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A Study on Design Factor of Insole using Shape Memory Alloy
for Pes Planus Correction
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Department of Mechanical Engineering, Soonchunhyang University
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Abstract As the number of patients suffering from Pes Planus increases, research on a correctional insole that can
cope with them is increasingly required. Therefore, the design of an insole for Pes Planus Correction was studied
using the superelastic effect, which is one of the characteristics of the shape memory alloy in this paper. To design
an effective insole, the effect of the contact pressure induced by the insole on the plantar fascia, which is the most
important muscle in the foot structure, was evaluated. Three parameters (thickness, max. height and asymmetric ratio)
were set as the main design factors of the insole, and the maximum contact pressure appearing on the plantar fascia
was calculated by finite element analysis and analyzed using the Taguchi method. As a result of the analysis, it was
confirmed that the contact pressure was influenced in the order of max. height, thickness, and asymmetric ratio. In
addition, the contact pressure was converted to a feeling pressure that could be felt by a person, and then a safety
correction range was established that would not cause any irritation to the plantar fascias, even though the correction
effect could be expected. This indicates the best design for the safety correction range. The design method considering
the important factors established through this study can form the basis for designing a personalized correctional insole
in the future.
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Fig. 1. Design Factors(z, h, O:X) defined for Insole

Table 1. Levels for Each Design Factor
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Table 2. Arrangement of Design Factors and Levels
on Taguchi Table Lg

Case t h oX
1 0.5 3 1:15
2 0.5 4 1:175
3 0.5 5 1:2
4 0.6 3 1:15
5 0.6 4 1:175
6 0.6 5 1:2
7 0.7 3 1:175
8 0.7 4 1:2
9 0.7 5 1:15
10 0.5 3 1:2
11 0.5 4 1:15
12 0.5 5 1:175
13 0.6 3 1:175
14 0.6 4 1:2
15 0.6 5 1:15
16 0.7 3 1:2
17 0.7 4 1:15
18 0.7 5 1:175
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Navicular Bone : 12 mm

Plantar Fascia: 2.6 mm
Skin: 2.6 mm

Fig. 2. A Simple Modeling for Pes Planus [15]

N
10
rok
0]
k>
§I|=l

2, M EHx Y SO

wulgo] 28y Q&S FE o EAmee] e
A5 %S AU A fRLL AAS Fig. 37
B A DA, PRAIN T8 AzHL
MeIs Yo L & gon a4 AR 03t o

Zey Q& Aol AF0l ARoE B g
Tl SR slolol ke 4% welst

350N
R a T Fomemae s a
(anctzl;_:md) (Forcitle{l;lfmval) Final Configuration

Fig. 3. Steps for Insole Deformation Analysis
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Table 3. Properties of Superelastic Insole [17]

Young’s Modulus (MPa) 60,000

Poisson’s Ratio 0.36
SAS (MPa) 520

FAS (MPa) 600

SSA (MPa) 300

FSA (MPa) 200
Epsilon 0.07
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Fig. 4. Stress-Strain Curve for Superelasticity
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Table 4. Properties of Human Foot Skin [14,18]

MU1 (MPa) 0.11
Al 9
Incompressibility Parameter D1 0

Table 5. Properties of Plantar Fascia [15,19,20]

Young’s Modulus (MPa) 350

Poisson’s Ratio 0.4

Table 6. Properties of Navicular Bone [15,19,20]

Young’s Modulus (MPa) 7,300

Poisson’s Ratio 0.3
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Table 7. Max. Contact Pressure on Plantar Fascia

Max.Contact ~ Feeling Pressure

Case ! h X Pressure (MPa) (f/l}’a)
1 0.5 3 1:15 1.0915 3.17

2 0.5 4 1:1.75 2.7518 7.98022
3 0.5 5 1:2 1.5079 4.37291
4 0.6 3 1:15 1.2277 3.56033
5 0.6 4 1:175 1.5168 4.39872
6 0.6 5 1:2 2.2379 6.48991
7 0.7 3 1:175 1.845 5.3505
8 0.7 4 1:2 2.5747 7.46663
9 0.7 5 1:15 2.6317 7.63193
10 05 3 1:2 0.82752 2.399808
11 0.5 4 1:15 1.0779 3.12591
12 0.5 5 1:175 1.4077 4.08233
13 0.6 3 1:1.75 1.0576 3.06704
14 06 4 1:2 1.6494 4.3

15 0.6 5 1:15 1.7654 5.11966
16 07 3 1:2 1.62 4.698

17 0.7 4 1:15 1.9435 5.63615
18 0.7 5 1:175 2.7428 7.95412
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Fig. 5. Distribution of Contact Pressure on Plantar Fascia
in Case 17 (Skin part hidden)
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Fig. 6. Distribution of Contact Pressure on Plantar Fascia
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Table 8. Analysis of Variance(ANOVA) of Each Design

Factor
Source pop  Sumof - Mean F p*
Square Square
t 2 24.407 12.204 689  0.011
h 2 26.932 13.466 7.61  0.008
oX 2 5.192 2.596 147 0272
Error 11 19.471 1.770
Total 17 76.002
#p<0.05
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Design Factors
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