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Abstract

This paper presents the design process and characteristic test results of tension sensors for
measuring the ultimate tension forces of surgical wires. Three types of sensor were designed and
tested for calibration. The first two types which transfer the wire tension to the sensing element
by direct contact have too much hysterisis errors due to the frictional effect. This error can be
considerably reduced in the modified structure, where a cover and a loading button is used to
transfer force and moment to the sensing element. The strains predicted by theoretical equations
agree well with those by finite element calculations neglecting friction and the strains by finite
element analysis considering friction are in good agreement with those measured by four strain
gages. The modified ring type tension sensor developed in this paper is expected to be useful for
measuring the tension of surgical wires with nonlinearity of 1.31% FS, hysterisis of 5.74% FS and

repeatability of 0.19% FS.
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Fig. 5 Calibration results of the ring type tension
sensor by the bending deformation

Fig. 4 Ring type tension sensor by the bending defor-
mation
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Fig. 8 Photograph of the ring type tension sensor
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Fig. 10 Finite element mesh and deformed shape of
the ring type tension sensor considering fric-
tion

olonm Aola Holo] AAE WY FL AL ol
H#e Febeich Table 1 sbol 4] Al4bahaisd
o) &3k, fae el o WEE e slm
o] wozn 3tk Fol4 wE upsh o] o2
e wle RASUE wel S sa4d Aatet
olgE QAetelonz doli Fra o &A%

of WlzAAC A o] & 4+ AFE o+ Urh
L

2ol <) ; ol EwFEe Aoy
Gk ol wAs) Ao Yol dEdel 1F
ol olstel FREMES W % ol g%

at the strain gage locations by theory, FEM and

Theory (zz=0) Finite element analysis
Strain gage ’ Measurement
Eq.(10) =0 1=0.1
C —388 —370 —365 - 367
T 252 225 209 211
C — 388 —370 —276 —262
T, 252 225 181 181
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Table 2 Comparison of output strains (x m/m)
contact surface
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measured with different wire type, wire diameter and

Wire Cement
Tension 12W 16G 18G 21G
(12W)
(kgf)
2 200 195 190 189 207
4 405 402 389 382 413
6 614 614 595 588 623
8 826 824 811 797 830
10 1031 1030 1027 1021 1032
8 885 884 874 872 869
6 665 666 662 654 674
4 456 455 452 443 466
2 242 243 241 239 244
0 -1 0 1 0 -1
Fig. 12+ 35S Fv Wil o 2449 (¢1.22mm), 18G(40.97 mm), 21G(40.76 mm)
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Fig. 13 Fastening methods of surgical steel wires:
twist knot and knot twist
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Table 3 Experimental tension force of cerclage wire fixations by using the wire tension sensor developed

Wire size Cerclage system Ultimate tension Rupture tension
g force (kgf) force (kgf)
Twist knot o1 34 014
with wire holder ' -
Twist knot
16 -
¢ with York 10.93
Knot twist 0,29 050
with wire holder ) .
Twist knot 11 87 16
with wire holder ’ .
18G Twist knot g 56 B
’ with York b
Knot twist 0 65 066
with wire holder oV :
Twist knot 6 %6 6 23
with wire holder ’ .
21G Twist knot 0 B
with York ’
Knot twist 5 29 2 29
with wire holder ) .
oz e 274 A Eofel FA & o patoich £ wiylels Al WY
#3] ojg" 4 xuk, Eude)l Awlol webd o el Wl Gozal, melvtie] elen) olabd e
g kg 4 dond Auinel Fwel AAl wiok 7 udu] o] & x|z melul i twist knot) s F ol 522
b Aoz AzbElE 4wl (MM-RS-200-CK) ol (knot twist) 8] 4o thated AW 41459
2 Aasto] npate] &S ZUHAA T EAAES o} b v Suhge Fig 130 vrelelch .?4:%
ek, EA4AHL 12W A stelold A Aol #Hrlel a4 Alrkx, F 166G, 18G,

ste] ofoll Aol 3He whle g 334 Fdste] it 21Go) wHste] EHAAlgle] il = AR
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