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Disclaimer

Theinformation contained in this document is confidential aa@NL Yfor the intended recipients.
This report details the design and mechanical testing of a device in development arttgsome
preliminarydiscussion of resultsthis is privileged infanation at this time.

The contents of this document aMOTto be published, disseminated or distributed in any form
without the prior permission oéll investigtors.
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Introduction

We have developed a temporary low cost externadtfix, which for the purposes of this report will
bely2s6y la GKS WalHn 9EGSNYIf CAEFG2NRD® ¢KAa NBLRNI
Fixator manufactured at two different locations, these are: Imperial College Lohtd¢and the Univerigy
of Moratuwa, Sri Lank#@Figurel). Briefly, this report contains: the design of the Mk2 External Fixator,
individual clamp axial compressive testemp interface tests, external fixator system tests anitial
discussion of the results of these mechanical tests.
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Assembly
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General Methods

All tests were performed on a screw driven mechanical testing machine (Instron 5565) with a 5kN
load cell (both Instron, High Wycombe, UK)e calibration certi€ate for the testing machine can be found
in Appendix APrior to testing a system compliance test was performed with the actuator head loading
directly into the platen. The Instron Bluehill software built in compliance correction subsequently accounted
for system compliance in all tests giving corrected extension values.

For theclampinterfacetestsandexternal fixatorsystem tests thelamp assembliesere tightened
to a torque of 10Nm using a torque wrench (Norbar TTi50 Torque WreBambury, UK) for to testing.
The calibration certificate for the torque wrench can be found in Appendix B.

Testingordersand which clamp/system set ups were used for each typeofaestetailed in
Appendix C.

All tests were performed in accordance with or as cidse W F1HAlcal 7 Standard Specification
and Test Methods for External Skeletal Fixation Deticegaspossible At this time no statistical analyses
have been conducted.
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Individual Clamp Compressirial Test

To compare the stiffess of the individual clamps manufactured in different locations, compressive
axial tests were performed. These tests aimed to simulate the loading conditions the clamps will be subject
to when in clinical use.

Methods

AA 13.5 mmball bearing was usedtapply a quasstaticcompressivéoad to theA 8.5 mm bolt
holes of theclamps All tests were performed at 5 mm/miand the test order of the claps was randomised
(Tableb). The linear slope stiffness (N/mm) and clamp shut I@é)dwere recorded from the, last repedtest
no 6)for each clampn = 4 for both clamp types and manufacturer (16 tests in total):

Slit distance was measured with the depth rod of a Vernier callgadibrationfor whichcan be
found in Appendix DThreemeasurements were taken for each clamp after which thedmean measurement
was recorded. The slit distance corresponds to Q5 on the quality document for both the large and small
clamp(Figure3 & Figure5).

Lage Clamp

Figure7 - Axial @eampression test of an Imperial manufactured large clamp

Imperial manufactured large clamps were compressed to 450 N five times and then compressed to
2500 N. The Moratuwa manufactured large clampsenaympressed to 50 N five times and then
compressed to'2500 N. The difference in initial compression load ensured all the large clamps were not
subjectito plastic deformation.

TheImperial large clamp slope stiffness was recorded as the chord stiffoes4@0 N to 400 N. In
contrast the Moratuwa large clamp slope stiffness was recorded as the chord stiffness from 10 N to 45 N,
this ensured that the stiffness was being measured from the linear portion of the curve.

The clamp shut load was recorded at fhant where the stiffness slope drastically increases. Typical
load displacement plots, with chord stiffness measurement points (red crosses) and drastic increase in
stiffness slopdrhs(right hand sidepf graphs), can be seen kigure8 & Figure9.
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Figure9 - Moratuwa large clamp no 3 final compression test
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Small Clamp

e
s
e

FigurelO- Axial compression test of a Moratuwsanufacturedsmallclamp

Imperial manufactured small clamps warempressed to 500 N five times and then compressed to
3000N. The Moratuwa manufactured small clamps were compressed to 400 Nrfies &ind then
compressed to 3000 N. The difference in initial compressiomload ensured all the small clamps were not
subject to plastic deformation.

The linear slope stiffness was recordesithe chord stifiness from 100 N to 400Tde clamp shut
load wasrecorded at the point wheregthe stiffness slope drastically increaBgscal load displacement
plots, with chordstiffnessmeasurement pointgred crossesand drastic increase in stiffness slope (rhs of
graphs) can be seein Figurell & Figurel2.
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Figurel2- Moratuwa small emp no 2 final compression test
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Results
Large Clamp

2500 T
- =mp1
- = =imp2
- = =lmp3
- = =impa
Mor 1
Mor 2
‘Mar 3
Mor 4
2000 7
1500 - =
£ H
k=1 iy
3 i
9 HE
a4 i
Ha
H
ol ] 7 x
E
-2%
-ze®
o "“ il |
0 02 0.4 06 08 1 1.2
Corrected Extension(mm)

Figure13¢ All largeclamp load corrected extw

500 T T T T T

450 —

350 -

300 -

Load (N)
N
B
T

200 -

*
1

0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8
Corrected Extension(mm})

Figurel4 ¢ All large clamp linear region load corrected extension gsaph

Pagel5 of 35



Test Report

Tablel - Large clamgompressive axial mechanical tessults

Department of Mechanical Engineering

Manufacturer  Value Clamp Shut Loac  Stiffness Slit distance
(N) (N/mm) (mm)
| ial Mean av 518.6 604.6 37.5
mperia stdev 34.1 46.3 0.1
Morat Mean av 73.3 75.8 38.6
oratuiwa — gigev 15.6 23.9 0.5
Large Clamp Axial Compression Tests
700
600 7/ ~ Imperial
500 v/
% / = Moratuwa
400 / /
300 % /
200 / /
100 / /
3 N
; 7\ 7\
Clamp Shut Load (N) Stiffness (N/mm)

Figurel5- Large clamp axialmnpressiovzw deviation error bars.
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Figurel6- Large clamp slit distance bar chatt1 standard deviation error bars.
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Small Clamp

Figurel7 ¢ All small clamp load correctedxtension N

Figurel8c¢ All snall clamplinear regionload corrected extension gragh
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