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An elastic support-based method of fatigue life limit assessment
for in-vitro coagulation sensors
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(1. Changchun University of Science and Technology, Changchun 130022, China;
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Abstract : As a core component of in-vitro coagulation sensor structure, the sensor failure is easily caused by the deformation of its elastic
support. To address this issue, this paper proposes a reliability life assessment method, which is based on the fatigue life and breakage
mode of the sensor. Failure analysis is performed on the sensor reliability according to the operating principle and structural features of
the in-vitro coagulation sensor. By formulating the mechanical model for theoretical reliability analysis, the expression of determination
criterion for the life limit of coagulation sensor is derived, which is attributable to the strain transfer coefficient of elastic support. The
harmonic response of the elastic support is analyzed by the finite element analysis. An elastic support-based method for assessing the
ultimate sensing life is proposed by taking the 15th level of sensor fatigue life as the failure threshold. By using this method, 108 million
stress fatigue tests are implemented on the dual-channel in-vitro coagulation sensor. The full-scale relative effective errors of spiral clips
for the elastic support are 3. 89% , 3. 79% and 4. 75% , respectively. Under the 4. 5% boundary of the full-scale relative effective error,
the results indicate that a clip has reached its stress life limit, while other two clips are yet to reach the safety threshold level. Thus, the
fatigue life reliability of the sensor is approximately 108 million times, which basically agrees with the simulation data. These results
verify that the proposed life limit assessment method for the in-vitro coagulation sensor conforms to the requirements of sensor failure
analysis, which also offers a core technique for improving the development procedure of such sensors.
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Fig. 1 Working principle of the sensor
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Fig.2 Sensor structure
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Fig.3 Diagram of the sensor structure
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Table 1 Structure parameters of the elastic support
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Table 2 Failure of the in-vitro coagulation sensor
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Fig.4 Mechanical analysis model of sensor elastic support
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Fig.5 Finite element modal analysis results of elastic support
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Table 3 Elastic supports the natural frequencies

of each mode

BB n [ 4%/ He PR

1 107.29 RSN TATIr I 3)
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5 510.23 WIR BN FAT 7 L%
6 510.79 AR 3 2 E 5 1) A
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Fig. 6 Harmonic response analysis result of elastic support
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Fig.7 Results of fatigue coupling analysis of elastic support
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Fig. 8 Test device of stress fatigue

R 8 s A R 9 50 0 72 W
450 e, BHAERRARE S J5 G0 15 591
X I S AR A R R 22 B R R BB 4% , 2 4 45 )
PEOT LI EESE
4.2 FEMESN

ARG B ILIEAT TR 150 h AE AR k5 T

R4 MOEFIHSH

Table 4 Experiment parameters of stress fatigue

F5 SH AR ZHHUE
1 P R 2 mmx 1mm
2 N7 b R 2. 1%

3 oA i R 2 1.2 um
4 fERRERIR IR/ A 2+0.1 pm
5 SIS PR B/ f 200 Hz
6 T I A XA 22 1 5 £ 4%

7 BB RO E IS (260) 0.05°

8 TFHEIRE R SR PR (E) 130 N/m?
9 SPR #% (K,) 0.784
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Table 5 Experiment results of stress fatigue

,Hod SPR, T AR R N 67 B AN 24

95 55 4K N ARG 5 ZR A Tl AR R R 2
(10° %) SPR, SPR, SPR, SPR, SPR,/% SPR,/% SPR4/% SPR,/%

0.0 0.936 3 0.944 8 0.943 7 0.964 5 - - - -
3.6 0.944 8 0.954 4 0.947 2 0.967 1 0.50 0.63 0.62 0.40
7.2 0.921 3 0.9615 0.956 8 0.945 5 0.50 0.79 0.70 0.67
10. 8 0.944 2 0.954 5 0.969 7 0.952 3 0. 80 0.65 0. 66 0.68
14.4 0.946 9 0.9712 0.932'5 0.962 9 0.29 0.61 0.38 0.43
18.0 0.9459 0.961 6 0.948 0 0.9459 0.48 0. 54 0.52 0.65
21.6 0.958 4 0.968 8 0.9525 0.946 2 0.22 0.21 1.40 0.16
25.2 0.950 0 0.9757 0.940 5 0.956 6 0.72 0.43 2.39 0.15
28.8 0.931 1 0.947 4 0.955 3 0.9617 0.71 0. 61 2.68 0.72
32.4 0.931 1 0.943 3 0.926 1 0.947 3 1.25 0.43 3.41 0.42
36.0 0.930 6 0.969 9 0.917 1 0.973 4 0.64 0. 44 2.74 0.56
39.6 0.951 8 0.960 9 0.914 9 0.968 5 0.59 0.67 3.45 0.67
43.2 0.961 1 0.963 8 0.898 2 0.950 9 0.26 1.44 4.24 0.61
46.8 0.952 4 0.944 4 0.894 8 0.955 4 0.68 0.21 5.19 0.22
50.4 0.942 0 0.947 8 0.895 3 0.950 7 0.29 0.19 5.41 0.28
54.0 0.950 5 0.952 1 0.880 9 0.954 7 0.49 0.65 6.68 0.49
57.6 0.965 6 0.954 0 0.887 2 0.959 8 0.34 0.28 7.56 0.43
61.2 0.959 0 0.945 8 0.876 8 0.966 4 0.31 0.74 8.39 0. 60
64.8 0.962 6 0.9459 0.879 7 0.972 0 0.65 0.27 7.71 0.21
68.4 0.967 5 0.948 5 - 0.962 0 0.55 0.31 - 0.61
72.0 0.956 5 0.949 5 - 0.964 1 0.53 0.50 - 0.16
75.6 0.941 2 0.950 8 - 0.9534 0.78 0.46 - 0. 66
79.2 0.914 8 0.9118 - 0.9142 1.23 3.85 - 2.02
82.8 0.910 6 0.9142 - 0.9121 1.78 4.01 - 2.92
86. 4 0.919 4 0.913 3 - 0.9140 2.01 3.81 - 3.10
90. 0 0.9112 0.919 1 - 0.9132 2.55 2.54 - 3.32
93.6 0.910 1 0.9127 - 0.916 3 2.45 2.22 - 3.54
97.2 0.915 3 0.9189 - 0.917 8 2.89 3.17 - 3.68
100. 8 0.912 3 0.910 0 - 0.912 3 3.11 3.56 - 3.9]
104. 4 0.916 2 0.9115 - 0.915 6 2.98 3.64 - 4.50
108.0 0.913 0 0.914 0 - 0.9152 3.89 3.79 - 4.75
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