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Abstract

In order to improve the sensitivity and stability of the strain gauge yarn tension sensor, the sensi-
tive element in the sensor was optimized and the static structure analysis was carried out using
ANSYS. The strain value of the optimized sensitive element was 11.6% higher than that before the
optimization, and the deformation was smaller, which not only ensured the sensitivity and mea-
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surement range of the sensor but also ensured that the sensitive element was within the elastic
limit during deformation. The modal analysis of the sensitive element and sensor before and after
the optimization was carried out, and the first-order inherent frequency of the optimized sensitive
element was increased by 313.24 Hz compared with that before the optimization, and the first-
order inherent frequency of the sensor was increased by 7.96% compared with that of the opti-
mized sensitive element, which ensured the stability of the sensor. The optimized sensitive ele-
ment is compared with the standard sensor, and the output error of the two sensors is 2%~5%,
which verifies that the optimized sensitive element has good sensitivity and stability.
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Figure 1. Schematic diagram of the structure of resistance strain gauge
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Figure 2. Principle diagram of strain gauge yarn tension sensor
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Table 1. 17-4PH steel material properties
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Figure 3. Initial model of the sensitive element

3. BRTTHHIEIEE

Figure 4. Optimized model of the sensitive element
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Figure 5. Sensor model diagram
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Figure 6. Strain clouds of sensitive elements before and after optimization
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Figure 7. Maximum displacement clouds of sensitive elements before and after optimization
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Figure 8. Sensitive element and sensor intrinsic frequency before and after optimization
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Figure 9. First five orders of transducer vibration pattern

9. FRREERRI R M RELE

5.2. SRR

L R, SRR 10 d@)~ R, I 10 TR R B S bR e R
Rt EaE, REBNERERGUELT: SRR, AR S R IiR 2, R
SRR, (HI% 5 7E RV, IR0 2%~5%: BEFEEEIIN A, DRI IIBIENA, HO%
AR A s LRI B, PIASME B AR I B —ASER R, 7 AR TR e, AR
e RIS B U R R R TR K. I 11 AT, B Ak, A R R R i
8, ShFEERRAT L, 2R, R R VTG A, ZER AR B, A0 H 5 2R K

ARSI A8 BT, IR MR AT 1) BOBER, I A MO 5 B b R 77
eI, 2) BRORISE, FEHE R R o BLEAT AD B R B CAERETR . 3) 2R B R
LR A 5 s S S o B AE— AR LR L, BIR E ISR ) KN — B, SR s f
R B B AL . 4) SPGB, B LRI, ST GIREIRRIZ, T
P S BT T oL, K TR

6. D&

AT BAR P TAR AN R AR DTk AL A 10 AR IR, 1 i ebekak /. Hrh
R ANREE VE A PPN BRSSP LR 5K AR AR IO S48 AR, O 1 3R A IR 1 RIS MAZ g 1, X AR
YLK LA AT T . B, B Hreb 2ok Jo e B N B A R E T U 4
KLY 17-4PH A9 HUCESCBUROTHF RIPIAE L, 9 7 St e A i RO, PTG . i
SALEERAEE RIAL JE A . XA HT S BUS TR AT T A E b, b a R R A )a
BUBOTAE - 2 R EEUAL AT S 1 11.6%, HIEARR TN, BRARIIE 1A% 88 ) RBUZ A& 2R

DOI: 10.12677/mo0s.2023.121024 258 e RSE TR


https://doi.org/10.12677/mos.2023.121024

REZE, Htk

25 25 ﬂl ,‘ l !
| | 1 | /4
ol WW‘WWWMW ol S
: | ’* ¢ T
Ruisf ‘ Rt | /‘V
2 f # Mf 4
0F 10 | !\ |
| j !
5 51 ‘
. — u
0 Z(I)O 4(I)0 6(I)0 8(;0 10I00 0 2;)0 4(I)0 ﬁ(l)() 8(I)() 1()I()0
A 8] /ms B 8] /ms
(@ v=100r/s (b) v=2401/s
35
30
25 [
% 20 [
S
10 [
5L
1 )
° 0 2(I)0 4(I)0 G(I)O 8(I)0 IOIOO

I [A] /ms
(c) v=380r1/s

Figure 10. Motor rotation at constant speed

& 10. BHEREF)

30 — hEfE R
R RE
25
20
z
L
RI51 ‘
# J
st
0 1000 2000 3000 4000

B 7] /ms

Figure 11. Motor with variable speed rotation
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