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ABSTRACT

In this paper, we have proposed a prediction method for sabot-trajectory of projectile using high speed camera

data analysis. Through analyzing trajectory of sabot with high speed camera data, we can extract its real velocity

and acceleration including effects of friction force, pressure of flume, etc. Using these data, we suggest a

prediction method for sabot-trajectory of projectile having variable acceleration, especially for minimum and

maximum acceleration, by using interpolation method for velocity and acceleration data of sabot. Also we perform

the projectile launching tests to achieve the trajectory of sabot in case of minimum and maximum thrust.

Simulation results show that they are similar to real tests data, for example velocity, acceleration and the trajectory

of sabot.

Key Words : Sabot(X] X th), Trajectory(#174), High Speed Camera(3:LZ:7}w|2}), Interpolation(=.7HH)
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Fig. 1. Configuration of sabots
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Table 1. Position and weight of sabot

position weight
category —
x’ direction angle A [kal
a | -1,664 180 1.3
b | -1,664 -53 1.3
sabot mm deg
c | -3,508 180 2.0
d | -3,508 -33.8 1.1
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Table 2. Real and theoretical velocity and acceleration

of sabot(units :

velocity [m/s], acceleration

[m/s?])
category test1 test2
Ayprast LO] 9.0 7.7
a [deg] 35 35
k [kg/mm] 2.52
z, [mm] 26.0
T v/ Vy 17.1/-5.0 15.9/-5.0
s; R| wvnlv, 14.6/-5.1 12.7/-3.9
4 LT 9.9, 5.6/8.0
R a,,/ ay, 7.9/73 7.2/6.5
T V0 Vy0 24.9/-4.1 23.0/-4.1
s; R | vlvy, 19.7/-3.6 | 184/3.8
c LT 9.9, 5.6/8.0
R | a/ay, 8.1/9.4 9.0/6.5
Ayprast 1O] 8.0 7.7
a [deg] 35 35
k [kg/mm] 2.52
z, [mm] 23.0
T | veolvyo/veg | 162/2.7/-3.6 | 15.92.7/-3.6
S8R | vy, fvg v | 14525420 | 13.2/1.8-18
bst T 9.9, 5.6/8.0
R | anlay/ay, | 7777914 | 6.6/7.512
Qprast 19] 9.0 8.0
a [deg] 35 35
k [kg/mm] 2.52
z,[mm] 23.0
T | veolvgo/vg | 24.9/4.1/-2.7 | 23.5/4.1/-2.7
S8R | vy, fug v | 20203722 | 19.3/321-18
b;)t T 9.9, 5.6/8.0
R | an/ay/ay, | 1206005 | 11.1/6.9/1.4
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2. Comparison sabot-trajectory of test with theory
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Table 3. Separation velocity of sabot [unit : m/s]

category average theory ratio
Uyr | U | Vg0 | v | (average/theory)
a -4.5 0 -5.0 0 90 %
b 25 | 24| 27 | 36 77 %
© -3.7 0 -4.1 0 90 %
d 37 | -1.9 | 4.1 | 2.7 85 %
3. Fa/zd FH JEEE AE 2T

3.1 Alg 7L
24404 A AAd b AA oS4 ik
EFAS Eelaly] 98 2
e} fAkeE Bel F17]13%S Al%tste] o Fig S
9 Table 49} o] ] WAL AlgS A8t} X A|T)
93\1;]_[5]. o] /\]g/\] GUH §1—7ﬂoﬂ

WY 5 Qe WAl o

X|X|cH

Fig. 5. Minimum & maximum thrust tests

St At el &8s X)) A21d AN1E(2018W 2¢¥) /5



vk
Table 4. Test condition
category | min. thrust max.thrust note
athrust 5.8 g 9.4 g
a 30 deg 40 deg
sabot a,c| x, 26 mm — 4 mm change | b,d : 23 mm
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Table 5. Comparison test data with prediction and
theory [units : m or m/s or m/s%(error %)]

fol

category test theory | prediction
o, 11.1 13.8 9.7
Va'o ™ Va's ) (23.5) (13.3)
U -1.6 -0.8 -0.7
y0  Vyd (--) (51.1) (56.2)
ga 7.9 4.9 6.6
min. o+ %' F ) (38.2) (17.2)
thrust gy 73 8.5 7.3
v+ E (=) (17.1) (0.0)
11.5 21.0 10.6
v, max () (82.6) (7.8)
S 0.8 1.8 0.7
ymax --) (125) (12.5)
Uy'p — Uy's 17.5 15.1
fail to
Vo = Vya optain -0.8 -0.7
Oy initial 6.3 8.8
e ||
thrust | 9v+%F 7.5 7.1
S, max 20(estimation) 35 20
S 34 5.6 3.7
ymax ) (64.7) (8.8)
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Table 6. Comparison test data with prediction and

theory [units :

m or m/s or m/s*(error %)]
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Vo —Vyy (1? (1-13766) (2_;%}1) Table 7. Comparison test data with prediction and
56 49' 4§ theory [units : m or m/s or m/s?(error %)]
92 +0y' ) : ,
. -) (13.0) (13.0) category test theory | prediction
gy agp 79 8.2 8.5 16.7 20.0 17.1
y+% - 7.9 7.9 . — s : : ~
thrust (16) (0) (0 1) S e (195 | (23)
i (=) (100) (96) o 2.4 0.6 0.5
g 13.6 23.9 113 o ) (740) | (802)
e ) (75.7) (16.9) g 7.6 4.9 8.2
S -5.9 -8.2 -5.9 min. che i (--) (35.6) (7.7)
z,max
' ) 3909 | (00 thrust | 5.1 8.5 64
g 25 4.4 2.4 Gy +&F () 67.1) | (26.5)
Yrmax (--) (76.0) (4.0)
— S 24.0 40.0 23.0
Vo = Up'y 17.5 159 'z, max (__) (66.7) (4_2)
Yyo " VYya _ 2.7 2.7 2.7 4.4 32
fail t S, : ; ;
Vo~ Vra ;ﬁyaiﬁ 3.6 3.1 ymax =) 63.0) | (185)
Gusta'p | lmtltal 63 9.5 Vg~ Uy 25.4 20.0
rajectory fail t
max. 9y +0'F 7.5 12.0 Uylo — Uyg oa;tair(l) -0.6 -0.5
thrust G, 10y 0 -0.04 initial
md — max. 9z +%'r trajectory 63 87
S, TSR 20(estimation) 35 20 thrust 9+ p 75 93
-10 -10.9 -6.0
Sz,max ) (9.0) (40.0) Sz,max 33(estimation) 69 33
s 5.5 9.2 5.1 5 6.7 12.7 5.9
ymax (--) (67.3) (7.3) yrmax (--) (89.6) (12.0)
kAt el &8k X)) A21d A1E(2018 2¥) /7



)
Ho

3.2.4 X|X|tff d

Hx 2 Ho FEd o A35S
A= Figs. 10, 113 2200, Table 80l
Eks vussin YA, BakAE e
S HAx 45 %AAlA HU 25 % o

olaL 9}

)
=
1y 1>

=

El

ox o
o [Eap=
I
o

I 1o 1h o

2 —|K—>‘
NS

to
b
o
o

Table 8. Comparison test data with prediction and
theory [units : m or m/s or m/s%(error %)]

category test theory | prediction
O — 1 15.2 20.0 17.3
20~ Va'y ) | Gla | 41
S 22 4.1 32
y0 Uy () (82.0) (44.0)
o -1.0 2.7 -1.9
20 Z'd (__) (1822) (986)
7.1 4.9 8.3
9!+’ (--) (314 (16.5)
min. Y 6.8 8.5 9.1
st y+0yF ) (246) | (341
2.8 0.0 32
940 F ) (100) | (13.8)
P 2 46.1 23.0
,max (estimation) | (110.0) 4.5)
S -11.0 8.3 -12.2
z.max (__) (24,5) (109)
g 5.2 9.5 6.0
'y, max (--) (827) (15'4)
Vo — 20.2 25.4 20.5
20~ Va's ) (25.8) (1.3)
. 23 4.1 32
yo " Uyd -) (754) | (39.0)
o 22 2.7 -1.9
VTV - (21.0) | (14.8)
ey 12.1 6.3 13.0
o+ -) (48.0) (7.5)
max. ety 53 7.5 5.2
thrust y+ U F ) (41.1) (1.9)
grsa 0.5 0.0 0.2
2 +02F ) (100.0) | (66.2)
S 16.2 70 12.2
7, max (--) (332. 1) (24.7)
R -8.0 -115 6.1
Z,max (__) (43,8) (23.8)
g 9.5 19.4 10.0
ymax () | (1042 | (53)
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