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Table 1 Parameters for the infrared thermal camera
temperature
. frame spectral lens focal
resolution measurement
rate /Hz  range/ pm length / mm
range / °C
136x440 975 3-5.1 175-2251 100
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Table 2 Parameters for the software

air relative CO, environment  target

temperature humidity concentration temperature  distance emissivity

/°C /% /mg-m™’ /°C /m
25.00 65 900 27.00 1.15 0.5
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Table 3 The influence of distance on temperature measure-

ment accuracy of the infrared thermal camera

T,/°C
15 cm 45 cm 75 cm
100 100.0 100.0 100.0 100.0 100.0 100.0
300 300.0 299.8 299.5 299.1 299.1 298.9
500 500.0 499.9 499.6 499.2 498.8 498.7
700 700.0 699.7 699.4 699.1 698.7 698.5
900 900.0 899.8 899.3 898.4 897.7 897.3
1000 1000.0 999.9 999.2 998.7 998.2 997.8
n 0.00 0.15 0.50 0.92 1.25 1.47

T,/ C
105cm 115cm 135 cm

Note: T,

bb

is the temperature of black body cavity ; T is the temperature dis-

played by the infrared thermal imager ;7 is measurement error.
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Fig.3 Average maximum temperature of ignition cap flame

under different test conditions

SRS S 5 7 B0 2 R 25 /N F 1.25 °C

H P 3 AT I 2R IS S KR B ORI BE T Gk
1204 °C, 3 Fl A0 T AR K i 3 N V- 34 e v Tt 5 1
Al 4EF5E 7€ 700~1200 °C, PL IR 5L 56 T o &I K Y AE
5 K SR R R R TE T WG R R R AL R kA
e e T B 25 IR R o B R AR I A AR AN SR e
I EE B AR A (5) , 1H 55 15 B B I 1 PRI B
R4 B 7R B, 5 R IS TE T A IR B A L, RPRT
Ao 30 3 R e 1) R 25, X 6 T
=1 —-(T,+1.25)1/T (6)
K, 8 Bk 22 T ARV IE R 8L ,°C. &
B U S 1 R 25 AN AL 6.6% , BE S A AL
T2 U K R T R AR ) RT SEE
3.2 NIAFHEE A S E S AT

52 58 ¥ FH e 21 A ARAG A T £ T T 2 AT A 2 B
[T NS R o TR 3 R o B e a1 N e
K4 FTHN, 280k 22 U0 52 S0, DG S KON B R S
] 4 3~4 ms, JCHE R TF G o 4 310 1 T 30 o il 42
FEZ N1 ms. ML 8 ms B EEA K THE i B
G I 2 IS K 2 FVORE o KT K M B S 8 b T RS
T IR ] T TS

Pl 5 A I Kt R B ok ok B R v e 2T Ah
PR AR BALIE J5 153 2, 4n i 5 i 7, Ji Kk it ok dé
B4 A I3k R AT 42 B R () S Ry 4 A B B

(D) It & KR 20~25 mm, d 5 A4S IO
SR 173, JO0A 5 NG BKOE | 5 IR 1 650~
740 °C;

(2) KIEY B, IR0 35~40 mm, (534 KM
SR 2/3, SR T AU HE IR, B TR BE YU T 1087~

CHINESE JOURNAL OF ENERGETIC MATERIALS

1400- ——normal ignition cap, m=250 g
——normal ignition cap, m=500 g
——heated ignition cap, m=250 g
12001 —— frozen ignition cap, m=250 g
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Fig.4 The flame temperature versus time curves for the igni-

tion cap
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Fig.5 The infrared thermal images for the four stages
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Fig.6 The temperature distribution image for the 3" stage
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Ignition Cap Transient Flame Temperature Test and Images

LI Wen-zhe', WANG Gao', WEI Zhi-fang®, ZHAO Cong-cong’, ZHANG Jun-hu’, NIE Peng’
(1. State Key Laboratory of Dynamic Measurement Technology s North University of China s Taiyuan 030051, China; 2. College of Mechatronics Engineering ,
North University of China, Taiyuan 030051, China; 3. Shanxi Jianghuai Heavy Industry Co., Ltd, Jincheng 048000, China)

Abstract: In order to evaluate the output energy characteristics of the ignition cap, it was proposed to conduct the ignition cap
firing test in an open burster container and use a high-speed mid-wave infrared thermal imager to capture the whole process of
the ignition cap firing. Since it was difficult to measure the output flame temperature of ignition cap, the drop weight instrument
was used to give the corresponding initial firing energy of ignition cap. At the same time, the infrared thermal imager was trig-
gered to collect flame information. The experimental data and infrared images of ignition cap under three test conditions of nor-
mal(25 °C), heated(50 °C) and frozen(—=49 °C) temperature were processed. The results show that the output flame maximum
temperature can reach up to 1204 °C, and the flame duration is about 3—4 ms. The whole process of the flame with time can be
divided into four stages: firing, diffusion, forming and dissipation, and the temperature in the top and bottom area of flame is
much higher than in other areas. Through calculation and software correction, the measurement error of this test is below 6.6%,
which can prove the reliability of the method and provide a new way for evaluating the output energy characteristics of ignition
cap.

Key words: ignition cap;infrared thermal imager;infrared images; measurement error
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