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Introduction 

Thank you for buying a Mach-1™ Mechanical Testing System. This unique device is a small-sized 
universal mechanical testing system for specimens having dimensions between tens of microns and a few 
centimeters. Typical applications for the system are the mechanical stimulation and characterization of 
biological tissues, polymers, gels, biomaterials, capsules, adhesives and food. 

The Mach-1™ allows for the characterization of mechanical properties such as stiffness, strength, 
modulus, viscoelasticity, plasticity, hardness, adhesion, swelling, relaxation and more.  

Some characteristics of the Mach-1™ Micromechanical System are: 

▪ Standard or custom-designed chambers used to perform tests such as compression, tension, 
indentation and bending are mounted on a universal displacement stage platform. Displacement 
resolution can be as low as 100 nanometers depending on the configuration. 

▪ Interchangeable load cells to allow maximum loads between ± 0.1 N to ± 250 N with load precision 
being 1 part in 20,000 of the maximum value (5 μN minimum). 

▪ Can be placed in an incubator (dry mode) for testing at temperatures of up to 37oC and for testing 
under sterile conditions (e.g. cell culture) using appropriate testing chambers. 

▪ Sophisticated and adaptable software allows execution of stress relaxation, ramp and dynamic sinusoid 
tests in automated user-defined sequences. 

The Mach-1™ Micromechanical System includes complementary software: Mach-1 Motion and Mach-1 
Analysis. Mach-1 Motion uses device drivers to communicate with the data acquisition hardware through 
the operating system.  

This manual contains installation instructions and operating procedures for Mach-1 Analysis. 
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1. Getting Started 

Mach-1 Analysis reads, displays, and analyzes text files (ASCII files) generated by the Mach-1 Motion 
software. These original text files and the files saved with Mach-1 Analysis can be opened with any text or 
spreadsheet editor for your own custom analysis. These files have the following structure: 

 
Table 1: Mach-1 Analysis .txt file structure 

<Mach-1 File> 
<INFO> 

Date, Time, Mach-1 and Load Cell Information 

<END INFO> 

Function Information 

<DATA> 

Headers, followed by tab-delimited text data in columns 

<END DATA> 

Mach-1 Analysis, unlike Mach-1 Motion, may be installed on several computers to analyze data acquired 
with Mach-1 Motion. 

1.1. Computer System – Minimum Requirements 

▪ Windows 10 (32 or 64 bits) 

▪ 3 GB of RAM 

▪ 100 MB hard disk space for system applications. 

▪ Screen resolution of 1366 x 768 pixels 

1.2. Installing Mach-1 Analysis 

Execute “setup.exe” from the Mach-1 Analysis folder “Volume” and follow onscreen instructions. 
Contact Biomomentum to activate any purchased software add-ons. 

Refer to section 4 of this manual for details on the Software Licensing Agreement. 

1.3. Starting Mach-1 Analysis 

From the desktop, or from the Windows Start menu under “Programs (All Programs)/Biomomentum”, 
select the shortcut for “Mach-1 Analysis”. 
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2. Using Mach-1 Analysis 

2.1. Data Files 

To select the folder containing the Mach-1 data files, click on the  button, browse to the folder 
containing the Mach-1 data files, then click “Current Folder” instead of “Open”. The list of all Mach-1 
data files contained in the specified folder will appear in the “File List” field. Click on the file containing 
your test results. A file can also be viewed by pasting the file path directly into the “Folder Path” text box. 

Once the file is selected, a list of all functions recorded in this file will appear in a tree view under the file. 
More than one function can be stored in this data file. Select a function by clicking on the item in the tree 
view. Mach-1 Analysis will read the data file and display the content for the selected function. The display 
will resemble Figure 2. 

When the selected function includes several steps (cycles, ramps, etc.), it is possible to choose which step 
to display by clicking the specific step in the tree view under the selected function. There is also the choice 
to display all the steps by selecting the main function. 

To refresh the list of Mach-1 files in the “Folder Path”, click the  button.  

2.1.1. Export & Merge Functions & Files 

This option is used to manage your data files (Figure 1). It is not possible to delete data from a file with 
Mach-1 Analysis. However, you can create a new Mach-1 file with functions selected from an existing 
Mach-1 file. 

To perform this operation, select the file containing the data, select the required functions, then right-click 
anywhere in the “File List” field and select “Export&Merge Functions&Files…”. When prompted, select 
a location and a name for the new Mach-1 file you wish to create. 

 
Figure 1 - “File List” Right-Click Dialog Box 

2.2. Data Information 

Information about the selected function is displayed in the “Data Information” field located in the lower-
left section of the Mach-1 Analysis main window. Information includes the date and time when the test 
was performed, information on the Mach-1 system used, and specific information related to the selected 
function. The information can be copied to the clipboard by right-clicking the “Data Information” box. 
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2.3. Graphical Display 

Graphs representing data from the selected function are displayed in the “Graphical Display” located on 
the right of the Mach-1 Analysis main window.  

 
Figure 2 - Mach-1 Analysis Main Window 

2.3.1. Graph Axis 

Use the Y-Axis and X-Axis drop-down lists above the “Graphical Display” to specify the Y and X axes 
for the graph. 

Axis minimum and maximum values can be modified by clicking the numbers on the axes and editing 
their text. 

2.3.2. Graph Palette 

Use the graph palette located at the bottom-right of the “Graphical Display” to move cursors, zoom, or 
pan the display.  

C U R S O R  M O V E M E N T  T O O L  

Click the  button to drag the cursors over the display.  

Z O O M  

Click the  button to zoom in and out of the display. The “Zoom” button has 6 options (Figure 3). 
From top left, clockwise, the options are: 
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Figure 3 - Options for the “Zoom” button 

• Zoom to Rectangle—With this option, click a point on the display you want to be the corner of the 
zoom area and drag the tool until the rectangle covers the zoom area. 

• X-zoom—Use this option to zoom in on an area of the graph along the x-axis. 

• Y-zoom—Use this option to zoom in on an area of the graph along the y-axis. 

• Zoom In about Point—With this option, click a point you want to zoom in on. Press and hold the 
<Shift> key to switch between Zoom In about Point and Zoom Out about Point. 

• Zoom Out about Point—With this option, click a point you want to zoom out from. Press and hold 
the <Shift> key to switch between Zoom In about Point and Zoom Out about Point. 

• Zoom to Fit—Use this option to autoscale all x- and y-scales on the graph or chart. 

P A N N I N G  T O O L  

Click the  button to move the plot around within the display. 

2.3.1. Export Image 

To perform this operation, right-click anywhere in the “Graphical Display” and then select “Export 
Image…”. This option allows the user to export the image in bitmap (.bmp) or in enhanced metafile 
format (.emf). The image can be saved by clicking the “Export to File” button. When prompted, select a 
location and name for the image file you wish to create. The image can also be copied by clicking the 
“Copy to Clipboard” button. 

2.3.2. Export Data 

To perform this operation, right-click anywhere in the “Graphical Display” and select “Export Data…”. 
This feature is used to export the results of a function contained in a Mach-1 file in a format that can be 
read by most spreadsheet programs such as MS Excel™. The data can also be scaled, offset, and filtered 
(Figure 4). 

 
Figure 4 - Export Data Dialog Box 

D A T A  H E A D E R   

The data header can be specified for the X and Y axes. 
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S C A L I N G  F A C T O R  

All the values are multiplied by the value entered in the “Scaling Factor” field. This option is useful for 
changing the units of the data. For example, the position data in mm can be changed into m by entering 
“0.001” in the “Scaling Factor” field. 

O F F S E T  

All values can be offset by entering a value in the “Offset” field. 

Z E R O  

Check the “Zero” box to zero to the first value. 

F I L T E R  

Use this filter to reduce the size of the dataset (to minimize use of disk space or to be able to import the 
data into a spreadsheet editor having a limited number of rows). Keeping the first row of data, the 
algorithm will remove every row until it finds one where either the variation of the X-axis value or the 
variation of the Y-axis value is higher than the maximum variation specified for the X-axis or the Y-axis, 
respectively. It will then keep this row and repeat the procedure until the end of the data file. 

E X P O R T  T O  F I L E  

After selecting “Export to File”, a file name must be chosen. This new file is not a Mach-1 file (cannot be 
opened by Mach-1 Analysis); it is an ASCII file (text file) that contains the data separated by tabulations 
(tabs). 

C O P Y  T O  C L I P B O A R D  

Click “Copy to Clipboard” to copy the data to the clipboard, which can then be pasted into other 
software. 

2.4. Analysis 

The analysis menu is used to obtain several basic curve properties such as slope, area under the curve, 
minimum-maximum values and other statistics. The analysis results are displayed in the “Results” field. 
The results can be copied to the clipboard by right-clicking in the “Results” field. 

This menu also offers advanced tools for analyzing your data and extracting relevant material properties. 
Other advanced analysis modules can be purchased from Biomomentum and installed as software add-
ons. 

2.4.1. Cursors 

This feature is used to display the exact location (and spacing) of the two cursors (blue dots) in the 

“Graphical Display”. Click the  button to drag the cursors over the display. 

2.4.2. Min & Max  

This feature is used to determine the minimum and maximum values in a selected portion of a graph 
(between cursors). Both the minimum and maximum values are indicated by red dots (Figure 5). Their 
respective coordinates (“Max Position-X”, “Min Position-X”, “Max Position-Y” and “Min Position-Y”) 
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and the difference between these coordinates (“DeltaX” and “DeltaY”) are displayed in the “Results” 
field. The units vary according to the graph’s axes. 

 
Figure 5 - Example of the “Min & Max” Feature 

2.4.3. Average 

Use this feature to obtain the average and the standard deviation of a selected section of a graph (between 
cursors). A blue line indicates the average and the section of the curve that was selected (Figure 6). The 
“Average” and standard deviation (“Std. Dev.”) are also displayed. The units vary according to the graph’s 
axes. 

 
Figure 6 - Example of the “Average” feature 
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2.4.4. Slope 

This feature is used to obtain the slope over a selected range of data (between cursors). A blue line 
displays the slope and the section of the curve that was selected (Figure 7). The values of the slope and the 
intercept are indicated in the “Results” field. The units vary according to the graph’s axes. Discrepancy 
between the experimental curve and the calculated slope is reported using the root of the mean squares 
(RMS) method and is displayed as “RMSE”. 

 
Figure 7 - Example of the “Slope” feature 

2.4.5. Integral 

The “Integral” feature is used to calculate the area under the curve of the graph (between cursors) (Figure 
8). One use for this feature would be (on a load vs position graph) to obtain a factor proportional to the 
work (energy) acting on the test sample. 

 

 
Figure 8 - Example of the “Integral” feature 



MACH-1  ANALYSIS   U S E R  M A N U A L  V 6 . 4  

13 

 

2.4.6. Sinusoid 

This feature is used to obtain the Frequency, Amplitude and Offset of a sinusoidal signal. A blue line 
displays the theoretical sinusoid with the Frequency, Amplitude and Offset obtained (Figure 9). The 
values of the Frequency, Amplitude and Offset are indicated in the “Results” field. The units vary 
according to the graph’s axes. 

 

 
Figure 9 - Example of the “Sinusoid” feature for signal analysis 

This feature can also be used for sinusoidal stimulus-response analysis. Sinusoidal stimulus shall be 
selected on the x-axis and the sinusoidal response on the y-axis. The Modulus is the ratio of the response 
Amplitude on the stimulus Amplitude (e.g. load amplitude over displacement amplitude). The Phase is the 
shift, difference or delay between the response and the stimulus. The Modulus’ (Storage) is computed as 
the Modulus*Cos(Phase) and the Modulus” (Loss) is computed as the Modulus*Sin(Phase). A blue line 
displays the theoretical sinusoidal stimulus-response with the Frequency, Modulus and Phase obtained 
(Figure 10). The values for Modulus and Phase are indicated in the “Results” field. The units vary 
according to the graph’s axes.  

One use for this feature would be to compute material properties by multiplying the Modulus obtained by 
the appropriate geometric factor. For example, the Young’s Modulus can be obtained during uniaxial 
compression or tension on cylindrical samples with t/πr2 as the geometric factor, where t is the thickness 
and r is the radius of the sample. For more details on this analysis, refer to Section 3. 

NOTE: When measuring Phase between stimulus and response, the data must be measured in Mach-1 
Motion without a low-pass filter. This can be turned off in the “Load Cells” menu of the Mach-1 
Motion software. This filter reduces noise in the signal, but also introduces an inherent Phase difference in 
the data. 
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Figure 10 - Example of the “Sinusoid” feature for stimulus-response signals analysis 

2.4.7. Poroelastic Model in Unconfined Compression (Software Add-on) 

This tool allows for the computing and visualizing of the fibril network modulus (MPa), the equilibrium 
modulus (MPa), the permeability (mm2/MPa·s), and the mean square error (MSE) of the fit calculated 
from a “Stress Relaxation” curve (load or force vs. time) in unconfined compression (Figure 11) on a disk 
or osteochondral core sample. The curve is fitted to the linear fibril-network-reinforced biphasic model 
(Soulhat et al. 1999) in order to obtain the mechanical properties of the disk. Sample radius, strain, and 
Poisson’s ratio need to be specified (e.g. 2% strain = 0.02). This model is well adapted for the mechanical 
description of samples containing a liquid fraction and a fibril network, for example: cartilage or gel 
samples. A user license is required in order to obtain the results of the poroelastic model in unconfined 
compression (Software Add-On, contact Biomomentum to obtain your license). 

 
Figure 11 - Example of the “Poroelastic Model in Unconfined Compression” tool 
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Extracted from: Soulhat, J., Buschmann, M.D., Shirazi-Adl, A. (1999) A Fibril-Network Reinforced Biphasic Model of 
Cartilage in Unconfined Compression, Journal of Biomechanical Engineering, Vol. 121, pp. 340-7. 
 
The nonhomogeneous composite model (i.e. linear fibril-network-reinforced biphasic model) is an 
extension of the previously developed isotropic homogeneous biphasic model, and was achieved by 

reinforcing the latter with a network of nonlinear fibrils distributed homogeneously in the r, θ, z directions 
and which resist extension only (Figure 12). The isotropic matrix is described by the drained elastic 
constants Em (Young’s modulus) and vm (Poisson’s ratio) and a hydraulic permeability k. The fibril 
network is described by the Young’s modulus of individual fibrils ef which, combined with a fibril volume 

fraction χ (fibrils volume/ total-volume), results in an equivalent tensile modulus of the fibril network, Ef 

= 1/3 χ ef (since 1/3 of the fibrils are oriented in each of three mutually orthogonal directions). 
 

 
Figure 12 - Nonhomogeneous composite description of cartilage (Soulhat et al. 1999) 

For example, Figure 13 shows parameters used for the “Stress Relaxation” function in an unconfined 
compression testing protocol on ovine cartilage disks. Corresponding results are shown in Figure 11. 

 

Figure 13 - Example of the parameters used for the “Stress Relaxation” function in Unconfined Compression testing. ℎ̅ is the average cartilage thickness of the disk 
obtained under a microscope 

NOTE: If the Poisson’s ratio of the sample is not known, “Poisson’s Ratio at Equilibrium” in the model 
should be set to zero. When this is done, the permeability could be overestimated by a few magnitudes, 
especially when the fibril network modulus (Ef) is small. An example of this would be an isotropic 
hydrogel sample with no fibril network. The model is still useful for this example because the Poisson’s 
ratio has no effect on the Equilibrium Modulus (Em) calculation. 
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2.4.8. Poroelastic Model in Confined Compression (Software Add-on) 

This tool allows for the computing and visualizing of the aggregate modulus (MPa), the permeability 
(mm2/MPa·s) and the mean square error (MSE) of the fit calculated from a “Stress Relaxation” 
curve (load or force vs. time) in confined compression (Figure 14) on a disk sample. The curve is 
fitted to the linear biphasic model (Bursać et al., 1999) in order to obtain the mechanical properties 
of the disk. Sample radius, strain and sample thickness need to be specified (e.g. 2% strain = 0.02). 
This model is well adapted for the mechanical description of samples containing a liquid fraction 
and a solid matrix, for example: cartilage or gel samples. A user license is required in order to obtain 
the results of the poroelastic model in confined compression (Software Add-On, contact 
Biomomentum to obtain your license). 

 
Figure 14 - Example of the “Poroelastic Model in Confined Compression” tool 

Extracted from: Bursać, P. M., Obitz, T. W., Eisenberg, S. R., & Stamenović, D. (1999). Confined and unconfined stress 
relaxation of cartilage: appropriateness of a transversely isotropic analysis. Journal of biomechanics, 32(10), 1125–1130. 
https://doi.org/10.1016/s0021-9290(99)00105-0 

 

Mechanical properties can be obtained from the stress relaxation curves obtained under confined 
compression such as the aggregate modulus (HA) and the hydraulic permeability (k). The aggregate 
modulus is a measure of stiffness of the sample at equilibrium while the hydraulic permeability is the 
ability of the fluid to flow through the cartilage matrix. 
 
For example, Figure 15 shows parameters used for the “Stress Relaxation” function in a confined 
compression testing protocol on human cartilage disks. Corresponding results are shown in Figure 14. 
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Function Parameters 

Stress Relaxation 
(1 compression ramps) 

Stage Axis: Position(z) 
Load Cell Axis: Fz 

Ramp Amplitude: 2% of ℎ̅ 

Ramp Velocity: 0.003% of ℎ̅ per second 
Number of Ramps: 1 
Stop Based On: Relaxation Rate 
Relaxation Rate per Min: 0.005 N/min 
Time for Measurement of Slope, s: 10 s 

Figure 15 - Example of the parameters used for the “Stress Relaxation” Function in Confined Compression testing. ℎ̅ is the average cartilage thickness of the disk, 
obtained in a corresponding SOP 

NOTE: To calculate the aggregate modulus (HA) as in Figure 14, a slope is fit between the initial point at 
time zero and the final load after relaxation of the load vs. displacement graph (Figure 16). It is important 
for this fit that the sample has completed its relaxation. If this is not the case, the relaxation time must be 
increased.  

The following equation is then used: 

𝐻𝐴 =
𝑠𝑡𝑟𝑒𝑠𝑠

𝑠𝑡𝑟𝑎𝑖𝑛
=

Δ𝐹𝑜𝑟𝑐𝑒 𝐴𝑟𝑒𝑎⁄

Δ𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠⁄
 

 
Figure 16 - Load vs. displacement graph of a 3-ramp confined compression test. The aggregate modulus HA is calculated using the slopes indicated 

2.4.9. Elastic Model in Indentation (Software Add-On) 

This tool allows for the computing and visualizing of the shear modulus (MPa) and the Young’s modulus 
(MPa) from an indentation test performed using a spherical indenter (Figure 17). This model is well 
adapted for the mechanical description of samples (with critical diameter (width) at least 5 times the 
indenter diameter) bounded on a flat rigid support (at least 10 times stiffer than the sample), for example: 
any sheet of material lying on a rigid chamber base (limited sliding at the interface can be assumed) or a 
cartilage layer attached to a thick sub-chondral bone. A user license is required to obtain the results of the 
elastic model in indentation (Software Add-On, contact Biomomentum to obtain your license). 
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Figure 17 - Example of the “Elastic Model in Indentation” tool 

Results analysis is performed considering the indentation mechanics of an infinitely wide elastic layer 
bonded to a rigid half-space which has been developed as a model for the layered geometry of cartilage 
and subchondral bone (Hayes et al., 1972). Figure 18 shows a schematic representing the modeled 
situation.  
 

 
Figure 18 - Schematic of the model for the layered geometry of cartilage and subchondral bone 

Many parameters need to be specified in order to calculate the different material properties.  

▪ Indenter Shape is: 
o Spherical 
o Plane-Ended Cylindrical 

▪ Indenter radius in mm 

▪ Poisson ratio can be selected from a drop-down list (Figure 19) 

 
Figure 19 - Poisson ratio choices for the “Elastic Model in Indentation” tool 
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▪ Position @ contact is – defines the position of the left cursor:  
o to be curvefit – recommended when a non-zero “gap from surface” has been 

defined in the data acquisition function. It will automatically find the position @ 
contact which will give the smallest mean squared error (mse) for the elastic model 
fit. 

o the value at t0 – recommended when no “gap from surface” has been defined in the 
data acquisition function. It will automatically take the position @ contact to be at 
the start of the curve 

o the following value (mm) – the user needs to specify the value in the corresponding 
field next to the drop-down list 

o cursor position – the user can drag the left cursor to the wanted position contact 

▪ Sample thickness is the: 
o position @ contact – will automatically find the position at contact (position of the 

left cursor) 
o following value (mm) – the user needs to specify the value in the corresponding field 

next to the drop-down list  

▪ Curvefit is up to – defines the position of the right cursor: 
o peak load – will automatically take the position of the peak load 
o delta load (unit) – the user needs to specify the value of the wanted delta load in the 

corresponding field next to the drop-down list 
o delta position (mm) – the user needs to specify the value of the wanted delta position 

in the corresponding field next to the drop-down list 

The error on the estimation of the best curve representing the stress relaxation curve is calculated using 
the root of the mean squares (RMS) method and is displayed under “mse”. For example, Figure 20 shows 
parameters used for the “Normal Indentation” (Mach-1 Motion) function in an indentation testing 
protocol on ovine articular surfaces. Corresponding results are shown in Figure 17. 

 
Figure 20 - Example of the parameters used for the “Normal Indentation” Function in Indentation testing.  

NOTE: The Hayes model can directly be related to the Hertz model and both can be used with the 
“Elastic Model in Indentation” software add-on. To use the Hertz model, set the “Sample thickness is 
the” parameter to “following value (mm)” and enter a value which is magnitudes larger than the indenter 
radius (e.g. 99999). Doing so will approximate the thickness to be infinite..  
 
Derivation of Hertz and Hayes model relation with extracts from: Hayes WC, Keer LM, Herrmann G and Mockros LF 
(1972) A Mathematical Analysis for Indentation Tests of Articular Cartilage. J Biomechanics, Vol. 5, pp. 541-551. 

Using equations 29: 

𝜒 =
𝑎2

𝜔𝑜𝑅
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and 30: 

𝜅 =
𝑃(1 − 𝜈)

4𝑎𝐺𝜔𝑜

 

Where, 

𝜒 
This variable is applicable to spherical indenters only. A lookup is done in Table 2 of the 

article with user provided sample thickness and Poisson’s ratio 𝜈. 

𝑎 

For a spherical indenter, the radius of the contact region 𝑎 is estimated during the curve fit 

with equation 29. For a plane-ended cylindrical indenter the radius of the contact region 𝑎 is 
constant and equal to the radius of the indenter. 

𝜔𝑜 Indenter displacement that is recorded by the Mach-1 Motion Software. 

𝑅 Radius of the indenter that is provided by the user. 

𝜅 
Lookup in Table 1 for the plane-ended cylindrical indenter and in Table 2 for the spherical 

indenter with user provided sample thickness and Poisson ratio 𝜈. 

𝑃 The reaction force that is recorded by the Mach-1 Motion Software. 

𝜈 Poisson’s ratio provided by the user. 

𝐺 The Shear Modulus that is estimated during the curve fit with equation 30. 

ℎ Sample thickness ℎ. 

 

The Young’s Modulus 𝐸 is computed from the Shear Modulus 𝐺 with the following equation: 
𝐸 = 2𝐺(1 + 𝜈) 

By rearranging equations 29 and 30 and using the equation relating the Young’s Modulus to the shear 
Modulus, the following equation can be obtained: 

𝐸 =
2𝑃(1 − 𝑣2)

4𝜅𝜔𝑜

3
2√𝑅𝜒

 

And rearranging this equation: 

𝑃 =
4𝜅√𝑅𝜒

2

𝐸

(1 − 𝑣2)
𝜔𝑜

3
2 

Table 2 is used to obtain values for the spherical indenter: 
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As an example, using an estimated contact region 𝑎 of 1mm and a sample 2mm in thickness (ℎ), the 

correction factor used would be 𝑎/ℎ = 0.5. In this situation, the above equation would become (assuming 
a Poisson’s Ratio of 0.5 and using Table 2): 

𝑃 =
4 ∗ (1.029)√𝑅 ∗ (1.435)

2

𝐸

(1 − 𝑣2)
𝜔𝑜

3
2 

On the other hand, the Hertz Model would assume an infinite thickness for the measurement of the 

contact area such that 𝑎/ℎ tends toward 0 resulting in the following equation: 

𝑃 =
4√𝑅

3

𝐸

(1 − 𝑣2)
𝜔𝑜

3
2 

The Mach-1 Analysis software inputs a 𝜅 = 2/3 and a χ = 1 as a limiting case when the ratio 𝑎/ℎ tends 
toward zero (assumed infinite thickness). In this situation, the Hayes model becomes equivalent to the 
Hertz’s Model: 

𝑃 =  
4 ∗ (2/3)√𝑅 ∗ (1)

2
 

𝐸

(1 − 𝑣2)
𝜔𝑜

3
2    =   

4√𝑅

3

𝐸

(1 − 𝑣2)
𝜔𝑜

3
2 

2.4.10. Elastic Model on Spherical Sample  

This tool allows for the computing and visualizing of the shear modulus (MPa) from an unconfined 
compression test performed using a flat indenter on a spherical sample (Figure 21).  
 

  
Figure 21 - Example of the “Elastic Model on Spherical Sample” tool 

Results analysis is performed considering small deformation of a perfectly spherical sample (with uniform 
elastic material properties) tested in unconfined compression between two flat platens. Curve fitting is 
based on Gauthier et al., 2004 who used the Hertz model predicting the force exerted by a rigid spherical 
body under small deformation (less than 10%) which is given by the following equation: 
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where F(r) is the force exerted by the sphere when the distance separating the compressing platen surface 

from the bottom platen is r (and r ˂ 2 R0), where µ is the shear modulus and R0 is the bead’s initial radius.  
 

The radius of the spherical sample has to be specified in order to calculate the material properties. 
The error on the estimation of the best curve representing the compression curve is calculated using 
the root of the mean squares (RMS) method and is displayed under “mse”. For example, Figure 22 
shows parameters used for the “Stress Relaxation” (Mach-1 Motion) function in an unconfined 
compression protocol on a single spherical bead. Corresponding results are shown in Figure 21. 
 

Function Parameters 

Stress Relaxation 
(1 compression ramps) 

Stage Axis: Position(z) 
Load Cell Axis: Fz 

Ramp Amplitude: 5% of ℎ̅ 

Ramp Velocity: 1% of ℎ̅ per second 
Number of Ramps: 1 
Stop Based On: Fixed Relaxation Time 
Fixed Relaxation Time, s: 120 s 
Time for Measurement of Slope, s: 10 s 

Figure 22 - Example of the parameters used for the “Normal Indentation” Function in Indentation testing.  

2.4.11. Interfaces Detection with Needle Probe (Software Add-on) 

This tool allows for the computing and visualizing of the surface position (mm) and the interface position 
(mm) of a “Find Contact” curve (load vs. position) obtained from a needle probe measurement (Jurvelin 
et al., 1995) on a sample (Figure 23). This model is well adapted for the thickness measurement of samples 
composed of two layers (a soft layer on top and a stiffer layer underneath), for example: articular surfaces. 
This analysis can be used in two modes: either automatic or manual. In the automatic mode, the “Low-
Pass Filter Cutoff Frequency” and the “Loading Limit” need to be specified in order to optimize the 
interface detection for each different sample. A user license is required in order to obtain the results of the 
interfaces detection with needle probe (Software Add-On, contact Biomomentum to obtain your license). 
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Figure 23 - Example of the “Interfaces Detection with Needle Probe” tool 

The needle probe measurement consists of moving the needle probe at a constant speed until it penetrates 
the surface of the sample and stops inside the interface. The difference between the position of the 
surface (position where the load starts to increase) and the position of the interface (sharp increase in the 
load) corresponds to the vertical thickness (Figure 24).  

 

 
Figure 24 - Explanation of the needle probe measurement 

This analysis can be done in two modes: either automatic or manual. The automatic mode allows finding 
the surface (1) and the interface (2) position through an algorithm.  

• In order to find the surface position (1), the algorithm will start from the maximum load 
and will slowly scan the curve until the load will be equal to the load at the starting point 
(Figure 25). 
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Figure 25 - Explanation of finding the surface position 

• In order to find the interface position (2), the algorithm will first smooth the curve with a 
low-pass filter (red line) and will then compute the first derivative (green line) and second 
derivative (blue line) of the curve. The position of the maxima of the second derivative 
will be considered as the interface position if its position is located before the user-defined 
loading limit (Figure 26).  

 
Figure 26 - Explanation of finding the interface position 

Thus, the automatic mode consists of specifying two parameters: 

▪ Low-Pass Filter Cutoff Frequency (Hz) – Defines the cutoff frequency of the low-pass filter that 
will smooth the curve 

▪ Loading Limit (load/sec) – The inflexion position is located before this loading limit defined by 
the user. This loading limit varies depending on the sample used; it represents the loading limit at 
which the user is certain that the needle probe was in the interface.  

Note: The manual mode lets the user drag the cursors to the surface and interface positions. The manual 
positions should always be checked by the user as verification even when using automatic mode.  

For example, Figure 27 shows parameters used for the “Find Contact” function in needle probe 
measurement testing protocol on ovine articular surfaces. Corresponding results are shown in Figure 23. 
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Function Parameters 

Find Contact 
(1 compression ramps) 

Stage Axis: Position(z) 
Load Cell Axis: Fz 
Direction: Positive 
Velocity, mm/s: 0.5 mm/s 
Stop criteria, N: 3 N 
Stage Repositioning: 2X Load Resolution 

Figure 27 - Example of the parameters used for the “Find Contact” Function in needle probe measurement.  

2.4.12. Semi-Automatic Thickness and Stiffness Analysis (Software Add-on) 

 
This tool is adapted for the analysis of raw data from a 3D normal indentation mapping and/or 3D 
thickness mapping of a sample with an elastic layer bonded to a rigid layer such as an articular surface. It 
has been designed to allow faster and more convenient analysis (analysis of indentation and thickness raw 
data simultaneously) of large sets of data resulting from 3D normal indentation and thickness mapping 
tests (Figure 28). It reads any .map file containing the PixelX, PixelY, PositionID, Sub-SurfaceID, ScanX 
and ScanY columns of a sample. It also reads the associated Mach-1 .txt file containing the raw data of a 
3D normal indentation mapping and thickness mapping saved from “Normal Indentation” functions and 
“Find Contact” functions, respectively. It is a semi-automatic software as user interventions are required 
when manually adjusting the position of the cursors to locate the correct point of contact of the articular 
cartilage (elastic layer) and/or subchondral bone (rigid support at least 10 times stiffer than the upper 
layer). A user license is required in order to access the semi-automated indentation and thickness batch 
analysis interface (Software Add-On, contact Biomomentum to obtain your license). 
 

 
Figure 28 - Example of the “Automated Indentation and Thickness Batch Analysis” tool 

For each new sample (or dataset) to be analyzed, click the “NEW SAMPLE” button on the top-left 
corner of the software. 
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Files must then be imported for the tool to associate a “Normal Indentation” curve and a “Find Contact” 
curve to all positions of the mapping. To do so, click “File” in the menu bar and select “Import .map…” 
to import the .map file containing information on PixelX, PixelY, PositionID, Sub-SurfaceID, ScanX and 
ScanY of the sample. After this step, that information will appear in the “Results Table” field at the 
bottom of the tool. The second step is to import the raw data collected from Mach-1 Motion. Click “File” 
in the menu bar and select “Import .txt…” to import the raw data .txt files that contains the “Normal 
Indentation” and “Find Contact” functions (both .txt files must be highlighted in the import menu). After 
this step, curves will be available in both graph panels. The “Current PointID” field will be filled with the 
positions defined in the imported .map file and the user can select a position to display its corresponding 
“Find Contact” curve (left graph panel) and “Normal Indentation” curve (right graph panel). 
 
Note that, if a thickness analysis has been previously performed and saved in a .map file, the tool will 
automatically recognize the thickness analysis values and consider them in the current analysis. 
 
The user can toggle the cursors name and coordinates visual aids in the graph panels by clicking on Edit.  
 
Once the raw data and list of positions have been imported, the next step is to select which 
characterization is desired to be extracted from the curves. Many characterizations can be extracted from 
the raw data obtained from the 3D normal indentation mapping and 3D thickness mapping (Figure 29 
and Figure 30). Click “Analysis” in the menu bar and check all characterizations that are desired to be 
extracted. Some characterizations require input from the user such as the Load@displacement, 
Load@time, Structural Stiffness, Instantaneous Modulus@displacement and Instantaneous 
Modulus@strain. Whenever a characterization is selected (checked), a new column is automatically 
created in the “Results Table” field at the bottom of the tool.  
 

Test performed 3D Normal Indentation Mapping 3D Thickness Mapping 

Raw Data Source file 
Filename-Indentation.txt 

“Normal Indentation” functions 
Filename-Needle Penetration.txt 

“Find Contact” functions 

Characterization (Units) 

Surface Angle(deg) 
Maximum Load(N) 

Load@displacement(N) 
Load@time(N) 

Relaxation Time(s) 
Structural Stiffness@displacement(N/mm) 

* Note that a Zero Load function should be performed 

before every Normal Indentation function in case of 
initial load offset 

 
Available only if thickness has been 

imported: 
Instantaneous Modulus@displacement(MPa) 

Mean Squared Error@displacement() 
Instantaneous Modulus@%strain(MPa) 

Mean Squared Error@%strain() 

Surface ZPosition(mm) 
Interface ZPosition(mm) 

Thickness(mm) 

Figure 29 – List of characterizations and their source that can be extracted 
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Characterization and Description Graph 

Maximum Load(N) 
 
Maximum Load(N) corresponds to the peak load 

(in Newtons) of the data curve. 

 
Load@displacement(N) 
 
Load@displacement(N) corresponds to the load 
(in Newtons) at a desired displacement in mm. 

 

 
Load@time(N) 
 

Load@time(N) corresponds to the load (in 
Newtons) at a desired time in seconds. 

 
Relaxation Time(s) 
 
Relaxation time corresponds to the time necessary 

for the load to fall from its peak value using the 
following formula: 

 
 (peak load - equilibrium load)/e + equilibrium 
load 

 
Structural Stiffness@displacement(N/mm) 
 
 

Structural Stiffness = 
𝑑𝑒𝑙𝑡𝑎 𝐿𝑜𝑎𝑑 (𝑁)

𝑑𝑒𝑙𝑡𝑎 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 (𝑚𝑚)
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Instantaneous Modulus@displacement(MPa) 
 

Instantaneous Modulus@displacement(MPa) 
corresponds to the instantaneous modulus when 

the model (Hayes et al, 1972) is fit up to the 
desired displacement in mm. 

 
Instantaneous Modulus@strain(MPa) 
 

Instantaneous Modulus@strain(MPa) 
corresponds to the instantaneous modulus when 

the model (Hayes et al, 1972)  is fit up to the 
desired strain in mm. 

 
For example, if a 20% strain is desired, the 

software will compute 20% of the thickness and 
fit the model up to that value. 

 

Figure 30 – List of characterizations and details that can be extracted 

It shall be noted that both Instantaneous Modulus characterizations can only be computed when a 
thickness dataset has been imported. The algorithm to obtain those characterizations from 3D normal 
indentation mapping and 3D thickness mapping tests consists of extracting the vertical thickness from the 
“Find Contact” curve resulting from 3D thickness mapping (as per section 2.4.11), then, extracting the 
surface angle from the “Normal Indentation” data information resulting from 3D normal indentation 
mapping. Finally, the vertical thickness is multiplied by the cosine of the surface angle to obtain the 
thickness of the elastic layer. Once the thickness is known, it can be input into the elastic model in 
spherical indentation from Hayes, 1972 (as per section 2.4.9) and fit onto the “Normal Indentation” 
curve resulting from 3D normal indentation mapping. This algorithm must be done for every position of 
the mapping (Figure 31). 
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Figure 31 – Algorithm to extract the thickness and instantaneous modulus for one position of the mapping 

Once the desired characterizations have been selected, the analysis can start. For each position, if the 
“Find Contact” curve has been collected, has a typical load-displacement behavior (refer to SW186-
SOP02) and the surface angle is less than 60 degrees, the curve can be analyzed to extract the thickness (as 
per section 2.4.11). Briefly, the “Automatic” mode will attempt to find the surface (red cursor) and the 
interface (blue cursor) from the “Find Contact” curve (left graph panel). The user should always verify 
that the automatic mode has successfully positioned both cursors. If this is not the case, the user should 
drag the cursors at the correct position of surface (position where the load starts to increase) and interface 
(sharp increase in the load). Note that if a thickness analysis had been previously performed and saved in a 
.map file and that has been imported, the cursors will automatically be positioned at the saved location of 
the surface and interface. Once verified, click “SAVE THICKNESS”. Then, the thickness will be 
computed and reported in the “Results Table” at the corresponding row position. Otherwise, if the 
thickness could not be extracted from the “Find Contact” curve, click “BAD RECORDING 
THICKNESS” and the next position will automatically be up for analysis. 
 
Once the thickness has been analyzed, define the correct input parameters for the elastic model (as per 
section 2.4.9) such as Indenter Shape, Indenter Radius and Poisson Ratio. The thickness is automatically 
input into the “Sample Thickness(mm)” field once the user clicks on “SAVE THICKNESS”. The “Curve 
fit is up to” field must be set when defining the “Analysis” limits from the menu bar. After verifying that 
the corresponding “Normal Indentation” curve has been collected, has a typical load-displacement 
behavior (refer to SW186-SOP01) and a blue curve predicted from the Hayes elastic model is 
superimposed on the “Normal Indentation” curve, click “SAVE INDENTATION”. All mechanical 

Normal Indentation Find Contact 

Surface Angle Vertical Thickness 

Thickness (mm) 

Instantaneous Modulus (MPa) 

cosine (surface angle) x vertical thickness  

Raw data Raw data 

In Spherical Indentation 

H
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parameters that have been checked will be computed and reported in the “Results Table” at the 
corresponding position row. Otherwise, if the indentation curve cannot be analyzed, click “BAD 
RECORDING INDENTATION” and the next position will be automatically up for analysis. 
 
Finally, once all characterizations are acquired for all positions, click “File” in the menu bar, select “Save 
.map…” and a map file will automatically be saved. The results can now be mapped onto a top-view 
image of the sample. 

2.5. Print 

Click this button to print the “Graphical Display”. Print settings are specified through the “Print” dialog 
box. 

2.6. Help 

Click this button to access a PDF file of this User Manual.  The Adobe Reader™ must be installed on 
your computer. Visit http://www.adobe.com for installation details. 

2.7. About 

Click this button for information about your software version and licensed Software Add-On. 
  

http://www.adobe.com/
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3. List of Related SOPs 

The following is a list of Mach-1 Analysis related Standard Operating Procedures available upon request. 
Each version of these SOPs is maintained by Biomomentum’s Quality Assurance department and its 
latest version will be provided. These SOPs are made as general as possible so any Mach-1 user can use 
them as is or as a starting point for optimizing one’s own SOPs. Note that these SOPs describe only how 
to perform selected Mach-1’s raw data analysis. The SOPs related to the mechanical testing itself are listed 
in the Mach-1 User Manual. Biomomentum is interested in your comments or suggestions for 
improvement for these SOPs. It is important to mention that any SOP published here is distributed for 
free.  
 

SW186-SOP01-D – Mach-1 Analysis – Extraction of Elastic Model Parameters Following an 
Automated Indentation Mapping  

Purpose: This procedure describes a method for the extraction of the elastic model parameters (Young’s 
and shear modulus) following the automated indentation mapping of a surface performed as 
per MA056-SOP01-D. It also describes the creation of a corresponding “.map” result file.  

SW186-SOP02-D – Mach-1 Analysis – Extraction of Thickness Values Following Automated 

Thickness Mapping of an Articular Surface 

Purpose: This procedure describes a method for the extraction of the thickness values following the 
automated thickness mapping of an articular surface performed as per MA056-SOP02-D. It 
also describes the creation of a corresponding “.map” result file. 

SW186-SOP03-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following 

Unconfined Compression 

Purpose: This procedure describes a method to extract mechanical parameters from Mach-1 result files 
generated during an unconfined compression of a sample (e.g. an osteochondral core (as per 
MA056-SOP03-D) or a disk (as per MA056-SOP05-D)). It also describes the creation of 
corresponding “.map” characterization file. 

SW186-SOP04-D – Mach-1 Analysis – Extraction of the Complex Modulus Components 

Following Dynamic Mechanical Testing 

Purpose: This procedure describes a method for the extraction of the complex modulus components 
(Young’s (E’ and E”) and shear (G’ and G”) modulus) following dynamic mechanical testing 
performed as per MA056-SOP04-D. 

SW186-SOP05-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following 
Confined Compression 

Purpose: This procedure describes a standard method to extract mechanical parameters from a Mach-1 
result file generated during confined compression of a cartilage disk perform as per MA056-

SOP06-D. 

SW186-SOP06-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following Shear 
Testing on a Cartilage Disk or an Osteochondral Core 
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Purpose: This procedure describes a method to extract mechanical parameters from Mach-1 result files 
generated following shear testing on a cartilage disk or an osteochondral core as per MA056-

SOP07-D. 

SW186-SOP07-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following 

Friction Testing on a Cartilage Disk or an Osteochondral Core 

Purpose: This procedure describes a Matlab-based method to extract mechanical parameters from the 
Mach-1 result files generated following friction testing on a cartilage disk or an osteochondral 
core as per MA056-SOP08-D. 

SW186-SOP08-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following 
Bending Test 

Purpose: This procedure describes a method for the extraction of mechanical parameters such as the 
modulus of elasticity in bending (Ef) and the maximum flexural strength (σf) following a 
flexural (3-point and 4-point bend) test performed as per MA056-SOP11-D. 

SW186-SOP09-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following Lap 

Shear Test 

Purpose: This procedure describes a method for the extraction of mechanical parameters such as the 
shear modulus (G) following a lap shear (lap joint configuration) test performed as per 
MA056-SOP13-D. 

SW186-SOP10-D – Mach-1 Analysis – Extraction of Mechanical Parameters Following Flexion 

Testing of Needle-Shaped Samples 

Purpose: This procedure describes a method for the extraction of mechanical parameters such as the 
maximum load, angle at maximum load, fracture angle (θfailure), stiffness and maximum bending 
stress (σbend, max) following a cantilever flexion/bending test performed as per MA056-SOP14-

D. 
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4. Software Licensing Agreement 

IMPORTANT: Please read the following terms and conditions before using this Software. The 
Biomomentum Inc. License Agreement is a legal agreement between You and Biomomentum Inc. 
regarding the right to Use the Software. By Using the Software, You are agreeing unconditionally to be 
bound by the terms of this Agreement, even if this License Agreement is deemed a modification of any 
previous arrangement or contract. If you do not agree with all the terms, promptly return the unused 
Software along with all associated documentation to your place of purchase for a full refund. 

Definitions: 

For the purpose of this License Agreement: 

“Software” refers to the computer software and any derivatives thereof as well as all associated media, 
printed material, and “online” or electronic documentation, including and without limitation, any and all 
executable files, add-ons, templates, tutorials, help files, and other files that accompany the Biomomentum 
Inc. product identified above. 

“Use” means storing or uploading, whether into temporary memory (i.e., RAM) or into permanent 
memory (e.g., hard disk, CD-ROM or other storage device), installing, executing, or displaying the 
Software.  

“You” means the company, entity or individual whose funds are used to pay the license fee or who has 
otherwise acquired the Software. 

Proof of License 

At some point, You may be asked to prove that You have a license to Use the software. This License 
Agreement is your proof of license. This License Agreement is a valuable property: keep it in a safe place 
for future reference. You are also required to keep an invoice or receipt for proof of Software licensing. 

Ownership 

Biomomentum Inc. owns certain rights to the Software, and any associated media, printed materials, and 
“online” or electronic documentation. THIS SOFTWARE IS A PROPRIETARY PRODUCT OF 
BIOMOMENTUM INC., AND IS PROTECTED BY COPYRIGHT LAWS AND OTHER 
INTELLECTUAL PROPERTY LAWS. TITLE TO THIS SOFTWARE, ANY COPY OF THIS 
SOFTWARE, AND ANY INTELLECTUAL PROPERTY RIGHTS IN THE SOFTWARE SHALL 
AT ALL TIMES REMAIN WITH BIOMOMENTUM INC. Your rights are defined by this Agreement, 
and You agree that this Agreement creates a legally binding and valid contract. 

Grant of License 

Software Product: Biomomentum Inc. grants You the nonexclusive, non-transferable, limited license to Use 
one copy of the Software on a single computer. 

Software Control Access: Biomomentum Inc. reserves the right to Use a hardware lock device, license 
administration software, and/or a license authorization code to control access to the Software. Measures 
to avoid or defeat this purpose are prohibited. Users are prohibited from using the Software without a 
required lock device or authorization code.  
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Upgrades: If the Software is purchased as an upgrade or provided as an update to a previous version of the 
licensed Software, this Software may be Used only to replace the previous version, and no additional 
license is granted. The upgraded Software and the previous version may not be Used separately.  

Backup: The Software may be copied into any machine-readable or in printed form for backup purposes 
only and as support of your licensed Use of the Software. 

Limitations 

Limitations on Reverse Engineering, Decompilation, Translation, and Disassembly: You acknowledge that the 
Software in source code form remains a confidential trade secret of Biomomentum Inc. Therefore, you 
may not reverse engineer, decompile, translate, disassemble, or otherwise manipulate to try to discover the 
source code of the Software. You may not otherwise modify, alter, adapt, or merge the Software. 

Transfer of Software Product: You may not transfer or otherwise assign this License Agreement to another 
party without the prior written consent of Biomomentum Inc. Moreover, you may not rent, timeshare, 
lease, or further sublicense the Software to a third party.  

Export Restrictions: You agree that the Software will not be shipped, exported, or transferred into any other 
country, or Used in any manner prohibited by any export laws, restrictions, or regulations.  

Termination 

This License Agreement remains in effect until termination. You may terminate it at any time by 
destroying the Software and all copies You have produced. Unauthorized copying or duplication of the 
Software will result in automatic termination of this License Agreement. Without prejudice to any other 
rights, Biomomentum Inc. may terminate this License Agreement if You fail to comply with any term or 
condition of this License Agreement. Upon termination of this License Agreement You agree to destroy 
the Software and all copies You have produced. 

Warranties and Remedies 

Biomomentum Inc. warrants that for a period of 90 days from the date of shipment, the Software, unless 
modified or otherwise altered by You, will perform in accordance with the accompanying written 
materials, and the media on which the Software is furnished will be free from defects in materials and 
workmanship under normal Use. Biomomentum Inc. also warrants to You that free software upgrades, if 
applicable, will be given for a 24-month period from the date of shipment. 

No other warranties: BIOMOMENTUM INC. MAKES NO OTHER WARRANTIES OF ANY KIND, 
AND NO WARRANTY IS GIVEN THAT THE SOFTWARE IS ERROR-FREE OR THAT ITS 
USE WILL BE UNINTERRUPTED OR THAT IT WILL WORK IN CONNECTION WITH ANY 
OTHER SOFTWARE. ALL WARRANTIES, CONDITIONS, REPRESENTATIONS, 
INDEMNITIES, AND GUARANTEES, WHETHER EXPRESS OR IMPLIED, ARISING BY 
LAW, CUSTOM, PRIOR ORAL OR WRITTEN STATEMENTS (INCLUDING, BUT NOT 
LIMITED TO, ANY WARRANTY OR MERCHANTABILITY OR FITNESS FOR PARTICULAR 
PURPOSE OR OF ERROR-FREE AND UNINTERRUPTED USE OR ANY WARRANTY 
AGAINST INFRINGEMENT) ARE HEREBY OVERRIDDEN, EXCLUDED AND 
DISCLAIMED, EXCEPT AS OTHERWISE EXPRESSLY STATED IN THIS LICENSE 
AGREEMENT.  
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Biomomentum Inc. makes no other warranty that the Use of the Software will not infringe any intellectual 
property rights of third parties. You are solely liable for any such infringement.  

No Biomomentum Inc. agent or employee is authorized to make any modifications, extensions, or 
additions to these warranty provisions or to this License Agreement.  

All warranties are void if a failure of a warranted item results, directly or indirectly, from an unauthorized 
adjustment to a warranted item, an unauthorized attempt to repair a warranted item, or misuse of a 
warranted item, including and without limitation, Use of a warranted item under abnormal operating 
conditions or subjecting a warranted item to unreasonably harsh conditions of any kind.  

You concur to promptly inform Biomomentum Inc. of any suspected or actual flaws regarding the 
Software. 

Exclusive Remedy: Biomomentum Inc.’s entire liability and exclusive remedy shall be, at Biomomentum 
Inc.’s option, either (i) by replacement of the defective media, (ii) by repair of the Software, or (iii) by 
return of the price paid, if any, and termination of this License Agreement. To be entitled to this remedy, 
You must provide a copy of this License Agreement, your proof of purchase, and the defective media to 
Biomomentum Inc.   

No Liability for Damages 

Regardless of whether any remedy set forth herein fails of its essential purpose, to the maximum extent 
permitted by applicable law, in no event shall Biomomentum Inc. be liable for any damages whatsoever 
(including, without limitation, loss of business profits, business interruption, loss of business information 
or any and all other commercial or financial damages/losses) arising from the Use of or inability to Use 
the Software or the provision of, or failure to provide support services, however caused and on any legal 
theory of liability, even if Biomomentum Inc. has been advised of the possibility of such damages, or for 
any claim by any other party.  

Time Limitations on Claims 

Except as otherwise provided by applicable law, no claim, regardless of form, arising from or in 
connection with this License Agreement may be brought by You unless such claim is brought either (i) 
within one year after the cause of action has accrued or (ii) within the shortest period of time after the 
cause of action has accrued that may be legally contracted for in the applicable jurisdiction if a one-year 
limitation would be legally unenforceable. 

General 

You bear the entire risk as to damage and the quality and performance of the Software. You assume risk 
as to any hardware, software, data or any other item as a result of the copying or Use of the Software, 
including, but not limited to, the costs of any repairs or replacement of any item or any services. You 
assume responsibility for the selection of this Software to achieve your intended results, and for the 
installation, Use, and results obtained from this Software. 

Other Rights Reserved 

All rights not specifically granted in this License Agreement are reserved by Biomomentum Inc. 

Entire Agreement 
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You acknowledge that You have read this License Agreement, understand it, and agree to be bound by its 
terms and conditions. You further agree that it is the complete and exclusive statement of the agreement 
between You and Biomomentum Inc., which supersedes any proposal or prior agreement, oral or written, 
and any other communications between You and Biomomentum Inc., relating to the subject matter of 
this License Agreement.  

Support Services 

Biomomentum Inc. provides You with customer and technical support services related to the Software 
(“Support Services”). Use of Support Services is governed by the Biomomentum Inc. policies described in 
the user manual. 

Maintenance Updates 

Biomomentum Inc. warrants to You that free software upgrades, if applicable, will be given for a 24-
month period from the date of shipment. After this time, upgrades will be provided, when available, at a 
separate charge, or under a separate agreement. 
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5. Extent of Limited Warranty 

Biomomentum Inc. (hereinafter called “the Company”) warrants to the end-user customer that the Mach-
1™ Micromechanical System will be free from defects in materials and workmanship within 24 months 
after delivery of the product to the original purchaser.  

Subject to certain exceptions and conditions, the Company agrees, at its option, to correct by repair, by 
replacement, or by credit to the purchaser any defect of materials or workmanship, which develops within 
24 months after delivery of the product.  

The exceptions and conditions mentioned above are the following: 

The Company’s limited warranty covers only those defects which arise as a result of normal use of the 
product, and do not apply to any: 

▪ Improper or inadequate maintenance; 

▪ Unauthorized modification; 

▪ Operation outside the product’s intended purposes;  

▪ Operation outside the product’s specifications; 

▪ Improper site preparation; 

▪ Inappropriate handling. 

The Company’s limited warranty does not cover load cells, which are extremely sensitive to manipulation.  

The Company shall be released from all obligations under its warranty for products that have been in 
contact with biohazard materials and/or radioactive materials. 

The Company shall be released from all obligations under its warranty in the event repairs or 
modifications are made by persons other than its own service personnel or authorized dealer personnel 
unless such repairs by others are performed with express written consent of the Company. 

THE COMPANY MAKES NO WARRANTY OF MERCHANTABILITY, FITNESS FOR ANY 
PARTICULAR PURPOSE, OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, WHETHER 
IN FACT OF BY OPERATION OF LAW, STATUTORY OR OTHERWISE. 

The above warranty and the above obligations to repair, replace or credit a system are complete and 
exclusive, and the Company expressly disclaims liability for lost profits or for special, indirect, incidental, 
consequential, or exemplary damages of any nature whether attributable to contract, warranty, negligence, 
strict liability, or otherwise even if the Company has been advised of the possibility of such damages. 

Representations and warranties made by any person, including representatives of the Company, which are 
inconsistent or in conflict with the foregoing warranty shall not be binding upon the Company unless 
reduced to writing and signed by an officer of the Company. 
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6. Servicing and Support 

The following explains Biomomentum Inc.’s servicing policy. 

The user should not attempt to repair, service or perform maintenance of the system beyond the 
procedures described in the Troubleshooting section of the User Manual. Biomomentum Inc. should be 
advised of any problems that arise with the user’s system. Technical support should be contacted (refer to 
contact information below). 

For all technical support, please have the following information available: 

▪ Model number 

▪ Serial number 

▪ Problem description  

If the technical support representative determines that the system is to be returned for repair, a copy of 
the Service form, which may be found on the next page, should be filled out and returned with the 
shipment.  

Note: Customers must notify Biomomentum Inc. of any testing systems that have been exposed to any 
biohazardous or radioactive materials. Systems that require servicing that have been exposed to 
biohazardous or radioactive materials must be decontaminated before servicing. In this case, 
Biomomentum Inc. will decontaminate the system for the customer for a fee. 
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7. Support and Contact Information 

All requests, suggestions, or reports of instrument performance should be directed to: 

Biomomentum Inc. 
970 Michelin Street, Suite 200 
Laval, Quebec, Canada, H7L 5C1 
Telephone: (+1) 450-667-2299 

For information regarding our products and services or for technical support, call us at: 

(+1) 450-667-2299 

Or reach us by email at: 

info@biomomentum.com 

Or visit our website at: 

www.biomomentum.com 

 

mailto:info@biomomentum.com
http://www.biomomentum.com/
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