHERERBERANZAHXEZ D
B 49 KB 410 ¥F 7, FTRARTHH TR ESEERINRAERFK 4-5
i,

p —s—s=1mm

1.6 4
14 ]
1.2
”~ p
2 1.0
o]
g 0.8 .
6
£ 061
04
0.2
0.0 4

0.2 T v T - T - T v r ‘

0 100 200 300 400
EhEE ()

49 RARBE W & EHX R
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WL KF L2408 X By E s AR RS Bt Bt

—a—g=1mm

KB ()

B 410 BB EHERAZANXE
45 FRABRTHEMEH W

BANAR Smm 4mm 3mm 2mm Imm

HEeE 0.71J 0.86) 1.08J 1.32) 1.59]

BAMER N | 11691] 136.06) 158.08J 184.60) 214.25]

AWE 49, 410 k& 45 Pl AR BEETUE Y, THEAREDN,
RERA, HEANBRA, HTAERRESE; RNAR s=Imm B HFHHE
W /NAE s=Smm BHAR & T 124%, RNAE s=1mm B8R ABAER 7 th &
AER s=Smm Bk E T 83.3%. BREAARFPHHEE LA R HHEE
&%, FILABREA, #EFELABDATRRY & RER. BA, THX
ReyEANEH FREBAGAIMBAERROEA, ERABAGRAZEESE
FURE, RRAELEMIHEURZRE-RTIHEX, AINARETELR
FIHEA ., KA X Bkt s EHE, FRAMIERNER, $aAS
% E A s=2mm.

42 R R ENHE RIS H AR AR

EA T AN R ERA A EM SR PG, B &%
RPMBRANREE, WECENERBY, REALRERY, X hw &
Pt ey £ ER T SKATRL R

42




BT REW AR By v LR e e 0T R B R AL Bt

420 R ERRERBEHER

ERRISHBTRARUZN, EAABRAIRPIARUEE, 4 EH
FraE, RERBERFFITEANE, AERLIBET.
1. RitRENBK

¥R T ER SR SR RNBART TN TURERITEES
HEWELEHXEATEL, GEERIABNAH A T XL BENETHAE
R, MRHE N=4, HEAZTLHIA, BAEAR =2mm BREHESHE,
Ut AR R B R B AR B AT (R AL R AT R B R R 1E.

HMEEEREALEIRNEEXZEA R SN S8, TEHEARE
TABMBARE m, AMARTEETROEFE, KTULBUEER K
HERARATRFHLARE.
2. BfFE¥NHE

EEMARRERS, HEARENNREEORMEE DR R LR &
BE QUAAHKNEARR YV, HWEHE QHANMNAETEMIMHNEER,
AHEER VAR THRREAMKNS Y, HTACECET RAZFRE.
B X8 Sy b & A BHATRARIE, REAEEHFRIANMNEER, FUARR
XFRIHLEFBERKDT:

G(X)=1-W1*Q/W2*V

R WIHQW2HV REEMRR A KRR REG F 8, V=47Rd,
Wi W2 A EFRERMREM, TUREREGA*TRE, BFRAXP A
HFH LR ESEER, BTUEE WI=1, W2=1.
3. HERERWEE

E#TRURUTZH, RIFRERIR I RERMZEFER, LFELE
AENBRE, BARAENREEEXZAERAUNERRETR, WHELY
FRAERGEFYE, FURENAGBOREF RHTRAAASEE, HBT
it (Design of Experiment) Z UR EVHHRAM KR EMARREREEL
HEARRARITTE, BTEAAAE. BRAEESRA, FUB ZHNA
FILEF HEZRREEEEF,

BEREANRRIIT TR ALETFRR R EXRRRIT. BT RBE
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L REW AR

B LR b R A AT R B BRI R

W ERHHRBTOTELA, ENRRTFTEEANE, TESRTEERS
RERGAHAFAAY, BFAXPHEERIREEATFHRGURD, &
TUABREAGLETFRERITEIRBEE T . 2B THERITEHBATE
®it, REFABROENFEAATFAEHRTRNRRA, XRANKAHZ
REHELERS, &Y ERRRARNELREA.

o X PR, REHEALE R BREE dARARITTHEMTERE,
% B IR B N 8<d<12, 18<R<22, ZBE R B WK 8,9, 10, 11,12],[ 18,19, 20,
21, 2]F T2 EFL, RATEHT 25 KR,

BEART I RANERARTHENE, RE BRI E T UFZ KA

EAFR B, SAERERSEHEERK 4.1 TR
& 4-6 HEAR A RN

REX | dmm R/mm QI Viem® G
1 8 18 0.84 18.10 0.954
2 8 19 1.02 19.10 0.947
3 8 20 1.24 20.11 0.938
4 8 21 1.44 21.11 0.932
5 8 2 1.65 22.12 0.926
6 9 18 0.88 20.36 0.957
7 9 19 1.07 21.49 0.950
8 9 20 1.28 22.62 0.943
9 9 21 1.48 23.75 0.938
10 9 22 1.70 24.88 0.930
11 10 18 0.92 22.62 0.960
12 10 19 111 23.88 0.954
13 10 20 1.32 25.13 0.948
14 10 21 1.52 26.39 0.942
15 10 22 1.73 27.65 0.934
16 1 18 0.95 24.88 0.962
17 11 19 1.14 26.26 0.956




WL REF L AR X AL B AT R B BRI Rt

%46 (%)
18 11 20 1.34 27.65 0.950
19 11 21 1.55 29.03 0.945
20 11 22 1.75 30.41 0.938
21 12 18 0.97 27.14 0.964
22 12 19 1.17 28.65 0.958
23 12 20 1.36 30.16 0.953
24 12 21 1.58 31.67 0.949
25 12 22 1.77 33.18 0.944

422 REER G2

RELARHEHEERD, ERUMELERTURSERELANEE RN
WHA, B-AASTERRTRENEENEEEAD. ZAREEERA
REREINEKE, BETERK, EERITRAECFREAMERLE Z. H
EREEMNTRAREN, ERFERHATRANERRE, ERARITFLE
% F A 7 S Kriging 3%, MR B AE AR HOEX A, A
PHBARITEEATESR FUAXPRABEAN S AAME ERRTRE
BRAGNE, REBATT-FHRARIT.

W N E 3% (Response Surface Methodology) & % H#{ % K Box ¢ Wilson
F 1951 FRERE, AR BENHAERENEREREL RS
B, FRAMBEEENRBRF AR KRB R RN X B HNZANKE, —
BRBRRAN -REZIEMNBERK FAAMNERBENKEREALT:

f(x)=a°+Zai-xi+ZZaij-xixj+ --------
i=1 i=1 jzi

APLR 1 EHRExHNE MR, Do, GRURSZFAHEH.

HFSRAMEENRFERRENER, FURXFHRA Matlab FEA
B4 RAMN EERFTEMR, K41 PERERN Matlab KEFHHEE,
R B Surface Fitting B A ¥ #T M F RAMN A HA, REEwE 411 i
.
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L RFHFAR T BhE U BE T RS BT

S CCO=HWETE |
.0 Gvs R, d J

0.96 ~.
096 & N
098 4o E

0.03 <o
12

2

B 4-11 —H TR0 N EHREE
H% matlab T A M FR PN EH S ARN:
G(x)=1.145-0.0144x,-0.002037x,+0.0001x,2+0.00043x,*x,-0.0001571x,*
HTREMSBRIANSFARRRE T, REEI ARBTANRTRE, 73
WERK: 0955, 0947, 0942, HEFFHHEEZEHREN: 02%, 0.3%,
03%, TREMFANGSIRAMBR LBHASN, TUATFT-FHRL.

423 XEEBIR

ZHEE % (Genetic Algorithm, 7k GA) RELFRERRE—H2R %
%, ERATERAXAYRURGERLBREFE RARENENHENEE
FoyE, ATREELAAEANE. HTRERSGHFUFL LA, U
EIRFIREUERRBRE TS LR A,

REEARIEN: CAUBLENSLR% RERTAZ. FH. XX
FERERE ERBE-—R-—RaFHFERL HAHRE —EHLLEREAL
0, LAKIRAEELE 4-12 T 7.



WHLRFEH 200X Reh AL i RS BT R S BRI BT

()

3

TS

HENERE

B412 ZEEERER
ZF Matlab # R EER IR LS HBANS TARB EED 2
FEFRAE, REBEABEAMLY 100, FKhEN 1004K, 2151 K&RE,
TIUBERMAAHN219 8.1), MG (x) EN 09259, shrtakf s HHte
Godeks, EEREFTRBANREAELE 41357,
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HHT KWL 2478 3 B A T B T RSB R
oo T T Best 092593 Mean 082533 T TR TR
R LT -

*  DBest ftness
+  Mean finess
095}
i 0845}, ¢
.8
o 094}
2
¥ E *
095t °,
' o % -
© 083F °, :
M“.“
n.m 1 L. 1 ] A1 L. - . 1 A J
v D 1M X N0 4 % 0 70 B W 10
@m . Generation o L Mé

K413 ZEEERRAE

¥ ERARUERE N ANSYS FEERFHTHEAFE, TURE W H &
ERWE 414 fiF, BERNHERIE 415 7,

1.5 4

1.6 -

F—R=21.9mm, d=8.1mm|

T —T T
200 300

HHBRE ()
414 ERENTLEE

T
100 400
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WL RFER L FAR X B LA R T R S AR Bt

[——R=21.9mm, d=8.1mm]|

—ts
| m\\<j w\\J
-150

BHRE )

N
8
1

[4
8
1

-
1

-
i

8
i

BEA T (ND
8

-
i

.200 -

B 415 #iEA B Rl 4
fhitle, EFEK G (x) EH 09259, WAHE (R=20mm, d=10mm
) BT 0.022, B RHEGHAARRE. HLTEZARIANEE @®
WEHMANAEHEN 169, WHHERET 28%, K#ELERY
22.29cm®, HATHERRAN T 12.7%.

43 KENE

AEEEANTHAKE . AEAEIA . HEER. #ELE. ZOHRK
SR SHR EURNP W, REAZLRIT SR BT HKTERARE
BEARLRITEE, WRTEFERG (x), ZBXTHEERERE, REZ
RBEEERTT IR BATAEEANAROREA, EXHEITERR, &
WY RN EHE.

49



WL RFEH L EA R LTS R R

5 FHLA B R L R AT

5.1 8w AL B KB AT

ATREWNREES ANSYS ZEREURG AT ARG ERYE, AAX TR
HTHAMANF E, BRTHA R SV AR 2 RTRE, WAERL
RETHARESHERE EABMBZ EANBERN, #EIRERFRANLERS G
AN ERETA KRB EER N ERN.

5.1.1 R 57 %A

AIRNERENRMUBEFLRLEARRT, ZAE S & & LAEKZE
HEER AN, PRERIMUEAEANNALS, RENERONE 0T %
RED A UT LA
L ZBRERANAZTHEENES, NTESRARMANANME, £,

ERWATUAES. BHAIFE;

2. REIGEHTE, BIWEMERREEE T HHME N HAME

3. REEBEAAKX, BAWEREELRAETERNE NG KD

4. REMBHFRXER, NEEHRMEHER THRETER T~ LHEEX
£ HAE HHE,

N ERRLBT RSB S A RERME RN ATNE, ERASE -
By EN L REANRELER NS, BB EN TN R TR
HOKNZR T EELFHNR S EARBAT L.

ARXFAARANERRMEL G REH AN TREATENAEER
AAM BTFRBHEAGUE, RELFRENIRREFAURAENHAEXK,
HRTRE—FFE, NEABRETHERTENERRUEHER 7 AN,

512 5B

HFH AR ENMER R B P NERTRE N E &, K 8 M A H A
REEHETHARA, REEEMREER THHAIB PR E R THAER
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WL RFEHZ AR FEPLBTE R LR

AWAN, BEARXEMELH TR SRR MGETH —ERme, WEL
Bl AT &R LHEERNAAN, URBIEGEMTHEH %,

XEHEEFRELES1 7, BAXRRBADRESE, RYH4n

B, REEZARMEARMS EANAMEH, ERETHSHEEN—RE

BRR BUAGHNE SRGRBEEHN, ERUETHLEANER, NEANUS

MARBHEE, SRIGRFHRIBHHH, REKIANEFRE RS,

M ER2TARERNLEERE MR A, LHEETHSFERE,
B ERM TN AR T SUTE R AR oA,

A /e

j\

Nowrrinnn e

BS51 EREER
B, 1-XRE, 2238, 3-H&, 458, 5-8&, 64, 7-K#
K, 8-K#iK, - EH, 10-REEH, U-HER, 12-BETHE
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WHL K F L2 0R3 FELBT 6 R RS

RAETTH

A

NERF

v

N1 9235 1/4 T Atiisk

y

NicRIO-9112 TTEEE RN

y

NI cRI0-9012 BaeSERF it A K HIg

v

pve A g

HIERES R

B 52 AkERER

BANRHER A AREWE S 2T, ¥5RETH2ENNERT LK
ARNERMNE, RERESES o LB TR b2 ANE, FE
MELFEEEEENTL, NIO23S 14 HETRERKHXEHTHNES, F
A4 NICRIO-9112 FNKHE A, % & NICRIO-9012 2% {5 TR A X
HRTRE, REFNGFHE, BRLLEHBEACHEY, REE LabVIEW
R PRI BRE LB RN,

AL R TR £ SR EHE 4B NICRIO-9012, HL4 NI cRIOI112, &
FRHAE R NI 0235 RECHHE (LERER, 4B HE, PCHLE) 4K
&,

F 4 NI cRIO-9012 sk A\ A 5 Bt 42 % 2 & A — 4 400 MHz Freescale MPC5200
BT L AEE, 4 64MBDRAM A% 7 128MB ¥ H R ERMR, B%E
T EGLEMA. NI cRIO-9012 1 10/100Mb/s LA RO, TELAN
%. WEA WebHTTP)fo X t-(FTP)R# B Lt 428 15,

NI cRIO-9112 & —# 8 # . R A Xilinx Virtex-5 # /0 # FPGA TEHREH
FNRIAE, BAERORER S, FTHIT NILabVIEW KR B € XE .
NI cRIO-9112 $&: ¥ 3% # f£77 CompactRIO IO Bk th & BHE 4, H EHHZSE
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WL KBRS PEALBTE R SR A

MEH. BERESTE.

NI9235 & —#% 8 ##, V4 i R K #sk, RF 24 4L AD 2 H £ 7 10Ks/s/
BENRERE, EADABHRERENE. ERERERR, THEEEE 14
FEEE, AARBAREERNELRE. kb BMRHSBRENFAS R
#, THYRAPEALED. BEENTENZETFHTESNE.

RABENI9235 thee B EFE I 5.3 RIE 54, TUR T E 14 FERRNERY
B AR T

REREEE R=R=R, N BB ERHEETHNEREE Ry, &
Ri=R=Rs=Rs=Rs, MK H B KEEN ARNIO23S it A AUU , BE
R

R3 Rl
AU= U- U
Ry+R,+AR  R+R,
4AU
AR 48U [ 4p
R 2AU+U Zf\JU+1 2u+1

HEdu=AUNU, & NI9235ERhEymbME.

TUBREAEERHEE e X
_1AR 4
*TKR K@t
£d K ARERHREERK

o 1/4 FRE R NAE IR N1 9235 ty e R B W i 5-3 BT .

A 5-3N19235 th e 36 B 22 B
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WL K F L #4183 FEDLBH BRI R LR o4

AR EATE AT URAEREBE WA 54 7

1 1
Re ||R2
"

el @

Rs | [Rs
T T

H 54 e BE
ERANBURBARERTENNE c 25, TUREHB I FFEE e 5
HEAFZENXZ, KEBMTHFTIHEENE, AR P ENRKARE
RAdt, BEARBR 5-1Hi7.

F=EeA
HPENRUMAMAEEEE, A VEKETR.
TEABEFNTIRAE, ETESSHERHAHLEE, Bs56 ABHE

NI cRIO-9012. #L#& NI cRIO-9112 & fi & WX B4k N19235, B 5-7 K ENER
SREEHA.

Bs55 RERMEEE



L RFMLFARI FEHLBT G R LR AT

H57EREER
513 ERER5 4

ALIRNEEENARN F—, AR IRNERRIEH % & FEH
ERMRTEAY, £=, ELERGERRINAERR LT REY N EH
HREHR .

1. B & REARIE

AR EHANERRERR LD B &/ E N, S RREHT| o Rtk
ZENRREF2RBRTERF AR S, ATRES E A &R EL
HEY.
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L KE W #0083 PENLBR I R LR AMf

EREHIRETRREEATAUREH & LAKRZ ANEERN, EXK
ERAMSHNERT, MEYEKEBRY 2mm f e #5550 — B Wb &R A7
T HERNNE TURA - ARERANFSHFAKOZFHX R &
B 5-10 Fr %=,

WERS (N
$3.3888%8

300 ~
400 -

600 -+~ T T T T
20 0 20 40 60 80 100 120 140 160 180 200
“N/E

Bs5-10 AN F 540K O X FM X%

EES-10%, EENEFL, REARI L. AE5-10 P& TUES,
E#AOE 045° RENEERAANRAAMFA, & 45-135° REARAAR
gl A7, #135-180° EEAXAAHF Y. BRAEEANNMET N E
RE#THIE, RSXERTERFHREINN, ARG & EBE R+ &
E.
2. GEITEEBNRIE

KMEREWHEERANES ANSYS (F ERA i+ EE R EHTA L, Mk
W&WmAE 5-11 fiR, RYANEERAEZRAUERANGEEANE, THEEA
ANSYS PR BB R ERANE. AEFTUAREHRABRAK LR
By, BRARA—EMNRE, AES1FTUHEGEY, ZREREH
KHEHEREE 10%ELENRE. 8RN, TURRHEERENEREER
LTFAEA: —RANSYS PRI EMA R ER A, SEINRBEE-EH
R, FIAFENERETE—EHRE;, —RELREREEIRY, XK
NERBREESHAE—EHRE, A\TREERERGAFE—CHRE, ERA
BRE, GEEREEZRERUE &K, TUANFETEHRRERM,
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WL R%EBLFAR X FEVLBT 6 R LR A

400 -
| .
200 \ /
' Y.
% ]
R 0
B
&
200 -
1 —u— FHLER
. S e
m ¥ T 1 F ¥ T v T ¥ ¥ 1]
20 0 20 40 60 80 100 120 140 160 180 200
¥R C)
511 ZRERSGRETELERNAWE
*x51 EREGEREM
# K HEER ERER RE
0° 376.5876 330.5068 12.2%
10° 320.8546 281.1969 12.3%
20° 228.3686 198.99904 12.8%
30° 124.9282 107.1089 14.2%
40° 10.87269 9.43045 13.2%
50° -94.7256 -81.2815 14.1%
60° -194.165 -171.08825 11.8%
70° -297.389 -263.0916 11.5%
80° -393.93 -348.0882 11.6%
90° -443.639 -392.9472 11.4%
100° -394.61 -351.2485 10.9%
110° -301.281 -266.3304 11.6%
120° -195.493 -179.6773 8.1%
130° -91.7638 -79.0673 13.8%
140° 10.2027 9.0313 11.4%
150° 121.1692 103.9728 14.1%
160° 228.3278 198.0171 13.2%
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WAL KFMLF AR X FENLBE B R LRI

%51 (%)

170° 322.3556 282.897 12.2%

180° 375.779 329.4115 12.3%

5.2 BHIAH

ARXREBREAN¥ELKBHE (50675197,51075356) K AfiLE &
ARBERORBTRTH, AN REHIERRAR, 55REFHEH
BE. {EFFR. BEEHRIT. FRERMTRRLRT. ZRBRT
BENERBAREENRY, ESHRIARYM-—RLLINEHET, TR TET
ABED LA ED RO KBRUAAR, HECELIRAFRPRETRYRE A
wE, ERHREER L, AR SN IE - SR T E, #TTIRER
. ERHEA. K. RFFEFERLT TOVEERE LS HRRAN.

EFEFRRBET, KRXHATEFBRANAGENEHRE, EHEAW
TP RA T 2 Rsak, RAHATEH, AREGSLATRT ReH
W, FRERAFREHEAT A EHELEIERE, BRTEANERE
H. REKGEHNE 5-10, 5-11 T, XPES- 10 A EEHFERREHNE,
BS-11 ha A BRIy,

B 510 EEHERELHE
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LR FB L FAR FEDLBT 6 R LR 547

BS511 #hnEREE4EEETIHE
53 KNG

AEREZTUARERANNER T, RERANEOARE BB TRt
fTRE, ZANSHRESEEARAEEHRTTNE, AULEREHEER
#HATTHUERN, AR THEARERENTTYE, WRIETARTHEER S
E#H%.
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HILRET 2RI BHESRE

6 KE5RE

6.1 ¥ &

HHBEXFRNE S8R RX#E & RBERHT T EMRIT LR
HH AN, HEBRUSKBAT TR, FERTERTS, BETHES
WANEHYE, FEIHEEEQEUTIANFE:

. REfFEHANAELES &P, BRAHKZ AT LHBE N REAE
HEHefkR, SAA N EHHEEER EEH,

2. RETHAAENHHRIT R, dr a7 RENEHEITRSR
w#, FRELAGENGERE, RATAERHEE, RAEWLT #EHH
ME M, RE TAMANTEAERTEYE.

3. BATHAWENMHNARTOATRE, 8T HEE )% HHAH a2
FURZAER, M TEM R BN G R RUAR, AFRE A wE
ERITRE T HbEA.

4, ELTHARELENGEERY, 2 THENR. #EER. ZEEE.
BEPEAN. BERREZZEHSHANU N HEHRNTH, FHRET
REHR, ZATRETESHNMRARIL,

5. BRATHEANGNATSE, BRLRRETH N SN TAEURA
RTER S ERE.

62 ¥

BHTANRUHRARR - AREAELRURARG T, AXKHEA %
FHARRGHER A TREH RIS, ERELELZALP FATERTAE, A
fm:

1. #EAREHHGRERERT U —FRTRATE AERAEH i

LREsERNE, NRBEFHZHFRR.

2. AAEMHNAENHARTGEREERT - oM, REEAELRY
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AT K F WL F 008 3 BEERE

£ LRAT MRS, FETUEAEEEN G oM EA b #
fTAmEN R AR,

3. ATHARANESRAN, dORTHHRGHRGRRZALLEY,
TUXRAAN AR EH T AT, Boili, £2E. w4, 2R
% ETAALARANRENANER.
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