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Firing Shock Measurement and Shock Response Spectrum Analysis of
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ABSTRACT

Nowadays, various forms of electro-optical rifle scope have been developed and used in order to

enhance the accuracy of small arms.

However, firing shock acceleration has characteristics of pyro-

shock having a big acceleration value with very short duration time, which the electro-optical scopes

should be designed to sustain.

In this paper, the firing shock acceleration, which is transmitted to

the electro-optical scope, was measured and SRS (Shock Response Spectrum) analysis was performed
by using the measured firing shock acceleration.

drop-table shock tester, which can simulate the actual firing shock acceleration, was devised.

Furthermore, a shock test condition using a
The

devised shock test condition will be utilized to test the electro-optical scope itself before attaching it

to the small arms.

1.8 B

AR
545 7
A A4
wollA e E
31714 AR Al EEABskE AMA AL
T 7SR ghol g &2 ARRbESE A
pyroshock®] 5748 Yehfla dtt whebA
A= A4 2 pyroshockel] g
pyroshock ©] Br}at7] el ALRE

0 b ofy

oo W& Mo rr k1 U

= I~
AR
7.

AS

;

= —
= L

WA A8, Spatstel i

E-mail : justinlee@add.re.kr

Tel : (042)821-2769, Fax : (042)823-3400
Frpafstel

588 |

*

w

RS, Shock Response Spectrum)
2 A4 s, nEAd AAEA

=

_I

O o
S
>

Olé N
I
>

o s oo

> (m o

it ol

oo o A
N mlo
o >,

>
ofo i
(ol
LR

£
ol BN o Mr 84 uZ Mo

K
>,
feici)
BN
B
o,



% 7700 o8 Aug oz Aguc

UAZANEE =

_ w(dyy/2)" « poy

(maag tmagy)

(1)
)

AIZ, M16/M203 3}7] AJ28) AFA Ale] AMZA %
A7NE50] o|2gk 2 Ak Table 13} 7on®

el RS BAHOR T BARL Uee

J

o itk BAE AA Ale) TR, A%,
S 2 ANEACP), ASFel, slelol we
24EE FAMSEGAE Aot §5e FaEd

]
N 7)%sta ke

Table 1 Firing shock acceleration of M16/M203
(peak acceleration, half-sine duration time)

Predicted Measured
Ammunition | Longitudinal | Longitudinal (rxztrit\llzalto Transverse
(barrel axis) | (barrel axis) barrel axis) (left-right)
250 g 100 g 100 g
9:56 mim 180 g , 1 msec. |, 0.5 msec. | , 1 msec.
400 g 250 g 100 g
40 mm 487 9 , 0.5 msec. |, 0.5 msec. | , 1 msec.
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Fig. 1 Example of pyroshock (vehicle separation
test)
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Fig. 2 Example of acceleration due to
pyroshock

Table 2 Classification by pyroshock zone

Distance from Source
_ Peak Max. (in)
Specification | 20N | accel, (g) |Freg. (H2)| Intense | Mild
Source Source
Near | > 5,000 | > 100 k <6 <1
NASA STD | ,,.. | 1,000 ~ R R
7003 Mid 5,000 >10k | 6 ~24 1~6
Far | < 1,000 | <10 k > 24 > 6
MIL-STD Near | > 10,000 | > 10 k
810G Mid | < 10,000 |3 ~ 10 k
Far | < 1,000 | <3k




Interface Percent Reduction
1. Solid Jomt 0
2. Ruveted buit joint 0
3. Matched angle joint 30-60
4. Solid Joint with laver of 0-30
different material in Jomt
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Fig. 3 Some contents from NASA pyrotechnic
shock design guidelines manual®

4.

A
% |

0|0

GrAH ER

O

SRSE 19603t Fuko]]
method= 7|dElow, w =
5 R&D #H A4

3t data processing
4 2 NASA 5 4
A FHzx: ARREAT A 5
of 7IAA] F49 g Hrksh=dl o] A
Wol AREEIL 9l FAlolH, SRS A& ofje}
ol A F 7HA ok v
- XA G2 E(Base structure)e] W54
- AAFERE] AHE = ]/ (component) 2]
2 A 2 A9

°l
%
= x
=

A % A

E£3] SRSE pyroshocko] ZHg3t= A A FZEI
FaRE = A @ FEEo] =EFHv F4 S

AAs=d fr&shA 285w, SRS Ade o}
9} 7ro] @oFdT} SRS Fig. 49} o] AATFZE
o AEE g 1flETE 24 ARkE 4
F-2 Azm"Ee] ARAFRE THAE §
2 7S] o9 SEE UEhEAE 55k
7]Holt}.
dE B AAF2E 50 g, 11 msec.d] ¥HEA
989 7FEET}F 7MEAS AT, Fig. 59k o] 7}

Fl

Zhe] AFRER(e] 30, 80, 140 Hz)E Zke 1AM

T A="EY A TR @gES e ¥ 1A

T A="e] afXEs M2 Y SR s &

AgE = Qlrt olelgh %ﬁ—% SRS FAolzti e}
A

¥ (Base Input)

Fig. 4 Mathematical model for SRS
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1) Sampling frequency f = 10*SRS Maximum
Analysis Frequency(MAF)
2) Experimental data offset removal
3) Low-pass filtering for anti-aliasing
1.5*MAF <f;<0.6fnyquis=0.3f
4) High-pass filtering to remove unwanted/
lerroneous low-frequency components
fo = max(2 Hz, 0.1*LAF)
(LAF : Lowest Analysis Frequency)
5) 293t shock event + event A/F A|7tE|o|HE
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6) Selection of SRS Algorithm
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Fig. 5 Example of SRS plot when applying base
input half-sine acceleration pulse (50 g,

11 msec.)
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Fig. 7 Acceleration measurement point

Table 3 Mean value of peak shock acceleration by

actual firing
Mount Condition Acceleration (g)

Mount #1 1014

Shoulder-fired (standing) 1059

Mount #2 1110
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Fig. 9 Drop-table shock tester for scope shock test

Table 4 Mean value of peak shock acceleration by

shock test

Drop Height (cm)

Acceleration (g)

29 1664
26 1497
23 1278
20 1103
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Fig. 10 SRS average plot by shock test
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