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¥ 30 mg 25k R N H AR 6 mm, JEJE 0.7 mm, %
(1.52+0.22)g-cm W EATEZ J
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A ) s MS550 2 By g ii FH 92 B AL (UL FI R K E s HOR 28
A )5 Sirion2000 37 & S 49 1 L 5 fUBE (fir 2% FEI Y
7] ) ; NETZSCH STA 449 C B[] 4 #443 M AL (FE [ ) ;
Fotric £ A A G AN 5 ¢ T2 8% 8 3t 56 FH A8 485 =X 0 3 2
P E IR AR TS 213 WF5E T ) 5 Agilent E3634A i
AR R s HG-100K & # £% 5% (REDLAKE A w) ) ; DPO
5054B B SR I &% s AR 6 mm, #4510 mm 19 3% 55
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mm [ P Fh 48 25 38
2.2 Ni-CreAICuO B & RE T Mgt 5Hl &

Ni-Cr # B3 T 0 I8 300V 528 TF 110 # B ok
60°, EJE 1.3 pm, T HL B 0.9 Q. ¥ il 5 1Y
Ni-Cr ¥ J5 55 P % 2 JE 17 4 A, 459 31 Ni-Cr I & K
1 o R P B 2 % 5T B R K AL/CuO #5 RE W i 55 Ni-Cr
WA KR A 155 Ni-Cr@Al/CuO 4l & BE T,
HE5H W iR, Sy an i 2 s .

BEl1  Ni-Cr@Al/CuO Bl & it o 45 H s i

1—Al/CuO FREME, 2—Culitst, 3—Ni-Crilf i (80/20),
4—IEfr, 5—PH i IE, 6— kiR

Fig.1 Sketch of Ni-Cr@Al/CuO insensitive energetic element
1—AIl/CuO energetic thin film, 2—copper film, 3—Ni-Cr
(80/20) thin film, 4—substrate, 5—ceramic electrode,

6— silicon aluminum wire
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Fig.2 Sample of Ni-Cr@Al/CuO insensitive energetic element
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Fig.3 Schematic diagram of magnetron sputtering
HRAE AL CuO Wi e Az 50 38 s v 1 A 2 B iz 5K
2A1+3CuO=Al,0,+3Cu, ¥ T 5 25 1 3T L T 8 41 19 %
JE(Al:2.7 g-cm™,Cu0:6.0 g-cm™) , i 4% f & 5]
0 g A ) Y A RE I g ALFRT CuO By IR 1 L A
1/2 AR 4 1545 2 5 BB W TP A ALFT CuO A2 BE K
Bt ok 2:3, 5 R A E i — 20, R
Al/CuO & BE I 21801 B2 I A 2% 118 4801 IR 25 b T
TR P, F AR B % RN R RN A A
H=1209.6 kJ-mol™ . HERESHB BT .

&1 Al/CUO EfiE iS5

Table 1 Parameters of Al/CuO energetic thin film

component depositionrate/nmmin~' thickness/nm cycle

Al 45 25
Al/CuO 40
CuO 27 50

2.3 MEgEMHK

K H 14 B 7 2 38% (Scanning Electron Micros-
copy, SEM) 43T Al/CuO 5 e T B AE i (1) 17 TP 30 5 >R
FH 22 3 4 B #7 Br ( Differential Scanning Calorime-
try, DSC) X} Al/CuO & fig i B E A7 0F 5%, 3k 2% 1 - B
FEaE 1.5 mg, AR H A, AR A 20 mL-min”',
FHi X 8] 30~1000 °C, FHil#F 10 °C-min',

XF Ni-Cr@Al/CuO Bl & BE T 1Y & bl L &
O R K BE T SR AT T RSE o HL BRI R
JE R (25+3) °C ; 4% M G)B5309.11-20142" i i H:
TATWSmin T (#9424 ME 6 |, [A] B il 20 40 #8840 5¢
Ni-Cr@Al/CuO Fli Jg & R I 1F (1 22 1R B AR A, 4 i 5K
HON 10 % s FIH D-fe Ak ik 047 & O iR >, Tl
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CuO Sl & BE T IR 22 18T , 52 40 %% & P 4 r 7 i FH 4
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T mm F1 2 mm (8] BREE &5, 7R B & 5 R .
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Fig.4 Device of ignition test
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Fig.5 Schematic diagram of gap ignition
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3.1 AlICuO & #eH#ERRRAE

Al/CuO 5 RE T BEAE & i I8 1 8199 8 75 nm, 81 1l
Feoh 1:2, B8R R 3 umo B 6 4 Al/CuO 75 HE # [ F
A BT TET B S5 B, T UL AL/CuO B RE W I g )2 AR 45 4, )2
) 25 & %, B T i R 47 . DSC A4 2R an &l 7
/R, AE 295.6 CHF T, DSC #h£E | HY B4 /N iy il 0
I B CuO & 4 RO A B Cu, O 78 IR B R
626.5 CHF, B A E R, Al IE SR
660 °C, i # g H BLAE AL R AL Z /i, R B UL B ALY
CuO & Az [ [ A R, s #A 0
3.2 Ni-CreAl/ICuO $E B & 8 T RI B PR

e HI Ni/Cr(80:20) 4 4 MOBHE S MRS A4 RL , 31 R
B i v A A L BELAE A 5 K 98 L A G . BEJE Ni-Cr
W JLAT S 80E KB 1 S8 w . VIE M 0, 5 %8 9
BE w,, DA SRR BE o, HL AR T R B A K B 1A AR AR AL
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Fig.6 SEM photographs of Al/CuO energetic thin film
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Fig.7 DSC curve of Al/CuO energetic thin film
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70.848 Q, bR E 224 0.053Q; Ni-Cr 8 J8 & I F 52
D H BEP- {6 0.948 Q, brifEdi 224 0.012 Q, Ni-Cr
R 2 A (R BELAELRS R T Ni-Cr B BHLAE ; Ni-Cr@All/
CuO HlE% 5 BB T 52 0 g, BH P 24 R 1.022 Q, Br i
24 0.015 Q, 5 Ni-Cri#i & KM 2ZEAR K. £2H
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Fig.8 Sample of Ni-Cr thin film and bridge area size
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Rz 2 Ni-Cr@Al/CuO 5l & 7 HE o 14 s BH I 3t

Table 2 Resistance measurement of Ni-Cr@Al/CuO insensitive energetic element

measured resistance / Q)

standard

deviation / Q

average

resistance / Q)

Ni-Cr film 0.767 0.811 0.852 0.905

0.957 0.954 0.935 0.951

0.850 0.761
Ni-Cr thin film igniter

Ni-Cr@Al/CuO energetic

1.020 1.010 1.006 1.012 1.004 1.041

insensitive element

0.901 0.852 0.872 0911 0.848 0.053
0.942 0.930 0.954 0.964 0.956 0.935 0.948 0.012
1.040 1.020 1.040 1.030 1.022 0.015

3.3 Ni-CreAIICuO SR TN L £ BIR

T EFE Al/CuO 7% fig I8 &2 & 21 Ni-Cr # i &
KA E B S X NI-Cr i I % K FTNG-Cr@Al/
CuO Bl A RETT R DL 1 A TE B B 9 & 20 Ah 4
AL S (1) Ni-Cr # J5 %& K A4F1 Ni-Cr@Al/CuO i Jg&
BB T 2 1 1Y) B v R R A IS (R AR fk i Ze . I 9 AT
I, Ni-Cr #5210 i ML 0.002 s #RIF 4R BTt
bR AR AR, 240 s B35 B S5 S (205+1) °C Bl
J& 5 A8 Ni-Cr@Al/CuO Bl fig JC 1 36 11 I B
M 0.001 sFTF 4 b Tb, BT 2R H N2, 300 s B3k 3] fx
FEE(169£1) °C, Z G R FEAAE . 10 /2 Ni-Cr i
R % K A4 A1 Ni-Cr@Al/CuO #li & 5 fig o6 14 1 300s it
B L AN PAZ I, 1810 7R Ni-Cr@Al/CuO 4l 5 BE T
2 1 IR 169.4 CE T Ni-Cr Il & Kk {4 1 2 1 iR
J¥ 205.5 °C, BLEH#E Ni-Cr # I8 & K/ 152 A Al/CuO
TR TR

% 1% G)B5309.11-2014""{li T Ni-Cr@Al/CuO
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Fig.9 Surface maximum temperature variation curve of

different transducer elements

#3 Ni-Cr@Al/CuO & F BETo 1) 50 ms HL & KR FE

Bl S BETTE TATWSmin 222k RE B M 10 % .
10 % Ni-Cr@Al/CuO % JE& & e o /4 78 B0 1 B 8] P #5
kK, FE L TATWSmin A % K 1% 4 PEER

b. Ni-Cr@Al/CuO insensitive energetic element

E10
Fig. 10

ments at 300 s

AT fEJCALE 300 s B A 21 AP #1142 1K

Infrared thermography of different transducer ele-

3.4 Ni-CreAlICuO i Bl S RE TR E N E

FBFFE Ni-Cr@Al/CuO 5l J8& & B T - 76 15 2 B i

W T i S R L AR R D - g B AR R X NG -

Cr@Al/CuO B & BE o #4750 msIlfa A A& K i
B, g R 3% 3 FrR .

Table 3  Electrical firing sensitivity test results of Ni-Cr@Al/CuO insensitive energetic element at 50 ms

sample account 50%firing current / A 99.9%firing current / A 0.1%firing current / A
13 3.079 3.193 2.964
Ni-Cr insensitive and high-energy igniter
3.080 3.174 2.987
average 3.08 3.18 2.98
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Wl e, 2, AR, R I i, E 0, AR A i 3

Ni-Cr@Al/CuO %l /8% & g ST F 19 50 ms Il A & 2k
HL VA A 3.08 A, B/ R K HLTE N 3.18 A e KN
KKHRN 2.98 A, SCHR B B Ni-Cr 3 [ 6 58 o0
(BHAE A (1.04£0.09) Q) W /N2 & KT 2.47 A,
5 2Z M, Ni-Cr@Al/CuO %l GE T 50 ms il
KK, R AORBETEAR, Z e tERe T Ar . B 11
N Ni-Cr@Al/CuO #i & e o f & K e Ly . E
11 H Al L AL/CuO 75 g vl 5 4 38 & A2 I, # X 98 4
YEWT , 22 KI5 B DX 9 it g ol DX 3R X6 R, & ¢ DXk R /)
ST A K B 12 R Ni-Cr@Al/CuO 4 &
RETCF 3.18 A & K i B8 52 &1, T A Ni-Cr@Al/CuO
BB BE TR Y KON s T RSE 3R A R — S
A RE AL

6mm

B 11 Ni-Cr@Al/CuO i & e o & K SE

Fig.11 Ni-Cr@Al/CuO insensitive energetic elementafterfiring
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B 12 Ni-Cr@Al/CuO Bk & BTt 3.18 A K K 4 Y
Fig.12 High-speed photographs of Ni-Cr@Al/CuO insensitive

energetic element under constant current 3.18 A

13 /& Ni-Cr@Al/CuO £l & RETCF7E 3.5 A
il T A4 B, T - R - BEL (VTR 28 L 45 B B Ll WL S
e DX BE FE &, 3 A A/CuO F fig v
15.9 ms i} Al/CuO & g ¥ I 45 A B, vl LRI 3] %
{55 I HL BEAS R 5 Q,17.2 ms B L ZE 2 0, Ni-Cr
W 2 A FLBH A JF IR AS . XU AE 3.5 AJE I
Jil T, Ni-Cr 8 B & K3 2o P 58 v B8 2% 1 oL B 3k
F Al/CuO & REME IR B & K RL, & R & K
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V-I-R curves of Ni-Cr@Al/CuO insensitive energetic
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FETE R BOR N 38 SRR /A R A SC 0 L 8K
Ni-Cr@Al/CuO %l J& & 58 7T 1 F1l Ni-Cr 3 5 & K A% (1)
SUKBETT S

16 3.5 AME R R T, Ni-Cr@Al/CuO 4ifi & & fiE It
Ty s R A5 2 /0 TR R, A /S R B AR e o R 1Y
IR WE 4R, NE 140 LLE W,
Ni-Cr@Al/CuO % &% Be o4 1 S5 7E 10 ms B & 2k,
20 ms W B/ B BP B R L KM E Y, H &
190 ms Wf, B /% PR B B AR B 25 08 A be i) R R 2 24
169.7 ms, i Ni-Cr 5 JIE & A AN 8 1) 2 BRI /i 1R
Bo BTN, Ni-Cr i 5 % O 7 F8 3 0 T 7= A=
f AR B BN 2 DL B S BRI/ IR R, T Ni-Cr@
Al/CuO Bl RETTAF T T A WL 1 Al/CuO & RE WK,
Al/CuO ¥ BE 9 I e Ni-Cr 8 15 19 A2 B3R R 9l s
BE R A T 7 A R 1 R TR R B L AT e
% A5 R B /R R A0, 156 W Ni-Cr@Al/CuO 4l J& & RE e 14
3 NI-Cr i I & KA ELA B4 1) A K e
3.6 Ni-CreAlICuO i & BE T4 1 B PR 2 N BE

J T HE— K Ni-Cr@Al/CuO Bl &

=
St
=
=

-
70ms 80ms
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Fig.14 High-speed photographs of burning of B/KNO, with
no gap
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JCPERE TR H TR R LA 3.5 AE IO, 1) B B 43 Bl
1 mm A2 mm, SR R I 5% Ni-Cr@Al/CuO
B R 8 0 A7k R0 B R /S T T K i AR S
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b. burning of B/KNO, with 2mm gap

BA5 AN [v) I 0 B0 /S TR 90 i oK 1 v i 52 11
Fig.15 High-speed photographs of burning of B/KNO, with

different gaps

i & 15a 7] A1, Ni-Cr@Al/CuO fli J& & &€ oc 14 78
T mm (8] B 5 I/ R B0 5, Ni-Cr IR 7E 0.5 ms
W& K, Al/CuO & BB AE 10.5 ms & K, K Hgm) I
PR, FE /6 R R 25 R OE A, 21,5 ms 5 R Ay &
oK, Wil A I TE] 9 22 R A B LB 41.5 ms o8 A T Bk 2
L B/ R R B Pl RR . AR 15b AT LUE YL 7R
2 mm E] B K, Ni-Cr@Al/CuO & g o
KT/ TR R R AR

4 % it

(1) i FH B 4% % 95 2 R B Al/CuO 5 fig W it 5
Ni-Cr i [ & KA 4 il 48 1 Ni-Cr@Al/CuO #li % &
REJTAF, Hor Al/CuO & fig B i 4 191 8 75 nm , 34
il Lt (Al 25 nm;CuO:50 nm), SR 3 wm. SEM
FAEAF Al/CuO 7 B v I5E Ak Bt 35 &) 8o |, 8w 4r 2 W
i, H AI/CuO ¥ RE R S A I S 9 s B o

(2) Ni - Cr@Al/CuO % & & fg oo 4 W 2
TATWSmin % 4 % 25Kk 5 F H D - & 10 Ak 32 i 3K
Ni-Cr@Al/CuO i J& % G T F Y 50 ms Iif 5 A K HL i
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Fabrication and Characterization of a Ni-Cr@Al/CuO Insensitive Energetic Element

YANG Teng-long', SHEN Yun', DAl Ji', ZHENG Guo-qiang’, WANG Cheng-ai', YE Ying-hua', SHEN Rui-qi'
(1. School of Chemical Engineering , Nanjing University of Science and Technology , Nanjing 210094, China; 2. The 43th Research Institute of China
Electronics Technology Group Corporation, Hefei 230031, China)

Abstract: In order to improve the safety and ignition ability of Ni-Cr thin film igniter, a new Ni-Cr@Al/CuO insensitive energetic
element was fabricated by combining Al/CuO energetic thin film with Ni-Cr thin film bridge by magnetron sputtering. The
Ni-Cr@Al/CuO insensitive energetic element can be used both as the energy transducer element and as the simplest electrical ig-
nition elements. It simplified the point fire transmission sequence and adapt to the development needs of ammunition miniaturiza-
tion. The safety of Ni-Cr@Al/CuO was tested at the loading condition of TATW5min, and its electric ignition sensitivity and igni-
tion capability were tested. The results show that the 50 ms critical ignition current of the insensitive nucleus Ni-Cr igniter is
3.08 A, 99.9% firing current is 3.18 A, 0.1% firing current is 2.98 A. Under the same conditions, Ni-Cr@Al/CuO insensitive en-
ergetic element can ignite B/KNO,, besides, it can achieve Tmm gap ignition, while Ni-Cr thin film igniter can not successfully
ignite B/KNO,_

Key words: composite energetic igniter; Ni-Cr thin film igniter; magnetron sputtering; constant current excitation; gap ignition;
B/KNO,
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