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Design and simulation of a permanent magnet passive compulsator
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Abstract: A two-pole two-phase passive compulsator is designed, whose magnetic field is built by
permanent magnet. The compulsator’s no-load and discharge magnetic characteristics are analyzed by
using finite element software. The Nd-Fe-B material is adopted as the permanent magnet, in thickness of
12 mm. The maximum magnetic flux density in the air gap is 0.443 T at the no-load state. At the designed
rotor speed of 60 000 r/min, the single-phase open circuit peak voltage and the core loss power are 195.4 V
and 599 W respectively. The single-phase discharge, two-phase parallel discharge and two-phase series
discharge processes are simulated separately, to a small impedance load at 1 mQ, 1 pH. The peak value of
single-phase discharge current is 10.90 kA, and the pulse width is 0.78 ms. For two-phase parallel
discharge, the peak current value and pulse width are 14.64 kA and 1.1 ms respectively. For two-phase
series discharge, the peak voltage rises to 333.7 V, while the peak current drops to 8.95 kA. The
compulsator’s energy storage is greater than 4 MJ, whose pulse power is greater than 2 MW. The alternator
has compact structure, high energy and power density.

Keywords: passive compulsator; high speed permanent magnet motor;electromagnetic characteristics;

pulsed power supply

M K i &2 LU FIL(Compensated Pulsed Alternator, CPA)ZE— AR5k AY R A5 B ML, 78 0 A B 3l ook 3 1 4 )
LR AR A RS R, RS SCBLR A . m R

A 1978 4 Texas K4 #b 2k vp & mAHLIO LS LUKk, B AN WH6 ZFREHL, 38 i 3K 2h F #E 5
WA PR BEOERE . AL S STIG S0 E T CPA E Ay i Dy S bk b L R A AR O ST B ) 8 Y A A
AE ok o A L E R R R, A RE S X LASR =, HLAB IR AR, R BE B R BB SE I S i e L (HR R
AR, ATEEVEAR, APk A SE AR R Bk b & WL AR AERE . REOEIN BN S O RE R L Th R L
YRR EE: 2017-11-07; fEEIBHHA: 2018-07-17
ELWE: EFRARFEELE R BITH (61603405)




R P IESE kBRI Z BRI SHE 101

AT, EEMEZEITH R T . Texas K% 5 Curtiss-Wright 524 6l &4E, 1T CPA HLIE &R 48 /N BIAL AT 7% 3
o, WIHEREW THE . RAILSERIESTA,

ATk RN TR 22, F AR DT, Al o g A eE . S ER RS A L TS MR CJCAMET CPA;
il e 75 XA A L Dl (LA B A ) K R DR . VR R s AR AT TC R A R 4 O R B s 0 CPAlY b
B fkcb A HUBILAY BT R RS SE PR AT B0, AU R OR L DR BRI EOR L RGO IR | n) SRk AF A O TN K 2
B o A SCLURT M mAR O B 5, WK b SRR L R OR BT — £ R K B A B K b
KL,

phase B

1 #WEhiMER R EBIIZITHFER stator core 3
phase
HL ML PR 1 TR, H RS S AR ator
1) 7K il i shell

rotor core

[P Sh LR 1 CPA RERLA 2 o U R . e i i 3 i
o ek O 4 9 G (8 K T R R
T HUBLE 60— A . R ST, AT LBk s, compensaton
R R BRI L T 3

permanent
magnet

i v ok e YR Y T SR Fig.1 Sectional view of the compulsator
2) Bish SRR TR

KT R AR & BB T8 TR R, — ARG A I, AR MR o A
SR AL I, D 5 RN 16 AL L L R A e T, W T A A B, DT o8 R K 4 2 I A e TR

3) MR AR

1o S LI — RBER H — X A sl R A, AU B AR AR o AR SCBETT A AL IR KR 60 000 r/min, €] — X
Wt o SRFAPIARGE ), — R ARUs R m i LI SR, R LU SR Ik obh i R 2, T OB

4) TriSed

TCM SE L S 8 B ORI A - 3T 195 18U TR L SEAL, JRPROR R SE AL oS 2 ML s — 2 HI
55 1 U LSBT0 A T R LR TR AR, A g o Ol SR A A T BB SR UL I, AR A U
o] Jy A FR th SR K 4H , SEAL A X FORE RS TR O LA BE 5 51 e i B . eAh, JOME SR 20 i A AR 25 T Ul
FECRILABREBR, BRREE LA M SE A 2

5) i A 1 WHLEESH
CPA 58 i L F 35 2 A9 22 5] 2 JHL A AR e i, I 4 | B AR /DS Tablel Main parameters of the compulsator
P A S 741 T A4 AR 0 1 5 4R L ORIV B A R O3, AR M — TW? WT
- — Ly S by S =1 e T olar number
FE R R A L /N o R GRS AR, R SRR IRl ghasenumber 2
S DR o, X RS O L AT DR AL L R e chatt dametorimmm 25
P L A s KRS S 7 0 T 1 — R satos oner diametemm T
permanent magnet thickness/mm 12
I‘ETJ Iji[ . ﬁﬁﬁ %{3 fjﬁ[ i i}l /f:ﬁl: @J %I\’f% . i, ﬂz 2 EZ ‘{}ﬁ /J\ ijf j( ° compensation shield thickness/mm 5
D S pau. SRS, Y S N tator thickness/! 17
T Bk SR AR TSR, #E B AMERK o & AL E B R TS sectio;:l(;rrealcc)f airsnsa?urrr;/mmz 18
% Il %% effective length of armature/mm 150
5& » 1o rotor moment of inertia/(kg'm?) 0.224

2 THREUBHNE

TEHEH 60 000 r/min B9 25 5T X 42 ik i v LAY 2 38R0 PE BEAT 0 B0 A7 o AL R AR R 9 B 3 i B 37015
HLEE AT L B Dy oy M A 2 05 T, EL VR AL H IR BT RS R R R, R S e R e B AR A
e, ASCHEH] Ansys Maxwell FAFBEAT 5 5, I RAFEL G HURE . #E3 o0 A . A AL RE S 4 2R o e B ME R 1) AT
T, AT B R EEAR S, XFRAUEARMERR IR B A TR L

2.1 BERMGENG

AR SCHL MR B BRI LK REAS BL I G, AR SURE , SRS 12 mme K REMRBOR (9 B RES A AP 2 T
i TR A FR A A B PP B [



102 AMERZS5BEFEREFER 5517 3%

B/T

1.800 &=
1.600 B
1.400 2
1.200 R
1.000 Y

- 0.800 =
0.600 2 0
0.400 b5 \ §
0.200 5 ¢
0.001 g K

¢ " amplitude
\.\ " ............... circumferential
oo “ —r—r= radial
-0.5 . - .
0 50 100 150
distance/mm
Fig.2 No load magnetic field distribution Fig.3 Magnetic flux density of air gap
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