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A Study on the Design Factors of Contact Pressure by Femur
Fixation Grip made of Shape Memory Alloy used for Human
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Abstract Conventional fixation methods for femur fractures can cause perforation in the bone due to
the application of screws, thereby increasing the risks of secondary fractures. To overcome this
complication, a multi-ring type femur fixation grip made of shape memory alloy that does not require
screw fixation has been developed. The multi-ring femur fixation grip has ribs extending to both sides
along the shaft. It is attached to the femoral bone and fixed by contact pressure due to the shape
recovery effect. As contact pressure determines the fixing force, it is essential to identify shape design
factors capable of increasing contact pressure and evaluating the degree of contribution thereof. This
study selected three design factors of the femur fixation grip: the rib width, shaft width, and hole width.
The degree of contribution of each was evaluated through the Taguchi table and Analysis of Variance
based on finite element analysis. The contact pressure range was determined to be 18.1 to 20.1 MPa.
The primary factors affecting contact pressure were the rib and shaft width, with an almost equal
contribution. A proportional increase in contact pressure was determined with increasing shaft width.
With increasing rib width, there is an initial increase in the contact pressure, after which it reaches
saturation. The width of the hole was found to slightly increase the contact pressure by lowering the
rigidity of the shaft region, thus increasing flexibility.

Keywords : Femur Fixation Grip, Contact Pressure, Shape Memory Alloy, Intramedullary Fixation, Taguchi
Method, Finite Element Analysis
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Table 1. Design of experiment by Taguchi table L9

Run Design Factor and Levels

No. A B C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Fig. 1. The process of making femur fixation grip
made of SMAIG]
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Fig. 2. Three of design factors of femur fixation grip
made of SMA (rw; width of rib, sw; width of
shaft, Aw; width of hole)
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Table 2. Design factors and their levels used in
simulation (unit=mm)

Design Factor Level 1 Level 2 Level 3
w 5.0 5.5 6.0
sw 14 15 16
hw 0 2 4
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SMA Grip

Fig. 3. Modeling region (dotted box) for finite
element simulation

b

Fig. 4. Mesh model for simulation considering the
mirror and cyclic symmetry (Run No. 5)
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Fig. 5. Shape memory effect (45 Austenite start, A/
Austenite finish, M. Martensite start, Mz
Martensite finish)[3]
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Fig. 6. Simulation steps of applying loads to calculate
contact pressure[3]

Table 3. Material properties of the femur fixation
grip made of SMA

Parameter Material Property Value
E Young's Modulus (MPa) 75,000
v Poisson’s Ratio 0.33
h Hardening Parameter (MPa) 500
T Reference Temperature (C) 0
R Elastic Limit (MPa) 300
8 Temperature Scalzng Parameter 83

(MPa/T)

er Maximum Transformation Strain 0.08
En Martensite Modulus (MPa) 28,000

FA719 a3 = ANSYS AEF =04 Algsk= SME
(Shape Memory Effect) A& 2H[10]S ARSI
SiAof] AbE FA71AEEY E49X= Table 33 2
ok 3L 95 d EEAME SAIR sl 1 &
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Table 4. Material properties of cylindrical artificial

bone
Parameter Material Property Value
E Young's Modulus (MPa) 16,700
v Poisson’s Ratio 0.26
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Table 5. Contact pressure analysis by means of
Taguchi method L9

Run Design Factor Contact
No. W sw hw Pressure (MPa)
1 5.0 14.0 0.0 18.137
2 5.0 15.0 2.0 18.633
3 5.0 16.0 4.0 19.318
4 5.5 14.0 2.0 19.249
5 5.5 15.0 4.0 19.734
6 5.5 16.0 0.0 20.119
7 6.0 14.0 4.0 19.193
8 6.0 15.0 0.0 19.378
9 6.0 16.0 2.0 19.874
i
| P
B s
B
n
Fig. 8. Contact pressure distribution on the artificial

bone in Run No. 5
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Fig. 9. Finite element results of total deformation of
femur fixation grip according to steps in Run

No. 5
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Fig. 10. Variation of total deformation of the tip of
rib according to steps in Run No. 5
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Table 6. Analysis of variance of each design factor

Source | DF Adj. SS Adj. MS F p
rwo | 2| 1.67459  (55.7%) | 0.83729 |188.39 | 0.005*
sw 2 | 1.25286  (41.7%) | 0.62643 | 140.95 | 0.007*
hw 2 | 0.06970 (2.3%) 0.03485 7.84 | 0.113
Error | 2 | 0.00889  (0.3%) | 0.00444

Total | 8 | 3.00604  (100%)

R (adj.) = 0.988 *p-value < 0.05
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