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Thesis Title Analysi s System of Pressure and Shear for Residual Limb Socket
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Abstract

The analysis system of pressure and shear for the residual limb socket was created for amputees to
detect their pain. This incident occurs quite often when they put on their prostheses.
Currently, they have no cost effective tools to analyze the pain, caused by the pressure, shear
or nervous system disorders after the leg was cut. In fact, only preliminary analysis could be
observed by skillful prosthetists. Institute of Field Robotics (FIBO), in collaboration with
Sirindhorn National Medical Rehabilitation Center (SNMRC) are, therefore, developing the
analysis system of pressure and shear for prosthetic socket, which consists of 3 major components. Sensors
are created by applying Force Sensing Resistors (FSR), Strain Gauge and Polydimethylsiloxane
(PDMS). PDMS is used as a contact surface to human skin, so the shear force could be
directly measured by monitoring the change of the resistance of the strain gauge inside the
sensor. Accelerometer and gyroscope are attached on the socket to determine phases of gait
cycle. Component a data logger is designed for recording data from each and every sensor. The last
one is the program show the data to the displays real-time data. From the experiment for pressure
and shear force, we found that the signal of this sensors had R-Squared value of 0.99. When we
implemented the system to disable people showed graphs of pressure and shear force inside the
socket during stance phase of gait cycle. Residual limb socket then can be improved for using

these data from our system better performance.

KEYWORDS: Analysis System Prosthetic Socket/Pressure and Shear Sensors/Prosthetic Socket
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2.4 NUIVSNNLIVOI

2.4.1 Tekscan F-Socket Pressure Measurement System
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2.4.2 Novel Pliance 16P System
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2.4.3 Rincoe Socket Fitting System
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Rincoc F-Socket
Flat Mould Flat Mould
24.7+19.02% 32.9+£31.2% 8.49+7.21% 11.24+9.58%
Accuracy
(n=360) (n=200) (n=384) (n=200)
15.1+£7.98% 23.1£15.1% 41.88+14.9% 24.0+£19.2%
Hysteresis error
(n=90) (n=10) (n=48) (n=40)
7.43+£7.16% 11.3£6.07% 11.9+6.05% 33.2426.5%
Drift error
(n=72) (n=32) (n=96) (n=32)

v

. . . .
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Measure Flat Mould

Accuracy 2.4243.20(n=300) 9.96+9.1(n=560)

Hysteresis 12.93+4.63(n=19) 12.95+8.26(n=80)
Drifi 4.40+3.46(n=60) 6.20+7.12(n=80)
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2.4.4 Shear Sensor for Lower Limb Prosthetic Applications [8]

Shear Sensor for Lower Limb Prosthetic Applications Y1113 Ainu1lae Kishore Sundara-Rajan 1%
o 9 =2 3 P o A JREDN dy v Aa o 9
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n

Von Misses stress {Pa)
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ﬂﬁ 2.19 The calculated lateral displacement [9]
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gﬂ‘ﬁ 3.6 19 Quarter-bridge Strain Gauge Circuit
RyR; — R;R,
E. =
G(Ry + R)(R3 +Ry) 7
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T : Shear Force
E : Young's Modulus
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50 20 20 20 20 0

100 40 60 60 53.33 1154
150 60 100 100 86.67 23.09
200 80 120 120 106.67 23.09
250 100 180 160 146.67 41.63
300 120 200 180 166.67 41.63
350 140 240 220 200 52.92
400 160 280 260 233.33 64.29
450 180 320 300 266.67 75.72
500 200 340 320 286.67 75.72
550 240 380 380 333.33 80.83
600 280 440 460 393.33 98.66
650 300 480 500 426.67 110.15



700 340 520 520 460 103.92
750 400 540 540 493.33 80.83
1 A2D Now ldnisusses
mass _
o X SD
(n3u) S1 2 $3
800 440 560 580 526.66 75.72
850 460 600 600 553.33 80.83
900 500 660 640 600 87.18
950 520 700 680 633.33 98.66
1000 600 740 720 686.67 75.72
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Voltage output

Shear Force (T)

A2D 10bit (0-1024) (variation) £ & Strain (£)
) (N)

0 0 0 0

1 9.775E-06 3.72E-06 3.232323
2 1.955E-05 7.45E-06 6.464646
3 2.933E-05 1.12E-05 9.69697
4 3.91E-05 1.49E-05 12.92929
5 4.888E-05 1.86E-05 16.16162
6 5.865E-05 2.23E-05 19.39394
7 6.843E-05 2.61E-05 22.62626
8 7.82E-05 2.98E-05 25.85859
9 8.798E-05 3.35B-05 29.09091
10 9.775E-05 3.72E-05 3232323
11 0.0001075 4.1E-05 35.55556
12 0.0001173 4.47E-05 38.78788
13 0.0001271 4.84E-05 42.0202
14 0.0001369 5.21E-05 45.25253
15 0.0001466 5.59E-05 48.48485




16 0.0001564 5.96E-05 51.71717
Voltage output
Shear Force (T)
A2D 10bit (0-1024) (variation) Ae Strain (€)
) (N)
17 0.0001662 6.33E-05 54.94949
18 0.000176 6.7E-05 58.18182
19 0.0001857 7.08E-05 61.41414
20 0.0001955 7.45E-05 64.64646
21 0.0002053 7.82E-05 67.87879
22 0.0002151 8.19E-05 7111111
23 0.0002248 8.56E-05 74.34343
24 0.0002346 8.94E-05 77.57576
25 0.0002444 9.31E-05 80.80808
26 0.0002542 9.68E-05 84.0404
27 0.0002639 0.000101 87.27273
28 0.0002737 0.000104 90.50505
29 0.0002835 0.000108 93.73737
30 0.0002933 0.000112 96.9697
31 0.000303 0.000115 100.202
32 0.0003128 0.000119 103.4343
33 0.0003226 0.000123 106.6667
34 0.0003324 0.000127 109.899
35 0.0003421 0.00013 113.1313
36 0.0003519 0.000134 116.3636
37 0.0003617 0.000138 119.596
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