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Design and Performance Study of Film-applied Ni-Cr Transducer Elements
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710061 ; 2. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing, 100081 )

Abstract: Through the hot pressing process, the 5 pm Ni-Cr film was attached to the polyimide film to prepare a Ni-Cr
film, the film-applied Ni-Cr transducer bridge was prepared using laser etching process, the dimensions of butterfly bridge area
and S-shaped bridge area were optimized by simulation, and the tests of volt-ampere characteristics, the maximum non-fusing
current, 50 ms pulse constant current explosion characteristics and the ignition characteristics of the film-applied Ni-Cr transducer
elements with two shapes of bridge area were conducted. The results show that : the temperature of transducer element bridge
under 1 A 5 min constant current excitation is the lowest; Under 33 pF capacitor discharge, with the increase of charge voltage,
the bridge break time decreases, the non-break voltage for butterfly and S-shaped bridge is 16 V and 20 V, respectively; Under 5
min constant current pulse input, the maximum non-fusing current of butterfly and S-shaped transducer element is 1.3 A and 1.2
A, respectively; In the 50 ms impulse constant current electric explosion test, with the amplitude of the applied current increase ,
the operating voltage also increases, and the bridge break time is shortened, the S-shaped transducer and the butterfly transducer
do not explode at 2.4 A and 2.3 A, respectively; The film applied Ni-Cr transducer can ignite the lead styphnate, and can fire
normally under 33 pF, 28 V capicitor discharge.

Key words: Ni-Cr bridge film; Film-applied Ni-Cr; Transducer; Ignition characteristics; Electrical explosion
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Fig.1 Film-applied Ni-Cr thin films
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Fig.2 SEM image of Ni-Cr thin film
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Fig.3 Energy spectrum analysis of Ni-Cr thin films
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Fig.4 Transducer element and bridge structure
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Tab.1 Dimensions of butterfly bridge area

e 1 2 3 4 5
//mm 3.0 25 2.0 15 1.0
Bmm 0654 0.545 0436 0327 0218

®2 SHHEXRT

Tab.2 Dimensions of S-shaped bridge area

75 1 2 3 4 5
I/mm 3.0 25 2.0 L5 1.0
hmm 0654 0.545 0436 0327 0218
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Fig.5 Cloud view of temperature distribution of charge in
butterfly and S-shaped bridges at 300 s under 1 A constant

current excitation
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Fig.6 Temperature rise curves of butterfly and S-shaped
transducer element under 1 A constant current excitation
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Fig.7 Physical diagram of the transducer element
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Fig.8 Schematic diagram of test circuit for volt-ampere
characteristics
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Fig.9 Schematic diagram of the test circuit for the maximum
non-fusing current
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Fig.10 Schematic diagram of pulse constant current test
circuit
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Tab.3 Volt-ampere characteristic test data of butterfly
transducer element

FHLBEL FEHAE U Inax Eyiing AU
Q JE/V A% /A [E)/us A%
1.04 36 33.16 11.15 27.19 28.08
1.09 32 28.79 9.24 33.26 21.80
0.98 28 25.60 9.14 37.95 18.00
1.02 24 21.60 7.41 56.84 11.60
1.08 20 18.40 5.96 107.1 7.20
0.96 16 HFEARMR

x4 SHBEETRREFERIHIRE
Volt-ampere characteristic test data of S-shaped
transducer element

Tab.4

HBH FEHLH Unnax Imax iy AU
/Q JE/V A% /A [)/us A%
1.07 36 33.20 10.86 28.31 28.02
1.03 32 29.60 10.05 36.84 22.80
1.08 28 25.20 8.16 4935 17.60
1.02 24 21.60 7.41 67.91 11.20
0.97 20 AR

TE33 wF. 28 VIl Ac FXHSIE A S T M A
3 Ni-Cr HRE I RIS, 1 A A FEATR
MANE 12 Frs.

t=29 s t=3795 ps
(a) AW OMR L IAE

R
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(b) S A BRI
12 WRHK S Fete T st g A e i e R 3R 1L
Fig.12 Variation of bridge response of butterfly and S-shaped
transducer elements during the test
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Tab.5 The maximum non-fusing current test data of
butterfly transducer element

7 FELBEL iemIEERTY Fisf i) REE
5 Q /A /s HLRH/Q
1 1.06 2.0 162 ©

2 1.09 1.9 300 0.392
3 1.10 1.8 300 0.510
4 0.95 1.7 300 0.451
5 0.92 1.6 300 0.551
6 1.03 15 300 0.750
7 0.98 14 300 0.830
8 1.03 1.3 300 1.020

F6 S HARRETLRANGHTR NI EIE
Tab.6 The maximum non-fusing current test data of
S-shaped transducer element

Fe mRHQ  GEindvA o miEs  RsREHRQ

1 1.04 2.0 162 0

2 1.02 1.8 195 0

3 1.05 1.7 300 0.451
4 1.03 1.6 300 0.551
5 1.03 1.5 300 0.451
6 0.91 1.4 300 0.690
7 0.93 1.3 300 0.810
8 0.96 1.2 300 0.970
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Fig.13 Butterfly transducer element and S-shaped transducer
element after applying different discharge currents
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Fig.14 Electrical explosion curve under pulse constant

current input
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Tab.7 Electrical explosion data of S-shaped transducer
element under different constant currents with S0 ms pulse

width

Ha, . M AR iR
/Q /A FE UV [6] #1/ms
1.10 5.0 3.36 1.12
1.06 45 2.63 7.00
0.98 4.0 235 9.40
0.96 35 2.00 18.30
1.02 3.0 1.80 24.00
1.09 25 1.75 33.00
1.04 24 N

=8 [E50 ms fiomIER TR RAETTRIB IR
Tab.8 Electrical explosion data of butterfly transducer
element under different constant currents with S0 ms pulse

width

H L HEHIHL AR W]
Q /A UV fi/ms
0.97 5.0 5.37 450
1.03 45 435 4.00
1.08 40 2.80 8.30
0.98 35 297 20.34
1.05 3.0 2.72 2521
1.09 25 1.85 33.00
1.04 24 1.64 45.00
0.95 23 HiAsR

12 7~8 BB FT LI i, 7E 50 ms TH I UG,
Wit it o LA B2 AN IERG i, AR U i,
W) 10 BRBRR o SR R T7E o BRI BE PN IIN4AE
B IX_E 0 AR Un B0 FR i B P AN BT
THGHN, A F MR IR BE SR SR s I TR/, S H A IX.
g FRURBN RGBT, FUR R A FR T HE T
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Fig.15 The bridge area change of S-shaped transducer
element during 50 ms pulse constant current explosion test
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Fig.16 The bridge area change of butterfly transducer

element during 50 ms pulse constant current explosion test
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(a) ¥

(b SH

17 SRR S AN AHREE
Fig.17 Schematic diagram of butterfly and S-shaped ignition

assembly
<9 MERLAN S A KLAMAE 33 uF, 28 VEEERHET
B& NIRIELER

Tab.9 Fire test results of butterfly and S-shaped ignition
assembly under 33 p F. 28V capacitor discharge

HiAT L HE U T f AU
eS| Q 1A% A% /A /ps A%

317 1.15 28 24.8 9.1 86.8 11.20
ST 1.23 28 25.6 6.9 58.4 18.60

A
&

@) B, S ng Miass T(b) ST mg MAHEH
18 33 uF. 28 VEAMELRNREEHIL XA
Fig.18 The ignition assembly after fire test of 33 pF, 28V

capacitor discharge
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