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Table 1 The performance parameters of the Nd, Fe,; B hard magnet

o/ (g/cm®) B./(D W H./(kA/m) ‘H./(kA/m) (BH),../(k]/m®) T/ CCH
7.50 1.21~1. 27 =880 =960 280~304 <80

3.2 XBWNERS

RN K e R AR W = D R v AR S R N o L e o N B N i i s e W R X e
AR AT N, R o T EL IR R U A DR /N MR T [T S ) BELAC L TN FRL B0 ) ORI 5 T Y B4 T
ST A S v S S Y S B v S [ 38 2 B TT R A A 22 001 S v Sl B LR L I Y T LR R
PRI 5 2 S X 1P o S 45 ) 1 Ik o 4 2 45 B R R sh AR AT 4

KM Tektronix P6015 5 He 448 3k R M J AR B B 3 oy IRk BB A BH BTN 10 MQ. 783X A B



362 = H L7 i Eild %21 %

g

THL AT RAZIS (1 (1) 1 <<10 7 A, i 5%
14 B R % T T 45 A5k B AR H Bl AR
JERECF R ESIC kG 5. B 6 BERAH Coaxial-cable
Bl A £ 1 F B O B AL

4 7-}< @Z 1ZI: Hl‘] E% Eéé iﬁ ﬁ *ﬁ Ferromagnetic

R cencrators Oscilloscopes

ok TP 4 R 5 BRIk 25 g 1) B ” )
A B 1 Ry T RS S VR DA 1% T R 7 e
PRSI 2 TRV S A S B L 1 Bl 6k HE W R AR A Bl B 1 A B s R
YRR AR B o WTELPE S PR pig 6 Cireuit diagram for measuring the electromotive foree
WEAR LS AL i T RER T T 4 5 )2 generated in explosive-driven ferromagnetic generators
R RES o A BN A 2% . O e, SR ) H R
YA BRIT A BT 3 Maxwell 3D B 770 Xt 3¢ 7 7 245 40 1) o 4K 0647 #5104 7 43 T 3 3k 0 BT AR o 1 7 5
JE 19 20 A KU SR E R S5 40 1t
4.1 HEER

&7 2 B AE TE A4S 10 1 1 3 23 BT T SRR AR, [T e Dy AE D 2 B S T B DXOI L AR R TR Ol s R
Pl 8 S DU 9 445 g [0 A T2 AR 9% e e 20 0 W 1 SRR SRR R 5 ) 7 TR B A 2% U2 o R BR A1 KL

High voltage
probe

2

Air region Polyester

Nd,Fe, ;B

Y
B7 TR A 1) 10 35 3 1 S AS A 8 VU PGS by B A T G A 1) ¥ 16 37 43 M 1 S AR A
Fig. 7 The simulated model of Fig. 8 The simulated model of the four-combined
the cylinderical magnet cylinderical magnet

4.2 HEERSW

ES NP = 12152 e Nl TN =T W e A5 I e I < T I B 3 5 N <3 S R RTIN O D A :
AL /N HE AT 00 VR A TR N 5 R A R BT 10 g T DU 25 A [ A TP A A v A AR T R R N 5 B
A o R RO 5 B ) A AT AR 55 TR 9 BT R ARL SR AR A 2 2 A L A TR N AR R AR A 2 AR L R
ARG R 1) i BB 52 W 3/

11 S (B T A v AN (] v B A T L W B O ) L AR LR R RN SR B () e A2k . R 4G
TR (2 =0 mm) = 8 mm (z=_8 mm) &b 14 48 T8 A1 H OB 8T (x =15 mm) I, 38 i [ 04— 4%
B LRGN R E B, () A Mg . m AT X T A R R A L Hp o A AR e L 0 JER R i R KL R
it B TAT b P B /0N 5 I DA AP O R 0 A I R A TED b 7 RN R BE B ) A B O X R 3 AT s H G 7
B/ i EEK,

AT A — 4 i A T 3 e 1 A 3 e o T A X 2 AT P R JER N R B Gr) B AT R R A
il

o, :J"B(xr)zmdr (1)
0



5430 Wi IR 00 L ADURE O AR A 2 i Dk b i 2 i i G 2 R 14 R ) 363

A R AR S 0w B F IR R EE B, R

B, =®,/S (12)
A S AR A, AR B R AR b Ry b R T L R B @, O 14146 p Wb, FRE
(12) 3K A5 %M B b 9 R RS 3R B, H 0.72 T,

2

B/(T)

8.761 5x 107!
. 8.2495x 107

7.7374%107
7.2254%107"
6.7133x 107!
6.201 3107
5.6892x107"
5.1772%107
4.665 1107
4.153 1107
3.641 1x107"
3.1290x 107
2.6170x107"
2.1049x107
1.5929%107"
1.080 8x 107
5.687 6X10

&9 B TR A 1 oo 4 L
il %N R BE 43 A
Fig. 9 The magnetic flux density at the central face
of the Nd,Fe;, B cylinder

B/(T)

8476 0% 107!
. 7.989 8% 107!

7.5036%107"
7.0174%107"
6.5313x107™
6.0451x107"
55589107
5.0728%107"
4.586 6 107"
4.1004X 107
3.6142x107"
3128 1107
2,641 9% 107"
2.155 7x 107"
1.669 6 X 107

1.1834x 107"
6.9721X107

P10 DU D254 15 A TR 1 4 1Y s 48 48 I
R T 5 BE A3 A
Fig. 10 The magnetic flux density at the central face
of the four-combined Nd, Fe;, B cylinder

Pl 12 J2 DU R 45 1 1 18 AR T A4 b AS T e BE AT B B (o) ar it 2k, I 3 2% 2k 43 il o B
F R T (=0 mm) {7 8 mm(x=28 mm) &b (i I A OB AT (2 =15 mm) b L@ B/ o A bR
BhTE Ty w45 MR B . H AT AL R R S BE il AR T R 11 i AR AR AEL R g TR b 7 R 5 RE
AT 5 I A e O BT 8 O SRR R 5 TR AR RS A ) SR 5 R 2 S AN K R SR iR i v ) A —
INBE B, R TR A E NS, RIE QD R (12) R A 45 R, TUBESE A8 10 (7 A T 1 1A
3 ik e B T A S B B @, b 1364 p Wb, RLIET E P SIREER SR B, 498 0.70 T, SIE KR
P EE 10 B 235 ) [520A: T 1 A 1 J 7 5 38— 3 1 IR (LR AP it B2 5/

1.2

1.0

0.8

0.6

B(r/(T)

0.4

0.2

Y0 T T o 0 10 20 30 4o
¥/(mm)
P11 B A TR A b S T s B A AR T Y
TGRS B, () 431 il 2%
Fig. 11 The magnetic flux density B, (r) curves
of the Nd,Fe;, B cylinder

5 XWHEREITR

1.0r

0.8

0.6

B,(r)/(T)

0.4

0.2

O 1 1 1 1 1 1 1
-30 =20 -10 0 10 20 30
r/(mm)

P12 DO PRES A B4 5 R TE 8 1 ob A [) oo 5 4B T B 1)

TGN IR B () 23 A1 il 2%

Fig. 12 The magnetic flux density B, (#) curves of
the four-combined Nd, Fe;, B cylinder

P13 2 AR 445 ) A 14 Jk o 4 A 0 ) S AR S i £ . 2R BRI AR 0. 20 mm (19 3 41 4k 5 il



364 = H L7 i 2 Eild %21 %

T G 200 25 D O e A 4 o ) 5 2 P KO 2, VT 260 22 A 987 2 2 Wb 30 98 g — A B
kol , ETF 120 411 s W E, (1) Sk 1910V, T 2945 I 22 P 7= S8k vl 338 95,5V, 81 14
DB R R I 2 B R B 2 ST L 2 PSR P T AS 1. 25 mum (0 L 4 28 T AR 2
St 2 [, 2 DB [ RE S8 A R P o 3 8 oy TR0 D20 5 2 7 R v B 98 B S5 11 13 B A A0
2% |- TF B R RAR N . [ T2 3. 28 s, BRAS ML B A 249 243, 0V, - 44 45 I 28 18 7 2 S
A4 121, 5V, 15 i IR TE 5 M B 2 2 37 2 B0 o S48 A L L 43 1 48 P 5 26,0 V7,

250
250F
200r
2001
S 150 g 15
S ol = 100}
5 100 S
50F 50r
0 0
50 5 10 15 20 25 30 35 40 5 0 5 10 15 20 25 30 35 40
t(us) t(us)
B 13 [BIFE IR 25 0 1 1A 1 ok o & 2 4 1Y Bl 14 PUBFSS R 84T T R A A ik o 2 2B 8 Y
AR HL S D AR B B i 2k (RS 6)
Fig. 13 The waveform of the electromotive Fig. 14 The waveform of the electromotive
force of the generator with force of the generator with the four-combined
the Nd; Fe; B cylinder (No. 1) Nd; Fe;B cylinder (No. 6)

0 3o A 2 P T AR 2k Pl SR AR B AR R AT T 2 X L S, SR AR M A R AR 2 Bk . SEEG
e R R ] 2 P SR AR Y AR X T IR AR R B AU L O Y R MRS TR . X N s 5 R ) DU BiE 45 A T
TR L ™ A SRR A R gl 4 B8y A (T 2 T L I A TR 265 0 A ) i A 4 7 AR RO ML B 35 20 20,0 VL, Tl
e VAR 45 ) ) 0 3 03 T 45 SR SR WD I B 45 ) S 1 v 28 TR 0 5 90 T G AR — 28, B RN 5
P HR R TR FE AR L 15 2 2 (3) BYTH IR AR, )7 AR A SRR FL Bl et B S AR — 28, 3k B SR A R AR I
DRIt AR S0 45 2R B E 1 AT G 1A 23 0 - 384 0 268 % )2 KELUBTT R4 S H 6 S L T 5 1) D07 0 o AT DA S8 A g e
Rl e A v RE S o IXOGF R AR M A R Dk o R A AR B BT R IR R R

R2 XHEEHMER

Table 2 The experimental results of electromotive force measure

Coils Electromotive force E, (1)
Experiment  Ferromagnet
Wire diameter of Turns of Rising time  Peak value Average peak value of
No. structure o
coils/(mm) coils N t/(ps) Eqon/ (V) single turn E, ../ (V)
1 Cylinder 0. 20 2 4. 11 191.0 95.5
2 Cylinder 2.50 5 5.04 350.0 70.0
3 Cylinder 2.50 4 5.09 287.0 71.8
Four-combined
4 2.50 4 5.54 470.0 117.5
cylinder
Four-combined
) 0. 20 2 4.28 228.0 114.0

cylinder

Four-combined
6 1.25 2 3.87 243.0 121.5

cylinder
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Effect of Eddy Current Waste on the Output Performance of
the Explosive-Driven Ferromagnetic Generators

CHEN Lang, WU Jun-Ying, FENG Chang-Gen

(State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology, Beijing 100081,China)

Abstract; For increasing the output energy of the explosive-driven ferromagnetic generators, a new
structure of ferromagnetic element has been designed to reduce the eddy current waste. The cylinderical
Nd,Fe,, B rare-earth magnet was cut into four separate parts,and the insulated layers were placed be-
tween magnet parts for keeping them insulating from each other. And then the four magnet parts with
insulated layers were combined together again to form a new cylinder. The magnetic field calculations
of the magnet cylinder and the cylinder with insulated layers were conducted by the Maxwell 3D code
of the electromagnetic analysis software. The initial magnetic flux distribution of two types of cylin-
ders were obtained. The detonation tests of ferromagnetic generators were carried out,and the electro-
motive forces of ferromagnetic generators were measured. The results show that the eddy current
waste of the generator with insulated layers is lower than the generator without insulated layers,and
the output energy of the former is higher than that of the latter.

Key words: explosive demagnetization; eddy current waste; Nd,Fe;, B rare-earth magnets; pulse power

technology



