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A Study on the Effects of Relationship Between Copper Crusher
Gauge and Internal Piezo Gauge
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Abstract This study examined the operation of a pressure gauge for measuring the internal pressure of
a barrel. During the ammunition performance evaluation test, the internal pressure of the barrel was
measured mainly using a copper crusher gauge. The internal piezo gauge (IPG) was used to replace the
pressure measurement method, and the test results were analyzed to verify the operability of the IPG.
For verification, actual shooting test data were used, and a t-test was used to analyze the results. The
155MM KH179 and M119 series propellant were used for the test equipment and ammunition. The results
confirmed that there was no difference between the mean values of the two data results at a significance
level of 5% for the data values between the copper gauge and the IPG. The use of the IPG was verified
by replacing the existing copper gauge to measure the internal pressure of the barrel, and it was
confirmed that the application width could be widened in terms of diversity of test measurement
methods. Based on the results of this test, it can be applied to the compression measurement test of

various types of ammunition in addition to the propellant charges.
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Fig. 2. Crusher gauge(left) vs. Piezo gauge (right)
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Fig. 4. Principle of Crusher Gauge
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3. 7IsXtr XA

BTARIAL} IPGE}F A vl= ATEC(Army Test
and Evaluation Command)®] ITOP(International
Test Operations Procedure), Nato AEP-23
(Applied Engineering Publication) 9152 AESIA
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12 #4 7eA®m BESolth

Table 1. Technical Data List

O Applied Engineering Publication(AEP)-23 (Edition
2) “Pressure Measurement by Crusher Gauges
NATO Approved Tests for Crusher Gauges”
(2005.3.)

NATO

O Test Operations Procedure(TOP) 3-2-810 “Weapon
Chamber Pressure” (1982.1.21.)

O International Test Operations Procedure(ITOP)
3-2-810(1) “FR/GE/UK/US Electrical Measurement
Of Weapon Chamber Pressure” (1995.10.16.)

ATEC O International Test Operations Procedure(ITOP)
3-2-810(2) “FR/GE/UK/US Copper Crusher
Measurement of Weapon Chamber Pressure”
(2004.5.21.)

O The Care and Handling of Copper Crusher Gauges
“Miniataturized Piezo-Electric Gauges"

O DTAQ DTaQ-17-5108-R “The Study on the
Replacement of Copper Crusher Gauge for
Weapon Chamber Pressure Measurement”
(2017.02.02.)

About

Nato Crusher gauges® 5912 Z+ yzgtoA9] 5
Moz A¥L AAS Working Group? 95

123

ghtotof 31, Nato Approved for Crusher Gauge©l
Al AT AolAl= AARLR ARgo] 7hsstt TOP
3-2-8102 A, Y, I, vlFolARt A & 5
Ack= Agto] Sl

Table 29} Zo] 2004¥ TOP 3-2-810°14] ITOP
3-2-810[1], ITOP 3-2-810[2]12 thAI=HA] ARgdl=
Ale]R]9] EZo0] "NATO Approved Crusher Gauge"
Z v, TOP 8-2-8109] Al°]A] &5 & T19, M11
AelAE ALet YHA= Nato Approved Crusher
Gauge©ll A #FA|A Er}. E3F A2004 AR & 5= Q=
MI12A1012|7F Z7F= it

Table 2. Nato approved crusher gauges - UK1998/

US 2002.

Type&MPa

Country Gauge Crusher Lot N (Pressure range)

France FAN Cylinder Lot 2/93 | LP&MP(50-650)
Germany/ | 31/7.1 |Sphere Lot No 979101| LP(40-230)
Netherlands |38/3.91A|Sphere Lot No 979101| MP(170-650)
38/3.5A |Sphere Lot No 979101| HP(520-850)
Spain MT 43 Cylinder 040/96 LP(50-230)
MT 43 Cylinder 025/96 MP(170-520)
United States| T19 Sphere Lot No 2-85 LP(40-230)
~ MP(170-650)

Mi1 Sphere Lot No 2-85 (positive Temp)
M12 | Sphere Lot No 2-85 MP(170-650

(negative Temp)

@3, Dynamic Pressure Gemerating System. This consists of a pressure vessel
about 0,035 ¢u m (1,25 cu ft) in volume designed to take reservoir pressure to

10,342.2 kPa (1,500 psi), a 3.7-m (12-ft) barrel with 2 5.0B-cm (2-In) bore, 2
high pressure cap, and a 38.1-cm (15-in) -long free piston. The system is
operated using nitrogen gas as both the driving force behind the piston and as
the compressible Fluid for generating pressures between 60 and 120 Kpsi at a
pulse width of about 3 milliseconds.

The high pressure end cap will accomodate two APG-type piezoclectric tourmaline
gages and two crusher gages of either the Mi1 or 720 configuration. Both types
of gages are exposed simultaneously to the same pressure; thus, direct com-

parisons are made. Pressure-time Information is cbtained through 2utomatic
processing of the electrical signals received from the piezoelectric gages.

Fig. 9. Dynamic Pressure Generating System

TOP 3-2-8109] Dynamic Pressure Generating
System-2 PiezoelectricE °|-83 ¢ 4 o]
Fig. 92} o] g = o Q1o External Typel = X
A& Rxofofol= WO R 2 Ao AgtE
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Zo] 213 =m, A AHAAIE S ol 5] 247 Crusher gauge PG
‘"Q]——‘Xél:l]‘ 7—'”%7%]'3] %H] = ‘1:_'%}% %H]ﬂ' lﬂEB—%l'Ek Test rounds 40
Average(psi) 30,989 30,984
Al =H| Al Tl ANEER
(Ehot B i » (AFZ O A=) » (A& @ Standard deviation(psi) 1,225 1,089
HEZH|) E7h Min. value(psi) 29,065 28,949
Fig. 11. firing test flow Max. value(psi) 33.518 33256
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Eitolghs 7HE SEstofof gt} T dolE M9 A4 A= Table 5, Fig. 149 &t}
SRAL ol¥E ISP Sl F-AAE WA Suste
c}. Table 5. Summary of T-test
F-A7%
= tloje] ko] SRA R gelshy] 93 b Crisher savge) 76
I} go] 7HE HAH3sArt Mean 30989.1 30984.5
_ %94/\?(0) ;5% Variance 1501635.374 1187308.051
- HEAHAE HO : Sx2jo|th Observations 40 40
deatd o = 5 4j0] ot} Pooled Variance 1344471.713
- 7 : EXx}o] o
= 1 © hypothesized Mean Difference 0
A4 AIM= Table 4, Fig. 133 2. " s
t Stat 0.017741772
Table 4. Summary of F-test P(T{=f) one-tail 0.492945081
Crusher gauge PG t-Critical one-tail 1.664624645
NMean 30989.1 309845 P(T{=f) two-tail 0.985890161
Variance 1501635.374 1187308.051 t-Critical two-tail 1.990847036
Observations 40 40
df 39 39
F 1264739486 TBA0.0177) < 71Z244(1.9908)°|12&2 7+
PTG one-tl 0233351356 2 7|ZHFRA AEElo] folnz S%olH = Hlole]
f-Critical -tail 1.70446506 - 5 =
o o] Rgke] Aol girta & 4 ek

FZH(1.2647) ¢ 71Z+9(1.7045)0| 28 dig7FEL 7]
(AR A=, foF 5%0l4 = dlolg A
ke SRA] Holg BRE Rk o 4= Qlch

Acceptance region Critical region

Fig. 13. Statics analysis : F-test

& 7bgol 35
ol o2 2ol
2ol 2stert.

- RORE)  5%
- AT H, : B2
- qYrHe A, H2e

o7t gict
o7t ik

125

0.025

/
N

0.025

\
N

19908
|4— Critical regiocn

|
0.0177
Critical region —>|

Fig. 14. Statics analysis : T-test

4]

T-8274Z 3l 57 A°IAS] 4 a3t PGSl o4
grol BAIA ujofA zfol7h gl SISkt S At
AN A% 49 4 W9 7 AelA 25 28,000
~ 34,000psiE RS, Bt 4 E3L 2]} i)
o

4.4.2 JHE X0| ¢t 2M

% AIAZE Az 2 el A grol Aot 3
£AE RG] 94 BAL BAL St D

o8 g2 AgHE FFARIAIM-1D)Y &Y =S 7

S



A
g =9

AT |&8 =84 A21d A9Z, 2020

2 Folzt T o, AE 4 3] Aole okt ol
g3t
ato] 3k = IPG AF # - M-11 AF g
AHEAIEOA dold A Y kel Alol&

UebH Fig. 15 9 Fig. 169 2t}

Jge=z

Fig. 15. Plot of two gauge values
Differnce(psi) IPG-M11

1500

1000

500

Fig. 16. Plot of difference

&9 2 Aololl et SA1A £4 A= Table 63}
2} A 3ol Aol Wt oF 30psi, o Aol g
°F 725psioltt. STACIAM-11) & IPG(B251)9] =
g B2 IS W F AoIXQ] AE & Ao
SFFEZ Eo171 fsf AelA A HA Sl Wik 71 4
3ol Bog Zow woheEnh

Table 6. Summary of difference of two gauges

Item Value(psi)
average 30
standard deviation(1s) 337
max. absolute value 725
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