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A Research on transmission energy and data using induced
electromotive force of coil
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Abstract This study concerns the transmission of energy and data using induced electromotive force. Due to the
requirements of weapon systems, most arms are kept in an armory for a very long time before being used. During
this time, the reserve battery, which serves mostly as a power supply for the electronic fuze, can be degraded, thus
causing problems when it is actually needed. We attempt to solve the various problems associated with the old fuze
system caused by long-term storage by using the 'induction power' transmitted from another device just before its
operation, instead of using 'built-in power'. We tried to find the best carrier frequency to communicate with the system
by induced electromotive force. Also, we changed the communication method for transmitting the 'induction power'
from 'FM/AM modulation' to 'Duty ratio modulation', which can transmit a large amount of data in a short time.
Through experiments, it was demonstrated that the induction coil can replace the reserve fuze's battery without any
problem, thus confirming the possibility of using an induction coil as the power supply source of the electronic fuze.
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Fig. 1. A magnetic circuit

o H 2B HETRT R W P w E
%?Duﬂ%ﬁw 1Umf%._ UW?@M

e °O W T o ol Do
M N gy ® P X oy
ol wom o AL < ou oW WO e W
r ~ = o il —
AR R B LT dT e X Hoop W o =
Ho‘mﬂ - O.LEO . ok >

J)om T nwﬂmﬁ%d. vﬁﬂdx
prEr T MLy s oy T = uE
r o o#_#otWEo =0 o = i
o & pE mo ™ = ) = i TN B X
iy ~ ~ or T Ar c..mo 4R A_ 2o K Moyi
o= T W oK o= < o Mo 4r ) Ewo

R s BCIN IR S S < Mo
ol more = A ™ do o R
oo ook o~ R o T4 Bl D a4
zoﬂlxﬁﬂwﬁutimﬁ ToH K o = po = N e
) N do o = B o- =T 0
g;ﬁoﬂwﬂ%mﬂfyﬂ_%v ® Ig_=m
o = :/1111E,A‘m/|‘|q < iy .
@ﬂ%%%ﬁ%?@gﬂi o %ﬂwmowwb%
o < — T wK W oF T o = )
G+ B g 2 VW om Gl hrd o = W .
LT ™R SR g T BRE I
pﬁﬂﬂ,_zamlﬂ:_uﬂulvowqgeﬂ_rm oﬂl,oﬂﬁﬁomM

~ M ER S LTy Mo X

HE we o MT g ol Woel g H R AR
T LT o B = |

X e o 2T B - = 0 !
R D R 5 A IR
™~ o o 0 r mR Jjo o E mo o o
PTMWBEEFRET FFRBETERTAY FPBE OILPFYWR FT T
WOUE o o BT T aGog B W e X o N e = 7 N W do
ﬂorz.*o,l_ﬁl.maﬂati OC OI ﬂﬁdlﬂbo ! ) MﬂrAlio,m_vl Mﬂﬂﬂd.,lm_ouei E.._ 1_,N_| &Ko
%%%%%mﬂo@ ﬂuﬂea..iﬂamoﬂg R I S T
T _ — ~) Y 0 =T -5
LEEZgTR ITogwpft TREs mufaed LT
Wars Crones BWagLEpTe TXTaw woTge <oy
Ferdmgy Xgx S2dBN FopdT gl BF 9 odp
RERO g o Taguur BTy gy amFor §ED
Mo o X = oo o HE <y oo o 2 = oo <
iy Mo ik 5 %o ol o R 2 o ol s O <! w Hr 20 Al - <7 ™
PRI BeE PrprTalbe wgv. Loy g
ztﬂﬁ,mu,u,ur_liﬂbdl or,.ﬂzﬁwﬂmibkmﬁlﬁe | MoMmﬁ F L] Lt,ml B Wy
By X dwad PXsh R W ool S - U
g W e B e W R b T Em g o om Ry P
FoRessd WroTREiaB o c bl ErRrErsex™
sl Ry PHR Tz ¥ ogmfEovg @y oo
A TR GO I NG N N R R T N N - O
ERAE R E BPrm Ky BRE PR e g T w
SrTiEET CeTEEUS iiovviou TR
mﬂhoﬂ.xﬂaiﬁ nﬁK%OtﬂowW@z:gxogaﬂﬂeqﬂmzt@ MuﬂLmﬁ_vuﬂ,_ﬂWﬂL
o T T o X AR S T - < O g - Ul Sl

©° " KO — N X g ﬁLlr«‘.w,Ll Xio_ zi,l];o
o R EFRYE Cm P X xx TN FamE X W g o0 o
ORI TN R W W DR R H R e R I

608



YUY FE7IRHE o8& ovA Y dHolE HE

o] Wik a+

A715]me] AFHshes &= A7|3 R AAUSIR o
oA aL, o7k Ab7] 3] 2 o] AW sl= JAF I A3 =
o] AHgWsts dor|A HaL, o] A4St ofsf x7]
3l 2ol Mol fr71¥= delE ol8shd HHE el
A& A5 7F o]Ag AR EE
R SRk o e e ey
o= vyl dyow A%ty

AFAEE BAA )= 13 ZY(Primary winding)
ataLl o] T AfFH= Foje] uhte] 2]
Elﬁ 7132 27

FHSHE Yo7A €t
ol¢} 2ol EﬂLX1‘ﬂﬁ%4%ﬂ&%ﬂwq
JL$§ N3 |2 A, U 52=

AR EE AAZS HAT/m], AASE

] =2

(Secondary winding)oll 7

of mAh A = difm]elgt & ul, z7|3] 2 2
< %‘M?l% 3, 712 FIAT] okl 2 ()3 2ol
AeE 4 Sk

55 H +dl=NI[AT] )

C

FEALE o8 SIS Adole] A &
THFS o]l Aow dukro R Fig 2 9 e
Pgoz AEn, 17} 2L 5322 YElih

h\
<

—§"“9n5| .

Q00000

==
===
gL

%} Y (Primary Winding)oll 1572 %(Ep)S 17}
{%‘ﬂﬁmﬂ of3l WiomeE )Yl AH L, 1
2 A4 e A5 AR HshE2
A7) A oA ofy A (2)%

4
99 A%uste] gor

—
ICRE]

@

609

old] gjzjdlo] &
Winding) 2.2 =% &
2k ZU o] H(Ns) ok

dell =71 #(Es)°l

Aol oA 22} FY(Secondary
1A okl 4 ()5t ol 2

FEASe] o7 27 A

LA EE, 1,23
A 4=7ke] *‘iﬂﬁl
o] MAEA| =

[Eopy
PN
geld

& - %l‘i}.

S

Vp

Vs

Is

Ip

Np
Ns

=]

o @ sAeiulele] AR F
o Atelsh Gele] Aelo] Fusg
o= f7)5E AL ol g3,
49 % 2 2z 715l AYskye) 3
RRE m e m @

1:!

=

ol °|A

3

o R
m{frﬁ*m
roly =~
-9

it

B AN o
=)
4 o
lo
=
o

%

Hyol 2o} Yk AR dlo]g Ry
e Aelo} Farh Mg sk Helth

B wgdA] Ak Aol Faedl Feug =
A3k Were 7)o Afelol Fal )9 U4 )
oF HuF A PO, Aol FArE A

HlolEj5 o]

-0
o

HE
=



S =}

ARSI EeB =R A7Y ATS, 2016

S FEe] AR
HJ—/\] o]E]- o] 31 3}
AMHZ 2 FMHZ

= A}&am e 7}% W),

2o} FuE
) ol el 7

w2 ot BN rlo

RS R 7”%‘51% Az
st F7PEA7E e gy v,
WS AR E o) T E A
1} Microprocessors-2] T]A]
e A §lo] ZutE
F7do] itk

o
-

9 43

g
o)

E—]B

YTES
E
Ad %

Adjust Duty Ratio Method

AM Modulation

(o]

FM Modulation

WAL

1 o 1 o 1

Fig. 3. Carrier frequency modulation method

3.

3.1 oflix] & ciolef SN

AA AFS S-&3tA} Bk Al2Hl[4,5]4 = WY
Tadd dFshe 14 F 2L AHAFAEA e} A
o FEEI, Hehre] Fojd dldshe FAFE
FTEE OASEA "ok 183 23F Y2 ' 2l
o Eo] o] T Ul FHE R4 8] o]F
o} A7 €tk Fig 4°] Jebd viel o] 2975 Ay

610

2 SR APAEAGA C sdehs el 23)
FYE ¥ RCEZXIE, HlA(Bridge) H73=,
TRAANANHE, TR T& T AR FYFoR of
FolZIth Fig. 4 o EAHA] ¥ A2 WAl 2
olell dgeh FEo®, T o= A= A
7188E sl AEA717) 18] EAsh, 2 Al
o] Fold] astE T 2388 12 Y] FEAF
722k FAR fres=d] oo Weljshs 8aR 283t
o A Fofol sFehe T2 A A EAEES Bt
& d 5 sl

Input Voltage

Reception
Signal

1st Ceil

¥

®

2nd Coil

Transmission
Signal

Fig. 4. Inductive communication circuit

wu =& L
g Mo 2
= A

o
{m

o] Driver ﬂig A8t AEjoll Al Driver Al©]
(Gate) & MlCI‘OpI‘OCéSSOI'Ur Function Generators<
o]-¢-3to] ON/OFF] #4S w27 whial] = 14
FRHE fFrer)dgo] s gk
Oﬂ’ﬂ AAEE Fr1d9E s2l87] SlE
4 2;} ﬁow 27 ZoA A&

:Ve‘—i—l

&

%%l

= o]

R I = |

ON/OFF
ﬂa NEER
oA A% vish

*1*131 Aol =ds



7

Fig. 5 9 A2l 4 ekl whsk o] 477} 57
g ) wrks 457k #43 Folmt A4, £ 947149

o] WAEH= AlAlel Bl A7 24k AU E 771

m
i
Wi

-

200mA< M 100ps] A Chz F 708mAl
Bl Ch2 s 804mA 14 Mar 2006
09:20:34

[#[50.00 %

Fig. 5. Drive current of primary coil

e 4

%l
s O
=

/[

Fig. 6. Coil assembly and scene of experiment

611

%0 ¥
g

29 zgAIz A
Fsleg A9E NER Pl 43S A3
olefd A3 HolEE vigoz 2
: *“4'8}04 A4 3 40 4y

=

2 >

8o oy B

i)

N
o 2O

e opx

B
ofje
2

ol Aoﬁ Fig. 6 4 274%—
A9+ Fig. 7 7 o] R
= 3"z 74]*—1‘54315}.

Tek Stop |

Sl 2.o0v | M1.00s| A Chz 7 2.68V|

14 May 2007
14:13:38

Fig. 7. Charge waveform of power capacitor

TR A}
AzA]

A4
| SAskich

54
o T
1 3} o

o 9 3
.]



A 71Ee 8 =2 A ATd ATE, 2016

Table 1. Carrier frequency & energy efficient data Tekcstop | L 2 T > =
Carrier Charging Voltage Time
frequecy 1.0s 1.5s 2.0s 2.5s 3.0s
500Hz 49 5.8 6.4 6.5 6.5
1KHz 53 6.8 73 7.4 75 i Data
5KHz 6.5 79 8.5 8.7 8.9
10KHz 7.1 8.4 9.2 94 9.5
100KHz 6.5 78 8.5 8.7 8.8 By
500KHz 1.5 32 47 53 5.9
IMHz 0.5 15 2.1 25 2.9 R A L TR R aReT
B Ch2 & 2.50V 29 Apr 2004
[[64.40% | 09:10:10
- _ TekStop | %‘ﬁ_}' ». [
A9 Alele] FeEs B4 SE 2 des ;
AY & & AR Aol A3E Yehdeh
ST 10KHz BHeje) Aol Fo4 A48 A 713
e Se2 HeYd ARAHZE FHEAL SHE A Ik .
nergy
S K R0 AohE B8 el Aele] T deta
A olF by AAT FAANS EE5] 918 7} boundary
A9l AR WA A FA A AA F4E FA F
S A obAR, A Fue ool FHA
o) A4S BT 4 Ak ool 1 FHELo] T W 4 G TS
B EWB\ Ch2 £ 2,50V gg.ﬁgp.zggna
FUY 10KHz9] 7)o} Faproll = AQAE o FH ' -
N Tek Prevu | e e—— »- [
H= A5 RC EH7F 98%¢°l o2 AR 25714] 1
& FANROR PSR Ao| A2ug urt £EHO
2 FEAY 5 e A9 2o Ayt
<«
10
\ e Data
g
7 e 500HZ m
. A —B 1KHz
5 M / —i—5KHz
¥ == 10KHz
4 / —— 100kHz @i 1.00v M 200ps| Al Ch2  2.52V)
3 == 500KH:z M[7.000% pLcha L2350V 53:’35&?"0"
2 P 1MHz . o
1 Fig. 9. Transmission of energy and data
0 T

Fig. 8. Carrier frequency & capacitor charge curve

Fig. 8l vebdule}l 2Ho] 500Hzol A4 10KHz= 3}

F7F SVl upet AFAE ] FHEE G B E
AL Fogd 4= 9o, 10KHzolH IMHzZ 7))o
Foprt dsdde wet s 3 vl sk
93]2] 500HzRU} ] w2 Aol T4 As <
g don, AW HE 71e7)% ot
A E3E= AlRbe] AojA = AE EE T 5 AliTh

612

A7t 2 AdE wEeR g Fige
10KHz= 2As}aL, & Ao Jxst FEH 248
o] g3t ol x| & dloJE] TAls 98 Ealage] 73
=& FENRIE 2] Q8 FUHAQ A skeith A9
Az A 1A} Y] FEAF FHATANA B 5
ATl AA| FE7|HHo] 7H wo] WAEhE BES
gA g dee] A5 7} HigholAd Low®z Wales 974
o] MAB= AlFYo R ojejd gridEe] M &
SA o g WA F 9= 2359 High:Lowe FEH7}



LY FE7IFHE o83 ovA % HlojE ALl B3t A7

50%:50% 32 29l & 5 SIgitt. 3.2 Stls8 MM
ool elux] 5 @ 10KHzo| 7)o} Fatrol 13 AAIE o] &a 7| BA 7hA W AIE A4 A
TEIH] 50%:50%S A8shs oz AAE St e AR 3 HH8 9AS APt FEIAS o
AIA FE = AEHE eIt HolEe] 12 AF g3 B4 #ale] Hi g Azldele] HA]
T ATEMIE SATOR ARG o] B FRE fryHoln, B =Rdn 47 14 7Y o4
A= Fig. 9014 LEbdl wke} o] 27] ALI3FE Arjdol MaE Ea mold] A7)4e Waes do
Fl8l 10KHz®] 50% High 158 AHH02 FHF & 3, F:0]e] A4 wsh= 22 :de] A4 Hsz o]
DA AAAREE 7H § deks vAE AR7E AFE ojx: ol 2849 dux] AYe 98 AFeEE
T EE Ak, shte] FAIRE o] 8dte] Y Fojrl B AlzE s 2H 2] v A2EH A= =
T 2 HolH SAlk ol & = QlEF PSS ol ARERS ASAIE uEs A8 SR,
AR A= SR Qe AEFgo] Hhidhe g
Table 2. Duty ratio of each data 7 STk ol @ FAAN BAshs EAE Bt
Type DB igh ection | Low secton A, ohE 270N ALEES AL S A= ekl
Ererey } . o gel F7F s sk
1 50% 50%
Data
0 20% 80%

Fig 1091 50%:50%<] FEHIE 7HA= tAE 2l
3 Higholl s1338= 3197} 20%:80%2] FEIHZ t]A]
g 2159 Lowel aigahs 93] 215 ekl qlch

Tek Prevu | -~ [m—
[
“ Energy
1111
P
700V M[40.0ps] A Ch2 S 252V
B‘ Ch2 &£ 2.50 V‘ 29 Apr 2004
(5[64.40 % 09:10:33
Tek Prevu | e . [
@
« Data
0011 Table 3. Measurement spec. of voltage and currents
P Coil Ist Coil 2nd Coil
Power
MP Batt MP Batt
supply SMPS attery SMPS attery
B T00V T [MH0.0us] A Ch2 & 252V Voltage
280% B Ch2 ~ 2.50v 29 Apr 2004 ) 7.2 15 7.2 14.5 7.2 15 7.2 14.5
Fig. 10. Detail waveform of energy and data C‘;X‘;m 302 | 49 | 186 | 44 | 15 | 28 | 134 | 23

613



A 71Ee 8 =2 A ATd ATE, 2016

%3 Battery$} SMPS

Al FdE 5 9

7] N Ask= A17HS Tabl

0] =

=

ne B

sgick. ol| @ w8} A 3
Ao Ak Fal A T8A

A9 22 IUS T A
Ae AEE F7435t, 237} 5
e 4 ¢} Fig. 12 o4&} 2ol 7
17 245 53 AA F8olA
FNEES T
HEE BE5 < ANt

Table 4. Measurement spec. of Battery & SMPS

Time 72V 15V
(sec) Battery SMPS Battery SMPS
0.1s 3.04 330 4.80 5.40
0.2s 3.62 3.88 5.55 6.28
0.3s 3.92 432 6.00 6.72
0.4s 401 445 6.20 6.80
0.5 4.10 4.54 632 6.92

8.00

7.00

6.00 /

5.00

__,,..—I-—-—."—':.‘ —B—7.2V5MPS
4.00 W v
15V Battery
3.00 ¥
== 15V SMPS
2.00
1.00
0.00 . . T
013 023 033 043 05%
Fig. 12. Battery & SMPS voltage curve
22 2Y FAEE NS Al 13 S ZLAA
N8 HEANE moh $38 FHE £ Fsaes |
A} AA A Aget A1FY B 3Ye] © £ S
A7l o R AA BAE FHeeth 8 24 =
Qo] 9 Aoz FUlE E 14 2Uste) 2 FF
£ Fole AXE EFHAQL Yol F F oy FY F
%9 27) BEe Azssle] AgEE FAAANA of
n] QA lo] W7ol Brleitt. ol# g 22k I ©
F FUE S8 =AY 28 A T A%
™, Table 3 ¢ A1 dHlolHE Fall F#52 & Uy
0.3z Fqolx o] x35t=1413} Table 4 o e 1}
o} ol a1zl | 47} 13 Aol ]3] oF 4u) o]
2 Bol AR 22 ARGl A 27] Al AES flE e
 oluix) AEAE 22004 0322 BHEAZ 4 3

—4=—7 2V Battery

614

Table 5. Improvements spec. of transmit-receive coil

Ist prototype | 2nd prototype
Number of turn 25 times 110 times
Transmit coil
Pitch 5 mm 0.45 mm
Receive coil Number of turn 100 times 280 times
Chare time(sec) 2s 0.3s
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