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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
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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.
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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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Introduction. Trigger technology is one of the key
technologies to obtain the signal effectively, especially
in the process of storage test and distributed multi pa-
rameter acquisition. The trigger module is an essential
part of the system. In order to ensure the accuracy of
signal value [1-3], it is essential [3—4] to realize syn-
chronous triggering of multipoint signal in distributed
multi parameter acquisition, such as Wireless Sensor
Networks. The storage test is the only effective means
to dynamic parameter in harsh environment. Being
battery powered, this test method increases the energy
consumption management. So, this system needs a
trigger signal, i.e. they are even more dependent on
the trigger signal. As a result, to choose the correct
trigger signal is the key of success on the design of a
stored test system [5].

Due to the complexity and particularity of the test-
ing process, it is necessary to design an appropriate
trigger method in the testing process of different re-
quirements to achieve the effective and reliable trigger
signal. A kind of trigger method in literature [5] is to
compare the value of the sample signal to judge wheth-
er the value has reached the threshold value. It is
achieved by an external interrupt control circuit which
consists of two resistors in series. A kind of trigger
method in literature [6] uses the trigger signal source
which is constituted by the semiconductor laser, the
fan-shaped screens and the retro-reflector to provide
the start signal for the high speed photography system
and measure the velocity of moving objects. Another
trigger method in literature [7] uses the ECG signals
associated with the pulsed magnetic field as the trigger
signal. Among the current triggering methods, some
use the electric signal as the trigger signal, and some
use the optical signal as the trigger signal. But in some
tests, the test object is placed in the metal-enclosed
space, the optical signal and the electrical signal,
which is produced by the external interrupt and the
bus protocol, cannot be input to the closed space to
realize the trigger. Wireless energy is transmitted based
on magnetic field resonance, as shown in [§—10]. The
question at issue is: is it possible to receive the mag-
netic pulse signals in a metal tank without any holes?
Our research shows that the magnetic pulse signal can
be received by the coil inside the metal tank and act as
a trigger signal. The magnetic pulse signal is produced
by a magnetic relay outside the metal tank.

Aiming at the storage test for parameters of metal-
enclosed space, a new trigger method by changing
magnetic field to transfer the trigger signal is presented
in this paper. After dealing with the non-contact trig-
ger signals, the test circuit can be triggered in a con-
fined space to ensure the test is normal and effective.

Trigger principle and analysis. When the elec-
tromagnetic wave reaches the interface between the air
and the shield body, the discontinuous impedance will
produce radiation to the incident wave so as to reduce
the electromagnetic wave energy. A part of the energy
into the shielding body will result in heat loss. Accord-
ing to the shielding theory of the Schelkunoff, the total
shielding effectiveness is the sum of the absorption loss
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and the multiple reflection loss [7]. The larger the
thickness of the shielding body is, the more significant
the shielding effect is.

The traditional triggering method is realized by sig-
nal transmission. The signal should be received com-
pletely which can be triggered after identifying and
judging correctly. However, the closed space has a cer-
tain performance of electromagnetic shielding, which
will attenuate the signal and cause the receiver to be
unable to recognize it, so that the circuit cannot be
triggered. Combined with the characteristics of closed
structure, the traditional signal trigger mode can be
changed through changes in the magnetic flux to trig-
ger the circuit. This kind of method is similar to analog
signal transmission, which does not have the rollover
threshold limit like the traditional trigger signal and
can amplify the trigger signal to make it recognizable.

Principle of inductive triggering. The thin film
coil is sensitive to the change of the magnetic flux
which can be placed in the receiving end. The thin film
coil is also known as the multi-turn coil, which is a
closed coil winding, and the principle of it is the
change rate of magnetic flux.

According to the law of electromagnetic induction,
the induction electromotive force E by the coil is

Ao
E=-n AL (D)
where 7 is the turn of coil; Ag is the change of mag-
netic flux; Az is the time of duration.

When the magnetic flux changes, there will occur
induction of EMF E. The larger the change is, the
greater the electromotive force value is. However, if
the electric potential is relatively weak, the value can
be increased through the level of amplification circuit,
and become the trigger signal of the memory test cir-
cuit.

Simulation analysis. The trigger method of the
thin film coil induced by the varying magnetic field is
simulated by using the Ansoft maxwell simulation
software. The specified volume of the metal-enclosed
space model is 40 x 60 x 55 mm, it is hollow inside
with manganese steel shell wall thickness of 5 mm. The
varying magnetic field is generated by the electromag-
net which consists of the electromagnet core and cop-
per coils. The number of turns is set to 300.

We increase square wave excitation current in the
coil cross-section to 1.5 A. The distance between the
electromagnet and the shell is 10 mm. The simulation
time Lis 5s. According to the above conditions, we get
cloud simulation and related data through simulation.
To solve the magnetic field strength of the space inner
and outer walls, the corresponding cloud and values
are required as shown in Fig. 1, 2.

A small amount of alternating magnetic signal to
pass through the metal-enclosed space into the interi-
or of the space can be seen in Fig. 3. As long as the al-
ternating magnetic signal passes through the metal-
enclosed shell, the film coil generates an output signal,
which is the trigger signal of the circuit through pro-
cessing.
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Fig. 1. Magnetic field intensity distribution of the
outer wall of the shell
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Fig. 2. Magnetic field intensity distribution of the
inner wall of the shell
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Fig. 3. The distribution of magnetic induction in-
tensity on the inner and outer walls

Fig. 3 shows the relationship between the change in
the metal inner and outer walls of the space confined
by magnetic flux density according to the position.
Abscissa zero is located in the central position of the
inner and outer wall. As it can be seen from this Fig-
ure, with increasing distance from the centred posi-
tion, the magnetic induction intensity is gradually re-
ducing. The inner and outer wall strength values are
different due to the shielding of the metal shell; com-
pared with the outer wall, the inner wall has a great
attenuation.
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According to the (1), the induction electromotive
force produced by the thin film coil is related to the
number of turns and the change of the magnetic flux.
The type of metal materials and thickness of the met-
al-enclosed space, the external magnet field value are
also closely related to the electromotive force E.

The simulation analysis result shows that: the mag-
netic field strength is proportional to the conductivity
of the space material and other factors; the distance
between the electromagnets and the shell is inversely
proportional to the magnetic field strength when the
thin film coil contacts with shell inner side.

For a specific application, the number of turns of
the coil, the material, the thickness and the conductiv-
ity of the metal-enclosed shell are all fixed values.

In order to neutralize the influence of the shell on
the magnetic field (as shown in Fig. 3),we can increase
the current value of the electromagnet, increase the
rate of change of the magnetic flux, shorten the dis-
tance between the electromagnets and the shell to gen-
erate the desired trigger signal.

The trigger signal that we needed is a transient sig-
nal, thus, the easiest way to generate the transient
magnetic field is by controlling the electromagnet
power supply on and off.

Therefore, in the experiment which using a specific
type of metal-enclosed shell, the influence of the ad-
justable factors of the electromotive force E involves
only the electric current value of the electromagnet and
the distance between the electromagnets and the shell.

Experimental verification. The trigger and a re-
ceiving device being designed on the basis of simula-
tion analysis, the thin film coil induces a weak mag-
netic signal; thus, trigger circuit implementation feasi-
bility is verified by experiment.

The trigger module is mainly composed of a trigger
control unit circuit which is arranged outside the metal-
enclosed space, and a trigger circuit which is arranged in
the metal-enclosed space, as shown in Fig. 4. The trig-
gering control unit circuit is composed of a trigger con-
trol unit, a relay, an electromagnet and a power manage-
ment. Its main function is to receive the test start signal
of the system, and control the relay to the solenoid to
generate a varying magnetic field at the same time.

The trigger circuit is mainly composed of a multi
turn coil and a differential amplifier circuit. Its main
function is to induce the external magnetic field
changes and provide a trigger signal for the activation
of stored test instrument by signal processing.

In the experiment, the electromagnet uses 12 V
power supply. According to the spatial structure char-
acteristics of the metal-enclosed spaces and the vol-
ume of the storage test instruments, we designed a
multi turn thin film coil with a line width of 6 mil. The
thin film coil is a metal film sputtered on the insulating
film with polyester amide substrate, using the ad-
vanced thin film processing technology, made of flex-
ible thin-film multi-turn coil. Regarding the flexibility
of thin film coil, it can be placed on any shape, and has
a certain structural compatibility with the storage test
instruments and the metal-enclosed space.
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Fig. 4. The block diagram of the trigger module

The induction electromotive force of the coil is
very weak, so the signal is amplified by a differential
input instrumentation amplifier with a magnification
of about 450 times, to meet the requirements of the
trigger level value.

The trigger module is constructed according to
Fig. 4, “start signal” in Fig. 4 of the power control so-
lenoid generates a changing magnetic field.

In the trigger circuit, the output signal of the thin
film coil is enlarged.

The constructed trigger module has the storage test
instruments attached and the simulation experiment is
carried out on the shell. In the experiment, the thin
film coil is mounted in a metal-enclosed metal casing,
which is attached to the insulator and is wound into a
circular (or rectangular). The normal of the film coil is
parallel to the iron core in the alternating electromag-
netic field generating device, namely, the plane of the
multi-turn coil is perpendicular to the axial changes in
the electromagnetic field generated in the device core.

The stored test circuit is connected with the thin
film coil to be placed in a metal cylinder, and the ex-
ternal electromagnet is controlled by a trigger switch
(Fig. 5). Fig. 6 shows the signal waveform, which is the
output of the thin film coil inside the metal cylinder.

As shown in Fig. 6, the output signal of the thin
film coil is about 1ms delayed compared with the input
signal which controlled electromagnets.

However, this delay time is characteristic of the
system and has a constant value. This delay time has
little effect on the speed of operation of the device,
since the output signal is used to activate the device.
The correct timestamp in the data can be obtained
with the known system delay time.

The distance between the electromagnets and the
shell is a key factor in this operation mode. The test
results show that the longest distance between the two
is about 3 cm, with the electromagnet current of 0.6 A
at 12 V.

Discussion and conclusion. The dynamic pa-
rameter test of metal-enclosed space is realized by
stored test, which is necessary to solve the problem of
trigger of testing circuit, in order to ensure activation of
the circuit reliably. Through simulation, the Variable
Magnetic Field is induced by the thin film coil to pro-
duce the feasibility and impact factors of a trigger sig-
nal: Induced electromotive force generated by the thin
film coil, is related to the number of turns, the electric
current of the electromagnet, the conductivity of the
casing material and other factors, and increases ac-
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Fig. 6. Output signal of a thin film coil

cording to the values of these factors. The induced
electromotive force produced by the thin film coil is
inversely proportional to the distance between the coil
and the shell. According to this method, the trigger
module is designed to produce, receive and process
the magnetic field. The feasibility of this method is
verified by simulation experiments, which can provide
effective ways and methods to solve the problem of the
metal-enclosed space.
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MeTta. Y Mipy Toro sik NpuMKJIaaHE CEepelOBUILE
TEXHOJIOTi1 TeCTyBaHHS Mam’sITi CTa€ BCe Tiple i rip-
11, MYyCKOBMIA CUTHaJI 3 (DYHKIIi€E0 MPOOYIKEeHHS
CTa€ KJIoUeM JI0 YCITiXy TeCTyBaHHs. Y JaHiii poboTi
3arpoOIIOHOBAHO HOBUWIT METOJ, 110 BUKJIMKAE 3MiHU
IHTEHCHUBHOCTI HaMarHivyBaHHS UIs1 peaisallii myc-
Ky. et MmeTon nmyxe KOPUCHUIA IJISI PILLIEHHS KOP-
CTKMX YMOB METaJIO3aMKHEHOTO IIPOCTOPY.

MeTonuka. Mu NpoeKTyeEMO BUJ TOHKOILIiBKO-
BUX KOTYIIIOK, III0 3HAXOOATHCS BCEPEIMHI METaJIeBOI
000710HK1. BOHU MOXYTb iHIYKYBaTH HEBEJIMKIi 3Mi-
HU B MarHiTHOMY MOJIi, BUXiIHUI CUTHAJI BiINOBiIa€
IHOYKTUBHIN eJIeKTpOpYLLIilHil cuili, 1110 Oyae nocu-
JIeHa TSI 3aI0BOJICHHSI BUMOT ITyCKOBOTO CUTHAJYy.

PesyabraTn. TeopeTUUHMIT Ta eKCIIEPUMEHTAIb-
HUI aHaJli3 MiATBEPIXYE, 110 Liell MeTod MoxXe OyTU
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BUKOPUCTAHUM ISl peastizallii mycKy B MeTaJl03aMK-
HeHoMy TipocTopi. KpiM Toro, BiH Moxe NiABUIIUTH
HaJilHICTh MYCKY B AeKiJibKa pa3iB, TeHEPYIOUH IyC-
KOBUU CUTHAJI.

HayxoBa HoBu3Ha. Po3po0iieHe kepoBaHe nepe-
MiHHE MarHiTHe MoJjie, THydyka TOHKOILIiBKOBa KO-
TyLIKa Ta 6J10K 06poOKu curHaiis. Lle no3Bonsie no-
CSII'TU PillIeHHS IMTPOOJIEeMHU 3aTyCKY B MeTaJl03aMKHe-
HOMY MPOCTOPi.

IIpakTuyna 3HayumMicTh. [linBuilleHa Hamiii-
HICTh KOHCTPYKIIii ITyCKOBOTO mpuiiany. Onrumisalisi
CUCTEeMHU MOXe OyTU BUKOPUCTaHA JJIsi AJOCSATHEHHS
onTUMaabHOI GOPMHU Tpirrepa.

KmouoBi cioBa: mecm 306epieanns, memano-
3AMKHEHUU Npocmip, MOHKONAIBKO8A KOMYUIKA,
eneKkmpomazHimua iHOYyKyisi, MaeHimua iHOyKuis,
NYCKOBUIL CUSHAN

Ilenn. [To Mepe Toro Kak npukiaagHas cpeaa Tex-
HOJIOTUM TECTUPOBAHUSI TaMITHU CTAaHOBUTCS BCE
XYK€ M XyXe, MyCKOBOI CUTHaj ¢ (pyHKLMEH Mpo-
OY>XKIeHHSI CTAHOBUTCS KJIIOYOM K YCIIeXy TeCTUPOBa-
Husi. B gaHHOI paboTe MpemioXeH HOBbIA METO[,
KOTOPbIii BbI3bIBAET UBMEHEHUSI MHTEHCUBHOCTU Ha-
MarHu4uBaHUs IJIS1 peain3aluu mycka. DTOT METO
OUYeHb MOJIE3EH JJISI PeIIeHUs XKeCTKUX YCIOBUI Me-
TaJJI03aMKHYTOTO MPOCTPAHCTBA.

Metoauka. Mbl NPOEKTUPYEM BHUI TOHKOILIE-
HOYHBIX KaTyIllIeK, KOTOPbIe HaXOASITCS BHYTPU Me-
TaJIMIecKoi 00009k. OHU MOTYT MHIYKTUPOBATh
HEeOOJIbIIIME U3MEHEHUSI B MArHUTHOM T10JI€, BBIXO/-
HOWM CUTHAJI COOTBETCTBYET MHAYKIIMOHHOM 3JIEKTPO-
JIBYDXYIIEH cuje, KoTopasi OyneT ycuaeHa IJisl yIoB-
JIETBOPEHUSI TpeOOBaHMIA MyCKOBOTO CUTHAJA.

PesyabraTbl. TeopeTUyeckKuii U 3KCIEpUMEH-
TaJbHbII aHAJIN3 MOATBEPXKIAET, YTO STOT METO MO-
2KeT ObITh MCITOJIb30BaH ISl peajii3aliiu IycKa B Me-
TaJJI03aMKHYTOM TIpocTpaHcTBe. Kpome Toro, oH
MOXET TOBBICUTb HaJEXHOCTb MyCKa B HECKOJbKO
pas, TeHepupys MyCKOBOW CUTHAJI.

Hayuynas HoBu3Ha. PazpaboraHo ynpasisiemoe
NEepEMEHHOE MArHUTHOE MoJjie, rubkKasi TOHKOILIe-
HOYHAas KaTyllika 1 0JIOK 00pabOTKM CUTHAIOB. DTO
MO3BOJISIET JOCTUYb PEIICHMS TpoOJIeMbl 3amycKa B
METAUIO3aMKHYTOM IMPOCTPAHCTBE.

IIpakTuyeckass 3HAYUMMOCTb. [loBblllleHAa Ha-
JIEXKHOCTh KOHCTPYKLIMM MTyCKOBOTO ycTpoicTBa. Or-
TUMU3ALUST CUCTEMbI MOXET ObITb UCTTOJIb30BaHa JJIsl
JIOCTUXKEHUST ONTUMAabHOMU (DOpPMBI TpUTTEPA.

KiioueBble cinoBa: mecm xpaHeHus, Memanno-
3aMKHYmoe NpoCcmpaHcmaeo, MOHKONACHOUHAs KA~
MyuKa, 31eKmpomMacHuUmMHAasi UHOYKUUsl, MAacHUm-
Hast UHOYKUUS, NYCKOBOU CUCHAN

Pexomenodosarno do nybaikauyii doxkm. mexH.

Hayk B.B.namywenxom. Jlama Haodxo0ceHHs
pykonucy 24.10. 15.

ISSN 2071-2227, HaykoBuia BicHuk HI'Y, 2016, N2 5



