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A Selection of Force Transducer for Measuring Impulsive Force on
Shoulder and Evaluation of Safety Standard Suitability
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Korea Research Institute for defense Technology planning and advancement(KRIT)

2 o A7) A Aol A% 9 shjo] BLEe AbE wee whaeo] W

ARG ol A% SES e & Atk webd oleist BeAY F 5 A% $49 24 Ugo] Wasiw,

2%9] 7 WIS 0|8 2o Ye T WIS AT A4 A9 ATHe 189

S5KNOITh ol#e Aolsl e ol A4 A ICPH WA voltage BIUSR AL AA|S] A3 DC 4o
o}

T
X
ot
Xu)
i)
H1
ot
rlI,
mn‘,

[e) -
)
flo

>
>
_(
1o

ol QIgk Aoz WRHETh A4 BY gol ol Z4E At fAktel, BA £ A Hoﬁﬂib o] A
Hﬁﬂo}h Aol ST, 5 WA X z 4

g A dé B8 QA AL ST A A WA S4

2 5] &3 TOPO| T A4 AlH7le] uet ZA4std, 1 Az
] o} EAE AT, AR FHAL 28.41J019L00, TOPS] QA 17} 7120l ek Aae] 515
A e 2008 olWZ AT B ST ST AiHS A% opu], 23 3] 4A A FAARE o]
718 7ok,

Abstract Firing small arms produces a rearward force that must be absorbed by the shooter or the
weapon. Excessive recoil can injure the shooter, degrading combat abilities. In order to select an
appropriate sensor for firing tests, we need to measure physical quantities like impulse force in the
shoulder and impulses according to TOP by using two different sensors. The result from sensor A is
18.9kN, and from sensor B, 5.5kN. The reasons for the difference are that sensor A (a voltage type with
an embedded ICP) is believed to vibrate, and there is noise from the DC component. Since the result
of sensor B is similar to previous measurements, it seems reasonable to select that sensor to check
quality levels. In addition, pure energy such as impulse and recoil energy generated when firing is
measured for safety evaluation. The impulse is measured using the pendulum test suggested by TOP and,
based on the result, recoil energy is obtained. The recoil energy is 28.41], according to the safety
evaluation in TOP, so the shooter is limited to firing no more than 200 rounds per day. But this standard

is not an absolute value, and is used as a reference for designing small arms or shock-reduction devices.
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Fig. 1. Mechanism of piezoelectric effect
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Fig. 2. Firing mechanism and recoil pathway
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Fig. 3. Test setup for impulsive force measurement
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Table 1. Specification of Equipment

Equipment Maker Model No. Serial No.
FFT Analyzer B&K | Pulse 3053-B12/0 105819
Signal Conditioning| .y 482054 00000432
Amplifier

Fig. 5.

The picture of gun mount
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Table 2. Specification of sensors

Performance Sensor A Sensor B
Compression Range 22.2kN 111.2kN
Sensitivity 0.23mV/N 2pF/N
Natural frequency 12kHz 75 kHz

Table 3. The measuring result of impulsive force
on shoulder

L.F. on shoulder(N) Sensor A Sensor B | Rounds
Max 18947.9 5536.7
5
Mean 17871.1 5534.7

Fig. 6. Installation of two sensors
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Fig. 7. Pendulum tester

Fig. 8. Installation of test item on pendulum tester
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Fig. 9. Trajectory of pendulum

Table 4. The result of pendulum test

Displacement(mm) Weight(kg) Period(s) Rounds
125.7
(Mean) 00.00 2.17 5
Table 5. Impulse of test item
Impulse(N-s) Form Rounds
Max 19.66 2rm.a
= (V- s) 5
Mean 19.16 T
Table 6. Recoil energy per round
R.E.() Form Rounds
28.41 1 s
(Mean) & 9w %w2 = 2m,, (7 >
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Table 7. Recoil based firing limitations

Calculated Recoil Energy Limitation on Rounds

Less than 15 ft-lb
(20.3))
15 to 30 ft-Ib
(20.3 to 40.7))

30 to 45 ft-1b
(40.7 to 61.0))
45 to 60 ft-1b
(61.0 to 81.4))

Greater than 60 ft-1b
(81.4])

Unlimited firing

200 round/day/individual

100 round/day/individual

25 round/day/individual

No shoulder firing
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