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Optimization of Coil Design for Helical Magneto-Cumulative Generators

R -2 HE
(Jeong-Hyeon Kuk * Heung-Ho Lee)

Abstract - Helical magneto-cumulative generators(MCGs)

are devices which convert explosive energy into

clectromagnetic energy. The electromagnetic energy supplied from an external circuit is amplified by an explosively
driven metal conductor mounted at the center of a helical coil compressing magnetic flux between the conductor and the
coil. To optimize the coil design, output properties of small-size helical MCGs were measured while varying design
parameters; the number of coil sections, length of the sections, pitch in the sections, and type of copper wire.
Oimensions of the coil were kept constant, 50 mm in diameter and 200 mm in length. The coil was fabricated by using
enamel-coated copper wire of 1 mm in diameter. The highest energy amplification ratio and figure of merit were 52.5
and 0.81, respectively, from an helical MCG with initial inductance of 63.7 pH at initial energy of 0.152 kJ. Based on the
experimental and calculated results, empirical formulas capable of optimizing coil designs were derived. By using these
formulas, pitch in each coil section can be obtained at an arbitrary inductive load for high energy amplification ratio and

figure of merit.
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Table 1 Design parameters of helical MCGs with varying the
number of coil sections
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Table 2 Design parameters of helical MCGs with varying
pitch in the sections, length of the sections, and
the type of wire
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2\ (mm) | ™ | 28wz | 1 | 2
X (mm) | 2 3 4
VI 50 1.0 | Zol(mm) | 83 60 52
A 1 2
H X (mm) | 1.25 3 8
it 50 1.0 | Zol(mm) | 30 60 104
A 2 4
X (mm) | 15 3 4
Zol(mm) | 63 93 44
" 50 A7 (mm) 2 2x3
A 1 1
X (mm) | 15 3 6
KX 50 1.0 | Zol{mm) | 122 48 30
A5 2 4
9 X (mm) | 1.25 3 8
X 50 1.0 Z ol (mm) 81 63 56
A5 2 4
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Table 3 Experimental resuits of helical MCGs with varying
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Table 4 Experimental results of helical MCGs with varying
pitch in the sections, length of the sections, and
the type of wire
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Table 5 Contact velocities of the coil and the armature in
each section of helical MCGs with varying the
number of sections

TE kb B 3| g
X 50 150
O-1]_x"_] 200 | 600 100 | 4

Veont || 1080.7 | 5404
X 333 | 100 |166.7
m-1| x’ 200 | 600 | 1000 10 6
Veont || 1080.7 | 540.4 | 270.3
X 25 B 1125 | 175
V-1 x’' 200 | 600 | 1000 | 1400 0.1 8
Veont || 1080.7 | 540.4 {270.3|1354
X 20 60 | 100 | 140 | 180
v-1| x’ 200 600 | 1000 | 1400 | 1800 | 0.01 10
Veen | 1080.7 | 540.4 |270.3| 1354 68.1

AHH2E AFUFE Fas

A= 2d V-1oA x'3
Ve BAE AF3F2 719 gtE 53R

Veont(x )= 1527.8exp (—0.00173x")

‘ an
€ deth x'=ax9 BAAE A (N AU
Ve Lo, ) = 1527 .8exp (—0.00346[ 3 — log (L ;,,) 1) (18)

& 98 # Atk 4 A Faw sl thotel me

Adel e HELES) WakE vedth E 5004 Yl

M7lel mAMLA = A5t

Trans. KIEE. Vol. 53B, No. 8, AUG, 2004

O

AHE A7 001 pHR 2d V-19] HE&£xe 4 (19)2
23 A8 39 1790 vlasd 2¥ 178 BE9Y 79
wdEMo] FELEEEZ 2 A4dsln S & F AUtk

2] (15)¢F (18)F AH&std deoje Az Rt dig =

a
dol A48 NAE O A AHEsd 2HE & Atk

2
P= TZ'D/\/ ( ant(é{bad’x) -1 19)

det
d %387 05 pHel 1L, *?4_94 733 ZAo)7} 50 mmst
200 mmol®, 2Ye FHFE IHE v AFYSFLA]
g HA8 2 4 19 (19% AHgste] AE 29
A +8d FF HAE 2¥ 189 =AY £F =
do] ME FHER 1, 2 4 /HHOE g3, 7] Yl
AE 200 J2 3 AME AFFEEA7Y FRAAH 2
HAAFRHE LS 19 199 HeEhisich

X,

2000 LN A R AL | T ¥ T T
’g t : ® : Values showed on table 5
@ 1600 - | —— : Curve calculated by Eq. (18) ; ]
= A ‘ ]
= t ]
g 1200 ¢ 7
) :
> 800 - 7
B ]
Q b
c 400 - ]
0 ;
o
0 L 1 1 1 L H I L .
0 25 50 75 100 125 150 175 200

Distance (mm)

a7 17 2517 001 pHY o A (18)2 AlAtst YEHST 2t
E 50 7|8t MESTe dlu

Fig. 17 Comparison of contact velocities from table 5 and
those calculated by equation (18) at the load
inductance of 0.01 uH

15 r" T 1 T ¥ T ] T
& —— : Curve calculated by Eq. (18) and (19)
t | @ :Average pitch of section
12 + B
E o | Section 1 Section 2 Section3 |
E 7 (66mm) (66 mm) (68 mm)
o [
2 6¢ .
o i Pitch=2.7 mm
3 [ Pitch=1.3 mm Pitch=5.9 mm
L e
O L 1 1 1 1

0 25 50 75 100 125 150 175 200
Distance (mm)
a2 18 25 05 pHY o A (18)2 (19)2 A A8 Il x|
ZMap pEY FHaax
Fig. 18 Pitch curve calculated by equations (18) and (19)

and the average pitch in each section at the
load inductance of 0.5 uH

485



BRESWIAIGE 53B% 8% 20044 8A

¥ 199 AdAIeN AZEFLAY dYHLE
8342 pHolZ BE&AFE 082 o)tk 4 (18)% (198 A4
3t 29 Aol o] 247 200 mme}t 50 mmY
29 3ol dis] 29 AAE XY £ Y 2V
AR A UR FRAGS ZE ARGSLHNE A4
g o Utk Y 7EFs 399 HAgE 2dd) 52E
TEE uestd AAsfor hv(12],

EA ook o

opAete 2 Fe FEHAZ WREF AFYEuA
ZE8EHo] FHSFE ¥AF AFABT B A
71 98 2d VI~X9 FHE HH&5x9 o] mdg
2% FU Rl da 4 (18) AN HEExs
Y 200 wlmslgo

Y 2004 AxbEAe AY e AFAS A E
e VIR o9& 2 qux FZ2E9 Z8AF AF
FTh X 45 29 249 VI olge 22 Ko Xo &4E
de] 2d VIZ VHol Hldlo F&& & & U olg e
olfre ¥ 20014 & F SlRel Bd KX X Aj7te)
G JEdA9 Zage] 2d VI VIRt =7 g Eo
o AAGE LAV EHEEHE A 87 YaNE AR
gAY AYE A WEgs ZA Hol d& & = 9
k. &, -3t QYR Al F52 AAGE U gdE
2 AAokIR Z 79 Adgexo Apuzge 1Y
o gt ¥9 el d AFLH Az FEAGS o
AstA FAFAN e 2 g BEE o} Fh 1Y
208) €473, U FYZLojet WA, adm M9 F
FE 948 AAUYSLA7 9 EHEA 3YY FYFE
ARG A ¥e gL JE2&£57) gomg 4gE

N‘O e )'lﬂ

o

60 T T T T T
s
X 40 32.1kV at 10.72 psec g
® ]
g 1(a)
3 20 + g
>
0 Il 1 I i 1
0 5 10 15 20 25 30

200 [ . ] , , . —

148.0 kA at 27.86 psec

50 |
0
0 5
Time (usec)
a8 19 MCG-HlRE=2 A&t 25171 05 pHolZ, =Y
o FAIb 32 LhME XEerEWMI|e RE

et 2¥MFe oty

Fig. 19 Induced voltage and current waveforms of helical
MCG with 3 coil sections calculated by MCG-11
code at the load inductance of 0.5 uH

486

2000 t" v T T T T

g ' | —— : Calculation | |

n F { =O— : Madel-vI

= 1600 | —@— : Model-Vli

e i—CI-— : Model-Vill

£ 1200 F . —I- : Model-IX

~ r : Model-X

o 1

> 800

3]

g

c 400 |

5 i

QO L

o C | 1 : : : i ]
0 25 50 75 100 125 150 175 200
Distance (mm)

a7 20 #5tel 3217 0.08 pHY o Al (18)0ll 2fs Al A
Bt MELTel 3ol mxlel Aol W EMo
ZRE HYs LMY XESSeMIIE HEL
To| v

Fig. 20 Comparison of contact velocities calculated by equation
(18) at the load inductance of 0.08 uH and those of
helical MCGs with varying pitch in the sections,
length of the sections, and the type of wire

FH7] R fFEAdte] ¥3, 7Y du” 29 Az
Bgo]l vy qEYS ¢ 5 Aot

23

23 2004 AVZHEG £ FEEES} AYxs
ARG E S ZE AFAFUANE AR FE 3o,

Y Al UAMFY W] me FEALY PE,
293 A7)A9) WEo) AURE A4, 2] B2 B
4%, 299 AANY % AATA 5o NZe WSE
datoior oz & tE Be ANT Aol FAH
e},

2K

58 &

Ade] AAMST FTAM zde) 759 HA, T
R =He HAFE WA ARYSFLANE A 2
54¢ ZAsA 53 Ag24428 4GS LA
AAzZ e vegus qdd 23549 ¥ E
SRR, A FEER F&AFIL g AFGS LA
HAAE # JE 71EEd dstd =9t £ =2
H7Z % Aol7t 247k 50 mmet 200 mmY W g9 ¥
stof] tate Az FEEF LAY 5 AFYEFL
A71E 2AE & de FF4E ArMstn, AFdEFLds]
o AANY st et FFele AggETA
719 dwtstd AAVIER AFEHLATY 288 Fol7]
Azt AFESLArIE qFEA A IEE] dt
of dstaz @k

b

lo

A

i

lo

o



3 a2 9

[11 CM. Fowler, WB. Gam and R.S. Caird, “Production
of Very High Magnetic Fields by Implosion,” J. App.
Phys., Vol. 31, No. 3, pp. 588-594, March 1960.

{21 AD. Sakharov, “Magnetoimplosive Generators,” Sov.
Phys. Uspekhi(English Translation), Vol. 9, pp.294-
299, 1966.

[3] JW. Shearer, FF. Abraham, CM. Aplin, B.P. Benham,
JE. Faulkner, F.C. Ford, MM. Hill, C.A. McDonald,
WH. Stephens, D.J. Steinberg and JR. Wilson,
“Explosive Driven Magnetic Field Compression
Generators,” J. App. Phys., Vol. 39, pp.2102-2116,
1968.

[4] C. Fowler, R. Caird and W. Garn, "An Introduction to
Explosive Magnetic Flux Compression Generators,”
Los Alamos Report LA-5830-MS, 1975.

[5] L. Altgilbers, M. Brown, I. Grishnaev, B. Novac, L
Smith, . Tkach and Y. Tkach, Magnetocumulative
Generators, New York: Springer-Verlag New York
Inc., 2000.

[6] T. Holt, A. Neuber, J. Dickens, and M. Kristiansen,
“Impact of Helix Geometry on MCG Flux Losses,”
The 13th IEEE International Pulsed Power
Conference, pp.905-908, Las Vegas NV, 2001.

(71 Andreas A. Neuber, Thomas A. Holt, Juan-Carlos
Hernandez, James C. Dickens, and Magne Kristiansen,
"Geometry Impact on Flux Losses in MCGs”,
Preprints of the Ninth International Conference on
Megagauss Magnetic Field Generation and Related
Topics, Moscow, Russia, 2002.

(8] Heinz Knoepfel, Pulsed High Magnetic Fields,
American Elsevier Publishing Company, New York,
NY, 1970.

9] o149, =A4, AzF, A&, “AFGHARAH &
54 A4S 98 MCG Tz=9 7w Zubasts
T4 B34 TEDC-419-011493, o, st =, 2001.

[10] BM. Novac, LR. Smith, HR. Stewardson, P. Senior,
V.V. Vadher and M.C. Enache, "Design, Construction
and Testing of Explosive-driven Helical Generators,”
J. Phys. D.: Appl. Phys., Vol. 28, pp.807-823, 1995.

Ly XpEtet& kMool MM A e

Trans. KIEE. Vol. §3B, No. 8, AUG, 2004

[11] V. Chernyshev, E. Zharinov, S. Kazakov, V. Busin,
V. Vaneev, and M. Krotkov, "Magnetic Flux Cutoffs
in Helical Explosive Magnetic Generators,” 4th
International Conference on Megagauss Magnetic
Field Generation and Related Topics, pp.205-218,
Washington D.C., 1986.

(12] =AE, AL, 0T8T 22 AFYEE W
A AFAS LAY 2EFEA,” 200 5l %
7153 EMECS®3 FAgt&d3 =3, pp2i-2
2002.

\®]
A
it
£
<
Wy

]

ERE R - A

19631 8¢ 1994, 19863 e
o By £4¢. 19883 F iy B
gtz 2H(HAD. 1988~EA I
gATA MIdAT Y.

Tel : 042-821-3713

Fax : 042-821-2390

E-mail : jhkuk@hanafos.com

of 8 = (¥ B &)

1950 10 28YA. 19739 AME&uUign
TP &R ANAF) Y. 19774 F
kel TSR SHHAD. 199449
T g AFEHITGG SGEAN. &
A Fdogw A7) Fsat a

Tel : 042-821-5656

E-mail : leehh@cnu.ac.kr

487



