S E 83 20099 % FAIStEE] =5 pp.339~343 2009 KSPE Fall Conference

155mm #73e TPEES] FEEE 54 97

H]—/\éj_* . 11][-_1,—_/\4* . g,]tglz’_* -7

2
o
X

A Study on Statistical Distribution of Muzzle Velocity of
155mm Propelling Charge

Sungho Park* - Noseok Park* - Beongdoo Choi* - Jaehoon Kim**

ABSTRACT

The aim of the study was to investigate the statistical distribution of muzzle velocity of 155mm
propelling charge K676 which is for the use of K9, a korean 155mm self-propelled artillery. A plenty
of muzzle velocity data were collected from lot assessment test of propelling charge. The muzzle
velocity of each test round is compensated by reference round. In the present work, the detailed
statistical analysis of the muzzle velocity data is carried out using probability models including
normal, Weibull 2-parameter and Weibull 3-parameter distributions. The results of goodness of fit test
showed that the normal distribution described more appropriately the experimentally measured muzzle
velocity data and the Weibull distribution is also applicable. The coefficient of variation showed that

the mass production capability of each propelling charge lot has been maintained.
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274 FstATad A a4 Kere F
Ager AFAANY AeAd ANE A8
AR S/WQl Weibull++7S ©]&3le 243}
A, AFEE, 284 Slo]lEEY H 3ESF
ol BR ¥ thate] Zzt 374A] BAA shetv]E
ZAMel RRX, RRY @ MLE ®WHoz EAZH
e E FAIHPoeH ztzte] AL LSt
T Afs #3278 A A¥9x AREH
9} dEXzREH /1A HIA3 FESRIE AA
stReH, F4d A4 derHEzRYH =¥

31 ASSERE
A& 3Z(Normal distribution X% Gaussian

distribution) ¢} 2}o] &3 (Weibull distribution)

& UEAQ A%GEE o AFREE Y
= 5% SAH 74 B /Mol 7R
Hr, ol ER X nHFHEN F2 &89
o gEREIE gEYETS(PDF, probability

. =2
density function)o.Z R HHY, AFEEE H
T EFHAEZ, JolERIE g AREF,

scale parameter), 3 (874", shape parameter

LN
£33l FHEE S (CDF, cumulative distribution
< T U3l ATrEEs 3T
stolER X9 FELLITFE 47 Eq 13 Eq.
2 (Coefficient of variation)=
FEHUAE HHoE Y Jdoz FEEEY
¥ H (dispersion) S A r3tste] yebA TR gk
ojlty.  spolEREAN HWEAFE Eq 39
MTTF(mean time to failures) ¥+ MTBF(mean
time between failures)#-& HT o2 3o Eq. 4
2 FAPE EFAAES e Eq 59 2ol
X@HH = Avkgaolti4,5].
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n n
o1 714 (fz;8.my) =0, z>0, =T 4, g=0,

n=0, —co<n=< 00)

MTTF or MTBF= E[X]= »+ nr( Tt 1) (3)

5.0~ VTl = o r(2 o) [ 1)) @

CV=

VVar[¥] "M”%)* [+ 5] )

BlX] nI|1+ %)

32 FA4 setrE e F4[6]

EAH et FAWOR A% (east
square principle)? #-$-FdH(MLE, maximum
likelihood estimation)©] %] AM8-#th.

ApAswe dolHe) wAgozRE Hol
Hoh SR Abolel Aolg Hasahe 24
o2, IAME y=at bz PP Yo i
2 3 3] A(RRY, rank regression on Y)¢} 3|74l
€ z=a+byE 7FASI= Xol Wi B3I A
(RRX, rank regression on X) "Ho] St}
MLE A% Likelihood function(l) X+
Log-likelihood function(A)e] Hdigko]l = &
A svlg 6, 6, .. 0,5 FHsE ol
o dubHo g Atke] foldE st A
A= st= WS AR

33 &R A8
dlolele] =A%

~—
~
~

(1'17 91)/ (4527 Yo

(rys uy) VA 7t FolAA T 8748

T8 F gok. AFEEZY ol EREA FA
4 detveE Fet7] fete] Haaews 3
|8 u gwrrez 4y & HHt FMMR,
median rank)2.Z 3ty B =FdAx HY
¢ woer SAF FdevEE FAAH
SEd, MLE #8We Sgusn uesoe

A AgsHA

34 A= H7(Goodness of fit test)[7]
gEEEY  AHdx=E  HASI &
Weibull++701 4 Agste= 47FA AW
modified K-S(Kolmogorov-Smirnov)¥, L-K
ABAGe o8, BEA 8L BT AEs
Aot
Modified K-SH< D, ., < Dmaxdl &S 2
Fote WRelth Dmax#t2 FAEEIT F(x)
9}  ECDF(empirical distribution
function)?l G(x) t ZFole] HUiztez Holw
D} KsHoz #AT i delge F(N)7t g2
D, 7} ZoVel Wk P(D,, < D)7t 7
xw}. P( D, < Dy )7F 100%01 747bE gk

cumulative

crit. max
2 oY SERLI HolHd @sm e
;i_d Aoz AAIY. LKYS MLEHF &
e

“(correlation coefficient) pT ZQ:I:X}%EQ 0]]
MR# Hlolg 7+ AFAAY =S A
t A5 8g AuAsE -
7HAH  [pl—10ld AR @A
stEEEs deolHzt A9 AosE HA

- =

Table 1& Weibull++72. 2 FZAeko] X 1&
5t Adtolty, Weibull++7 S/We 2
ERZAAN FAGRGF(B)7ko] 500]7<]
£ 7% 4 %17 W&l Table 1
gk ghol Aok AEEE BT
(Shape parameter)® EFHX}(Scale parameter)Z,
9o]BEEE Eq 3 ~ Eq 49 MTTF#® =
HAZ HEASFCV)ESE FH3Ah

AP AHFAIE= Modified K-S 3RS
Stol ER27F, LK@ AuAlss AFExrt

ruln:

— 341 -



N
Lo
N
fru
S
flo
l_-
e

X h @

| }.ﬂ
o
=
Y
fru
e
flo
)

r O
-0,

Figure 4°|A] adjusted points=
unadjusted pointsoll Al X (v) T H3P o]
% Heold. FEAZFH BFALEF HE
S &g + Y. Bikramjit Basu 5[8]
AR FEEE B =EAA AR
e Y HMAEE S %
]

o Il

dad

[e)
[o
[e)

=2
o
Hir
flo
o g
i
)
oW o o

o 2

—‘Nt jﬁ’, FUIO

e
N

rir
o ol
URRNT

>,
op
QL
N
&2
o
e HE oo o M M o f

9#
o 3

G

i

Hr
tm HF[ ’

(¢

M
e
K

=t
M
3

v
il
A e

o~

U
2

i oz

N
- :10
>~
>,
&)
oo
o
kl
il
fz
)
&

e o
AL
]
o
o
>,
(o
fru
o2
o
o f
oo
K
1ot N

52

v
e ke

i

SN

ﬁ e

bl

-

| —[o
fo
)
P
o

O T

4

M
e
iy
4
M
H

RS
o
R
N
N
il

S
5

2
2
rSE }-u:
1o
]
e

o oy

o
oK
X0
&
5=
L
>

e
o
Ny 42
Lo

M R
S
9,
4
HE
5]
fru
o
o
>,

&

dot

% g
2
o3
Y
o
i)
rJ
e
ror
bl
-
4
t1
s

£
>
o
o
iz
M
bl
N
N
N
N
A

do 2 lo b g
2
£
N
-~
R
o3l
o

o M © k1

op it

et

4

X9,

o

Py

o

fu
g

T

et

ko)

=
M
3
o
=
=
=
L
2
o
ol
-y
2
L=
;&
=)
o
o

4.2 =

b
B

L

T
™

155mm K9 AFE-§ K676 F7172F
EAFEEZ M 2 432 5 4

o

AFEER FHE dArHERE ITE
I BREHads FAHIA
7

+3
BTt 04m/s o4 WHAFAS

O ¢

g

294, “FEw 4% QAR FHA 7]

<X 314 DSTC-319-000375, 2000

2. =1-1320-3008, “155mm K676 Fxg<F 5
A, AT 2R TR FRFAA, 199

3. Miloslav Nosal, Nosal,

"Three-Parameter Weibull Generator for

Eva-Marie

Replacing Missing Observations," 2003 Stats
Proceedings, 2003

4. Maha  Algam, Richard M. Bennett,
Abdul-Hamid Zureick, "Three-parameter vs.
two-parameter Weibull distributionfor

pultruded composite material properties,"
Composite Structures Vol. 58, 2002, pp.
497-503

5. Y. Lei, "Evaluation of three methods for

Weibull
parametes of Chinese pine," Journal of
Forest Science Vol. 54, 2008, pp. 566-571

6. Weibull++7 User’s manual, Reliasofy Inc.,
2008

7. Ki-Weon Kang, Seung-Kee Koh, Doo-Kie

Kim, Ki-Joo Kim, "Assessment of the

estimation the distribution

statistical distribution of felxural strength of
woven-fabric lamitates with impact-induced
damage," Composite Structures Vol. 90,
2009, pp. 60-66

8. Birkramjit Basu, Devesh Tiwari, Debasis
Kundu, Rajesh Prasad, "Is Weibull
distribution the most appropriate statistical
strength distribution for brittle materials?,"
Ceramics International 35, 2009, pp.237-246

— 342 —



Table 1. Results of Statistical Analysis

Parameter estimation Goodness of fit Estimation Ofcl\ngTF’ 5D. and
o Analysis Ve
Distributions Method Shape Scale Location | x.g L-K Val
ethods | ~ A R Al -S test - alue p
(ot B @orm| () | & | B [V av
RRX 928.4281 2.2536 - 88.1956 | -1099.2996 99.67 928.4281 2.2536 0.0024
Normal
o RRY 928.4281 2.2687 - 88.0849 -1099.3323 99.67 928.4281 2.2687 0.0024
distribution
MLE 928.4281 2.2522 - 88.2017 -1099.2987 - 928.4281 2.2522 0.0024
RRX 532.7345 | 929.4279 - 93.1504 | -1153.9768 98.36 928.4241 22327 0.0024
Weibull 2
_EI_u 'p RRY 515.4087 | 929.4616 - 90.6996 | -1142.5532 98.36 928.4241 2.2307 0.0025
distribution
MLE - - - - - - - - -
RRX 8.8216 17.3633 911.9980 24.6802 -1106.0114 99.64 928.4254 2.2240 0.0024
Weibull 3
FPUR SR TTRRY | 88216 | 17.3633 | 911.9980 | 24.6802 | -1106.0114 | 99.64 | 9284254 | 22240 | 0.0024
distribution
MLE 8.8618 17.3944 | 911.9980 | 60.2980 | -1102.9980 - 928.4583 2.2190 0.0024
0. Normal Distribution (K676-Full Data) 0 Weibull 2-Parameter Distribution (K676-Full Data)
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Fig. 4. Weibull 3—p distribution plot
(Range : 1 ~ 10000)






