ABSTRACT

Flux reveral machine (FRM) is a novel doubly salient permanent-magnet
machine (DSPM). It was brought faward by R.P.Deodhar and others. And they carried
on the research of preliminary theory and experiment. Thereafter, some scholars
studied structural design and electromagnetic field of FRM. At present, the research of
FRM is still in the initial stage and only stays in the step of preliminary theory
research and protype experiment. There are still many deficiencies in the structure and
the performance. The basic structure and working principle of FRM is discussed in
this paper. It’s mathematic model is deduced. The methods of optimum designing
magnetic structure in FRM, which based on fully considering of the magnetic field
characters, are proposed in this paper. The methods weaken cogging torque in FRM
effectively and make it operate steadily on the premise of guarantee its own merits.

Finite element method (FEM) is used to solve the electromagnetic field of FRM.
The electromagnetic field distribution and operational feature of FRM can be analysed
through the computed results. To obtain ideal model, the electromagnetic fields of
different stator and rotor structures are analysed. The three-phase 6/8 polar FRM
structure is acquired finally. The permenant-magnet is NdFeB and its remnant
magnetism and coercive force are both high. The width poles and corresponding
narraw poles of the stator is paired in the space. The rotor laminated core is divided
into three sections along axial direction. This new structure, which is based on the the
premise of maximizing its specific power, can weaken cogging torque effectively and
output optimal running performance.

Corresponding control strategy suit to this new class of machine, which
combines the control theory of brushless direct current motor and switch reluctance
motor, is concluded. The method is variable angle and voltage pulse-width modulation
(PWM) control combination. And the hardware control system is briefly designed,
which takes DSP chip TMS320LF2407A as the core device.

KEY WORDS: Flux Reveral Machine, Magnetic Path Design, Cogging Torque,
Finite Element Method, Control strategy
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H H_TTE 992kA/m, B RBEEEEIEIE 397.9k/m3, 2 H RTHLM e BT Bk BiAA
¥le ARG E BBl K AR 2k i B 3-1 P

o T T T Iﬁ, (Gs
200 i c b

—L_;—_%XSOW

08 13

NdFeB~N38H
P 3-1 A [aJE 5 T Bl Bk AR A R e 7R B B 2%
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RERFBMLFARX B=F NAH BT ROE R LT8O

AT RENFEREL, BOE R R AL R A Sk RE, DUE BB
FABUR SR R B FBT R, BRIRBEEF T e, SRBIZRE™ £ KIBOE
AL BRI T 7= A 95 RO R0

3.2 B ER BN SRR AR

ATETFHHE, THEHEeE, EFXHE_ENERTESIT. BTRS
ZEF FRM HTHIRA: BiMRAKEZHSER EFRARETASHR
BB EHRTHROBRBA G WA, KATHAT I FRE.

(1) ZEEEHUIREIBBN, MHEHMEASSILM, BURTEELXER JMRE
Bl A RFHRSE, BJ=J,4=4.

(2) BHSFELSESIRS, TUBEAT. B, EFHRORE—F
KERHAIE.

) BLBMHMSRRS RN . TR, R 28R RN .

(4) RSB LAKBERBSSR.

B8 = 1) S LRI e KRG L —H, BT LR A T B E R BB LK
BB FER, BRERSMNERXRRY, TR EAT LA 2 B2
ME=ER . KEAERARAEII % (1) KRR A 700 B J R i —
— R ERAET ;s (2) NTEKBE AL LA IR M B —— i A . KA
FH TSR, REERE KBV S RUES MK AR TRR#IT I,
NFESMEUAR g, URBEBNEHN H,, R HERE S
MEE, WHELBRWT.

SR KEAE, MEABERKHWARE, THERBIM AL, B
L2

B=p,(M+H)
= (H+M,+M) G-

AP B— KA T ARBENERE, B4 T;

H— KB TR R38R, B4l A/m;

M—K R TAE A REAL SR, 847 A/m;

M— KB AR R RBALERE, B A/m;

M — KB AR RN AR, B4 A/m.
—fRIER T, KEARRB R IR RKRE THE RSB R RS, B

M =yH (3-2)
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KEREBL A8 B=% NAEMITTEX SR PR BYET R

KP  y—KEARBL RS
x EMNEIR I E g 2 AFERZXRR, p=1+y . RAELXTE

B=pyoH+poM, (3-3)

EXBERTERREME, EHTEAREME RAET: MTHHE,
wB—E: NTFEE, pR—KRE. W EXBWUBIEE, HEEBKBANTE
W H, WH

rot( B )=rot(M’

r r

) 34

ERAE R BRI REN, AT KRR, W AR
B J, KRBT, B

J, =rot( M., (3-5)
H kB R AR, W LR KR & | R R, T T EEA
B3 3T K A REIR A B W FK e K 5 RRERE 1S, X5 ERER R, B
2, BRI EMEEREERGIETELERHE, K dRELRE %,
Bkt E g E.
MR KBRS AL, BEAABE R LR M AX/DNEFREHER, KR
BARERERRAFERE AT, MEFITT M AKEENE L, FE—BES¥ME
BLIL, KHEPAR T B R N 3-2 B

tw

Bl 3-2 KBk R IRTY

OJOJOJO]
—
®E®®

XREHT KA USIXENZ S E, M, HIRAESE, M, HEEAE
A%, EX R AT AR S, KRR

_ M xn
A,

J

5

(3-6)

KNP KA SE ) A7 8 .
R RO R, IR SR BRE S ERERNLF4& L,
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RERZETAF AR B=F NAHRIU AN A ) LT R

WRUT TR ZM

D) -, )=, (3-7)
Kb KRR T S SRR R
AR RA AT, SRS -0 R A EEFRA, B0 R
BRLS BRI, TP Rt SR TR %, A BT B B R
R MU SR, (75 B R E— W B R S TR,
PR A e B, BT RAE AR A, SRS E
3-3 FiTR.

B 3-3 TREFHILE

53 REH KB
(., 04 )
W, =[5 )Adl (-8)
O P ]
W= I( v, an)Adl (3-9)
W, =W +W;
04 04
= [[(v. )~ En‘)]"‘”
= [J.Ad (3-10)
3IHNERBEHRRTHRE

A U= 6/8 HhEGH R XY AT ANR, AE5LRENEES, R
P BB E S Hn & 3-1 Bior.
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KEXERMLFEAIBX B=F NAERTAEAEER X BT R
£3-1 BRHDPBIHENSE

G BHLSH BE Ly0A
R 3
L8 6

e sz 155 mm
nE 92 mm
%4 8

L sz 91 mm
ZE 38 mm

Ktk e NdFeB
| 137 T

B ABRKE 0.5 mm

B HLAET R = HEE R MR YA XARHEEN SEX, B
T—ANEBBTABAN, SMHALSE240° BAE. SEHFRWE 2-5 B, %
ER S 120° RAK, BEHE60° BAK; RERMTFHE120° HAE, B
B 60° HAK. HTHERMBHEETRPEN, REEIESEREERE
FI AR B B TR R E . X T 6/8 tRBE R FA B, BYEEK2p=8, &
Ao B AT LB A FE O 360° /8=45° , Bl 120° A FEXT B ALK £ B R Y
A 120° /8=15° . Bk, WmEME A HTEFRAPLESE FRPLZHEE
AMALEBERR A, B 0° , BEER FIEER s, BRIMBLEK
RN R BEh AR BRI ME 24 PR, AXRAZEERITHITHE,
ETMEEE, #FEYNE T REEFIARME, & RS S mER,
EANMBHEREEEEIHNMNEEZSENZRNL. BRARN R BEIHEAT

v
dr
- N2 99
40 dr
do
=22 N2 311
zf a0 (3-11)

e

KEAHFLTFEMACEN, g TABNREHE BARREIT
B AV A R RS, B MY ERRUAEE, HRUSHEENE
¥, MEIETFESRRNREEBMRUKEE RERUETRBAKOPIKE
B30 57 o Wl R 1) AU R B RN s B B A SO R SRR A
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R REW L F 03 B=F NAFRTATENEER R RILEHT R

50Hz, AR HFARGRA 807 8k 0 BE L1 SR E L0 Pl P BRI IR LB 3, LA
K VI(m-t) o FIFIH PR ICH BT8R4 B2 W7 UK S [R) 67 B i e 1 BT R O34 58,
TE5E FERB A BB, XMEEEN Y ERER. B BT R M RGE K
ERXEHNBENEESRIER, BNRBIHHMEEEE.

MFHBEX-EEHNSH, HANRETHEER, WHSHEERERX.
BEHRGER BB E R E TRBENRRR, ARUHERTR, K
KRB RHEATERRART KKETK, EFTRMELHELHEZL,
B, BRENMEATXERFENZH,

3.3.1 k#EEHR. REAARBENHE

B TR K B AR B LB, BT LU A LI RERT AR T S5 %
B, ERIERNARMERT, REMD HREMGKIMKEANER,

(1) BEPLEEHIMTTRETT 7 BIHE E

L fe 2 S B B R B A KR, — SRR LEE, BEMT
B R . SRR RHERAROCARL A, mIdEmA 3-4a) B
e IXFHEHKBATE R RRE, —BRE 40%-60%EA. hTHREKE
MERFIEZ, AMIXRETE 340) FinELEeA LA B, MK
BT RO R 2R 7 2 80% A L, ERTLAREIM I T E.

T
T
Y
: T

(a) FLR (b) FH¥zk
B34 HBRKEREH

MERATLERMEREAS AU EHBREH R OB AT E
REME S ROBGIHLAEMAR, FETRTZHHEME. ERHEFMEY
HIFOER T, S8BT Mit S, Eaild bR RS rNFE
BLAEAEAK.



RERFMLZHRI B=F NAA R U AR A R R AU AT R

FEKREENLS, TR TERER L B, TR TEREAR I FE i 0 XA AT TR AT
B AT & 3-5 FR.

(a) FATRER (b) i T
B 3-5 T BRETEET

SEAT FEHE R BEAL 5 BPEAT T REA R POk, REASE 2GR A ki
TR R WA 3-5(2) in, RAROLREWR TR BKELER R TR
K 3-5(0) i, YSHIMERTE AB 1 CD R EF M RE KNS

T =J, (3-12)

R J, LRAABREE.

T ARILERECH 0.6~0.9 # 2 R ER BN, RR AL AT R SREOE S
B 17%~33%, BEERFEMFHEBTEEY. XEEHRN 6/8 HRRE K =X
LSRG ECA 6, RAXFHEH M RMEAK. B THLER THER41,
RAFATRUEER 5L

(2) KHEARREFLE B %

Wi 7 KM REWATE A NG, E82S38WE 3-1 FFIMEHT,
BT Rk ) B R TR K AR B« KR I B S R L AT R
HR, KKK EE SRR KA T MAKE. DUEFHRILY 45° , K
L EUKEEARRI 22.5° , BEFRIN22.5° MITERDLE, REEFATEAD
A E W A 2 At L. FRM FIRE ) 2 FRGE % 5 5 i B 3-6 BT .

KR LRI, MNAZBR AT ST L B REY) R PN ) B OE B B AN RE K
&, WAGELHM, FANEELELFHE. SHPUKEEERS 5% 3.5mm.
4mm. 4.5mm. Smm BN AEH, BHERTEKEFTERETFE—A 90° BAE
AARFE A EAAMGEE, KIEEE TR PIEHEERR 4%, XTHPLE A
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R R F L F AR I B=% NAHRITT X RE R R LT 8o

TR E R RE S ARG, KIKREARER 4.5mm FBER 4376 100 05 b 22
Mo LUSFTRFFE FRM 5 K KA FERE R 4.5mm f) FUR K BE A4 .

NODAL SOLUTION

aTee=1

sm =1

TIME=]2

Az

RSTE=0

o =-. 022533

=M =.022535
=.021784
=.D20281
-.017277
-.0157714
-.01277
-. 009765
-.008263
=.0035258
-. 003756
-, 7518-01

SEN =.212E-05
SEX =2.5

.212E-05
= 2777197
- 555592
.833388
1.111
1.389
1.667
1.945
2.222
2.5

BE00000E

(b) ML AR
Pl 3-6 R S5z () X e LA i 0 2 ARl 5 E 0 A R

332 BFEUMHEER BN BHEM
B0 S Bl LS el AL (REERAT) SE TEAR

P=P+P (3-13)
Hep PAMARIEINE, POERBIHE, X5HUHMENMEX; PR,
R=Yei (3-14)
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REBRE L ELLR B=F MAHRTAVEN#IER @A BT R

EREEHAE B BEANE, ROFRERIENR B, FURTR
RG3E BB HLET, AR E S R B LA R A RIX — S B R R . R R B
KER (3-11) R

NAABRLRETE, BERELHEHE, §ER0EETFRIINE, R
B FHAEBNTL. EFRIN 45° , H ERKBUERIR 22.5° , Kk
HELBRAR, TR, EE45mm; BTFXAE 3-7 iniEs T,

B3-7 BEkEAABMERER

EH—MEREAY, BHEAFEETE 1200 KETHTR, NHKIET
X (BHIERSE 120° , Wil 60° , BREASFE 120° ). SHIrBHAZANK
fzhBa, BT BHSHERXIFRYE, FETR AT, TRRE T4
AFD BN, U F ORI P OIR S 2 FORET OMAESARGSE
BA0° , WIuh i ZAE BAKMELGE S 0, B FIER 90° WA, 2
B 0 AFIRMEE (BAESERME. KRR, B
KT 3T LUE B RR I AS SR RN IR L Bh H AR AL D dh 4%, 3B PT A SnIX —
HIZTE—ANE R AR 360° M4 AL P VBN R B Eh B AE DL 7 ATiX 90° L fl
FEFH 0° B 60° AR R R BB B 5L AT LAME b K e - AR AT {E
i, EALAERY R B B A A

E AR A AR AL 5 |2 YR L L B 4 B A4k B 8 50 T 43 A H R TS EL
BN R A A FRILEE. HFRILERMN 14° ZH0F 18° FEMK
HEh A GEFHSA RN O KE B Sam LB Ar RN R B5%) mE 3-8 B
Re

HiPE 3-8(b) AT W, 7F 0° ~60° AKX, FrRIIMEEA 16° B HIKMN
Rz, BEEER, FARUENFE, AUEERD, SUFHEHRME
BEA (X—HEESRMREHBMERETETER). FTESEFIRIIRLERE N
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KEXFBLFAR F=T N R EN R R F R LT B

16° , XHELEHUMRN, KEMBRNR B3R HIEH,

e
>
]
R
b
2]
#®
i 0 ' 2lU ) -;0 ) (:ﬂ ) x'u ) l(‘m ) li()
HARE (°)
(2) TR R AR R B 53 thak
240
2284
- 2004
£
2 .-
R 1754
R
&
& 1504
a5
Lo iiﬁ...'.-.'-.
0 1 U] 20 30 40 hf] 60
HAK ()

(b) RFEIE TR KB R BEh ML 0° B 60° WA KA
B 3-8 NEFTFIRINTE RER MmN i s 3h B sk

HEETHRIEE 160 BHNET, BIERTMHIRA, BESTHR
¥, ®FSMEN, ERTRIORE, WA 3-90) POML, HIRBEETHEN
A%, THAMAYLKRE. SHVTRA 3-90) FIrMERSETFEM, THUH
BEIRLEHF T RIGRBEE S RAKSR, RABHEE T 5ERR TR
SAmE 3-10 Bin. EXERTAEN, MERAERETSEHHE TR
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PR YR R A VA7 P N RAT PR ICHr ont Rl R () 3 LI AT Bt

LT SR S B 2 5 R B, R R T4 1 I IR S s 3l 3408 SE P A

,Sigﬁ\\i_ __}/”QGE_
NS ofo

(@) AHE T ORERHT
39 #FIEi

(a) BWHETEET 0° MAIMEH 2
HODAL SOLUTION

HSUN [AVG)
F3Y3~0
FowerGraphics
EFACET=1
AVRES=Nar

SEN =.153E-08
SHX =1.436
«153E-05
«270864

- 541727
.B1259
1.083
1.354

B000000ON

1.625
1.096
T

2.4

(b) HIEE 1 00 (B A
B 3-10 1 AR AT B 3 40 A1 () 3 el

M 3-10 hA] LU R A H, 1k F T F 1) S 1) il DL R 3 43 A 1
LA BT T R AR S RO 1 (OB 2 A I . B 1 AR G IR S L B %4 S
P 3-11 B SeBEXS AR TR A % 7= A 01E 0° 3] 60° 18] /R iz sz 34 (G
TG B C A b A o 2 B 9 R B B ) T LR

-39.



RERFH AR B=F NAHRT S HOE & LR AT R

24 - T T
224 i ...........
P BEEEEREREEE
g TR O AT Ts
R T S N
D —e— HRET A
0 1] 2'0 3'0 i
BAKE (°)

B 3-11 HTRRMENREHHNELRE

A WL R AR T4 T FRM R R BN FE 0° ~60° 440 H4k 54445
HWATERMER (5HEREAX) XTFRXAEHERE T FRM, HEFEEE
Fi, BHHEESETR. FUAXLEHSITERMEFRA 16° ERE
F.

RIS ERERTHNER, B TRROHE N BEZ A% EELSH
YRPELIUE S SARNREFAEARE. BEEEFRIKEX,
ERETRRGERE M, STFHAHRN 20° U EHETFRABHELSTF A,
BRI 19° ~20° M TRABRKETFLE—S.

3.3.3 EF RN W8 K @3 B AL R

HiE T FRM & FRARBARIN, #EEHEE TRRIL, & TEFPHIKE
pEL R, RS REERCLHE, XERBEERINER, XER
THE € TR EIUKBAKRRIMERE, FAETFERERKBAERITKMMIE,
- BEHRE, fAR. KRR LEE R EITNER, RTXAET
WIMRE S 16° MERRT, HESBNHBERK -1, HEEFRI, BdH
BT A EARE TR RS R X EE S 5.

WAL E T PR RIARINEE, TR R v K I (A 2k
A G-1D R, KEE RN REHEE, B 3-12 BKEARITRLT] R
BN R B GEFRSA R OKE B R ELEARNBRNREEE) K3
LH.



e L e SRS P=a N AT BR O R B B () S s LT Bt

24
— ~o. Ao
p By (1 P il et e e TSN .\“‘0\.::\1{5..
: \Qi\
-'g :“- . - . '
> —r— 19
333 —o—  20i
{J]g a R
& —w— 22f%
16 —8— .23FF.-iic
~e—  24fff
14 e r :
1l 10 20 30 40 s Ol

B (°)
3-12 SE FHRALAR AT 1 R e HL Bl 44 1) B e

MBS LLE 2458 i S HUKBAARIARIC, 23° B, BT RN H
A MEAE 0° 2 60° 8] 5 AL bR AT (L IE (Bl K, BX— X [HBL, HBhH
(A B K, HHHTR R BIEIE . Bl Rk g st 23° ,
SEFARICA 46° B, HHLIRFIE KRR [ HLEh %, LA A7 AR s K.

o5 EFR, MHHLE AR A SIS, ATHOa R X L& S8
WEMFT, BN R, 5% EHEMER, REFENER
T, B g & e A B R A 3-13 Fs.

158 T8 2-ETRA &L

34 4-HEMKRE (BFRE. BREED
S-HTRA L

B 3-13 B S 1) X A LR B 54 e RS il i s i
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REBREH L2 F=F NAARTTENE R R X BT R

34 HBRER B EEEENRIBERZ

WS AE AR B AL F R, EREKMBNKEFERERAA TN, HTHE
PLE. BFRNEEH, ERMNSEESANS, ERUKEER £ AR M
PR BRI, R KRR T ik IR B0 ) A B RO, (A
FHHEEE—HETASETORBENFHES. RELZ, GBEERS
FRETEMNEFE, F£HE—NEREAR, MR THARERLIIERN. Kl
SRR LB SRR TR TR E N SRR E . SR FATFEMERN, ¥
HEEMN TR FAENRUECAE, (MERERIEU AT, a7, B
FLREARN FHFOLE 2 AR, 5 G R E R TH# A B AR
L. :

BAREHEHASHE B PR AENRD, E—IMERLARA, BiE
B SR AR (AR FriEMM ERERAMMIE, SERERTSENF.
BERSIRREHRNNREZRNE. ERERNT, SHRERRSEFAET
RINURSL IR — BT, S AR = A RS R PR B BOK . AR N 7F
ERFEZ® T BHEEREHRATARER TN EZHRE TR ERERE
B, X3 FREBTANBEEITERRNSHEEAAARE, FEREZZW
BHLEEF BT,

AT, KRR R LR E LA R — R BOE R R AL, BT
. BTFHRNORGHRE F EKBARNFE, A@R0FELNERE &T
R, LR EMXTRK.

ARG, KA _EHRTM TS HHEEESRERE S
Rk, REEEKEN LR, REABEREY, METUERORIR
i

_ W, (MMF6)

T | i=constant
06

(3-15)
Hof MMF A% 7 TR f 0 b EIREh% . ERERTERERS, SAZE A
W, i=0. KA ZEARTHTTE, N RHIR A& EEHE LS 2R,
ZEE AL KA G H BRI, RAMBEILEERAAN I/m, KIS LAIIE
ABAIR RS ARREE, BMER TN «o/m AR HFEEE. FREBOER
FLHTBARONBKERS R BNNEEREHE.

BL4.3.3 ThEAKE 3-13 RT@EI AR, Kt R EET R
3-14 F1E 3-15 fis. MEIPATLAER, X T 6/8 thuiill & i\ LRI AL e &
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PNEYNI L B VA F=FE NAHE R EXNE R R BT o

AR AR LL 120° WRABEN AN, st RIEAE—A 360° BB AN
W, BB S 1 R LR R R AR B R 2 3 ANA, X5 MR HLER AL
ST REE L TR R LR PR AL E AR eAh, B A 1A s LAY
IR BN, ERTHIER M B, e NRAERE NNARS
8, UAEEHRYIKEIERE, FAX—KBSHENRR I BHHEITR T,
EZRBITRKERSE, ™EMER T #E R R LR BN AR

47

L ¥ 1 1 L} L) T L] 1 T 1
1 0 o W e 1M N 2o Ma 20 ) 3w ko

AR (°)
3-14  RRIE R A LR AR

Wi Bk Zh 5/ N-m/m

AR ()
B 3-15 B R B R Bk ERE S

3.4.1 IS AR B BB ERNERTZ

SHFEEHEEMHIBREEE CABTHRIMPIR, KPR XHlssk
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S FREE R 10 B LR T AR BREE 1, SR Lo BRI Y AN SR P R F 7k B A O
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S
%\/ |
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RERFBLF R B=F NAARITTEAEE R @ BT R

ME ST LUE HBEE e DB b B0k, BEOE A [ 3K AL A R R SR BT
2, 7 k=20mm B, WHEEBERARAROEENEKENSHT 20%£4, H
FRREAK, HISH G KR TRIR K  RAX M 75 ¥ Ja BN 3 3t i,
XERHE R F A BR GRS, (B3 RA AR th = e 5w
A, RARMTER, BHASN R B34 A 3-18 PR,

24 - - "
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= SN,
224 b NG e
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AL, P FR 2 H 59 RGO R R AL A R AR

B E R REESERTANERAR, REGEBNSEREEELR=
R=MERKEE. BT AEEE AR P ENR Y, E—MAEEER
AR, HEEHMRSEMEFAE M oMERMIERERERE X/
%, HBETHE—MAERER PN MEAOIRAE G 68 A 15° ), thiE
AR5 o M A E S AR IELFIR, X E RIR IF A 55 A 1B 3R,
ik, B MBS REEIE I F R R, ¥ FAIRE —FMREFRIT . HRXFH
RAEE R AL A AT, thAEAF LB R B 50 B, KAETRK
T JG R i BB 5 ph 2R P 3-19 BoR. 3-19(2) #F, B T—/4 58 A H 360°
B R RN R B A I ZR, 3-19(b) BUR TR R B BIE FIEEITHY
0° ~60° i F B X [|] Py R R H B $EE 4 th4R R TBCK

TP [ BB A R B B R R L3 343 4 th 2% 55 AL 4l B B ) TET AR A
BE/N) HEBEYRAERE N TR, EAT FRM A5 86 46RH I RMESR
AL BTEACRAXR BRI 55 I R B A E K.
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PO, SRAIXF T, TEEMLIR TR TR R E 3-20 FIRIE
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KR F LA 3C B=F NAHRITEX SR R BT R

. FHARSB, SERAHIERE TR, & RAXMGE INETEITRE,
EHEOEFEBHE PO, XUERTERIARR, FTEH.

!
\
48

B 3-20 HTFERERBIHENEFHEE

3.4.2 HISHBR AR RHIEEEERH BRI A Z

B W, TR M =Fp 525 T HI 58 R EGE AL SRR E AR B R R A
B, B4R T Wl R 1 2 LY R HE B SLE B 55 U R A Nk R B KR
BHIBRIX—FL, BEAZNTHELZME R REHF T . 230R AR
FHGE R R EHEREY LT ERNF AL, B FRENE FRES
FCXS s F 43 Bk

SFHETHERE, B 441 FHHEFERERRTEFROSTTS, 4
B 1K AR AR 1 AR 2 A xR B, AR ISR AE AP A TR A AE X
B EREAHIRNEN. B XBMNERITHNERR, EFEOREILK 45° ,
B 2 PR EREYUKEME Y 22.5° , HESHE 4.3.3 s E Bl
SHMERT, BE 14° SREHNE TR FRM MIGEEEMEMAE 24° 48
SRS F I FRM RS EREA F BT IKER, XHMEH KRR
AR SR BRI KB A R THASRALE M 0 M FRE
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