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Abstract 
 
The Dynamic Biomechanical Model (DBM) requires input about pack geometry and the 
material property response of the load carriage suspension interface to resolve the forces 
acting on the body.  Since there is extensive redundancy in applied forces (i.e., shoulder 
straps, load lifter straps, hip stabilizer straps and waist belt and skin contact pressure), it is 
not possible to describe the mechanical characteristics of pack components as combinations 
of linear and/or non linear springs and linear and/or non linear dampers unless a 
standardized protocol is used to determine the limit values that should be placed on specific 
straps in the model.  The purpose of this report is to describe the common pack protocol on 
the Load Distribution Mannequin that will be followed when establishing these limit values 
for the DBM.   The rationale for using the static Load Distribution Mannequin is that forces 
can be partitioned into upper and lower body forces, it is easier to control strap force inputs 
than with the Load Carriage Simulator and dynamic forces follow a similar profile to static 
measures expect that amplitudes and phase shifts are likely. (DBM model is calibrated for 
these conditions using the LC Simulator). This report describes the protocol for the 
baseline testing of backpacks on the Standardized Load Distribution Mannequin (SLDM). 
The protocol describes three different configurations: isolated shoulder, isolated waist belt 
and combined shoulder and waist belt.   
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Résumé 

 
Pour déterminer les forces exercées sur le corps, le modèle biomécanique 

dynamique (DBM) a besoin de données relatives à la géométrie du sac et à la réponse aux 
propriétés matérielles de l’interface de suspension de transport de charge. Étant donné qu’il 
existe une importante redondance des forces appliquées (sangles d’épaules, sangles de 
levage de charge, sangles de stabilisation au niveau des hanches et ceinture, et pression de 
contact avec la peau), il est impossible de décrire les caractéristiques mécaniques des 
composantes du sac sous forme de combinaisons de ressorts linéaires et/ou non linéaires et 
d’amortisseurs linéaires et/ou non linéaires, à moins d’utiliser un protocole normalisé pour 
déterminer les valeurs limites qui devraient être appliquées à des sangles particulières dans 
le modèle. Le présent rapport a pour objet de décrire le protocole de sac commun qui sera 
appliqué au mannequin à répartition de charge pour l’établissement des valeurs limites du 
DBM. On utilise le mannequin à répartition de charge statique pour les raisons suivantes : 
les forces peuvent être réparties en forces exercées sur la partie supérieure et sur la partie 
inférieure du corps, il est plus facile de régler les forces exercées par les sangles qu’avec le 
simulateur de transport de charge et les forces dynamiques suivent un profil similaire à 
celui des mesures statiques, sauf que les amplitudes et les déphasages sont semblables. (Le 
DBM est étalonné pour ces conditions à l’aide du simulateur de transport de charge). Le 
présent rapport décrit le protocole d’essai de base des sacs à dos sur le mannequin à 
répartition de charge normalisé (SLDM). Le protocole décrit trois configurations 
différentes : épaule isolée, ceinture isolée et épaule et ceinture combinées. 
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Executive Summary 
 
Introduction 
 

The shape of the human torso is very complex and, although we do have the 3D 
coordinates of the Load Carriage Simulator and Load Distribution Mannequin for dynamic 
biomechanical modeling, pressure measurement systems cannot be validated with it.  This 
is because it is too difficult for the sensors to follow the contour of the body. To get around 
this problem, we developed a system that replaces the human-shaped Load Distribution 
Mannequin (LDM) The Standardized Torso consists of a shoulder mechanism (ABS pipe 
covered with Bocklite™) and a standardized lower torso (basswood covered with 
Bocklite™).  In this way, sensors could be laid out in a smooth profile in order to develop a 
more accurate mapping function for forces on the shoulder and waist belt of a load carriage 
system.  This information will be used as input to a dynamic biomechanical model.  
 
Purpose 

 
The purpose of this report is to write a User’s Manual for testing with the 

Standardized Torso.   In previous research by Hadcock et al (2002), this type of testing is 
needed to determine the input characteristics for each pack design tested, especially for 
various waist-belt designs. 

 
Approach 
 

This User’s Manual is designed as a step by step guide for the protocol in using the 
Standardized Torso.  The first section of the report describes the system components 
(shoulder and waist).   The next phase of the report describes the coordinate system  for 
each aspect as well as the supporting measurement tools that are needed. Then the 
calibration procedures are described.  For each pack, the protocol requires a baseline data 
collection under empty conditions.  Then loads are added to reflect the shoulder straps and 
waist belt’s responses under different conditions.  Lastly, a step by step processing with 
interconnected Excel spreadsheets is discussed.   The execution of these correction factors 
and strap characteristics is processed in Excel and input into the dynamic biomechanical 
model. 
 
Rationale for Approach 
 

The Dynamic Biomechanical Model (DBM) requires input about pack geometry 
and material property response of the load carriage suspension interface to resolves the 
forces acting on the body. Since there is extensive redundancy in applied forces (i.e. 
shoulder straps, sternum strap, load lifter straps, hip stabilizer straps, waist belt) it is not 
possible to describe the mechanical characteristics of pack components as combinations of 
linear and/or non-linear springs and dampers unless a standardized protocol is used.  This 
procedure will help determine the limit values that can be placed on various straps in the 
DBM.   The rationale for using the LDM and the Standardized Torso is that the forces can 
be partitioned into upper and lower body forces because of the load cell at the waist (L3). 
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Sommaire 

 
Introduction 
 

La forme du torse humain est très complexe et, même si nous disposons des 
coordonnées 3D du simulateur de transport de charge et du mannequin à répartition de 
charge pour la modélisation biomécanique dynamique, nous ne pouvons pas nous en servir 
pour valider les systèmes de mesure de pression, car les capteurs sont incapables de suivre 
le contour du corps. Pour contourner ce problème, nous avons mis au point un système qui 
remplace le mannequin à répartition de charge (LDM) en forme de corps humain. Le torse 
normalisé consiste en un mécanisme d’épaule (tuyau en ABS recouvert de BockliteMC) et 
en une partie inférieure du torse normalisée (tilleul d’Amérique recouvert de BockliteMC). Il 
permet de disposer les capteurs suivant un profil régulier en vue d’établir une fonction de 
mappage plus précise pour les forces exercées sur l’épaule et la ceinture par un système de 
transport de charge. Ces données seront utilisées dans un modèle biomécanique 
dynamique. 
 
Objet 

 
Le présent rapport a pour objet de rédiger un manuel de l’utilisateur pour l’essai 

avec le torse normalisé. Dans des travaux de recherche précédents effectués par Hadcock et 
coll. (2002), ce type d’essai était nécessaire pour déterminer les caractéristiques d’entrée de 
chaque modèle de sac mis à l’essai, en particulier pour différents modèles de ceinture. 

 
Méthode 
 

Le présent manuel de l’utilisateur est conçu comme un guide étape par étape pour le 
protocole à suivre lorsqu’on utilise le torse normalisé. La première section du rapport décrit 
les composants du système (épaule et ceinture). La phase suivante décrit le système de 
coordonnées pour chaque aspect ainsi que les outils de mesure de soutien requis. La 
procédure d’étalonnage est ensuite décrite. L’application du protocole nécessite la collecte 
de données de base pour chaque sac vide. Des charges sont ensuite ajoutées pour refléter 
les réponses des sangles d’épaules et de la ceinture dans différentes conditions. Enfin, on 
présente un traitement étape par étape avec feuilles de calcul Excel interconnectées. 
L’application des facteurs de correction et des caractéristiques des sangles est effectuée en 
Excel, et les résultats sont utilisés dans le modèle biomécanique dynamique. 
 
Justification de la méthode 
 

Pour déterminer les forces exercées sur le corps, le modèle biomécanique 
dynamique (DBM) a besoin de données relatives à la géométrie du sac et à la réponse aux 
propriétés matérielles de l’interface de suspension de transport de charge. Étant donné qu’il 
existe une importante redondance des forces appliquées (sangles d’épaules, sangle de 
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sternum, sangles de levage de charge, sangles de stabilisation au niveau des hanches, 
ceinture), il est impossible de décrire les caractéristiques mécaniques des composants du 
sac sous forme de combinaisons de ressorts et d’amortisseurs linéaires et/ou non linéaires, à 
moins d’utiliser un protocole normalisé. Cette procédure aidera à déterminer les valeurs 
limites qui peuvent être appliquées à différentes sangles dans le DBM. L’utilisation du 
mannequin à répartition de charge et du torse normalisé se justifie par le fait que les forces 
peuvent être réparties en forces exercées sur la partie supérieure et sur la partie inférieure 
du corps, en raison de la présence de la cellule de charge à la ceinture (L3). 
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1.0 Introduction 
 
The Load Distribution Mannequin is a 50th percentile male torso that has been modified at the 
waist to hold a six degree of freedom load cell at the level of L3 (waist). As part of an earlier 
contract to develop a waist belt model for the DBM, we designed and tested a Symmetrical 
Lower Torso (SLT) as a research tool for the development of the biomechanical model of the 
backpack (Hadcock, 2002a).  Based on this research, Hadcock (2002b) concluded that different 
backpack designs have their own unique loading patterns and must be tested individually to 
determine the baseline characteristics under standardized loading in order to input the 
parameters into a mathematical model.  In subsequent studies of pressure measurement systems 
by Morin, et al. (2003) and Stevenson, et al. (2003), it was realized that a similar standardized 
procedure for the shoulder would be helpful as well in modelling the DBM.   As a result, a 
Standardized Shoulder (SS) form was created. Together these two parts form the new 
Standardized Load Distribution Mannequin( SLDM).    
 
Based on the research of Hadcock et al. (2002 a,b) we realized that the F-ScanTM 9811 sensors 
by Tekscan  were no longer appropriate for our needs.  In earlier sections of this current 
contract report, we pointed out the poor reliability and validity of FScanTM and recommended 
selection of a different technology, namely the XSENSOR®TM Technology Corporation’s X2 
System.  For ease of transition, this user’s manual is prepared around the XSENSOR®TM as 
being the pressure measurement tool for use in development of the Dynamic Biomechanical 
Model.  
This report describes the protocol for the baseline testing of backpacks on the SLDM. The 
protocol describes three different configurations: isolated shoulder, isolated waist belt and 
combined shoulder and waist belt.  To account for curvature effects of the XSENSOR®TM, 
each individual sensor needs to be calibrated for a specific location. It is recommended that it a 
new calibration file is created when any sensor is moved or used in a different application.  
 
 
2.0 Description of System Components 
 
2.1 General Overview 
The Standardized Load Distribution Mannequin (SLDM) consists of a Standardized Lower 
Torso (SLT) (Hadcock 2002) and a Standardized Shoulder (SS) as in Figure 1. The shapes are 
symmetrical with known geometry. This known geometry allows for the measured surface 
pressures to be resolved into components in the X, Y and Z directions. 
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Figure 1.  Standardized load distribution mannequin. 

 

2.2 Symmetrical Lower Torso 
 
The SLT is constructed with laminated basswood that was machined on a CNC lathe with 
further sanding and finishing performed by hand to remove any irregularities. The finished 
wood is covered with 3mm BockliteTM, a skin analog that provides slight surface compliance 
(Rigby and MacNeil, 1996). The Bocklite can be easily damaged and care must be taken not to 
gouge or rip the material. It can be marked with light pen or pencil if required. 
 
A steel pipe is inserted into the bottom of the SLT and fit into an attachment on the base plate. 
The attachment mechanism allows for alteration of the lean angle of the torso. The lean angle 
can be adjusted by loosening the bolt underneath the attachment point as in Figure 2, and 
tightening the bolt when the SLT is at the desired angle. The base plate is designed to fit on top 
of the AMTI Force Plate, Model LG6-4-2000, with the centre axis of the SLT passing through 
the centre of the plate. 
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Figure 2. SLT Angle adjustment 

 

 

z 

Main Coordinate System 

 
Figure 3. Coordinate system of the SLT. 

 

Figure 3 shows the coordinate system for the pressure sensors on the SLT.   Care was 
taken to orient the x,y,z axes of the pressure sensors on these same locations so that the semi-
automated spreadsheets give the same results as this user’s manual.   

 

y 

x 

z y 

x z y 

x 

Left Hip Coordinate System 

Right Hip Coordinate System 
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2.3 Standardized Shoulder 
 
The design of the SS is based on MacNeil’s (1996) shoulder model dimensions and materials. 
In the calibration routines used for the XSENSOR®TM, the shoulder component is suspended 
with the weights hanging freely underneath.  The SS is designed to sit on top of the SLT on the 
L3 six degree of freedom load cell.  It must be anchored securely into position before SLDM 
testing.   A 1.5” diameter ABS pipe is attached vertically to a centre post on the top of the SLT 
with piece of 4” ABS pipe covered in Bocklite horizontally at the top, creating a ‘T’. An 
XSENSOR® is fastened to the horizontal piece to measure the pressures acting on the body 
from the shoulder straps. The geometry of the shoulder system provides contact only on the 
measurable surface of the shoulder by the shoulder straps, with no other upper body contact 
occurring. Sternum straps and load lifters can be used without contact in areas that are not 
measured by the system. The origin for calculations is considered to be the centre of the pipe. 
This allowed for ease of calculation of the surface normal vectors in two dimensions. 

 
Figure 4. Coordinate system of the SS. 

 
Based on the symmetry of the cylinder, the vector from the origin to the point of application of 
the force is the same as the surface normal vector. This vector is converted to a normal unit 
vector to resolve the measured force on the individual sensel. 
 
Forces in the X direction are not measured by the system. They are assumed to be zero due to 
the shape of the shoulder model. The current sensor technology is incapable of measuring shear 
in the X direction. A six degree of freedom load cell mounted between the shoulder and lower 
torso model indicates any measured force in the X direction. For the purposes of this model the 
force in the X direction is assumed to be zero.  If a force does exist, the load should be checked 
to make sure the forces are symmetrical on the right and left sides of the SS. 
 
 
2.4 XSENSOR® 
 
The pressure measurement system for this protocol is the capacitance-based X2 seat system, 
manufactured by XSENSOR® Technology Corporation. The pad is constructed of a non-trim, 
flexible urethane plastic that is pliable and detachable from the electronics. The X2 model uses 
a smart media card and a serial port for data transmission to the computer. The sensor pad 

y 

x 

z sensor 
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contains a 36 by 36 sensor arrangement, measuring 45.72cm by 45.72cm with a thickness of 
less than 1mm. The pad is composed of 1296 individual capacitive sensors and the system is 
capable of scanning all 1296 sensors on the pad at a rate of 30 scans per second. The 
recommended pressure range is 1.33-26.66 kPa. The system comes from the manufacturer pre-
calibrated with software files. Consult the user’s manual or the software for further 
information. 

 
Figure 5. XSENSOR® X2 Seat Pad 

 
2.5 Force transducer 
 
The strap force transducers (Stevenson et al., 1996) consist of four strain gauges arranged in a 
full wheatstone bridge on a small aluminium ‘dog-bone’ shaped base as shown in Figure 6. 
Two other designs of the strain gauge transducers have been built during different contracts 
(Stevenson et al., 2001, Reid et al, 2002). These strap transducers are sewn or pinned into the 
webbing section of a waist belt or shoulder strap. These transducers have been shown to have a 
maximum standard error of between 1.5N and 2.6N for loads ranging from 44.5N to 177.5N. 
The data were highly linear with correlation coefficients of r2 >0.99 (Stevenson, 1996).  For 
further details on the use of the strap force transducers see the Load Carriage Simulator User’s 
Manual (1998). 
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Figure 6. Strap force transducer. 

 
 
2.6 Force Gauge 
The ShimpoTM MF-100 push-pull gauge is a handheld force-measuring instrument. A bracket 
was designed to allow it to be linked in series with a 50.8 mm (2”) webbing strap to measure 
the tension in a strap. The gauge has a capacity of 445.9N (100lb) and has an analog dial 
measured in increments of 2.2N (0.5lb). The accuracy, specified by the manufacturer, is 0.2% 
full scale, or 0.9N (0.2lb) (www.shimpoinst.com). A simple calibration performed by 
suspending known masses from the gauge produced standard errors between 0.04N and 0.2N 
(0.01 and 0.05 lbs.). The errors for this gage were higher than the manufacturer specifications, 
perhaps due to reading of the gauge or setting the baseline load. 
 

 
Figure 7. Force gauge. 

 
2.7 In-Floor Force Plate 
 
The model LG6-4-2000 (AMTI Incorporated, Boston, USA) force platform is built into the 
floor of the testing facility. The force platform measures forces and moments simultaneously in 
the X, Y and Z directions using four measurement gauges, one at each corner. The output 
voltages are proportional to the force applied to the system. The voltage signal is amplified 
with a Model SGA6-4 (AMTI Incorporated) and input to a National Instruments BNC-2090 
connection box and sent through a 25-pin connector to an A/D board in the CPU of the 
computer. This signal is then captured using Labview Software (National Instruments Inc.). 
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The moments and forces acting on the lower body below the SLT are measured for each 
configuration and loading set-up.  A calibration/zeroing file needs to be created for each set-up 
if the apparatus is moved on the force plate. The calibration/zeroing file negates the mass of the 
SLT and SS as well as the base plate. To record a calibration/zeroing file, follow the directions 
below. 

 
1. Zero the empty force plate across all six channels.  
2. Centre the baseplate of the apparatus on the force plate. 
3. Collect one data set, 5 seconds at 50HZ to create a baseline file. The average of this 

data set is to be subtracted from each subsequent recoding while the apparatus is still in 
the same position. The calibration/zeroing file needs to be recalculated when the 
apparatus is moved or shifted.  

 
 
2.8 Load Cell at Mid-section 
 
The mid-section load cell is a six degree of freedom measurement device located at the level of 
T12/L1.  The load cell is a MC5-6-2500 (AMTI Inc.), the output is amplified by a modular 600 
multi-channel Transducer Conditioner (RDP Group) and acquired using a Keithly Metrabyte 
DAS 1200 A/D board and Viewdac on a Pentium PC. Refer to the manufacturers instruction 
manuals for further detailed information about the instrumentation and data acquisition system.  
 
 
 

Calibration of Testing Apparatus 
 

Pressure sensing technology has had mixed results on curved surfaces. This calibration 
procedure demonstrates to the user how well the system measures a known applied force. If the 
discrepancy of the measurements is larger than 10% the calculation of a coefficient of friction 
based on this procedure is necessary to apply to subsequent measurements made with the 
system. If the discrepancy is found to be less than 10%, a coefficient of friction does not need 
to be calculated. 
 
3.1 Calibration of the SLT 
The loading system is shown in Figure 8. A zero lean angle is used to maximize symmetry for 
initial testing. The calibration process is as follows: 
1. Wrap the 10m length of 50.8mm (2”) wide webbing around the SLT and connect the end to 

the force gauge, as in Figure 8. Adjust the angle of the webbing to correspond to the slope 
of the SLT in order to maximise contact with the sensor and provide a normal force to the 
surface.  

2. Place a piece of closed-cell foam underneath the webbing strap where it contacts the sensor. 
This reduces the effects of uneven tightening and the resulting line of pressure. 

3. Attach the force gauge to a fixed object. 
4. Slowly slide the SLT plate away from the force gauge to apply tension to the webbing. 

Block the plate from sliding back with weights or another suitable object. Apply a load 
between 25 and 100N. Ensure that the load is steady. 
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5. Record the applied pressure on the system.  
6. Record 10 seconds worth of data on the XSENSOR®. 
7. Check the reading on the force gauge to ensure the apparatus did not shift during the data 

recording. If it shifted, delete the trial and repeat. 
8. Repeat the procedure for a total of ten different loads. 
9. Input each XSENSOR® file to the SLT template, naming each trial with the date and trial 

number and the prefix ‘cal’. 
10. The output on the first page of the template gives the resolved forces in the X, Y and Z 

directions. Input the force displayed on the force gauge to be converted into Newtons.  
11. Discard any trials that have greater than 10% of the total applied force in the y-direction as 

this indicates that the testing apparatus was not symmetrical in the loading of the applied 
force.  

 
The calibration spreadsheet calculates and minimizes the sum of the squared errors between the 
XSENSOR®TM forces and applied forces were using the coefficient of friction variable. The 
sensel forces are calculated, summed, and compared to the applied forces. The root mean 
square error (RMS) for each sensor is calculated as a measure of precision. For this calculation, 
the sum of squared errors for each sensor is divided by the number of trials. 
 
 

n
SSERMS = 
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B) Side View 
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Figure 8. Calibration Set-up. Where Fx=Pcosθ, Fz=-Psinθ, and My=Pd. 

 
 
4.0 Procedure for the Baseline Data Collection of a Backpack 
 
The following procedures outline the complete collection of data using the isolated waist belt, 
isolated shoulder, and a combined complete pack-testing set-up. The complete pack set-up is 
sufficient for collection of baseline data and comparison of a design if the whole pack is to be 
analysed as a single unit. The isolated shoulder and waist belt procedures can be used if 
independent characteristics are required for analysis. The loading patterns for a full data set are 
as follows: 

1. Empty 
2. Light Load (e.g. 5 kg) 
3. Medium Load (e.g. 10kg) 
4. Heavy Load (e.g. 20kg) 
5. Very Heavy (e.g. 30kg) 

These loads should be applied in a random order. The pack should be placed on the apparatus 
in the same location for each trial of each load. Three trials should be performed for each load. 
The results are then averaged to provide one data set for each load for each pack tested.  
 
4.1 Isolated Waist belt 
 
4.1.1 Mounting of the Sensor 
The first sensor should be placed, right side up, on the SLT with the top row corresponding 
with the upper edge of the lumbar or abdominal area. The line separating columns 18 and 19 
should be centred in line with the midpoint on the upper edge of the lumbar or abdominal area. 
The second sensor should be placed directly opposite the first, as shown below. 
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Figure 9.  XSENSOR®TM placement on the SLT 

 
4.1.2 Collection of Data 
1. Affix the sensor to the SLT as in ‘Mounting of the Sensor’. 
2. Determine whether any overlap is occurring. If overlap is present, note which sensels are 

affected, in order to zero those sensels in data analysis. For example, if rows 30-36 are 
overlapped by rows 1-6, replace the measured values of data in rows 30-36 with zeroes in 
the raw data section of the spreadsheet. 

3. Centre the apparatus on the AMTI force plate. 
4. Record the calibration/zeroing file for the force plate. (5 seconds at 50Hz). 
5. Zero the mid-section load cell. 
6. Attach one strap force transducer on each side of the waist belt buckle of space permits. 

These two measurements will indicate the directional tightening effect, if any. Zero the two 
transducers (Reid, 1998). 

7. Place the backpack waist belt on the SLT and fasten it with the top approximately 10cm 
from the top of the sensor. Tension the belt to approximately 50N on each transducer.   

8. Hook the force gauge into the lifting handle at the top of the pack. This handle should be on 
the top of the pack suspension facing forwards. Support the pack horizontally with the force 
gauge, as in Figure 10. 

9. Record the measured force from the force gauge.  
10. Record the measured forces from the strap force transducers. 
11. Record the measured forces from the AMTI force plate. 
12. Record the measured forces with the mid-section load cell. 
13. Record the trial with the XSENSOR® software 
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Figure 10. Pack placement for isolated waist belt testing. 

 
14. Save the file as an XSENSOR® file as backup and export the data as a ‘text’ files, average 

of all points. (File>Export>Average of all points>Add interval (all points)>Save as ASCII) 
15. Unload the SLT and repeat the procedure a minimum of three times per load to average the 

results. 
16. Open the ‘XSENSOR® SLT Template (vFeb7).xls’ file and save it under a new file name – 

using the testing date in the new name is recommended, e.g. ‘Jan14-03XSENSOR® 
SLTTest1’. 

17. Open the text file for the first trial into Excel. Press ‘finish’, as the default settings are 
correct. 

18. Copy the values in the 36 columns and rows. Do not copy headers. 
19. Paste special (‘Values’) into the worksheet labelled “Raw Data Input - Trial 1”. 
20. If any overlap occurred during testing, change the corresponding values to zeros in the raw 

data. 
21. The worksheet  “Output - Trial 1” outputs the values as X, Y, and Z values and converts 

them to Newtons. The raw sum, with no curvature effects, is shown for comparison. 
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4.2 Isolated Shoulder 
 
4.2.1 Mounting of the Sensor 
Place the sensor, right side up on the shoulder tube, as in Figure 11. The origin should be in the 
position shown below. The middle of the sensor, between rows 18 and 19 should lie along the 
top of the tube. The sensor should be taped in place along the ends.  
 
If overlapping occurs, the overlap areas must be taken into consideration when the data is 
analysed. The overlapping area must be zeroed in the collected data, as including it will create 
redundancy and inaccurate results. 
 

 
Figure 11. XSENSOR® placement on the SS. 

  
4.2.2 Collection of Data 
1. Affix the sensor to the shoulder as in ‘Mounting of the Sensor’. Determine whether any 

overlap is occurring. If overlap is present, note which sensels are affected, in order to zero 
those sensels in data analysis. For example, if rows 30-36 are overlapped by rows 1-6, 
replace the measured values of data in rows 30-36 with zeroes in the raw data section of the 
spreadsheet. 

2. Measure the mass of the pack. 
3. Attach a force transducer to each shoulder strap in the thin webbing, below the shoulder 

padding and above the attachment to the base of the pack. Zero the transducers once they 
are attached to the strap (Reid, 1998). 

4. Centre the apparatus on the AMTI force plate. 
5. Record a calibration/zeroing file from the force plate. 
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6. Zero the mid-section load cell. 
7. Place the backpack on the apparatus with the shoulder straps at a length that places the 

lumbar pad of the backpack on the flat lumbar area of the SLT. This placement provides a 
standard for each pack to be tested. 

8. The waist belt should be fastened around the back of the pack or removed if it is 
independent of the lumbar pad. There should be no contact of the pack on the SLT other 
than the flat lumbar area, as in Figure 12. 

9. Settle the pack by shaking the plate with the handle. 
10. Record the AMTI force plate measurements (5 seconds at 50Hz). 
 

 
Figure 12. Pack placement for isolated shoulder testing. 

 
11. Record the mid-section load cell measurements. 
12. Record the strap tension. 
13. Record the XSENSOR® output. 
14. Save the file as an XSENSOR® file as backup and export the data as a ‘text’ files, average 

of all points. (File>Export>Average of all points>Add interval (all points)>Save as ASCII). 
15. Remove the pack and repeat the procedure a minimum of three times per load to average 

the results. 
16. Open the ‘XSENSOR® Shoulder Template’ file and save it under a new file name – using 

the testing date in the new name is recommended. 
17. Open the text file for the first trial into Excel. Press ‘finish’, as the default settings are 

correct. 
18. Copy the values in the 36 columns and rows. Do not copy headers. 
19. Paste special (‘Values’) into the worksheet labelled “Trial 1 - raw’. 
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20. If any overlap occurred during testing, change the corresponding values to zeros in the raw 
data. 

21. The worksheet  “Trial 1” outputs the values as X, Y, and Z values and converts them to 
Newtons. The raw sum, with no curvature effects, is shown for comparison. 

 
 
4.3 Combined Waist belt and Shoulder 
 
4.3.1 Mounting of the sensors 
The sensors should be mounted as in the previous sections for isolated data collection. 
 
4.3.2 Data Acquisition 
1. Centre the empty apparatus on the AMTI force plate. 
2. Record a calibration/zeroing file on the force plate (5 seconds at 50Hz). 
3. Zero the mid-section load cell. 
4. Place the empty or loaded pack on the apparatus. 
5. Tighten the shoulder straps to position the midline of the waist belt approximately 20cm 

below the upper edge of the SLT, as in figure 4.5. 
6. Tension the waist belt to the desired tension, generally 50N. 
7. Settle the pack by shaking the plate with the handle. 
8. Make minor adjustments to the waist belt tension if it has reduced/increased significantly.  
9. Record the AMTI force plate measurements. 
10. Record the mid-section load cell measurements. 
11. Record the strap tension from each of the transducers. 
12. Record the XSENSOR® output. 
13. Save the SS and SLT files as XSENSOR® files as backup and export the data as ‘text’ 

files, average of all points. (File>Export>Average of all points>Add interval (all 
points)>Save as ASCII). 

14. Remove the pack and repeat the procedure a minimum of three times per load to average 
the results. 

15. Open the ‘XSENSOR® Shoulder Template (v.Feb7).xls’ file and save it under a new file 
name – using the testing date in the new name is recommended. 

16. Open the text file for the first trial into Excel. Press ‘finish’, as the default settings are 
correct. 

17. Copy the values in the 36 columns and rows. Do not copy headers. 
18. Paste special (‘Values’) into the worksheet labelled “Trial 1 - raw’. 
19. If any overlap occurred during testing, change the corresponding values to zeros in the raw 

data. 
22. The worksheet  “Trial 1” outputs the values as X, Y, and Z values and converts them to 

Newtons. The raw sum, with no curvature effects, is shown for comparison.  
23. Open the ‘XSENSOR® SLT Template (vFeb7).xls’ file and save it under a new file name – 

using the testing date in the new name is recommended, e.g. ‘Jan14-03XSENSOR® 
SLTTest1’. 

24. Open the text file for the first trial into Excel. Press ‘finish’ as the default settings are 
correct. 

25. Copy the values in the 36 columns and rows. Do not copy headers. 
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26. Paste special (‘Values’) into the worksheet labelled “Raw Data Input - Trial 1”. 
27. If any overlap occurred during testing, change the corresponding values to zeros in the raw 

data. 
28. The worksheet  “Output - Trial 1” outputs the values as X, Y, and Z values and converts 

them to Newtons. The raw sum, with no curvature effects, is shown for comparison. 
 
 Data Reduction and Comparison 

 
The output from the SS and SLT template spreadsheets produces the average measured force 
for each configuration in the X, Y and Z directions. The X direction in the isolated shoulder 
configuration is considered to be zero. Several comparisons can be made when the three 
configurations are input to the final spreadsheet template (‘Final XSENSOR® SLDM 
Template.xls’):  
 
• The values of the averaged measured forces with the measured strap forces 
• The ratio of shoulder and waist belt vertical forces (Z-direction) for each configuration 
• The moment created by the forces acting on the shoulder and lower torso 
 
1. Open the file ‘Final XSENSOR® SLDM Template’, save the file with a name that 

corresponds to the testing date and the pack name or number. 
2. Input the date and the pack name in the upper left corner of the spreadsheet. 
3. Input the loads, in kg, of each of the average trials for the SS, SLT and combined trials in 

the designated cells. 
4. To input SS values to the final spreadsheet, ‘paste special’ the averaged values in cells B17 

through D17 from the SS summary page into cells D13 through F13. Repeat for each of the 
different loads. 

5. To input SLT values to the final spreadsheet, ‘paste special’ the averaged values in cells 
B14 though D14 from the SLT summary page into cells D6 though F6. 

6. To input the combined values to the final spreadsheet, ‘paste special’ the averaged values in 
cells B17 though D17 from the SS summary page and cells B14 through D14 from the SLT 
summary page into the corresponding cells. Repeat for each of the different loads. 

7. Input the lean angle into the corresponding cell, input a zero if the SLDM was vertical. 
8. Input the measured strap tensions in Newtons to the corresponding cells. 
9. The spreadsheet automatically calculates the expected forces acting on the SS and SLT 

using the load in the pack. 
10. The spreadsheet automatically calculates the ratio between shoulder and waist load and the 

moment acting about the waist (top of SLT) for the combined SS and SLT trials. The 
moment arms for calculation are considered to be the distance from the midpoint of the 
shoulder in the Z-direction and the point 10cm below the top of the SLT. 
Graphic output from the XSENSOR® can be printed and compared for each waist belt and 
shoulder harness. The graphic displays allow for any peak or point pressures to be located.  
The data from the AMTI force plate and the mid-section load cell can be directly compared 
between loads on a pack or compared for the same configuration on different packs. 
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6.0 Conclusion – Future Work 
The standardized load distribution mannequin has a multitude of future applications. The 
effects of load placement locations on surface pressure can be compared. Different materials 
such as padding and covering cloth can be examined and compared. The effect of the order of 
tightening of straps can be quantified for individual packs. Dynamic testing can be performed 
with an appropriate pressure sensing technology with adjustments for amplitude and potential 
phase shift.  
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Appendix A 
 

SS Model Spreadsheet: ‘XSENSOR® SLT Template (v.Feb7).xls’ 
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Appendix B 
 

SLT Model Spreadsheet: ‘XSENSOR® Shoulder Template (v. Feb7).xls’ 
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Final Model Spreadsheet: ‘Final XSENSOR® SLDM Template.xls’ 
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