$40 % 8 I &/ O FROE O Vol. 42 No. 8

2021 4 8 H Chinese Journal of Scientific Instrument Aug. 2021

DOI: 10. 19650/j. cnki. ¢jsi. J2108006

Wt 4 R ER R R = B R S RO R AT T

& & LRFHTERM AR A m
B PU% 7100725 2. HOBL T PG AT A SRR P4 710065;
3.0 iz Tl RHLBREERFSE AT FE%E 710065)

(1. PEAE T R as =

 E T =R LRI R R T A B — PP AN T Hopkinson #5530 R T A = fd ks koo i,
AT, A AR A 0 T Z-tt&lfr%%%ﬂ’a%nn F P B3 T Hopkinson A% B25B %1 =l )y {L 8 g Z-fh A o, 3 H7
Bﬁ%ﬂl’mﬂﬁ%?dﬂiﬂéﬁ%ﬁﬂﬁﬁfﬁ%%w HEST F IR S I E S s 2 R OGRS AL 1 Hopkinson #F, % B25B %1 =
Bl AR AR VAT = [R5 vp o e, R R SR/ R X L AT AR AT S SRR, X- Y- B BRSO R X Z- Y-,
Z-HZ M EA A R, H R BUE REBE v R R PR, B R A eSS R T Z-5 07 1 g ik, 5 SRR A, A
L T B A o TR 2B R VA R S 0 ) R F I B RARR R ZE N 1.73%

K4A : Hopkinson #T; =Hliviils J7 %8s ; R 20 vh b B U s ShAS AN

RE4 S TP212 THS9 MHEFRIRED: A ERREZRSERE; 460.40

Research on the triaxial synchronous calibration method of sensitivity
for the impact force sensor
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Abstract: To calibrate the sensitivity coefficient of the triaxial force sensor, a new method for achieving a measurable triaxial impact force
pulse with an inclined end Hopkinson bar is proposed. The influence of oblique angle 6 on Z-axis measurement error through numerical
calculation is analyzed. The vertical end Hopkinson bar is used to calibrate the Z-axis sensitivity of the B25B triaxial force sensor. The
frequency characteristics of the sensor under the impact of the two configurations of bullets is analyzed. The relationship between the
bullet configuration and the bandwidth of the loaded signal is established. Triaxial synchronous shock calibration for B25B triaxial force
sensor is achieved by the inclined end Hopkinson bar, and the decoupling analysis realized by using the least square method. Results
show that the sensor has a positive coupling relationship between the X-axis and Y-axis, and a negative coupling relationship between the
X-, Z- and Y- and Z-axis. The sensitivity coefficient varies linearly with the impact speed. Finally, the synchronous calibration result is
used to test the force in the Z-axis direction. Compared with the uniaxial calibration, results show that the force calculated by the
synchronous calibration result is closer to the measured force. The maximum relative error is 1. 73%.

Keywords : Hopkinson bar; triaxial impact force sensor; synchronization shock calibration; dynamic decoupling
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Fig. 1 Calibration system for the uniaxial force sensor
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Fig.2 Calibration principle of triaxial force sensor
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Table 1 Performance parameters of the B25B triaxial

force sensor
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Fig. 4 Dynamic calibration system of the triaxial force sensor
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Fig.5 The quasi-static calibration result of the Z-axis of the force sensor
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Fig. 6 Time curves of the bullet passing through two photogates
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Table 2 The value of the quasi-static and shock calibration of the Z-axis sensitivity of the sensor
N BE/ (mm/min) IR /s INENRAL/KN Z-RPE/ (mV/kN)
HERRSRME 0.5 38 27.7 0.217
1.0 20 24.5 0.227
BB/ (m/s) AR T/ s i A BRAE/KN Z-RAGPE/ (mV/kN)
13. 68 177 18.3 0.193
FISRAME
19. 65 175 24.9 0. 190
29. 08 172 34.3 0.183
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Table 3 Input-output results of each axis of the triaxial impact force sensor
S i A/kN fth/v
G AL/ (m/s)

w/(°) X-Hl V- Z-H X-Hh V-4l 74l
11.37 45 -5.38 -5.38 -13.17 -0. 044 -0. 043 0. 053
16.78 60 -9.20 -5.31 -18.41 -0.075 -0. 041 0.076
1 11.12 150 -3.72 6. 44 -12.88 0.031 -0. 050 0. 052
9.25 235 5.07 3.55 -10.72 0.039 0.029 0. 044
8.71 338 2.18 =5.40 -10. 08 -0.017 0. 043 0.041
18.24 45 -8.17 -8.17 -20. 02 -0. 064 -0. 065 0.079
18.52 60 -10. 16 -5.86 -20. 32 -0.078 -0. 044 0. 083
Fod 23.12 150 -6.81 11. 80 -23.59 0. 054 -0. 089 0. 097
16. 11 235 8.36 5.85 -17.67 0. 066 0. 048 0.072
16. 17 338 3.84 -9.50 -17.74 -0.031 0.075 0.071
23.41 45 -9.76 -9.76 -23.91 -0.075 -0.076 0. 094
17.91 60 -9.82 -5.67 -19.65 -0.074 -0.043 0.079
F34 25.96 150 =7. 66 13.26 -26.52 0. 058 -0.102 0. 106
30. 15 235 14.57 10. 20 -30. 80 0.111 0.079 0.123
19. 09 338 4.53 -11.22 -20. 96 -0.035 0. 087 0. 083
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Ta ble 4 Calibration results of sensitivity of the triaxial impact force sensor
L FUE R (mV/N)
B/ (m/s) Sy Syy Sys Syx Syy Sy, Syx Syy Sy
B1d 9.45 0. 427 0.028 -0. 020 0. 055 0. 456 -0. 046 -0.074 -0.097 0.272
Eo R 18.43 0.412 0. 041 -0.024 0. 037 0. 421 -0.028 -0.049 -0. 057 0.245
3 23.30 0. 404 0.031 -0.021 0. 026 0.418 -0.023 -0. 041 -0.052 0.236
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Fig. 12 Curves of sensitivity with impact velocity
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