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A study on the verification of regression analysis projectile velocity
Estimating method
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Abstract This study analyzed the projectile velocity estimating method of MIL-STD-662F and the
instruments in ballistic resistance tests and suggested and verified alternatives. K100 (5.56 mm) and
KM80 (7.62 mm) bullets were used to fire at a range of 1 to 100 m to verify the proposed method. The
projectile's velocity was measured using a lumiline screen and a doppler radar. Cross-validation of the
results was performed between the existing and the proposed methods. This validation confirmed no
statistical difference between the population mean and the variance observed in the F-test and T-test
between populations, with "P-value)0.05". However, the proposed method is limited because it is
implemented using the existing data and applied only at a specific range. Moreover, the proposed
method is dependent on the reliability indicating the correspondence between the equation calculated
by SRA and the sample. Nevertheless, this study is meaningful because it points out the absence of
data-related research necessary for the projectile velocity estimation method and suggests an alternative
solution. In the future, it is necessary to continuously compare the projectile velocity at various locations
in indoor and outdoor environments. Further research is also needed to create unique coefficients and
formulas for each bullet type that can be used without the base data.
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Eq. 3)0Al, p= 49 37] 9=(F : kg/), i=
bz} FAFIRHprojectile form factor), d= €&} 23
@9 ), X= FolERl 237 7 SIAFRE A
7S] ARG m), G= FE4(drag function),
we BF BAES k), Cx= @A S(ballistic
coefficient)o|t}. o], Eq. 3)C2HH BHLA¢+ =
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w _ 8D
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BEq. 44, SD= wHU%(sectional density)Z
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S £ JEAE 7hsche Hrolot ©R; FARIAL i=
o33 Zo] yehd 5= QtH2l

. Cp

1= FG )

Eq. GO)A Cpe vl &2 A 5x(drag
coefficient)o|H, C = EF =SR] A2
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Fig. 1. Standard bullet model G7
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G= KD Pstd Vv (6)

Eq. (6914, Apye B2 2= &84S, o= E
F7] =R 1.225 kg/m(EH5H 7127 Zeth
(9] ¢ mach number)o|t}. Eq. (6)°] 2JH]|
2 ¥E 37] YrolA ol wet Hoks wRt
Agoltt. s G deAS O @
gt 7R 51% TG A 4(drag
coefficient)”} B35, dHA+E 47 A= &
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olslo] wo A7lo] _,_Jclza =

Aol A
_:_/LI;H_E .J_OE]I— 740]
943 AT zaq %141011*% oﬂxﬂvm

AAZE =ek 1 F EAHQl E]"?S'
9] Mccoy(1981)[3] =soltt4,5].

stel Eq. (7)

CD() = CDH + CDET+ CDB + CD]?B + CL)SF (7)

Eq. 7OA Cp 7t & FEAE@EFZ 0°) & o, 2

(o)

M= ), = S projectile head), C) = &Yl
—r(boattaﬂ), b= AR blunt base), C), = &3
SAH(rotating band), C Dy 22} 2 et 2hAyst
HEH v (skin friction)oA FHA ol ), BF
5 g8 o33 Zo] yepd 4= Utk
(C,— C?) /2 —1) 4 ®
D[I (M 1
Eq. 84 & JAAEY AeEs o33 2t
C, =0.7156—0.5313(— iy 2) 405950 (—= i Ly
- R R
R
Cy = 0.0796+0.0779( )
Ry
Cy = 1587 +0.049(—) ©

839

SARAE 8T B 24 W) A%
R
O, =0.1122+0 1658(%)
_ 1—dy,
T = LN

Eq. (991, R,/R= ©5%% F4Hhead shape)ol
2 uj7jH<o|t}, Fig. 2014 i Hie} o], R &
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Fig. 2. Tangent ogive nose cone.
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Eq. (92 (10)0149], L= e=xe] 7o/} gt}
C,, €] Gee thew} gol ek % ir

C, = 4Atl;mﬁ [(1—¢ o)

t2tanB(e (Lt %) - %)} (11)

Eq. (100l B shuls Zh, 7, = Zo],

Ae "R A, ke 4 $5 QA pressure
recovery factor)°|th. Eq. (11)°1A4 2t QA& ok
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2
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Eq. (12914 L= Y5 (cylinder section)Zo],
~v+&= H|EE(ratio of specific heat)o|t}. Eq. (13)°f4]
A 255 U g@oE7t 2= 38 B Agolth &
=wolA AREShE AR FHY7) glong At
o Cp, AEA e 9 v FEARE A
wehd o AoH4)

Cpy = . CpSp (15)

Eq. (150014 Cp= &3 30 vh A= o], S,
WA ERAolth (ke the XY Uehd 4 ik

0.455

(140.21(
(logyg

Moo )2)*0.32 (16)
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o 83 4= QUrh. AR ALE ©ek] g4 AES
gt 4] H-go] st Sy vhat Zol vehd
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Eq. (17)= ©550] EHHS Foie 4lo|x, Eq,
o}

(18)= 9579 EHUAE ol Alojth o] W, L=
A} ZdA] dol(@ ¢ caliber)olth. €, AT FA
=3 Zo] yehd 5= Sl
_2dy Py
Cp, = Y2 (1- 2 ) (19)
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ot Zb QIR that ol UEhd 5= ok
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2.1.2 Aietd
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Table 1. Test barrel and bullet information

No. bullet DODIC | mass(g) barrel
5.56mm | K100 4.1 HPI 5.56x45mm 7°
2 | 7.62mm | KMS80 9.6 HPI 7.62x51mm NATO

Algeteke 5 56mm K1003} 7.62mm KM80 F &
TE AHESIETl, F 52 SollAl ARl TS
-2 gho|t}, g%t *JEHE At o, Hzo B2
aANE E%o}oq 308 A S Alstl oY, K100 §eF
AE R T HE EA TM oA gh&o] ASH BES
2001710l 20l thefjAl Aig 7|&stitt. whet
A, KM80 EheFe 273] AZH 20 tisiAl 7]&sta
4849 ik ¢ O]Z}~ H =3 McCoy(1981)[2]
o]-gato] AbESIAE, AFETH 2 Bk Al 9 A
o] L&FEZ H %:Oﬂf‘i% 7€t kTt

El

2.1.4 AZMH|

B A= Rl 2393 =59 Fojy
(doppler radan)E& ARESHTE FujEiel A3 @
AEFoR9] HPIAF 2E B4629F Fab4 A7 g

B217& AH&stlth. S39A= i?LOﬂHTEi 1, 50,
100, 200m Aol ZzF A3, 2 94219 82
=9 LEICAAMY] »d 8910 go|x A7 54715 AHE
sict. 7 FujEel 2392 59 BOSCHARY
GLL3-80 oA =l Eﬂ‘é—il_ 718 AMgsto] xEAMI 4
oz HAetFict. ZF AXER X" 209 FulEel
239 7HEL 1m01t'1 7+ Q129 ERIAE A8t

FZHyaw angle)= ERIstrt. =& ot @
ut3 WEIBELARY] 29l SL-528PES AR5l EF
A BAA ZElE ARSI

A W89 4 ¢ A A=
B Hfe} Zr

o2 Fig. 3004

Fig. 3. Test configuration

Table 2. Result of K100 velocity (m/s)
1m 50m 100m
A Vp v, Vs Vp vy Vs Vp V.
1 928.35 929.45 877.76 878.01 876.58 827.27 827.77 827.47
2 921.89 922.08 872.21 872.95 871.76 823.45 824.17 823.62
3 930.75 931.88 882.19 883.28 881.87 833.74 835.66 835.22
4 930.97 932.71 881.02 882.09 880.67 832.54 833.27 832.99
5 932.67 933.18 883.49 884.21 882.69 834.56 835.30 834.69
6 928.82 929.67 880.98 881.52 880.13 832.00 833.40 833.37
7 926.49 927.13 878.44 880.58 879.12 830.99 833.93 833.26
8 911.65 912.33 863.09 864.96 863.52 814.84 817.73 817.36
9 930.30 931.66 881.97 882.04 880.67 832.54 833.51 833.09
10 925.80 927.30 876.81 876.02 874.66 825.35 824.95 825.25
11 931.89 932.44 882.75 883.07 881.87 833.74 834.83 834.27
12 933.42 934.89 883.38 884.90 883.35 835.22 835.75 835.59
13 930.39 930.75 882.06 881.51 880.13 832.00 832.80 832.33
14 931.29 931.62 882.83 881.43 880.05 831.92 831.64 831.04
15 919.35 920.22 870.16 871.69 870.32 822.01 824.05 823.52
16 931.20 932.62 880.93 882.67 881.60 833.47 834.28 833.72
17 923.24 925.20 874.33 875.19 873.93 825.62 826.94 826.27
18 937.03 937.25 888.74 889.29 887.83 840.89 841.35 840.86
19 929.24 929.89 882.20 881.20 879.89 831.76 832.93 832.39
20 932.54 933.14 882.95 883.72 882.34 834.21 834.80 834.26
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2.2 N[EQF K100 AtH

2.2.1 B& AF 2t

K100(5.56mm) Al@=ere] &< 5483 Vg V),
V,= t& Table 2014 B vpe} Zoh 1,9} V=
Z¥7y 2ojgRol A3, =& Foltg AST g v
olgjo|d, V= MIL-STD-662FIA HAIRH 9 Eq. (1)
9] g 24 WS ol8ote] AXlgt gkkoltt 1m 9
Aol A V= Eq. (D)ol w2t Fojeiel A38E ]85t
Im oA V7} glo] Ab&skA] okt

222 Zit 24

9] Table 29] 24 ¥ Xdj#HA}= the Table 3004
B Hje}

Table 3. Deviation between data by location

(m/s)
K100 I/:g (max/min) VL (max/min)

Im Vp - 1.96 / 0.19

Vy 2.14 / 0.07 1.55 / 1.07
50m

Vi 2.78 / 0.03 -

Vy 2.94 / 0.28 0.67 / 0.03
100m

Vi 2.52 / 0.03 -

9] Table 30149] |2} F Z7 914 100m oA
V&t Vpol B 2jol7t 2.94m/s02 7P 311, &7
A 50m A-olA V.24 V, 9] ' 2po] & 100m A
HolA Vet V9] g Zo]7} 0.03m/so2 7P A
Ak 22 57 SXoA 2 &9 Jolrt EAst= 5
H olf= F 7HA7F AHaL A A AR, Al
Al A tist B 9210 AZ Aulo] HA =of
W71 gizolet. A& E0f FFlAEE 50m Eoldl &
B9IA ol 5 AAsfof stARE A7 £4719] Edlle
olA Wst= ELEE Qlste] AARE 49.8molA A
AJsto] A3t YA A 9] ' Z40] BVt A
o] A= = Utk F WA, ofe] AHAFYOZ ISkl A
W AHAof sl Aoz A = S B2 &
Al E71eE @44 aQlo] AHEPS o E 7, o]
Qo= of2] 7kx] 8%lo] & 4 ik ZF AY HHE
74 BES U2 Table 4914 HE Hie} A},

Table 4. Velocity loss by location section (m/s)
1-50m 50-100m
K100 (max/min) (max/min)
V;, - 49.46(0.99)
vy 48.13(0.96) 48.86(0.98)
vV, 50.44(1.00) 47.64(0.95)

9l Table 4914 23 W k2 7718 %0 AdE
Wi #CE 1mT A0l #holth & 89 Vo &
g F 242 50-100mAZ] F2F WolAd 1m@ &
%2 0.99m/s oIt Eq. (3) 2 QIAte]l LQ3t tojd
SE7} AR = B A A A= 74 ®E5E AHEst
o] AL Bt glo[EE EUg 99} Zo] wuly g
& g o]gsto] FrolAEE sid JA7A Y AYE
Aot SAHA] & B&S 75k ol ARgSHL 9l
t}. SFA|EE o]2|§k Wo] f A= 5 AFol E8
o o2 wtdEnh eju|E o 7 4hE o835 Wi
9] AL B =HollA AQket W] stA T vl
Sttt MIL-STD-662F 72 W 4.3.2 Detectors¥] 8
Aol 7 & A AEY AS #Y Zelrt
3m/s(10ft/s) °lotd o, F-&5 Aoz B ARgst:
= AEO] 9tk IEE ¢ Table 3004 BE& vk}
o] Vet AZ ] 7t | 2ol 2.94m/s0)a, V, T}
1,9 Hd o] 1.96m/se]ng 2 7|39] HiebA ] 4
oflA WEHAIE 48 A F&sh= Eq. (DE FESFHL
E otk S 7 B AXE Vg, V), V, AR 7

AolE FRls] fste] A 71 LY
%l

o, 23} Table 59 At

Table 5. Population variance comparison (m/s)

50m 100m
(ANOVA) (ANOVA)
SS 18.7896 11.0927

DoF 2 2
RMS 9.3948 5.5463
F-ratio 0.3015 0.1782
P-value 0.7408 0.8371
freritical 3.1588 3.1588

value
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9 SARAY folrEe 0.05550]H, Ful7} F7]
22)5r} 27 pgro] 0,054t 2B 2 ek 7 BE 7
OV} ke A7 A 4 o, el 919 2

£A% 242 59 2 94 2 9% BRL Holr}

%i = AZ gelskit

HAMS

=
2MZ2 H=

of UE U3

223 FHEME 0182 ¥
Aol Agsizol Eq. (D& ol8sto] &g 7o}
2 Aol tigt glolE7h AlRkE o] ARgsH] of
290, =&Y ot 22 vl o gl vis)
- a7pol Al ZEo] of2fgol 9l 4 At Eet EU]
2hel 2332 okl SAA 9 g ASE &

L_

. olelet BASS HeIE] Pl AAEAE o}
3 W% 24 A8t 9 WS 7T & drk

7+ AAE V8 EHE SAEA AR 23 o3 Eq.

21), 228 ¥ + Utk
V= 0.934V,+10.717 )
V= 09817V, —31.551 (22)

9 Sl 1k SRS o]§3lo] A HoR
Aeolst 4= 9lck Bq. (21)% 2494 1-50m 7719 Bl
A Aol Bq. (221 2R 50-100m 7] AR

0.

g
4 202 o2 A8 vl 2 TXPE SIS A B3] 41E

0

5l= Ao| Adslc}. B4 Microsoft Excel 2017 2271

WS Fgolo], Ted]AEA(simple regression analysis)
< AARBIAY, Eq. QDA V= &8 1A 1melkle] &
402 ERH4TL Eck Bq. 2204 V= &89 50m
OS] BRrol, AAATA Vil F4a) Bk B
21, 22& A% == ¥¥HH b Fig. 4 2 Fig. 5
o} o] TR 4 ek
890
y =0.934x + 10.717 Y
885 R? = 0.9561
880
Vi s
at 50m
870
865
260
910 915 920 525 930 935 940
Vo
atlm
Fig. 4. linear graph of K100 velocity at 1-50m

843

845

y=0.5817x -31.551
R*=0.9718

840

&35

Vo

at 100m
825

a3

820

815

810

860 865 870 375

Vi

at 50m

380 885 830

Fig. 5. linear graph of K100 velocity at 50-100m

9] Fig. 49149 AFEE= 95.61%, Fig. 59 A=
£ 97.18% S & YElET], ol WiE- B2 A=
Aol wpg} go] APHog Fadiths AL L}E}LH
t}. SEA|RE, o] Hlo|EE &8-S
49| 7]5to] | A 7ol ARt H-o] 7hssithe
SARE 2 9k dlE E°1, Eq. QDE 1m °Jst 1
g1 50mE 2Iste Aol A8 4 gl Eq. (22)

F

=

+ 50m ©Jst 22 100mE ZIFsH= Aol 183
& 9tk 9 Eq. 21), 2% EdZ 392 E Vet

Ve UeH ths Table 604 Hi= vie} Zth

Table 6. Result of K100 SRA data (m/s)
50m 100m
Vs Vi Vs Vi
1 877.76 878.82 827.27 828.99
2 872.21 871.94 823.45 824.26
3 882.19 881.09 833.74 834.18
4 881.02 881.87 832.54 833.00
5 883.49 882.31 834.56 834.99
6 880.98 879.03 832.00 832.47
7 878.44 876.66 830.99 831.48
8 863.09 862.83 814.84 816.17
9 881.97 880.89 832.54 833.00
10 876.81 876.82 825.35 827.10
11 882.75 881.62 833.74 834.18
12 883.38 883.90 835.22 835.63
13 882.06 880.04 832.00 832.47
14 882.83 880.85 831.92 832.39
15 870.16 870.20 822.01 822.84
16 880.93 881.78 833.47 833.92
17 874.33 874.85 825.62 826.39
18 888.74 886.11 840.89 840.03
19 882.20 879.23 831.76 832.24
20 882.95 882.27 834.21 834.64
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9] Table 6 W & 9 HjHx}= o+ Table 73+
Zo] UErT

Table 7. Deviation between data by velocity (m/s)
K100 VH (max/min)
50 2.97 / 0.01
Vs =
100m 1.75 / 0.41

9l Table 7914 Hi= Hje} Zo] <& Hof Aol=
50m A&ellA 2.97m/s0]al, 50m A4 s Afo]
£ 0.01m/s °Jt}. ol HollA g3t MIL-STD-662F
724 W 4.3.2 Detectors® QFAFEQ] 3m/s oJat= Tt
Fols Rlolvh E3E V9 Vy T ol dish -3
I T-HAE ¢ 2= ok Table 804 K et 7+
.

Table 8. Sample variance comparison (m/s)
50m 100m
F-test T-test F-test T-test
Var - 30.96 - 31.16
DoF 19 38 19 38
F-ratio 1.1577 - 1.1546 -
P-value 0.3764 0.6687 0.3785 0.7304
Frerttcal | 5 ) 6g7 - 2.1682 -
value
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2 AASIt. 11 A% PEE ) 0.054F o|ER, & AT
9] H2 AJol7t gl AS T S AUtk A
100m AFoME E3t F-A4 9 T-724 A3 PEk)
0.055F0| B2 & oto] Hat JAlolA foulgt &

AH Aol oS SISt 4 Qirk. ol Wk 7+ @
2 AZES Foto] B ARAS o83 W E3 B
S AEShE A W & S E 4 ULS I
4 9ISk,
2.3 AIEEF KM8O At

23.1 25

el A5 ?4;4541% o183 P TiE B
A8 9 U Vot $A4 Kol gl Aue A

7t U 5 leA ERIsH] #fste] KM8O AldEef]

'QJ’ =
tiste] Eq. ()22 AksH g3} vy A535luA) 3}
At
2.3.2 AI@TN
Al geter Ahnt FHL 9 Table 1914 B A
Zom, K100 Algeer AAe wio} 22 o)A Al
39 Agstact. ot 2.2.2 ATMEAOA 7|&IE
o] Fujglel 237} =EF Fo|g 7t A < vjn
£ 59 Frleijl A379] g AZo| faS AL A
SRR, KMBO AlER2 Vot V, ©&E A
QI A Vel V, wh&o] tigiAdt g HAIS
At
2.3.3 Zut 24
Z- A V& EHE FAEYEES AR 3 ok
Eq. (23), 24 4S5 Atk
V, = 0.9816 1V, — 22.061 (23)
V, = 0.9843 1, —22.673 (24)
Eq. 23)= 2494 1-50m 7, Eq. 29 239
Z 50-100m THe] SeslAEAS 3t Aol
KM80 Algetere] et 24 ATE= o2 Table 99714
L uhe} 7t}

9l Bq. (23), 249 IAEA Z2IE Iz e}
e o2 Fig. 6 L Fig. 79} o] TAT &= 9lt.
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Fig. 6. linear graph of KM80 velocity at 1-50m
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9] Fig. 6ollA9] A= 99.57%, Fig. 79 A=
£ 99.34% o0& UEpEth o= A we} go] A
FHog ZHaghts Zolug KMS0 Aldetelo] 319

A& o83 g 24 W 8ol Jhssithe As
% 4 9lch. The Table 9 U H4: @ A} WA= The
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Table 9. Result of KM80 SRA data (m/s)
50m 100m
Vs Vi Vs Vi
1 775.98 774.79 740.28 739.90
2 763.27 762.59 727.77 727.87
3 774.00 772.85 739.12 738.76
4 764.81 764.10 729.41 729.48
5 779.73 778.33 742.42 742.01
6 769.95 769.01 733.65 733.52
7 761.26 760.62 725.43 725.56
8 774.00 772.85 738.37 738.02
9 763.11 762.43 728.12 728.21
10 774.60 773.44 738.46 738.11
11 775.22 774.05 739.53 739.17
12 758.81 758.35 723.83 724.14
13 774.99 773.82 739.92 739.55
14 775.25 774.08 739.8 739.43
15 765.42 764.70 730.49 730.54
16 762.73 762.06 727.49 727.59
17 768.75 767.83 733.07 732.94
18 765.58 764.86 730.31 730.37
19 793.67 791.73 758.17 757.09
20 781.43 779.99 746.33 745.71
Table 10. Deviation between data by velocity (m/s)
K100 V p(max/min)
Ve 50m 1.94 / 0.46
S 100m 1.08 / 0.05
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9] Table 10914 Bz v} o] w4 o] Hei
50m AFA 1.94m/sC]3, FHiE 100m AFHAA
0.05m/s °Jt}. =3t @A} 3m/s °JotE HESh=
SAolet. 1,9} v, 5 sl ool P TS
3 AT TFS Table 11914 B uig) 2o}

Table 11. Sample variance comparison

50m

T-test F-test
65.09
38

0.9879

F-test

Var
DoF
F-ratio
P-value
F-critical
value

19
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0.4962

2.1682

19
1.0067
0.4942

2.1682
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