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Disclaimer 
 The information contained in this document is confidential and is ONLY for the intended recipients. 

This report details the design and mechanical testing of a device in development and includes some 

preliminary discussion of results - this is privileged information at this time.  

The contents of this document are NOT to be published, disseminated or distributed in any form 

without the prior permission of all investigators. 
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Introduction 
 We have developed a temporary low cost external fixator, which for the purposes of this report will 

be ƪƴƻǿƴ ŀǎ ǘƘŜ Ψaƪн 9ȄǘŜǊƴŀƭ CƛȄŀǘƻǊΩΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŘŜǘŀƛƭǎ ǘƘŜ ŎƻƳǇŀǊŀǘƛǾŜ ǘŜǎǘƛƴƎ ƻŦ ǘƘŜ aƪн 9ȄǘŜǊƴŀƭ 

Fixator manufactured at two different locations, these are: Imperial College London, UK and the University 

of Moratuwa, Sri Lanka (Figure 1). Briefly, this report contains: the design of the Mk2 External Fixator, 

individual clamp axial compressive tests, clamp interface tests, external fixator system tests and initial 

discussion of the results of these mechanical tests. 

 

 

Figure 1 - Moratuwa (top) & Imperial (bottom) manufactured large and small clamps. 

 

 

 

 

 

 

 

 

 

 

 



Test Report  Department of Mechanical Engineering 

  Page 7 of 35 
 

Engineering Drawings 

Large Clamp 

 

Figure 2 - Large clamp drawing. 

 

Figure 3- Large clamp quality control document. 
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Small Clamp 

 

Figure 4 - Small clamp drawing. 

 

Figure 5 - Small clamp quality control document. 



Test Report  Department of Mechanical Engineering 

  Page 9 of 35 
 

Assembly 

 

Figure 6 - Mk2 External Fixator assembly drawing. 
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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). The calibration certificate for the testing machine can be found 

in Appendix A. Prior 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 the clamp interface tests and external fixator system tests the clamp assemblies were tightened 

to a torque of 10 Nm using a torque wrench (Norbar TTi50 Torque Wrench, Banbury, UK) prior to testing. 

The calibration certificate for the torque wrench can be found in Appendix B. 

Testing orders and which clamp/system set ups were used for each type of test are detailed in 

Appendix C. 

All tests were performed in accordance with or as close ǘƻ Ψ!{¢a F1541 ς 17 Standard Specification 

and Test Methods for External Skeletal Fixation DevicesΩ ŀǎ was possible. At this time no statistical analyses 

have been conducted. 
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Individual Clamp Compressive Axial Test  
To compare the stiffness 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 
 A Å 13.5 mm ball bearing was used to apply a quasi-static compressive load to the Å 8.5 mm bolt 

holes of the clamps. All tests were performed at 5 mm/min and the test order of the clamps was randomised 

(Table 5). The linear slope stiffness (N/mm) and clamp shut load (N) were recorded from the last repeat (test 

no 6) for each clamp. n = 4 for both clamp types and manufacturer (16 tests in total). 

Slit distance was measured with the depth rod of a Vernier calliper, calibration for which can be 

found in Appendix D. Three measurements were taken for each clamp after which the mean measurement 

was recorded. The slit distance corresponds to Q5 on the quality document for both the large and small 

clamp (Figure 3 & Figure 5). 

Large Clamp 
 

 

Figure 7 - Axial compression 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 clamps were compressed to 50 N five times and then 

compressed to 2500 N. The difference in initial compression load ensured all the large clamps were not 

subject to plastic deformation.  

The Imperial large clamp slope stiffness was recorded as the chord stiffness from 100 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 the point where the stiffness slope drastically increases. Typical 

load displacement plots, with chord stiffness measurement points (red crosses) and drastic increase in 

stiffness slope (rhs (right hand side) of graphs), can be seen in Figure 8 & Figure 9. 



Test Report  Department of Mechanical Engineering 

  Page 12 of 35 
 

 

Figure 8 - Imperial large clamp no 3 final compression test. 

 

 

Figure 9 - Moratuwa large clamp no 3 final compression test. 
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Small Clamp 
 

 

Figure 10 - Axial compression test of a Moratuwa manufactured small clamp. 

Imperial manufactured small clamps were compressed to 500 N five times and then compressed to 

3000 N. The Moratuwa manufactured small clamps were compressed to 400 N five times and then 

compressed to 3000 N. The difference in initial compression load ensured all the small clamps were not 

subject to plastic deformation. 

The linear slope stiffness was recorded as the chord stiffness from 100 N to 400 N. The clamp shut 

load was recorded at the point where the stiffness slope drastically increases. Typical load displacement 

plots, with chord stiffness measurement points (red crosses) and drastic increase in stiffness slope (rhs of 

graphs), can be seen in Figure 11 & Figure 12. 
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Figure 11 - Imperial small clamp no 2 final compression test. 

 

 

Figure 12 - Moratuwa small clamp no 2 final compression test. 
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Results 

Large Clamp 
 

 

Figure 13 ς All large clamp load corrected extension graphs. 

 

Figure 14 ς All large clamp linear region load corrected extension graphs. 
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Table 1 - Large clamp compressive axial mechanical test results. 

Manufacturer Value 
Clamp Shut Load 

(N) 
Stiffness 
(N/mm) 

Slit distance 
(mm) 

Imperial 
Mean av 518.6 604.6 37.5 

stdev 34.1 46.3 0.1 

Moratuwa 
Mean av 73.3 75.8 38.6 

stdev 15.6 23.9 0.5 
 

 

Figure 15 - Large clamp axial compression test bar chart. ± 1 standard deviation error bars. 

 

Figure 16 - Large clamp slit distance bar chart. ± 1 standard deviation error bars. 
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Small Clamp 
 

 

Figure 17 ς All small clamp load corrected extension graphs. 

 

 

Figure 18 ς All small clamp linear region load corrected extension graphs. 






































