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A Study of Muzzle Jumping in the Firing Operation
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ABSTRACT

In the firing operation, muzzle jumping phenomenon was investigated, and a method of reducing
muzzle jump was suggested. The muzzle jumping force was determined from the torque acting on
the rifle due to a recoil force. For the purpose of reducing a muzzle jump, the gas flowing through
the M16A1l flash suppressor was considered.

A flash suppressor, improved in reducing a muzzle jump, was modeled and tested. The experiment
shows that muzzle jump has quantitative relation to shape of a flash suppressor, and can be reduced
by the improved modeling of a flash suppressor.

Key Words ! muzzle jump(Z£71%%), flash suppressor(£A@71), gas port(ZFAFH), sampling
time(YE A7 S5 A7), recoil force(¥-5H)

LA 2 ot W4, 4E 2 Jla4E JRo=z Yu £
) Aom ole Fde FEFEY FE FHE3

AAA B FTY Y BEEE A E 3L Axstnay 78 24 Qo
AT FFGTolR Fe FFVF £ B 79 Y5 BT A Al$e] ALF

=3 PFo 2 Helme F-E oudie 1 Ty za(*wg s71e) B)el st dy sl

*‘%‘ﬂ°i*1 AN gER Y e, 24w azie 239 P46 dstd HE 3
2 al®2, A E7|(muzzle brake)d A%, £99 7 SHAS BASI o) ZAAF)7] 4§ weto
-3 ‘;l 1117:44 TdE, 249 + 3 ‘4-(‘12 e 2 29719 A dae AP 2979
® e ol $7 4Fol vlAE P& BHIAY A%
AHAAl 3 FEL B ¥ ARRY £3 o 29712 Edsls 2AslAe 258 wals
JEol A7 Wi FTdTold T dutHe T o)E ulEgo T JEFAFL ZAAAL £ Y=
2 ge e g vehiin AArH AY 297]9 BRL AZse] FEHENL ARHo R
354 4—)‘%4—’?—‘5 3", A A4voz e BA 3tk
1}

T EFTY 45 @ L ol g 4
DT AL AAAFZ] A%
st AT AR FA¢ &% 8
e }-\:E]-—](bolt) 45X (bolt carrier), B3|
(rnam gun), Fo|X7|(hammer) ¥ &3 7] (buffer)
FeE ERY & Aok oEF &F 842ES
>15% & firing operation)o] o] F A& g F7)

e
rre e o
i
M
o

o

to |o
E :
o

/.

B E=ge A2 olol 23dAE 254
FAAE B7 35 54 YL J1esa, 43
e 2718 B4l BE 7 FEARE B
Hagen, 549 Agez 4B,

2. 2S6Y

21 nds

-1039-



AT REY 5L YR ANME F FE
o &gl F(FEY)E FIAof g =L
< 73] QM E ALFA BEF9 71EE3e) 9
FolAI e Ftel I RF FE3Ie HEH
7 =g e sloof g},

277 3714 F F719 71FEERL UL
2o = o $ezgo] gEH1 F3
zZt-go] olFojAW FolArle HA FE& I
A Folg XA =1 Fole HBE gAFo=ZH
FRA19) ZUEAY Fgo) ottt FRA 9
Aol 93l LTAGF FAVFAS FHFL @A
ZA3 oo x=dyex 2ZedA "t @R
7} gas port® F#HF AT gas piped 5 =
2 2x9 e FYPoz fdd YR FA7
2 =4S FA WFez g3 FXE )
g W3o 2 olFAY. k=B T
o7 o}F3d x4 A4Z4HL E(pin path)E o
g olFdeEAN I E JHAA EY FELol
dojutA "3 xd A7 A& FRAIW, F
Y Zgo] dojt kgl dYE BEIY.
4ot w4 BXU FA3E B3 §5Ee &
2532 FoAV= FALYAZ AP o)y
AY7HA] Fule] nl@FHo] ALY x4 FA
7 AT AAH o2 o FEEo] 3
£ ZHAl(ejector)ol &AM B FE2ATY kg
4 BA7 23 £543E 4T F 430 A
o] Eolole g AEHW ¢&d B3 &
29 Edgd 93le] EF(counter-recoill7t ¢
ol EFZA x4 @34 FUH Sle
Bofg ofAZ 4ursla FHFLo] o]FojA
ol A& gl AW Fo|A7= IALES F
3l Fols elh = =A Aol i ALFHZY
715 %3S A "o,

277 879 % PEL =74, =84 &
z, Fo|A7] 2 BAZ ZA EFYE 4+ Jon
x4, x84 5 L FA PALFH Fo
A7 L EAY dALFE udsly 5 AF=A
o) $A%H rd & =28 A Fig.1).

22 &£77 #g7e RFEA FE3e ¥

7= e 539 F99 9¥e FAs20)
Zggtezy zt REL AUFH HYE 7iA0 o
g o33 e FEYo| T

7t de] F8-3= 3§

g de BAe3l= d2 H4 = (breech force),
Erofal o] npEE, ool FA oF 7], FA
Zge ZPREY, @4 F7PFRFo] olFo]

-1040-

A ¢ x4 FAA g §, T 285
€ ¥, =48 JEe t=7Eez #448
FAZ 2 A 7, @NYEY, =2 283}
€ 8 Folt. old 89 JEFAAM A
o g<¢BE Aty =45 v FY, gk
el whFE, vy 4EEYH, $83F8d 2aHE
3, =249 FH d EYHEY, TYH T F
A3

: ROTATION

TRANSLATION

ROTATION

Fig.1 Component and DOF of M16A1 rifle
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Fig.2 Firing operation of a MI6AL1 rifle
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Fig.3 Bolt carrier displacement of a M16A1 rifle
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Fig.4 Jumping force of M16A1l rifle at the
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Fig.5 Photography for measurement of gas
pressure and muzzle jump at flash suppressor.

29719 slots 539 #&5E FA7M29 ¢
B¢ 2383 49719 £ {74 Be F7
A9 #2WE EEE A4 2RIAgen &9
719 slot & ZzF & 43 (349 slote AW
33 370 slot HMAHo R WAz eH F



aFE AAe ARAINL AHA] 2F 2 3
AF o) 7HATE F ST 45 SHAA
o AP L9719 Fdel w4 SdabA
33, 102247 33 AAdHeH 29719 ¥
AL MI6A1 &% FFd 7[&9 2971, K-2
2%8 297, a2da AFd 2de 2497E
ALg3tg T AHARA 2 T1E 291E HEE F
@i 33, 109 338 HAEA K-2 &% &
71k, AAE 2do] Agrid didtd 4AF7I
4 slotd 1341 G073 1A HF (-307)
o2 3sto] 24z} 334 dAStAT

Zrzkel agrle U d¥ddge FFEEY
Hdzg st Eu AAFE 29718 134 %
ol T4 slote] AAF}EE AN F79 ¢
Sl #Aotge UBr A tHFig.7).

O

—— ‘Seeathed’ Dats

A )
£ 7 \/ \
4 -f
= 4
z 4
2 oas
E ] \
k] \
g ]
% A
2w i — \/ \/
. LS S0 S S o | T T T T T T T T T T
25 e ke 100 125 150 17%
TIME ( msec. )

Fig.7 Single shot for prototype flash
suppressor(30 ° )
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