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Distribution and Correlation Analysis of Structural Characteristic
Parameters for a Large Caliber Projectile

BI Sijian, WANG Yushi, PENG Qimeng., WANG Guangyu
(School of Mechanical Engineering, Nanjing University of Science and Technology., Nanjing 210094, China)

Abstract: The ballistic safety of a fuze is closely related to the exterior ballistic motion of a projectile, and the exterior
ballistic motion of the projectile is greatly affected by its structural characteristic parameters. In order to accurately obtain the
limit values of structural characteristic parameters of the projectile and provide a technical basis for fuze safety design and the-
oretical analysis, a method is proposed to study the distribution and correlation of a large caliber projectile by using the meas-
urement data of its structural characteristic parameters. Taking a M107 projectile with 155 mm artillery, hollow base projec-
tile, base bleed projectile and compound extended range projectile as examples, the measured structural parameters are used
to fit their their distribution law, to obtain the limit values under different cumulative probabilities, and further to analyze the
correlation of different structural characteristic parameters. For these four 155 mm caliber projectiles, the best fitting results
for most structural characteristic parameters are not normally distributed, with three of them following a three-parameter
Weibull distribution. The equatorial moment of inertia and dynamic imbalance angle of a large caliber projectile are closely re-
lated to the position and eccentricity of its axial center of mass respectively, with an evaluation conducted.

Keywords: projectile; structural characteristic parameters; fuze ballistic environment; distribution law; dynamic imbal-
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KB L/mm Gamma 253.035 30 0.016 30 897.001 61
1] 07 B b /mm Logistic 317.755 72 0.527 35
REHFESEE A /(kg » m*) Weibull 204. 490 94 1.948 30
IR B/° 3 2%k Weibull 1.694 16 1.672 28 0.088 83
9 155 mm FIAR kML MI07 A7 5 45 #4) R A 207 AS [°] SR AR 5 T iy e R A
L5 H R R SR S TR 5% MR 1% 5%0 Mk 3 1504 3
fi 0o a/mm 0.02~0. 37 0.031/0. 289 0.021/0. 387 0.019/0.426 .017/0.511

W% Bt C / (kg + m*)

0.145 63~0.150 14

0.146/0. 149

0.145/0.151

0.145/0.152

BRI E A/ (kg + m*)

1.174 5~1.199 5

1.177/1.197

1.175/1.202

1.174/1. 204

. 174/1. 208

0
0.145/0.153
1
0

BT B/ 0.001~0. 031 0.002/0. 028 0.001/0. 039 0.001/0. 044 .001/0. 054
% 10 155 mm 142 MRS I 3 45 A A iF 07 A ) SR BVBE S R 9 Al BR A
SR AE %L S S & IV 5% VLTS
Fiht M/kg 45.341~46. 041 45.504/45. 976 45.316/46. 026 45.236/46.042 | 45.052/46.073

K L/mm

900.0~901.1

900.10/900. 97

899.91/901. 15

899.85/901. 22

899.71/901. 36

f > B @/ mm

0.02~0. 30

0.040/0. 264

0.023/0. 329

0.019/0. 354

0.014/0. 406

Wi C /(kg + m*)

0.160 48~0.165 15

0.161/0. 164

0.161/0. 165

0.161/0.165

0.160/0. 165

TRIBH R A/ (kg » m®) 1.7652 ~1.825 3 1.769/1. 805 1.766/1.814 1.765/1.817 1.764/1.825
AT B/° 0.002~0.068 0.005/0. 054 0.003/0.070 0.002/0.077 0.002/0.091
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© 216 - A ML S 4 %5 33 45
11 155 mm FAR U IR HE 3 45 #4) R AE 07 AS 7] SR B 5 1 iy e FR A
25 H FE AR5 S Tl 5% HER 1% MR 500 K 1% 4%
Jhit M/ kg 46.382~47.146 46.484/47.149 46.414/47.416 46.391/47.530 46.348/47.793
KB L/mm 898.1~899.7 898.39/899. 39 898.20/899. 62 898.13/899. 71 898.00/899. 88
Bl a) B0 B b /mm 339.002~342. 746 339.29/342.77 338.98/343. 69 338.90/344. 04 338.80/344.77
fig 0o @/mm 0~0.23 0.008/0.158 0.002/0. 214 0.000 6/0.237 0/0. 285
Wi C /(kg « m*) 0.166~0.176 75 0.167/0.174 0.166/0.176 0.166/0.177 0.166/0.180
B E A /(kg + m®) 1.862 9~1.946 9 1.846/2.005 1.839/2. 065 1.838/2.088 1.837/2.140
A VHifa p/° 0~0.077 0.003/0.057 0.000 6/0.078 0.000 3/0.086 0/0.104
F 12 155 mm FAR IO 52 A 38 R 95 65 A0 R A B0 R [R) R B U S5 °F 1y Ak BR {0
25 )RR AR B S B 5% M 1% % 5% R 1 %048 3%
Jfi e M/kg 47.857~48. 33 47.948/48. 251 47.863/48. 336 47.827/48.372 47.745/48. 456
K:BF L/mm 900.5~901. 7 900.71/901. 56 900.55/901. 75 900.49/901. 83 900. 37/901. 97

T[] O B b /mm

314.532~320.916

316.20/319. 31

315.33/320. 18

314.96/320. 55

314.11/321. 40

B DHHE A/ (kg s m™) 1.906 5~1.962 9 1.920/1. 959 1.905/1.963 1.898/1.964 1.884/1.967
IRV p/° 0.15~3.583 0.379/3.285 0.200/4. 208 0.162/4.563 0.117/5.322

GUfe . DA MR 52 R . 0 UK = SR G R By
e 7 1 T VA A i 2 e A A R T ) A
KA IR O R USSR AL Y
N A R HAFAE AR DG, ] B A A Y EL T
B R AR

BE IR AN R HL o, FT RN N

SN, =X, — V)

Pry = =
\/E(X,vX)Z [ >, —Y)*

A X MY, 50 0 P B BRI . X MY gl
AR EIE . n BN EL
1 e R B S G SE R B, TR

I e
ro=1 71<n2_1);d, an

K. d Ba WS v, MBRZ 2, n BB AEL

R A BB« AT FRoR o

= ﬁ (12)

L, e A—BCEZXF WAL d A —BoT R XA
Boon HES T ITRE AL

o7 FH Bz 7 3th AR FRRE A 56 22 K043 A 3k 1 A A 7 A
A5 B W AU B A B FLIRON (G IR A IE & 4 A
M AN B AN AR N R AR B S A R O R
A B {H R R IE A YRR E Bk AT B R B AR g oK
REAMrE. R 2 FAA, A B 155 mm H A2 KM
AL I R 22 B2 K AR B R LG o0 A SRS g IE A 4y
fii s I HL S LSS A AR BE ML K. Rk, i
FA T Bz OR 22 A5 A 6 R B B 7 25k 43 B 4 Bl 155 mm
FIAR KM L 25 25 ) R F 550 18] 9 26 o A0 o6 M. R
Matlab #F 25 45 5] 4 B 155 mm 142 KO 5L 254

(10)

U KA T Bz R B A SR PR A AT AN AT 6 s

KRG 6 il B R B A SC R %L, Giit 43 E] 155 mm
AR KM MLOT A 34 e 2l 15 45k 01 i 3 2 sl 168 4 5 Do
PRGBS AR S il S 07 AR A B
PR R ARBE A OG- A 55 0O BE S KR TR A
K5 155 mm FIAR MR M1 5848 5% 2 5% 8 -5 o 4 A 4l 1)
JotC o B S ARRE TE AR O . %l e gl A8 20 S - il e B
37 P A B sl 5 B e DR A SC AR IE A G . g A
48 5 O BE 52 b BETEAH OG5 155 mm F A2 U JIE HE
Sl iy SO L R R Sl B A IR Sl R i) A o
TR IEANOG . AR Sl 15U M AR 3 5 sl 15 0 T 5 1)
JC o B B R R IR A O . AP A 5 O B P OE
FAC s 155 mm FIAR KO AT 45 38 A A 1) o0 37 B A AR
T e S I 23 O3 5 e 2 P R AR A O, AR S S
B i o 07 B R BE IR AR G L R I R Sl 1B S A B 15
HEUZIEM K.

H AT 6 B 4% SUOILAR G 20 M s BRI I3 4,
AR AL R 38 e gl 15 A 5 B 2 A A — i R P A 2R M A G
P Horr MI107 A3 i A0 52 45 38 i i R T8 e gl 480 A5 o i
S IEANOG R HE R G B Sl 1B G IR IR A
Koy A SRR 5 A M R ik S T 8 G e AR A
Fetk s 4 UL IR T8 B S AR i 1) 5 O B 2 A A —
FE T E LA G, o M107 A 58 o5 3 6 S B i
B i o (07 B S IR BE TE AR G IR TMT SRR AT 5 B R T
e gy A A g Tl i o 07 R R R BE R AR O . IR HE SR OB
R BB A TG O B R B IR AR O s BRAZ A MR
BNV A 5 i O BTG RH S PR SN, M107 A 5 gl A S
RSN (T RIRYERS (W5 PSS R i LI R ek |2 ) B AN B
5 Q0 B A S R BEAR DG 5 B RS HHE 59 R G 5 Bl B 5
Bl B B P LG AN, LR LR G e sl 15 A A
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%118 Be R, SF . R AR O B G A R AE By A R R S b - 217 -
3 B2 R 2 A SRtk Lo 31 B2 R B AH Kt 0
Rk 0.9 Jik | ‘
g . 0.8
KB 0.7 ]
| ¢ HIERLGE 0.6
s [ 0.5 RN 0.4
0.4
{ﬁdj\ﬁﬁ 0.3 ﬁ%ﬁ]'{ﬁi 0. 3218 0.2
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(a) M107HY (b) J&& M3
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1.0
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KB g-? 0.7
) M O‘ . A ) SO B 0.6
- 0.5
{2 0.5 0.4
B 0.4 0.3
ezl o 0.3 0.2
FREFF A 0.2 FRIEHHH g- 1
e 8'1 e 0.1

%
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(o) 3
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B 6 4R 155 mm 742 KO SHAL S5 K 0 A KK 30T B2 R 2 A 5G4 A 1]

Sl i A AR B AR OG5 45 SO B AN - A £ 5 s JE 5 Bl i8R
It () 24 00 3 A A O
3.3 FEUHEXESTRIE

FIH 1stOpt BAFEXS 4 F 155 mm FAR JOH L2544
FRAERCHEAT AR R VA G i, UG B PR £ 5
¥ (Levenberg— Marquardt) B ¥ f bR LM+ 4
Fff = Scik (4] KRR MEAR R 43 Oy 5 2K,
Bl 0.8~1.0 NtksrAHI%, 0.6~0.8 MsgAHIE, 0.4~
0.6 AHEEFK, 0.2~0.4 NFGAHRK, 0~0.2 HTH
Ko A UL A A FRAE B A 13 B B9 JE e M AR ¢ R Bn 3k
13 Jir

# 13 4 Fh 155 mm A8 O LSS K 7 AE 23R 2 M 4 56 R 2L

25 F FE AR5 MI07 #3# | M | Rk | A
Mcc L 0. 250 0. 340 0.436 0.338
Mcca 0. 405 0. 349 0.253 0. 205
Loch 0.434 0.343 0.341 0.225
Coc M 0.580 0. 464 0.381 0.378
Coca 0.384 0. 340 0.376 0.351
Aocc M 0.851 0. 255 0.555 0.801

Acc L'/3 4155 0.304 0.312 0.455 0.353
Acch 0.443 0.991 0.706 0.839
Acca 0.323 0.547 0.277 0.279
poca 0.668 0. 700 0.684 0.501
Bgoc C 0.393 0.241 0.362 0.328

M1 13 AT, 4 Fh 155 mm 42 O 3L B B35y
LERRRAE R Z A7 AR R A AR R G &R, Herp MLOT A
SHL R T A Sl I S T DL gl ANV A - s AT A R
iR G AR S 5 R TUT 9F R R 59 2% 1 4% 3 15T i 1) o
178 LA K B AS - A 5 O PR A R B A SR s R
B R SN I e Sl 5 o L R ol 3 e gl Rl 1)
JoCo 7 A LA A8 B AR S

XF 13 o HA SR A SC MR SR AR 5 B IS (IR 5%
ARBAE 0.6 LA b)Y SEATHIG, AR 14 fial. &
14 DL R R S AR B R S AR 1 AR 8 M)
4 ERE

ASCHAE 155 mm FAR K M107 A i, 14T 56 |
JEG I 3500 52 30 R A AR AR RS I K . A Minitab
BOUEARE] 4 Bl 155 mm AR KU 5 LS5 R4 45 i K o A
KA, FENHEAT T BT . T I A5 A AR R
IR 09 G A B HEAT SR FF SRR E T 4 Bl
S 4 A R E BOE R T R (500, 100, S Al
1%0) FHIMRIRAE . 55 vk — B WFIE T 34 45 4 30
B ARG E . BFFE S SRR

1) 155 mm H A2 KM M107 f 5, JiE M58, i 3
AT & H R 40 R 22 J A0 A R R B AR U 45 R AN
TR o 3 Bl ZEE M RHE R 3 S8 Weibull
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%33 %

F 14 4 Fh 155 mm F A2 O 3L S5 48 5 AE BP0 A R 4L

T R

WFp | 2% L4 %
i 2R B o R A
M107 A = 936.179 —

Acc M ) .
ki o MR 7.520M° +1.830M*° — 0. 116M°
M107 B 1

poca | B p= 142,757 — 3 234.084a” + 6 717.1224°

¢

A = 22 008.908 —

| A cc b '
TR Acc b | il 158. 8756 -+ 0. 0396*° — 0. 0014°

JEMG| Boca | B |g= 0.048 — 0. 031exp(— 75 939. 233a"""")

JEHEH | Acc b | B8 | A= 0.022c0s(0. 71050+ 14.237) + 1. 902

1

IRHEHE) Boca | B | B= 5o 770 996a 7 2017, 1494

e _ 0.067

P Aoc M | ik A= 2.060exp( M746'953>
4 A A=

Et‘f‘ Acch | 3

X 1.938 4+ 0. 019cos(0. 9046 — 74. 835)
A

2) A4 Fft 155 mm F A5 KM BOAL R G 5% 3l 153 4 5 il 1n)
SO B B A A — i R R PR AR Gk . Herp M1OT A
S T e Sy A8 5 Al ) S0 (07 T SR AR B AE AR OGP . IR M
SN A2 G R IR T A sl 4B A L Tl ) SO O R R EE OE
AN R HE 3% 38 e Sl A5 5 il 1) B 0 B B PR OE
AR, BEAh, Br M107 A5 5 % 38 4% Sl 150 5 b 1 o0
i P S AR RN OGS s AR A UL AR B 5 S R S
b e S A7 R R 56 P AR ZRPE AR SGE . DI,
¥ B LA 2 I 2 3 e sl A R S AR BR B . w o i
S KUl 1) SO A AT A

3) BRI TR B AN P15 £ 5 i s BTG AT S AR S
AR A5 TS AN - 5 A 359 5 D O BB A A AVRE e i 2
TEAH S A K rp 2 i P AR LR PR AR G 1 . 2 Gk B
K LA i AL Bl A5y Sz PO BRELISS + Al 3 o 5 AL B
O BT P
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