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Purpose. Determination of the analytical interrelation of Clarke and Fortescue transformation for an asym-
metric sinusoidal system of currents of a three-phase four-wire network.

Methodology. To find the way for the use of the direct, reverse and zero sequences as components of the
power circulating in the intersection of the four-wire current line, a problem is set to determine the interrelation
of Clarke (a-B-0) and Fortescue (1-2-0) transformations. An analysis of the order of calculation of the direct,
reverse and zero sequences components is carried out for the general case and for every separate phase. Compari-
son of Clarke transformation for separate sequences is performed using Euler formulae in an exponential form.
Analytical relations determining the components of the current and voltage of direct and reverse sequences in
domain a-B-0 are obtained. The said relations are used as the basis for instantaneous power decomposition in the
use of p-q theory. The performed numerical calculation of current and voltage components, as well as power ac-
cording to p-q theory, confirms the obtained analytical results.

Findings. Interrelation of direct and reverse sequence conversion of voltages (currents) in domain 1-2-0 (Fortes-
cue transformation) with voltages (currents) in domain o-f-0 (Clarke transformation) is analytically substantiated,
which makes it possible to separate in the latter the components caused by the action of direct and reverse sequences.

Originality. Analytical determination of direct, reverse sequence components in domain o3 is proposed to
use these components during calculation of instantaneous power according to p-q theory for four-wire lines.

Practical value. The obtained results present a part of the analysis of electric power components in electrical
four-wire networks with asymmetric parameters of the mode and they can be developed for networks with non-
sinusoidal voltages and currents.
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Introduction. Energy processes in electricity net-
work electric circuits are determined by the character
and value of voltage and current in the unit for which the
analysis is being performed [ 1, 2]. For symmetric modes
of the network, i.e. symmetric networks with symmetric
load, the calculation and assessment of power indices
are performed for one phase and afterwards the obtained
results are multiplied by the number of phases [3, 4]. If
asymmetric modes occur due to load or network asym-
metry, energy indices for each phase are analyzed sepa-
rately, and the method of symmetric components is
used to assess the degree of asymmetry [5, 6]. In this
case corresponding symmetric components of current
and voltage with Fortescue matrices are used (1-2-0)
[5]. These components are used to determine indices of
electricity quality [3, 7] and corresponding components
of the electric network power [2], the order of the calcu-
lation and rated values for the former are standardized.
The mentioned parameters are successfully used to im-
prove the quality of energy consumption in both scien-
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tific and engineering calculations when choosing the
structure and parameters of the elements of balancing
and compensating devices [1, 3, 7].

Analysis of the recent research. At the present
stage of development and introduction of power trans-
forming technology devices into electric units, the im-
portance of solving the problems of both balancing,
compensating and filtration increases. Besides, filters
with constant structure meet the requirements of elec-
tricity quality in the units of electric networks less and
less, especially those with sharply variable nonlinear
load [1, 3, 4]. As a result, power active filters (PAF)
have been developed and are being introduced [1, 3, 8];
they perform the functions of compensation and filtra-
tion. Recently, due to development of science and tech-
nology, hardware and algorithmic PAF have been ac-
tively improved [1, 3, 8]. The PAF operation algorithm
is determined by the order of calculation of power com-
ponents subject to compensation, and, consequently,
by calculation of current for shunt PAF. Algorithms
based on p-g theory [1, 3] and its modernization for
four-wire networks — p-g-r-theory [ 1] are widely used.
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Both variants provide the use of Clarke transformation
(a-B-0) [9] of currents and voltages for further determi-
nation of power components. As some papers demon-
strate, PAF balancing is completely absent in the first
case [1], and in the second case it depends on the cause
of asymmetry, i. e. asymmetry of the network, asymme-
try of the load or their combination [7].

Problem statement. It is rational to find the place
of the components of direct, reverse and zero sequenc-
es while determining instantaneous power using a.--0
transformation.

Objective of the article — determination of ana-
lytical interrelation of Clarke and Fortescue transfor-
mations for asymmetric sinusoidal system of currents
of a three-phase four-wire network.

Presentation of the main research and expla-
nation of the results. The method for the analysis of
unbalanced multi-phase circuits was proposed in 1918
[5]. The paper contained substantiation of a new (as to
that time) point of view concerning research of three-
phase devices and soon this method was known as the
method of symmetric components. A three-phase sys-
tem of voltages is presented

u, U, J2sin(oz + ®,)
= ub = Ub\/zsin(ﬁ)t+(pb—2ﬂ/3) ) (])
u, UC\/Esin(thpc +2m/3)

)

abc

where u,, u,, u, are instantaneous values of voltages of
phases a-b-c; U,, U, U, are effective values of voltage of
corresponding phases; ® is angular frequency; ¢,, @, ¢,
are phase shifts of voltages a-b-c. In Euler’s exponential
form [10], taking into account complexes conjugation

Uaeimt _ U';e—imt Ua — Uaei(<l>a+0)
V2

U =7 U e -U ge | Ub =U, o/ (02/3) Q)
Uceimt _ Uc*e—imt U U ei((pc+2n/3)

U is usually called u phasor in the well-known litera-
ture [10].

Determination of the components of direct, re-
verse and zero sequences (1-2-0) is performed on the
basis of ideas stated in Fortescue’s works [5] and de-
veloped in Lyon’s works [6], caused by the influence of
the mentioned components on the electromagnetic
torque of an alternating current electric machine. In
particular, in trigonometric form, components 1-2-0
are determined in the following way

: Ua«/isin(wt+(pa)+

U, =|u, =§ Ua\/isin(mt+(pa)+
U, Ua«/isin(mt+(pa)+

u

+U,\2sin(or +,)+U_2sin(or +¢,)
+Ub«/§sin(u)t+(pb +2n/3)+UC\/§sin(mt+(pC =-2n/3)|,
+U,2sin(or +¢, -2 /3)+U 2sin(or +¢, +21/3)
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which corresponds to the exponential form

\/7 Uleiwt _Ul*e—imt Ul — (]]ei(p1

2|y T =i 7 i

Um:E Uy -U,e™ |« |U,=U,e" |. (3)
U™ —Ule™ U,=U,e’™

In this case relation of phasors a-b-c with phasors
1-2-0 is performed [5, 10], as

U, =§(u‘a +U,a+Ua");
U, :%(U'a +U,a” +U.a); (4)
U,=5(U,+0,+U.),

where operator a

g _an
a’=a'=e3 =e 3 = (5)
. 2n 1 3
=cos| —— |+isin| —— |=———i—
3 2 2
Deriving transformation matrix
| 1 a a’
Tl‘;'(’)”=§1 a' a |,
1 1 1

expression (4) is given in the form of formula [10]

U, | 1 a a']|U,
Uy = Tlt;l(’)cUabc - Uz =§ 1 a' a Ub
Uo 1 1 1 Uc

Virtually, the obtained components are voltages of
the direct, reverse and zero sequences of phase a, i.e.
Uy = Uy, o respectively T =Ty5,. To obtain
components for phases b and c it is sufficient to per-
form the following transformations taking into ac-
count location of vectors

U, a1 a]U,
U, =T U = U, =% a 1 a'|U,|
o,| Lt o1 o
_Uu-— [a a 1__Ua_
U, :Tltgl(’)beabc% UZc Z% a' a 1 Ub .
v, |1 1 1o,

Transformations for sequences of each phase are
obtained analogously
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U, 1 a a' —Ua
U, =T%U, —|U, =§ a1 al|U,/[ (©
U, a a' 1 U,
U, 1 a' a]U,
U,.,=T" U, —|U, =% a 1 a'|U,| ()
U, a' a 1 |U

Performing reverse transformation as shown in
[10], parameters of phases a, b, c are expressed through
the components of direct, reverse and zero sequences
of phase a

U, NI
U, =T,0U0 = Ub =3 a' a 1 Uz ;
U, a a' 1]y,

-1
120 _ abc
Tabc _[TIZO :I *

For a numerical example we will assume phase
voltages

u, =3603/2sin(r +0);
u, = 44032 sin(wr +0- 27 /3);
u, = 4803/2sin(wr +0.8+21 / 3).

Graphic representation of these voltages in time
and complex domains and their presentation in the
form of symmetric components are shown in Fig. 1.

Clarke transformation is used to simplify calcula-
tions in three-phase circuits [9, 10]. It allows passing
from a three-phase system to a two-phase one, or, to
be more exact, to a one-phase system with two projec-
tions o-f for three basic lines and additionally a zero
component 0 (it is also designated as “y”) for four-
wire ones. As stated in paper [9], relation between
three-phase symmetric system a-b-c and system a-f
is established provided axis a is located on the vector
of phase a and axis P is situated perpendicularly to o
directed towards the vector of phase b.

Then on the basis of equations (1) and (2) and tak-
ing into account location of vectors of the three-phase
system and corresponding angles between them and
axes o, and B, projections of each vector on the axis are
determined and these projections are summed up tak-
ing the direction into consideration

v -2 wa_lu',,_lu'cj;
3 2 2
®)
v, =200, + B0, By |
3 2 2

Zero component in system o-f-0 is calculated in
the same way as zero sequence in system 1-2-0, i.e.
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v,-2tv +1u Lo ).
312 2 2
In a matrix form Clarke transformation matrix is
used,

oL L
2 2
Tabf_z 0 ﬁ _ﬁ :
o0 H
3 2 2
111
12 2 2
. 1 _l —l .
A
 mabe <2 3 30,
UaBO_TocBOUabc_) l.]B _E 0 7 _7 l.][;
Gl jr 11 %
2 2 2

2
Multiplier in matrix ngg 3 is used on the basis of

materials given in [9]. Along with this variant, by refer-
ence to the balance of powers, as papers [6, 10] dem-

2
onstrate, multiplier \/; is used. The transformation

result is shown in Fig. 2.
Using Euler’s formula for a vector that should be
turned by a certain angle,

e©z=(cos® + i sin®)(x + iy) = (X’ + iy');
X' =xcos® —ysin®;
Yy =xcos® +ysin®,

and taking into account that on a complex plane for a
single vector a is

R(a)= cos(z—n) = —%;

for expression (4) taking into consideration (5), omit-
ting the analysis of zero sequence

v <Moo lo By 1o By )
3L 2 2 2 2

v, -Yo Ly By Ly By
3 2 2 2 2

In the form of a real and an imaginary component,
it is
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Fig. 1. Presentation of asymmetric system of voltages in the time and complex domains:

a — asymmetric voltage; b — direct sequence components; ¢ — reverse sequence components; d — zero sequence
components
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1. 1

UH—EU,,—EU'C) (0+£U —£U

=%[<Um+w' )}
B B

v,-tu, Ly 0+—U ——U
2702

=%[(Ua—iUﬁ)J;

-1u,+v,+v.]-0,

U
°3

)

)

i.e. direct sequence is determined as a vector sum of a
half of projection o with a half of projection j turned
by 90° in positive direction, and reverse sequence — as
a vector sum of a half of projection o with a half of
projection B turned by 90° in negative direction. In a
matrix form

U] 1 i 0 U.og
U120 Tl(;%OUaBO - U
UO 0 0 1 Uo

Reverse transformation is correspondingly
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U 11

1 O Uoc b snabc’ Uaz
0 . o . U, =(T§BC +IT" )Uabc | .=
U =TpoUi 2| Uy |=| =1 1 0| U | U,
v,] L0 0 g, R U O 17 IR 1
- = a 0 - = a
1 2 2 U .1 2 2 .
To single out components of direct and reverse se- 3 BB +l§ 1 1 by
quences in plane off transformation (8) of expressions 0 > T U, 1 ) U.
(6) and (7) is performed. Omitting intermediate calcu-
lations the following is obtained

Having vector presentation according to expres-

_ sions (2) and (4) one passes to the time domain. All the
, U, above mentioned operations are performed with a
Uy = (Tgﬁbc _iTo‘f;sbc )Uabc =2 |=

U four-wire network current.
Bl Thus, instantaneous power for a four-wire network
1 1 U B Blo according to p-q theory [8]
- = a O - = a
1 2 2 : .1 ) -
3 0 BB l{b 3 1 11 qb ’ Py u 00 |1
2 2 U. 2 2 U. =
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Fig. 2. Presentation of voltages using Clarke transformation:

a — voltages a-b-c; b — voltages of direct sequence o3; ¢ — voltages of reverse sequence o3
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can be presented taking into account the components
of direct and reverse sequences

Do = Ugly;

p= (um +um2)(i(xI +ia2)+(”m +um)(iﬁl +i[32);

q= (uBl +uB2)(iul +iu2)—(um +uu2)(iﬁl +iﬁ2).

On the basis of the obtained equation analogously
to [8], the following components can be singled out

Py =Uyly;
= Uy oy + Ul + Uy g + Ul

ol ol

B TIST

=u i +ua2ial+uB1iB2+uB2iB1; ©)]

ol o2

]

= ULy T Ugylyy — Uyl —Ugylgss

q = Uyl T Uyl — Uy gy — Uyl -

Thus, power of the analyzed intersection of the
network is divided into five components [8], among
which components p and g reflect constant active
and reactive powers, p and ¢ components of pulsat-
ing active and reactive powers, p, component of zero
sequence active power. In Fig. 3 for currents of phases
abc (Fig. 3, a),

i, =602 sin(wr —0.3);
i, =402 sin(wr —0.3- 21 / 3);
i =80:2sin(wr —1+21/3).
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Fig. 3. Determination of power components:

Taking into account their o-p-0 transformation
(Fig. 3, b) and voltages (Fig. 2), power components
calculated according to (9) are created in time domain
(Fig. 3, ¢, d). It should be mentioned that zero se-
quence power p, (Fig. 3, ¢) does not change the sign,
i.e. it is active.

Analyzing equation system (9), attention should be
paid to the structure of the components: constant ac-
tive power consists of products of the like voltages and
currents of the like sequences; variable active power
consists of products of the like voltages and currents of
unlike sequences; constant inactive power consists of
products of unlike voltages and currents of the like se-
quences; variable inactive power consists of multitude
of unlike voltages and currents of unlike sequences.

Conclusions and recommendations for further
research.

1. Direct and reverse transformations of voltages
(currents) in domain 1-2-0 (Fortescue transforma-
tion) with voltages (currents) in domain a-3-0 (Clarke
transformation) have been analytically substantiated,
which makes it possible to single out components
caused by the action of direct and reverse sequences in
the latter transformation.

2. Analytic determination of components of direct,
reverse sequences in domain a-f3 has been proposed
for their use in calculation of instantaneous power ac-
cording to p-q theory for four-wire lines.

3. Using the obtained sequences of currents and
voltages in domain a--0 according to the concept of
p-q theory, the components of power have been deter-
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a — currents a-b-c; b — variable components of power; ¢ — currents a--0; d — constant components of power
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mined taking into account the distribution of multipli-
ers characterized by a certain unique order in each of
the components. The obtained theoretical results have
been confirmed by numerical calculations.

4. The obtained results present the basis for correc-
tion of algorithms of power components in assessment
and compensation in electric four-wire networks at
nonsinusoidal and asymmetric parameters of the
mode.
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Merta. BuzHaueHHsT aHaTiITUYHOTO 3B’SI3Ky Mepe-
tBopeHHsT Kitapka Ta @opTecKblo I HECUMETPUY-
HO1 CUHYCOIaJIbHOI CUCTEMU CTPYMiB Tpuda3HOi Yo-
TUPUIPOBITHOI Mepexi.

Metoauka. {15 MOLIYKY HUISIXy BUKOPUCTAHHS
MPsIMOI, 3BOPOTHOI Ta HYJIbOBOI MOCJIiTOBHOCTEN SIK
CKJTAIOBUX MOTYXKHOCTI, 110 LIMPKY/IIOE B TIEPETUHI
YOTUPUIIPOBIIHOI €JIeKTPUYHOI JIiHii, MOCTaBJIeHO
3a1ayy BU3HAYCHHS 3B’SI3Ky IlepeTBopeHHs Kitapka
(a-B-0) Ta Popreckpio (1-2-0). IIpoBeneHo ananis
MOPSIIKY PO3PaXyHKY CKJIaJ0BHUX IPSIMOI, 3BOPOTHOI
Ta HYJbOBOI MOCJiTOBHOCTE! Y 3araJIbHOMY BUTIAIKY
Ta 11 KOXHOI 3 a3 okpemo. BukoHaHe cItiBCcTaB-
JIeHHs nepeTBopeHHs1 Kitapka mj1s1 okpeMux Mmoci-
JMIOBHOCTEN, BUKOpucToBytouu ¢dopmyau Eiinepa B
MOKa30Bill Ta eKCMOHEeHLilHiil dopmax. OTpuMaHi
aHaJIITUYHI CHiBBiIHOIIEHHS, 1110 BU3HAYAIOTh CKJla-
JIOBi CTpyMy i HAIIpyry MpsIMO1 Ta 3BOPOTHOI MOCTTi-
noBHOCTel B oOsacti a-B-0. 3a3HadeHi CriBBiIHO-
IICHHS TIOKJIAJCHO SIK MiAIPYHTS IUIsI OJeKOMITO3MUIIil
MUTTEBOT MOTYXXHOCTI IMMPY BUKOPUCTAHHI p-g-Teopil.
BukoHaHuii 4McenbHUII pPO3paxyHOK CKJIAJOBUX
CTpyMYy Ta HaIlpyrud, a TaKOX ITOTYXXHOCTI 3TiTHO 3
P-q-Teopi€ro, MiATBEepIKYE OTPUMaHi aHATITUYHI pe-
3yJbTaTU.

PesynbraTii. AHAJTITUYHO OOIPYHTOBAHO 3B 130K
MpsSIMOTO Ta 3BOPOTHOIO MEPETBOPEHHSI HaIpyr
(ctpymiB) B obnacti 1-2-0 (mepetBopenHst PopTec-
Kbl0) 3 HampyraMu (ctpymamu) B objacti a-f-0 (re-
perBopeHHs1 Kiapka), 1110 703BOJISIE B OCTaHHI Bil-
OKPEMUTH CKJIaI0Bi, BUKJIMKAHI Ai€10 MPSIMOI Ta 3BO-
POTHOI MOCIiTOBHOCTEH.

HaykoBa HOBHM3HA. 3aMTpONIOHOBAHE aHATIITUYHE
BU3HAYE€HHSI CKJIQAOBUX MpPsSIMOI, 3BOPOTHOI ITOCIIi-
JIOBHOCTEM B 00sacTi o-f3 WIS BUKOPUCTAHHS LIMX
CKJIQAOBUX MiJ Yac po3paxyHKy MUTTEBOI TTOTY>KHOC-
Ti 3a p-g-TEOPI€IO 111 YOTUPUIIPOBITHUX JiHiHA.

IIpakTnyna 3HaunMicTb. OTpUMaHi pe3yabTaTu
€ CKJIJIOBOIO aHaJli3y KOMITOHEHT MOTY>KHOCTI eJleK-
TPUYHOI €HEeprii B eJIEKTPUYHUX YOTUPUITPOBITHUX
Mepekax Mpyu HEeCUMETPUUYHUX MapaMeTpax pexkumy
Ta MOXYTb OyTH PO3BUHYTI IJIsI MEPEXK i3 HECUHYCOI-
TaJIbHUMM HaIlpyraMy Ta CTPYMaMM.

KirouoBi ciioBa: vomupunpogiona ainist, cuno-
8Ull aKMUBHUTL (hinbmp, Npsama, 360POMHA, HYAbO-
6a nocnidogHocmi, nepemeopernHss Dopmecksio,
nepemeopennsi Knapka, p-q-meopis mummesoi no-
mydIcHOCmI

enn. OnpenenieHre aHATUTUYECKON CBSI3U Mpe-
obpasoBanust Kinapka nu @opTeckbio mIsT HECUMMeE-
TPUYHOU CUHYCOUAATBHON CUCTEMbI TOKOB Tpexdas-
HOW YeTBIPEXTTPOBOIHOM CETH.

Mertoauka. /[yi1 nmoucka MyTU MCHOJb30BAHUS
NpsIMOI, OOpPaTHOU M HYJEBOW MOCIEAOBATEIbHO-
CTeH KaK COCTaBJSIONIMX MOIIHOCTU, LUPKYJIUPYIO-
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ENEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMN

el B mepecedeHNH YETHIPEXITPOBOIHOM 3JICKTpUYIE-
CKOW JIMHWM, TIOCTaBJICHA 3a1a9a OIIPeaeICHUS CBI3U
npeob6pazoBanus Kiapka (o-f-0) u @opreckbio (1-
2-0). Ha ocHOBaHUM aHalM3a MOCIEIOBATEIIBHOCTHU
pacyeTa COCTaBIISIIOIINX MPSIMO, 0OpaTHO 1 HyJIe-
BOIi TocjienoBaTe/IbHOCTE B OOlleM ciaydae U JJist
Kaxmoil u3 a3 oTaeabHO, U COIOCTAaBJICHUE C TIpe-
obpazoBanueM Kitapka misi oToenbHBIX MOCIEO0Ba-
TeJbHOCTEM, MOJyYeHbl aHATUTUYECKUE COOTHOIIIE-
HUSI, KOTOPbIE MO3BOJISIIOT OMNPENEIUTh COCTaBJISIIO-
1Me npsiMoil M oOpaTHOM TMoceaoBaTebHOCTE B
obnactu o-f-0. Takoil cnoco® mpencTaBaeHUsT CO-
CTaBJISIONINX TOKA M HANpPSDKEHUs ITO3BOJISICT BbI-
TMOJTHUTH TEKOMITO3UIINI0 MTHOBEHHONM MOIITHOCTH
IIPY KCIIOJIb30BAHUU p-g-TeOpUU. BHITIOMHEH 4Ymc-
JICHHBII pacyeT COCTABISIONIMX TOKA U HAMIPSKEHUS,
a TakKe MOIITHOCTHU 10 p-g-TEOPUM, KOTOPHIA MOMI-
TBEPAWJI TTOJTyYeHHBIC aHATUTUIECKIE BHIPAXKCHMUSI.
Pe3yabraThl. AHAIUTUYECKU 0OOCHOBaHA CBSI3b
MPSMOTO M O0OpaTHOro MpeoOpa3oBaHUsST HaIpsKe-
Huii (TokoB) B obsactu 1-2-0 (mpeobpa3zoBaHue
DopTeckbio) ¢ HATIPSKEHUSIMU (TOKaMU) B 00J1acTH
o-pB-0 (mpeodbpazoBanue Kiapka), 4To MO3BOJSET B
MOCJIeIHEW OTAEINTh COCTABJISIONINE, BbI3BaHHBIE

Jin Hong' 2,
Sun Lining'

JIeCTBUEM MPSIMOU U 0OpaTHOW MOCIenoBaTebHO-
CTEH.

Hayuynas HoBu3Ha. [IpemyioxeHO aHaiIuTHYe-
CKOE€ OTpefieNIeHre COCTaBISIIONINX MPsIMO, oOpar-
HOH TocCIen0oBaTeIbHOCTEN B 00JIACTU a-f TSI UC-
MOJIb30BAHUSI ITUX COCTABJSIIONINX TIPU pacyeTe
MTHOBEHHOW MOIIHOCTHU MO p-g-TEOPUU IJIsI YEeThI-
PEXIIPOBOIHBIX JIMHUMA.

IIpakTHyeckas 3HAYUMOCTb. [lonyyeHHBIE pe-
3YJIBTATHI SIBJISTIOTCS COCTABJISIIONIEN aHaT3a KOMITO-
HEHT MOIITHOCTM 3JIEKTPUYECKON SHEpPruud B 2JICK-
TPUUECKUX YETHIPEXTTPOBOIHBIX CETSX TP HECUMMeE -
TPUYHBIX TTapaMeTpax peXuMa M MOTYT OBbITh HC-
TOJIb30BAHBI JISI CETel ¢ HECMHYCOMIATbHBIMU Ha-
MPSIKEHUSIMU U TOKAMMU.

KoiroueBbie ciioBa: uemolpexnpo8ooHas AUHUSL,
CUN0BOL aKMUBHbLI uabmp, npsamas, 0opamuasi,
Hyneeasi nocaedo8amenbHOCmuU, npeoopa306anus
Dopmeckvio, npeobpazosanus Kiapka, p-q-meo-
PUsI MCHOBEHHOLL MOUSHOCHU
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A TRIGGER METHOD BASED ON MAGNETIC INDUCTION
IN METAL-ENCLOSED SPACE

1I3inp Xyn" 2,
Cynb Jinin'!

1 — dakynsreT MalIMHOOYAYBaHHS Ta €JICKTPOTEXHIKM,
VuiBepcuteT Cyukoy, Cyuxoy, nposBiHiis L3sHcy, KuTtait
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MYCKOBUI METOJ HA OCHOBI MATHITHOI THJIYKIIIi
B METAJIOZAMKHEHOMY ITPOCTOPI

Purpose. As the application environment of storage test technology is getting worse and worse, the trigger
signal with the function of wake becomes the key to the success of the test. In this paper, a new method that in-
duces changes of the intensity of magnetization to implement trigger is proposed. This method is very useful for
solving the harsh environment of metal-enclosed space.

Methodology. We design a kind of thin film coils which are placed inside the metal shell. It can induct the
slight changes in the magnetic field, and output corresponding induction electromotive force which will be ampli-
fied to meet requirements of the trigger signal.

Findings. By theoretical and experimental analysis, this method can be used to realize the trigger with the metal-
enclosed space. Moreover, it can improve the reliability of the trigger by several times to generate the trigger signal.

Originality. We designed a controlled variable magnetic field, a flexible thin-film coil and a signal processing
unit. These can achieve the metal confined space of the trigger problem. The research on this aspect has not been
found at present.

Practical value. We also increase the reliability of the trigger design, and the optimization of the system can
be used to achieve the best form of trigger. This provides a certain way and method to extend the application field
of storage test technology.

Keywords: storage test, metal-enclosed space, thin film coil, electromagnetic induction, magnetic induc-
tion, trigger signal
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