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Flex-GT Full Calibration Test Procedures




Flex-GT Full Calibration Test Procedures (Overview)

Long Bones

Step 1(a): Bone Core
Quasi-static 3-Point Bending Test
(Femur bone core, Tibia bone core)

v’ Evaluate Long Bone Cores Bending Characteristic
v" Obtain Strain to Moment Conversion values

l Knee

Step 1(b): Long Bone
Quasi-static 3-Point Bending Test
(Femur, Tibia)

Step 2: Knee
Quasi-static 3-Point Bending Test

v’ Evaluate Long Bone Bending Characteristics v Evaluate Knee Bending Characteristics
l v’ Evaluate Knee Ligament Elongation Values

[ Step 3: Assembled (Femur-Knee-Tibia) }

l

Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

v' Evaluate measured values



Step 1(a): Bone Core

Quasi-static 3-Point Bending Test
(Femur bone core)

354 mm
Load
transducer
FC
D: | Ram (r = 25 mm)
_ | 12 mm [ 12 mm
Knee side of 1 |Femur-1B| |[Femur-2B]| 1
Femur bone core [ = = =
= = =
Femur-1A Femur-2A Femur-3A \
Support | N | Support
(Fixed) F./2 F./2| (Fixed)
support base
ground
<osmm _ 105 mm R
P 145 mm -~
165 mm 165 mm
Support Length: 330 mm
F.: Force Center, D_: Deflection Center

C

M
M
M
M

c . Moment Center (Nm) =F_/2 (N) x 0.165 (m)
r1- Moment Femur-1 (Nm) = F_/2 (N) x 0.065 (m)
. Moment Femur-2 (Nm) = F_/2 (N) x 0.145 (m)
r3- Moment Femur-3 (Nm) = F_/2 (N) x 0.105 (m)




Step 1(a): Bone Core

Quasi-static 3-Point Bending Test
(Femur bone core)

v’ Evaluate Long Bone Cores Bending Characteristic

Moment: M. (Nm)

500
450
400
350
300
250
200
150
100

50

Tentative corridor

=— Test results

0 5 10 15 20

Deflection: D, (mm)

25

30



Step 1(a): Bone Core

Quasi-static 3-Point Bending Test
(Femur bone core)

v' Obtain Strain to Moment Conversion values

example

500

450

Moment: Mg1, Mgz, Mg (Nm)

X Femur_1A

® Femur_2A

+ Femur_3A

| | y=234046x

[ y=32208x

y = 32715x

0

0.002 0.004 0.006 0.008 0.01 0.012 0.014
Strain (strain)

a) Strain gages (side A: opposite side of loading)

0.016

Moment: Mgy, Mgz, Mgz (Nm)

500

450

400 H

* Femur_1B y =-32953x
350 —

= Femur_2B y =-32218x
300 —

250 Femur_3B | y=-33789%

200

150

100

50

0 : : : : : ‘ ‘ \

-0.016 -0.014 -0.012 -0.01 -0.008 -0.006 -0.004 -0.002 0
Strain (strain)

b) Strain gages (side B: loading side, spear gages for side A)



Step 1(a): Bone Core
Quasi-static 3-Point Bending Test
(Tibia bone core)

434 mm
Load
transducer
F Ram (r = 25 mm)
D,
_ |1 12 mm | 12 mm
Knee side of 1T Tibia-1B Tibia-3B]  [Tibia-4B] 1T
tibia bone core [T = = = =
= =
Tibia-1A Tibia-2A Tibia-3A Tibia-4A
Support | | | \ Support
(Fixed) F./2 F./2| (Fixed)
support base
ground
. 65mm_ P 105 mm R
145 mm R P 185 mm R
205 mm 205 mm

»ld

\4

&
«

L]

Support Length: 410 mm

\4

4
w

F.: Force Center, D_: Deflection Center
c - Moment Center (Nm) = F_/2 (N) x 0.205 (m)
11: Moment Tibia-1 (Nm) = F_ /2 (N) x 0.065 (m)

M [
M Cc
M 1, Moment Tibia-2 (Nm) = F, /2 (N) x 0.145 (m)
M Cc
M Cc

c

13- Moment Tibia-3 (Nm) = F_ /2 (N) x 0.185 (m)
14- Moment Tibia-4 (Nm) = F_ /2 (N) x 0.105(m)




Step 1(a): Bone Core

Quasi-static 3-Point Bending Test

(Tibia bone core)

v’ Evaluate Long Bone Cores Bending Characteristic

Moment: M, (Nm)

500
450
400
350
300
250
200
150
100

50

Tentative corridor

=—— Test results

0 5 10 15 20 25

Deflection: D, (mm)

30



Step 1(a): Bone Core

Quasi-static 3-Point Bending Test
(Tibia bone core)

example

Moment: Myy, Mr,, My3, My, (Nm)

v" Obtain Strain to Moment Conversion values

500

450

400

350

300

250

200

150

100

50

x Tibia 1A |- ¥ =33718x

o Tibia_2A || y=32848x

+Tibia_3A | | ¥ =31919x

- Tibia_4A | | ¥=33633x
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016

Strain (strain)

a) Strain gages (side A: opposite side of loading)

Moment: My, My, M3, My, (Nm)

500

450

400

350

300

250

200

150

100

50

0

-0.016

o Tibia_1B

= Tibia_2B

Tibia_3B

Tibia_4B

-0.014 -0.012 -0.01 -0.008
Strain (strain)

-0.006 -0.004 -0.002

| | y=-32776x
[ ] y=-32230x
[ ]y=-31377x

y =-32973x

b) Strain gages (side B: loading side, spear gages for side A)



Step 1(b): Long Bone

Quasi-static 3-Point Bending Test

(Femur)
354 mm
Load
transducer
F
p| , Ram (flat surface)
Neoprene
Knee side
of femur bone core Femur-1B Femur-2B Femur-3B
Femur-1A Femur-2A Femur-3A
Sectional image
Support Support
(rotate) (rotate)
ground
F/2 165 mm 165 mm F/2

Support Length: 330 mm

A

F.: Force Center, D_: Deflection Center

M.: Moment Center (Nm) = F/2 (N) x 0.165 (m)

A 4




Step 1(b): Long Bone
Quasi-static 3-Point Bending Test
(Femur)

v Evaluate Long Bone Bending Characteristics

Tentative corridor
Test data

example 500
450
400
350
300 7
250
200
150
100

50

Moment: M, (Nm)

0 5 10 15 20 25 30
Deflection: D, (mm)



Step 1(b): Long Bone
Quasi-static 3-Point Bending Test

(Tibia)

434 mm

Knee side
of tibia bone core

A

Load

transducer

Neoprene
o LTS o < K
o Tibia- 1At Tibia-2A [

Support
(rotate)

=

C
C

Tibia-38 =515 Tibia-4B |

Ram (flat surface)

Sectional image

Tibia-3A heet | Tibia-4A et |

v

Support
(rotate)

c

205 mm

205 mm

% ground
F./2

C

d
<

»la
PN

Support Length: 410 mm

»
»

<
<

F.: Force Center, D_: Deflection Center
M.: Moment Center (Nm) = F/2 (N) x 0.205 (m)

Y



Step 1(b): Long Bone
Quasi-static 3-Point Bending Test
(Tibia)

v Evaluate Long Bone Bending Characteristics

Tentative corridor
Test data

example

500
450
400
350
300 ~
250
200
150
100

50

Moment: M; (Nm)

0 10 20 30 40
Deflection: D, (mm)



Step 2: Knee

Quasi-static 3-Point Bending Test

Femur side
of knee

Neoprene
\ N

Ram (r =

50 mm)

No impact side of Nylon face
/ during this tes

N

Support

Support \ 7 MCL \i / (rotate)
(rotate)
Load transducer (fixed) Load transducer (fixed)
ground
200 mm 200 mm

F,: Support force of Femur side of knee

»ld
Ll |

Support Length: 400 mm

»
»

Fa

M.: Moment Center - at Knee joint surface (Nm) = F, (N) x 0.2 (m)




Step 2: Knee

Quasi-static 3-Point Bending Test

v Evaluate Knee Bending Characteristics
v’ Evaluate Knee Ligament Elongation Values

Moment: M (Nm)

Elongation: ACL (mm)

500
450
400
350
300
250
200
150
100
50
0

30

25

20

15

10

Tentative corridor
=— Test results

-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Elongation:

MCL (mm)
Tentative corridor
=— Test results

0

1000 2000
Force:

3000 4000 5000

Fe (N)

30

25

20

15

10

Elongation: MCL (mm)

30

25

20

15

10

Elongation: PCL (mm)

Tentative corridor

=— Test results

1000 2000 3000 4000
Force F. (N)

5000

Tentative corridor

=— Test results

1000 2000 3000 4000
Force F. (N)

5000



[Step 4. Assembly (Femur-Knee-Tibia)

Dynamic Calibration Test

Angular measurement tool

Pin joint

16 ded: _.---¥ " Leg suspension angle
: 15 deg.

Supporting rig

S

™

Without flesh

Rubber 30
(5mm x3)
Neoprene

(5mm x2) Free fall

................... Knee joint surface level

Put neoprene and rubber sheets
(5 sheets in total) on the impact
face.




Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values
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(GT_SN01-03)

Tentative Corridor_L (GT_SNO01_03)

Average (GT_SNO01-03)

Tentative Corridor U
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Step 4: Assembly (Femur-Knee-Tibia)
350

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values

B Tibia 2

(GT_SN01-03)

—— Tentative Corridor_L (GT_SN01-03)
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values

A Tibia 3

(GT_SN01-03)

Tentative Corridor_L (GT_SNO01-03)

Tentative Average (GT_SNO01-03)

Tentative Corridor U
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

|

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

v' Evaluate measured values
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Step 4: Assembly (Femur-Knee-Tibia)
Dynamic Calibration Test

v' Evaluate measured values
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