Numerical experiment 10

Material parameters:

Os - corticalis:

Young’s modulus £ = 1,71 x 10'°[Pa] and Poisson’s ratio v = 0, 25.
Os - spongy:

Young’s modulus F = 1,4 x 10'°[Pa] and Poisson’s ratio v = 0, 3.
Os - pulp:

Young’s modulus £ = 2 x 10°[Pa] and Poisson’s ratio v = 0, 45.
Ligament:

Young’s modulus £ = 7 x 10%[Pa] and Poisson’s ratio v = 0, 5.
(1) Ti6AI4V:

Young’s modulus F = 1,15 x 10" [Pa] and Poisson’s ratio v = 0, 3.

(2) Chirulen:
Young’s modulus E = 3,4 x 108[Pa] and Poisson’s ratio v = 0, 4.

(3) CoCrMo:
Young’s modulus E = 2,08 x 10" [Pa] and Poisson’s ratio v = 0, 3.

Boundary conditions:
Model I-V

Prescribed zero displacement on 1-2, 3-4.
Unilateral contact boundary on 5-6, 7-8, 9-10.
Pressure 2,15 x 105[Pa] on 11-12, 13-14.

Discretization statistics:
Model I (angle 0° between axis of femur and mechanical axis)
1681 nodes, 2982 elements,

Model I (angle 3° between axis of femur and mechanical axis)
1678 nodes, 2974 elements,

Model III (angle 5° between axis of femur and mechanical axis)
1684 nodes, 2984 elements,

Model IV (angle 7° between axis of femur and mechanical axis)
1676 nodes, 2977 elements,

Model V' (angle 9° between axis of femur and mechanical axis)
1671 nodes, 2965 elements,

Model I-V
16 subdomains, 3343348 unilateral contact conditions, 384 interface elements.
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Figure 1: The geometry of the models I-V
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Figure 2: The geometry of the model 1
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Figure 3: Model I - Deformations (enlarge factor=20)
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Figure 4: Model I - Horizontal component of displacement
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Figure 5: Model I - Vertical component of displacement
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Figure 6: Model I - Stresses 7,
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Figure 7: Model I - Stresses T,
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Figure 8: Model I - Stresses 7,
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Figure 9: Model I - Principal stresses
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Figure 10: Model I - The normal and tangential components of displacement on the contact
boundary 5-6
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Figure 11: Model I - The normal and tangential components of stress vector on the contact
boundary 5-6
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Figure 12: Model I - The normal and tangential components of displacement on the contact

boundary 7-8

Figure 13: Model I - The normal and tangential components of stress vector on the contact

boundary 7-8
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Figure 14: Model I - The normal and tangential components of displacement on the contact
boundary 9-10
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Figure 15: Model I - The normal and tangential components of stress vector on the contact
boundary 9-10
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Figure 16: The geometry of the Model 11
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Figure 17: Model II - Deformations (enlarge factor=20)
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Figure 18: Model II - Horizontal component of displacement
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Figure 19: Model II - Vertical component of displacement
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Figure 20: Model II - Stresses 7,
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Figure 21: Model II - Stresses 7,
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Figure 22: Model II - Stresses 7,
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Figure 23: Model II - Principal stresses
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Figure 24: Model II - The normal and tangential components of displacement on the
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Figure 25: Model II - The normal and tangential components of stress vector on the contact
boundary 5-6
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Figure 26: Model II - The normal and tangential components of displacement on the

contact boundary 7-8
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Figure 27: Model II - The normal and tangential components of stress vector on the contact

boundary 7-8
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Figure 28: Model II - The normal and tangential components of displacement on the
contact boundary 9-10
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Figure 29: Model II - The normal and tangential components of stress vector on the contact
boundary 9-10
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Figure 30: The geometry of the Model III
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Figure 31: Model III - Deformations (enlarge factor=20)
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Figure 32: Model III - Horizontal component of displacement
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Figure 33: Model III - Vertical component of displacement
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Figure 34: Model III - Stresses 7,

29



y X 106

0.16
05
0.14F 0
-0.5
0121
-1
01F
-15
0.08 - -2
25
0.06 |-
-3
0.04
-35
0.02F
-4
0 -4.5
0
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Figure 36: Model III - Stresses 7,
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Figure 37: Model III - Principal stresses
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Figure 38: Model III - The normal and tangential components of displacement on the

contact boundary 5-6

Figure 39: Model III - The normal and tangential components of stress vector on the

contact boundary 5-6
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Figure 40: Model III - The normal and tangential components of displacement on the
contact boundary 7-8
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Figure 41: Model IIT - The normal and tangential components of stress vector on the
contact boundary 7-8
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Figure 42: Model III - The normal and tangential components of displacement on the
contact boundary 9-10
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Figure 43: Model III - The normal and tangential components of stress vector on the
contact boundary 9-10
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Figure 44: The geometry of the Model IV

36



Deformations

0.16 -
0.14
0.12f G
54
02
<k g!b'
5
N
KN
01 mlyg
S
KRN
/,‘"‘7 |
AREK A
( )
%
N
0.08 - 7
iy Y
R ANSRE RS o
VA A AV S \
e'g\vg@wg,'@|g/gg\=,/{<\v/ﬁ‘\@|z\§@g
0.06 - ISRDER ‘,”',V/A‘ KR
N 1 g
TSRS
2
v
XK
QAKX
0.04 - e \AoK
KRR "'a&iﬁ ‘h
DK
SRR (D
hﬂé‘#%y il '
‘wﬂh‘gﬁg’gv‘m ‘h
K
L TAVI YAV, \‘}
0.02 % E§
R S
KRR KD
SSKIOTKN
N> 7A\SKRS
KA oS 4}
0 3%
SNNCRRK
AR kKD
EsTAVAY S DN
ok NANER LN
! ! ! ! ! ! !

0 0.01 0.02 0.03 0.04 0.05 0.06

Figure 45: Model IV - Deformations (enlarge factor=20)
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Figure 46: Model IV - Horizontal component of displacement
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Figure 47: Model IV - Vertical component of displacement
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Figure 48: Model IV - Stresses 7,
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Figure 51: Model IV - Principal stresses
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Figure 52: Model IV - The normal and tangential components of displacement on the
contact boundary 5-6
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Figure 53: Model IV - The normal and tangential components of stress vector on the
contact boundary 5-6
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Figure 54: Model IV - The normal and tangential components of displacement on the
contact boundary 7-8
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Figure 55: Model IV - The normal and tangential components of stress vector on the
contact boundary 7-8
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Figure 56: Model IV - The normal and tangential components of displacement on the
contact boundary 9-10
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Figure 57: Model IV - The normal and tangential components of stress vector on the
contact boundary 9-10
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Figure 58: The geometry of the Model V
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Figure 59: Model V - Deformations (enlarge factor=20)
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Figure 60: Model V - Horizontal component of displacement

49



0.16 ’ x 10
170.5
0.14+
0
0.12+
-0.5
-1
0.1f
-15
0.08 -
-2
0.06 - -2.5
-3
0.04 -
-3.5
0.02
-4
0 | -4.5

0 001 002 003 004 005 0.06

Figure 61: Model V - Vertical component of displacement
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Figure 62: Model V - Stresses 7,
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Figure 63: Model V - Stresses 7,
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Figure 64: Model V - Stresses 7,
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Figure 65: Model V - Principal stresses
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Figure 66: Model V - The normal and tangential components of displacement on the
contact boundary 5-6
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Figure 67: Model V - The normal and tangential components of stress vector on the contact
boundary 5-6
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Figure 68: Model V - The normal and tangential components of displacement on the
contact boundary 7-8
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Figure 69: Model V - The normal and tangential components of stress vector on the contact
boundary 7-8
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Figure 70: Model V - The normal and tangential components of displacement on the
contact boundary 9-10

Tn’ Tt
1 -
T
n
Rt
051
0
-0.5
-1
Nodes

Figure 71: Model V - The normal and tangential components of stress vector on the contact
boundary 9-10
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