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A development of the Automatic Measuring System
for internal pressure of the artillery
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Abstract Chemicals, such as ammunition, are disposable items that cannot be reused because of their
operational characteristics. The reliability of the test process and test results are important factors in
evaluating the performance of guns and ammunition. The pressure after firing is a crucial value in an
acceptance test of guns and ammunition performance: hence, accurate measurements are required. The
pressure in the artillery is measured using the copper crusher gauge. The compression amount of copper
is converted into a pressure by either a length-pressure conversion table or conversion formula.
Therefore, the exact measurement of the squeeze of the copper crusher is related directly to the correct
estimate of the pressure. Currently, the pressure is measured manually by the operator, which always
includes some human error. In this study, the cause of the measurement error was analyzed, and the
automatic measuring system for copper crusher deformation was developed to minimize the error
elements. A copper crusher could be measured using the probe sensor and CCD camera, and the Jig for
stable positioning was also designed. A designated SW was also developed for the system operating and
measurement-analysis. This measuring system through this study may be used for an ammunition

stockpile reliability test and gun/ammunition acceptance test.
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Fig. 1. Deformation of pressure gauge
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Fig. 2. Process of pressure measuring

A2
=

o

2 ol »E

Lo

g oM
o

)

il

]

rr

=
ih)

my

. 0]

f
1l

o L oyE
E

[¢)

L
.

/S
®» ¢ ™ mmpPSI

togle>  <unit




SHATE7| @83 =R A A229 A28, 2021

22 25 Qi Q01 24

ok f 49 42 JY Aol EVNSSIEE &
TAPCIAE o83t 7H WHAlE ol8ste] S5kl Sl
weba] oFA QFEo] Hil: Fo] 2 AHu: U A
deo] & JF2 WA Hoh. @1 2o S 2 L &
ko] Al 7} F 48 S SN 52t
ulo]Z2H[HE o]gste] 508 57 9 SAHARE
—AZ)staL it of=eh W42 SR A, T
9, S 9 $74719 Be, AR " 59
SHoA gt @& 81& Wasta Qlrt. ol 22
22 8910 tigk 44 81(4M 1E)& #4519 Fig. 3
It 2t}

dY FHo| FFE F= EA 89 F A=
(material), ¥ (method), 23(environment)< H]A|
o] Q4(non-control factor)ol] FEct WhH ZH]
(machine), ¥ Hmank= A1 T4l B 28T 5=
A= Aol 24 (control factor)gtal & 4= ot 24}
4 8% F Aol 8491 &4 A E SR gk
A A 845 EU0EN A SHY A=8S &
B 2 o)A =k

olo] £ Ao A & 4710 9
T e AE i, 4 AZY a8
g, AEEE %}EO]‘JJ\]' 7Y tﬂ%]%:— 50

ox,
o .

é
]

14
oZ

X‘E T,
e,
I 1o ok

A

o [Presae |

Fig. 3. Characteristics diagram for measurement
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Fig. 4. Flow diagram for development
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Table 1. Specification of system

Item sub-item Specification
before possible to automatic 30rounds
pressing measuring
Measurement

after pressing | deformed length : 3 ~ 6mm

No affection by gun-fire

Anti-vibration . .
vibration

Vibration

Repeatability | repeatability < lum

32 A% A
dlolZzr|E g o] g3 4% ZHS AT 4+ Uk
A5 27 AR WAL A2 AAolet. £ AFoIA



L YR EGA] QHHOR BEET Y FIHIA
(CCD 7Hlet @ FoHA), oA welA, 54 Lz

AE

B A4e] A7 EBrele FEstg

IISEA

@® FSMMEHHZE 2 ZEHA)

FA L} M s ol&ste] 4 7hedE AESH
t} A= 5= Z%(Coaxial Lighting) ¥ 8jA} %
H(Back Lighting), %3 [Ring Lighting)S &3l
on, 57 A4 4 A HU=E st A= e
(0.5X) & 7hllzk AR 4=+ 1280 x 960, FOV :
9.6 x 7.2mm)< AHsIAUtt. Fig. 5= 7Hlg € A=,

zHe w3t b Pajo|o}.

CCD camera

Optical lens
Coaxial lighting

Ring lighting

Fig. 5. Optical system

@ 0[N HRHA

golA= Hojt A4 L 7L 7= A0
Ao1A A= 574 5ol @ol ol8=L glt. #o]A| He

AA = gl 370 20 AR/ glon, 3
AF did=ol 23 2AKSpot Lighting) & €8 A
(Array Lighting)& stAES. 184 98 tiAdE9] 3
5 BRG] GERAL B AR olgo] dojd AS- A%
AlSo] EQHYsiRAE Aol Aot E ¥ SH(YF
z1, A)oll Hiztsto] Hlo|A Ao Y HA7F F
FHow gHT)

@ HEA D2 Mo

HEA ZRB AAZ o183 24 WAL X, Y, 7%
o e Aofstel thgBol el 5 245 ek
nEH A4S FUEst B0 FE S0 O gy
o] 22 FHE 7L Ut Fig. 62 BEA 228 Al
A9l % US Uehin Uk 71 Lol 8% A
WS Fah AA i) AXY e Alold] BHIE

769

b Ui ele) A EHAAY A
Baoll oleto] Yol WYS Azop Het
—p — = =
HyE 5
i ° - a° I *

Fig. 6. Principle of probe
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Fig. 8. Zig Design
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Fig. 12. CCD Image after pressing
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Table 2. Test result(unit : mm)

micrometer probe sensor difference
@ ® |A-BI
1 2.9900 2.9821 0.0079
2 2.9940 2.9923 0.0017
3 2.9790 2.9749 0.0041
4 3.0190 3.0119 0.0071
5 3.0160 3.0159 0.0001
6 3.0470 3.0464 0.0006
7 2.9940 2.9894 0.0046
8 2.9960 2.9953 0.0007
9 3.0260 3.0273 0.0013
10 3.0180 3.0193 0.0013
11 2.9860 2.9793 0.0067
12 3.0220 3.0179 0.0041
average 3.00725 3.00433 0.00335
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Table 3. Summary of F-test

micrometer probe sensor

Mean 3.00725 3.004333
Variance 0.000409 0.000485
Observations 12 12
DOF 11 11
F 0.8446
P(T<=f) one-tail 0.3922
f-Critical one-tail 0.3549
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Table 4. Summary of T-test

micrometer probe sensor

Mean 3.00725 3.004333
Variance 0.000409 0.000485
Observations 12 12
DOF 11
t Stat 0.337862
P(T¢=f) one-tail 0.369335
t-Critical one-tail 1.717144
P(T¢=f) two-tail 0.73867
t-Critical two-tail 2.073873
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