
 

                                                                  

 

Final report 
 

 

Improving human performance – evaluation of 

exo-suit manual assist devices 

 

 
 

Project code:                                   P.PSH.1240 

Prepared by:   Ruth Lennon 

    Biosymm 

 

Date published:                             2 June 2022 

 
 
PUBLISHED BY  
Meat & Livestock Australia Limited  
PO Box 1961  
NORTH SYDNEY NSW 2059  

 

 

Meat & Livestock Australia acknowledges the matching funds provided by the Australian 

Government to support the research and development detailed in this publication. 

This publication is published by Meat & Livestock Australia Limited ABN 39 081 678 364 (MLA). Care is taken to ensure the accuracy of 
the information contained in this publication. However MLA cannot accept responsibility for the accuracy or completeness of the 
information or opinions contained in the publication. You should make your own enquiries before making decisions concerning your 
interests. Reproduction in whole or in part of this publication is prohibited without prior written consent of MLA. 

  



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 2 of 106 

 

Abstract 
 
Notwithstanding progress in meat processing automation, many tasks remain manual for the 
foreseeable future. This partnership project with Meat & Livestock Australia (MLA) was arranged to 
evaluate the current generation of manual assistance devices, also know at exoskeletons, across 
various sites from farm to processing, warehousing to retail ready operations. 
 
The project included 8 milestones, involving trials with the exoskeleton devices at different locations 
nationally. Each milestone included the following: 

• Pre-milestone meeting; objectives of the milestone, expectations of site, support provided. 

• Site visit 

• Initial demonstration 

• Fitting training 

• Task assessment and evaluation for trial 

• Task analysis 

• Fitting individuals 

• Ongoing support 

• Data collection questionnaires 

• Logistics of transporting devices 

• Data collection and reporting 
 
Application for use of the devices was identified in a number of different areas including; cold stores, 
the boning room, slaughter floor, loading area and retail ready. Feedback from the workforce 
regarding the comfort, level of support and ease of use was varying. In almost all cases where fatigue 
scores were measured, there was a reduction in rating of fatigue after wearing the devices. Arguably 
the most successful areas within facilities were the dry/clean areas such as cold stores/loading area.  
 
A facility participating in this trial, has placed orders for a significant number of exoskeletons to be 
used throughout their organisation, indicating the success identified. 
 
Challenges found consistently throughout the project included the following; lack of volunteers, lack 
of volunteer commitment to trialling the devices over multiple days, operational demands conflicting 
with trial objectives, incorrect fitting or device adjustments not being made due to lack of site 
facilitation. 
 
The potential for significant benefits within the industry has been found. The key outcome from this 
project is that further investigation via an internally supported and endorsed trial, is justified.  
 
The Ottobock Bionic Exoskeleton range is constantly developing. A variety of products are available to 
meet different applications with the meat industry. In addition, Ottobock encourage feedback from 
the industry in order to develop a product that meets specific requirements. An example of this is the 
development of hygienic coverings for the devices.   
 

Executive summary 

Background 

This project was undertaken to understand if exoskeletons are a viable option to reduce the risk 

associated with manual tasks within the Meat and Livestock industry. Despite the advance of 
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engineering controls and automation within the industry, there remains a number of tasks that remain 

a manual process. This can be due to financial viability, space constraints or lack of available options. 

This report is designed to inform MLA and the wider industry as to how successful exoskeletons can 

be as a control, and for them to consider implementation within their business. The results may assist 

in appropriate task identification, the requirements for a successful trial and if a trial of the devices is 

justified. 

Objectives 

• Task evaluation, analysis and documentation to determine if the exoskeleton is appropriate 

• Fitting training and supporting documentation 

• Evaluation of feedback from the workforce involved in the milestone 

• Reporting on the results of each milestone and any recommendations 

Methodology 

• Pre-milestone meeting 

• Site visit; initial demonstration, fitting training, task assessment, analysis and evaluation for 
trial, fitting individuals 

• Ongoing support regarding adjustments throughout the trial 

• Data collection questionnaires 

• Reporting 

 

Results/key findings 

Application for use of the devices was identified in a number of different areas of meat processing 
facilities. Feedback from the workforce trialling the devices was both positive and negative. Arguably 
the most successful areas within facilities were the dry/clean areas such as cold stores/loading area. 
Results were heavily impacted by lack of volunteers, lack of commitment from volunteers onsite, and 
operational demands. 
 

Benefits to industry 

Tasks were identified within the industry that are the correct application for use of the devices. There 

was consistently positive feedback for the use of the devices in certain areas of the facility/location 

throughout the project. The challenges faced during trials are known and can be addressed. 

Future research and recommendations 

The results justify further investigation into the use of the exoskeleton devices within the meat 

industry. Trials would require consideration of the challenges faced within this project. 
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1. Background 

Workers at sites within the meat & livestock sector are often exposed to hazards that place them at 
risk of musculoskeletal injuries. These hazards include forceful exertion, awkward postures and 
repetitive work. Examples of forceful exertion includes cold store packing, chiller hand work and hock 
and horns. Examples of awkward postures and repetitive work includes loading truck container, 
evisceration and packing trim. The average cost of a workers compensation claims in the food 
manufacturing industry is $47,708.00 in WA, for example (WorkCover WA, 2019). 
 
Performing this type of manual work also exposes workers to muscular fatigue which inhibits 
performance especially at the end of a shift and the end of a working week. The exoskeleton devices 
attempt to address these issues by providing an external support to the body. This reduces the force 
that the worker is required to generate reducing the risk of muscle strain and the development of 
fatigue. Returning workers to their normal duties after they have suffered an injury can be difficult 
due lack of available lighter duties and fear of re-injury. These devices provide the opportunity to 
return workers to their normal duties whilst exposing them to reduced forces as their injury recovers. 
 
The results of this project are designed to inform the industry as to how successful exoskeletons can 
be as a control, and for them to consider implementation within their business. The results may assist 
in appropriate task identification, the requirements for a successful trial and if a trial of the devices is 
justified. 
 

2. Objectives 

• Task evaluation, analysis and documentation to determine if the exoskeleton is appropriate. 

This was completed for every milestone. Manual task risk assessments were included with the 

submission of each milestone report. 

• Fitting training and supporting documentation 

This was provided to every location at the start of each milestone with supporting 

documentation, both printed and online training modules. Additional support was 

offered/provided throughout each milestone. Operational demands at certain sites made 

provision of support challenging. 

• Evaluation of feedback from the workforce involved in the milestone 

Feedback that was collated was evaluated and included in reported. For some locations 

minimal to know feedback was gathered or provided. 

• Reporting on the results of each milestone and any recommendations 

Results were included in the end of milestone report for each location. 

 

 

3. Methodology 
 
In collaboration with MLA, communication with a number of sites that had previously expressed 
interest in exoskeletons were invited to participate in this study. Once a site confirmed their 
interest, a pre-milestone meeting was arranged. This meeting was to explain the background to 
the project and the methodology. At this stage expectations for site involvement were also 
discussed and the site visit arranged. 
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During the site visit the features and functions of the devices was presented to site, as well as re-
visiting the background, methodology and expectations of the trial. After the first milestone, tasks 
found to be successful as well as challenges faced were shared. The aim being learn from each 
milestone. Task assessment, analysis and evaluation also look place during the site visit to 
determine which tasks the devices were appropriate for and would assist. A site selected 
champion was trained on fitting and the first set of volunteers were fitted. Site were encouraged 
to take baseline data and then periodically throughout the trial. 
 
Follow up support was encouraged over the course of the trial. Task analysis reporting, evaluation 
of any feedback provided was also undertaken. This was collated in milestone reporting. 

 
 

4. Results 

4.1  Harvey Beef, WA  

4.1.1 Cold Stores 

Three tasks were trialled by separate workers within the Cold Stores department; backX-S for 

palletising (1 hour by one worker and 4 hours by another worker), backX-S for wrapping pallets (1-2 

repetitions of the task by one worker) and both the backX-S and shoulderX for loading containers (1 

hour and 4 hours by two different workers). 

 

Objectively, the backX-S device appeared to facilitate the movements involved in the task of 

palletising and verbal feedback from the workers selected in the trial was that they could feel the 

support the device was providing. The refrigerated environment of the cold stores meant that the 

addition of this tool did not impact the workers heat regulation. Also, as the Cold Stores do not have 

the high-level food hygiene requirements of elsewhere in the plant, the device was able to be 

utilised without modification. 

 

Feedback from the workers that trialled the device for short periods of time was that they did not 

have time to get used to the device and in some cases that the device was restrictive. Particular 

mention was made to the pallet wrapping task and the device profile impeding movement between 

pallets. These limitations could be associated with the acclimatisation period required to become 

used to a new piece of PPE, and was highlighted by management as a stage the workers tend to go 

through when a new piece of equipment is mandated. Please see appendix E for feedback forms. 
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It was noted by management that the backX-S devices 

warranted further investigation for use within the Cold 

Stores environment to determine staff satisfaction over a 

longer period and with a broader sample of workers. Also, 

gathering other data measures, including cost-benefit 

metrics, may justify further uptake for this department. 

Consideration could be taken to store pallets with more 

space between them as a solution to concerns raised when 

wrapping pallets. 

 

 

 

4.1.2 Boning Room 

Three tasks within the Boning Room were reviewed and deemed appropriate for trial. Hindquarter 

boning where the shoulderX was trialled by 3 workers (30 minutes, 1 hour and 1 hour duration 

each), packing trim where the backX-S was trialled by 1 worker (2 hours) and dry vac where the 

backX was trialled by 1 worker (1 hour). 

 

The backX-S device appeared to support the tasks of packing trim and dry vac due to the prolonged 

forward flexed posture required for these tasks, especially trim packing where there is the additional 

barrier of the box for trim to be scooped into. Feedback from the worker completing the trial for 

packing trim was positive, reporting the device provided support and she felt a reduction in fatigue 

in her back, despite such a short period. 

 

The hindquarter boning task was chosen with the understanding the hook hand stays static in an 

elevated position, which could be supported by the device. This was not the case, as the hook hand 

provided a gravity assisted pulled force which the v3 shoulderX works against. The task was 

therefore deemed not appropriate for this task. This was supported by feedback from the workers 

trialling the shoulderX for this task. Again, this area of the processing plant is refrigerated eliminating 

any heat discomfort element, and due to the low profile of the backX-S most of the device was 

covered by existing PPE. 

 

The backX-S device warranted further investigation within the Boning Room environment with more 

substantial trials to determine staff adherence and perceived benefit as well as cost benefit metrics. 

Consideration could be made in further trials to arrange operational elements of the role to rotate 

around multiple tasks that would benefit or at least not be affected by wearing the device. 

Temporary covering was used over the device within this department and a more permanent 

solution would need to be investigated for more extensive trials.  
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4.1.3 Slaughter Floor 

The shoulderX was trailed on a number of different tasks including hock and horn removal, first leg 

change-over, flanking and at the evisceration table. The backX-S was trailed for a short period on 

similar tasks. The same worker, proficient in all of these areas completed this trial over a period of 2 

hours.  

Feedback from the worker was that the device assisted with parts of each task, and for the most-

part did not impede on the other elements of the tasks. The same was found for the backX-S device. 

The hock and horn removal task as well as the first leg change out require lifting of a tool to shoulder 

height. The tool is on a hydraulic mechanism to assist with the weight, however feedback from the 

worker wearing the shoulderX device was that the suitX device assisted further with the weight. The 

worker involved in the trail for this department was enthusiastic and provided constructive 

feedback.  

 

4.1.4 Retail Ready 

The backX-S device was used in the Retail Ready department for the task of loading mince and for 

de-bagging for a period of 30 minutes in total. The loading mince task already utilises a ‘no lift’ 

mechanical device, minimising the requirement for forward trunk flexion and the suitX device was 

therefore deemed of no further assistance with this task. For the de-bagging task where workers are 

required to lean into a deep trolly to lift out multiple cuts of meat requiring repetitive forward 

bending, feedback was positive that the suitX device had the potential to assist with this task.  

 

This area of the plant has high level hygiene requirements; however, the device fitted underneath a 

larger size of PPE and therefore did not require additional covering. There was no heat impact as this 

department is also refrigerated.  

4.2 Wagstaff, VIC 

4.2.1 Loading Area 

The Palletising task within the Loading Area was deemed appropriate for the trial. The V2 backX-S 

was trialled by DC. The trial commenced on 13 May 2021 when the worker wore the device for 70 

minutes whilst performing this task. The V2 backX-S device supported the low back of the worker 

completing this task. It assisted with lifting boxes of meat from the conveyor onto the pallet for the 

bottom three layers. Please see below Images 1 and 2. 

 

The first five lifts of the task were performed with the device turned off. The device was then turned 

onto instant mode (low back support is initiated as soon as the worker bends forwards). The worker 

immediately reported reduced low back strain with floor to waist lifting. The worker also 

commented that it increased use of the legs (squatting) when performing this type of lift and that 

the device assisted him in returning to a standing posture from the bottom of the squat once the 

box had been placed on the pallet. The device was worn over the top of the worker’s clothing. 
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Feedback from the worker completing the trial was that the device provided the low back a lot of 

support and reduced the force the body is required to generate to perform floor to waist lifting with 

the boxes of meat. Also, the device encouraged the worker to lift with their legs.  

 

The worker reported reduced fatigue after 70 minutes completing this task with the V2 backX-S (low 

back fatigue reduced from 4/10 to 3/10, shoulder fatigue reduced from 3/10 to 0/10, upper arm 

fatigue reduced from 2/10 to 1/10, upper back fatigue reduced from 2/10 to 0/10). Neck fatigue 

remained at 0/10, hip fatigue remained at 2/10, thigh, calf and ankle fatigue remained at 0/10. 

Please see below in Table 3 and Graphs 1 and 2. 

 

 

 

Table 3 

 

 

Graphs 1 and 2 

 

Across 17, 18 and 19 May 2021 the worker used the V2 backX-S twice for two hours to complete 

Palletising. 

On 20 May 2021 the worker used the V2 backX-S for 60 minutes to complete Palletising (low back 

fatigue reduced from 3/10 to 0/10 and hip fatigue reduced from 1/10 to 0/10). Neck and shoulder 

fatigue remained at 4/10. Upper arm, upper back, thigh, calf and ankle fatigue remain at 0/10. The 

worker reported the V2 backX-S reduced fatigue and soreness and made it much easier to lift boxes 

of meat below waist level and provided great lower back support.  Please see Table 4 and Graphs 3 

and 4.  

Fatigue Before After 

Neck 0 0 

Shoulder 3 0 

Upper arm 2 1 
Upper back 2 0 

Low back 4 3 

Hip 2 2 

Thigh 0 0 
Calf 0 0 

Ankle 0 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 13 May 2021 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 12 of 106 

 

Table 4: 

 

Graphs 3 and 4 

 

 
Image 1: Floor to waist lift with V2 backX-S 
lifting box of meat to bottom layer of the pallet. 

 
Image 2: Floor to waist lift with V2 backX-S 
lifting box of meat to bottom layer of the pallet. 

Please see questionnaires in 10.4.1 Palletising – Baseline Questionnaire 13 May 2021, 10.4.2 Palletising – Periodic Questionnaire 13 May 

2021, 10.4.3 Palletising – Periodic Questionnaire 20 May 2021 and 10.4.4 Palletising – Baseline Questionnaire 20 May 2021. 

The worker reported it did not impact on peripheral tasks such as taking boxes off the conveyor, 

carrying boxes or lifting boxes above waist level. The worker also reported the device was 

comfortable, easy to put on and take off, intuitive and had no impact on their balance. Comments 

included: 

Fatigue Before After 

Neck 4 4 

Shoulder 4 4 
Upper arm 0 0 

Upper back 0 0 

Low back 3 0 
Hip 1 0 

Thigh 0 0 

Calf 0 0 

Ankle 0 0 
Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 20 May 2021 
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“It was like I didn’t have to do the lifting – like someone else was doing it”  

In regards to putting on / off – “very easy – can do in 30 seconds” 

The worker stated they preferred the V2 backX-S for Palletising to the V3 shoulderX for Sixway and 

that if given the option they would definitely use the V2 backX-S to perform the Palletising task. 

 

4.2.2 Boning Room 

Several tasks within the Boning Room were reviewed. The Sixway task was deemed appropriate for 

the trial. The V3 shoulderX was trialled by one worker. The trial commenced on 13 May 2021 when 

the worker wore the device for 2 hours whilst performing this task. The V3 shoulderX device 

supported the shoulders of the worker completing this task. In particular it assisted with the 

overhead lift with the left shoulder as the worker took the carcass off the conveyor.  

 

Initially the device was trialled with a white coat covering the device. This restricted the worker’s 

shoulder movement and pulled the device backwards. Consequently, the device was trialled with a 

poncho. This proved to be a suitable method of covering the device as it did not restrict the worker’s 

movement or move the device. The poncho, however, did tear open on the right side above the 

shoulder. The device was initially trialled with the right and left shoulders adjusted so the support of 

the device was maximal at 90 degrees. However, the Sixway task requires workers to elevate their 

left shoulder to 120 degrees to lift the animal from the conveyor. The device was adjusted so that 

the left shoulder support was maximal at 120 degrees. In addition, the front straps were tied down 

to hold the front of the device steady. 

 

Feedback from the worker completing the trial was that the device reduced the force through the 

shoulders when lifting the carcass from the conveyor. The worker reported it did not impact on 

peripheral tasks such as putting parts in the crates and using the bandsaw to cut the carcass. The 

worker reported reduced fatigue after 2 hours completing this task with the V3 shoulderX (shoulder 

fatigue reduced from 6/10 to 3/10, upper back fatigue reduced from 5/10 to 2/10, low back fatigue 

reduced from 5/10 to 4/10, neck, thigh, calf and ankle fatigue reduced from 1/10 to 0/10). Upper 

arm and hip fatigue increased from 1/10 to 2/10. Please see below in Table 5 and Graphs 5 and 6. 

 

The worker also reported improved task performance, the device was intuitive and that it did not 

affect their balance. The worker was neutral on whether the device was easy to put on and take off. 

However, the worker reported the device was cumbersome, awkward and mildly uncomfortable. 

Fatigue Before After 

Neck 1 0 

Shoulder 6 3 
Upper arm 1 2 

Upper back 5 2 

Low back 5 4 

Hip 1 2 
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Table 5: 

 

 

Graphs 5 and 6 

 

 
Image 1: Overhead reach with the V3 shoulder 
X. 

 
Image 2: Overhead lift of carcass with the V3 
shoulderX. 

Please see questionnaires in 10.4.5 Sixway – Baseline Questionnaire 13 May 2021, 10.4.6 Sixway – Periodic Questionnaire 13 May 2021 

and 10.4.7 Sixway – Final Questionnaire 20 May 2021.  

4.3 Australian Country Choice, QLD 

4.3.1 Slicing  

Slicing in the boning room was deemed appropriate for the trial. Originally the V2 backX-S was 

trialled by ND but after feedback on the sizing issue the V3 backX-S was provided. The trial 

commenced on 18th August 2021 when the worker wore the V2 backX-S device for 1 run, 

approximately 1hr 25 mins whilst performing her task. The V3 backX-S device was then trialled on 

the 19 August 2021 which supported the low back of the worker completing the task. However, due 

to ND height she felt it was restrictive in terms of reaching for the meat. She was also unable to get 

her knives on. Please see images 1 and 2 below.   

Thigh 1 0 
Calf 1 0 

Ankle 1 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 13 May 2021 
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ND had the device set to instant mode (low back support as soon as the worker bends forwards). ND 

immediately reported decreased back effort when trialling the device in the physio room but then 

when in the boning room the device seemed to get in her way and was too big for her given her 

stature. The device was worn over the top of her clothes with a generic poncho worn over the top to 

protect the device. 

 

Feedback from the worker completing the trial was that although the device felt like it supported her 

back it inhibited her reaching for meat. This was already an issue for this worker given her height 

prior to the trial. Another complaint was the inability to not be able to put her knives on due to the 

device being around her waist.    

 

The worker reported increased fatigue after the first run with the V2 backX-S. From her comments it 

was because the device was too big for her. Prior to the trial her fatigue scores included: low back 

fatigue 6/10, shoulder fatigue 6/10, and neck fatigue 5/10. Additional areas of fatigue were 

documented including; elbow 7/10, hands 8/10 and feet 6/10 (10 = very tired and 0 = not tired at 

all). ND did not complete the periodic questionnaire correctly and the final questionnaire was not 

completed at all due to ending the trial early. Therefore, comparison in terms of suitX influence on 

fatigue is unable to be discussed. 
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Image 1: Reaching forward to get meat V2 
backX-S from the slicing bench 

    
Image 2: Collecting meat from the bins with V3 

backX-S  
Please see questionnaires in 10.4.1 Slicing – Baseline Questionnaire 18 August 2021, 10.4.2 Slicing – Periodic Questionnaire 25 August 

2021. 

 

Some of the workers comments included: 

“Very restrictive, every time I bent forward the chest plate would move up into my throat and choke 

me” 

“Was unable to reach the meat on the belt. Couldn’t put my knives on.” 

 

4.3.2 Quarter Saw 

Several tasks within the Boning Room were reviewed. The Quarter Saw task was deemed 

appropriate for the trial. The V3 shoulderX was trialled by one worker. The trial commenced on 18 

August 2021 when the worker wore the device for 1 hour 25 mins whilst performing this task. The 

V3 shoulderX device supported the shoulders of the worker completing this task. In particular it 

assisted with the overhead pull with the right shoulder as the worker took the quarter saw through 

the rib cage of the carcass. Please see image 3 below.  

 

Initially the device was trialled with a white coat covering the device. This restricted the worker’s 

shoulder movement and pulled the device backwards. Consequently, the device was trialled with a 

poncho. This proved to be a suitable method of covering the device as it did not restrict the worker’s 

movement or move the device. The poncho, however, did have a tear on the right side above the 

shoulder. The device was initially trialled with the right and left shoulders adjusted so the support of 

the device was maximal at 90 degrees. However, the Quarter Saw task requires workers to elevate 

their shoulders to 110 degrees to control the Quarter Saw down into the carcass.  
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Feedback from the worker completing the trial was that the device was uncomfortable at times and 

felt restrictive especially prior to utilising the tailor-made poncho. The worker reported fatigue prior 

to the trail of V3 shoulderX as; neck 6/10, shoulder 8/10, upper arm 5/10, upper back 5/10, low back 

7/10, hip 8/10, thigh 8/10, calf 8/10 and ankle fatigue 8/10. Fatigue seemed to increase when 

completing the periodic questionnaire for most body areas. Please see below in Table 5. 

 

The worker reported that with the tailor-fitted poncho it was easier to put on and off, it was intuitive 

to use and it didn’t affect balance. However, while it felt good to wear, he felt his work was 

restricted. This worker only utilised the device twice prior to going on annual leave and thus did not 

complete the entire week.  

Table 5 

 
Image 3: Quarter Saw with the V3 shoulder X. 

 

Please see questionnaires in 10.4.5 Quarter Saw – Baseline Questionnaire 18 August 2021, 10.4.6 Quarter Saw– Periodic Questionnaire 26 

August 2021.  

 

Fatigue Before After 
Neck 6 8 

Shoulder 8 8 

Upper arm 5 8 

Upper back 5 8 

Low back 7 8 

Hip 8 6 
Thigh 8 0 

Calf 8 0 

Ankle 8 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 26 August 2021 
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4.3.3 Palletising 

The palletising in the boning room task was deemed appropriate for the trial. The V3 backX-S was 

trialled by JS. The trail commenced on 25 August 2021 when the worker wore the device for 60 mins 

whilst performing the task of palletising in the boning room. The worker indicated during the demo 

how it felt like it would help with lifting from floor to waist but just felt a bit strange with it on. 

Please see image 4 below. 

Again, the device was set to turn on instantly to give support as soon as the worker bent forward. 

The device was worn on top of the clothes and no poncho was required as a generally dry area. 

Prior to the trial the fatigue levels indicated include: neck 5/10, shoulder 9/10, upper arm 9/10, 

upper back 10/10, hip 6/10, thigh 8/10, calf 1/10 and ankle fatigue 1/10. Fatigue levels after the one 

attempt at utilising the device were recorded a couple of days later, the comparison is seen below in 

table 6. 

Feedback from the worker was that it wasn’t too bad just felt strange with device on. Feedback 

provided to the worker included manual handling technique correction as it was noted during the 

trial his technique was not adequate.  

 

Other comments included: 

“it got in the way of my moving around a fair bit” 

                  Table 6 

 

Fatigue Before After 

Neck 5 7 
Shoulder 9 8 

Upper arm 9 9 

Upper back 10 8 
Low back 10 8 

Hip 6 1 

Thigh 8 5 

Calf 1 2 
Ankle 1 4 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 26 August 2021 
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Image 4: Floor to waist lift with V3 backX-S 
lifting box of meat from bottom layer of the 
pallet. 

 

4.4 Teys, QLD 

4.4.1 Loadout Area 

The Palletising task within the Loadout Area was deemed appropriate for the trial. The V2 backX-S 

was trialled by CW. The trial commenced on 7th October 2021 when the worker wore the device for 

2 days before advising of it getting in the way. Trail was ceased until V3 backX-S was delivered for 

trail. The V2/V3 backX-S device supported the low back of the worker completing this task. It 

assisted with lifting boxes of meat from the conveyor onto the pallet for the bottom three layers. 

However, CW indicated overall it made him more tired as there was increased effort when it came to 

walking around with the device on. Please see below Graph 1. 

 

The first five lifts of the task were performed with the device turned off. The device was then turned 

onto instant mode (low back support is initiated as soon as the worker bends forwards). The worker 

immediately reported reduced low back strain with floor to waist lifting. The worker also 

commented that it increased use of the legs (squatting) when performing this type of lift and that 

the device assisted him in returning to a standing posture from the bottom of the squat once the 

box had been placed on the pallet. The device was worn over the top of the worker’s clothing but 

under his jacket. 

 

Feedback from the worker completing the trial was that the device provided the low back a lot of 

support and reduced the force the body is required to generate to perform floor to waist lifting with 

the boxes of meat. Also, the device encouraged the worker to lift with their legs but increased 

tiredness due to increased effort when it came to walking.  
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The worker reported reduced fatigue after 70 minutes completing this task with the V2 backX-S (low 

back fatigue reduced from 8/10 to 2/10, shoulder fatigue reduced from 8/10 to 4/10, upper arm 

fatigue reduced from 8/10 to 5/10, upper back fatigue reduced from 6/10 to 3/10, neck fatigue 

reduced from 7/10 to 3/10). However, hip fatigue increased from 2/10 to 6/10 and thigh fatigue 

from 1/10 to 8/10, which is in line with his mention of increased fatigue when walking. Calf and 

ankle fatigue remained similar between questionnaires with calf being 7/10 and 8/10 respectively 

and ankle being 4/10 to 2/10. Please see below in Table 3 and Graph 1. 

 

Table 3 

 

 

Graph 1 

 

Please see questionnaires in 10.6.1 Palletising – Baseline Questionnaire 7th October 2021, 10.6.2 Palletising – Periodic Questionnaire 21st 

October 2021, 10.4.3 Palletising – Completion Questionnaire 21st October 2021, 10.6.3 

 

The worker reported it did not impact on peripheral tasks such as taking boxes off the conveyor, 

carrying boxes or lifting boxes above waist level. The worker also reported the device was 

Fatigue Before After 
Neck 7 3 

Shoulder 8 4 

Upper arm 8 5 

Upper back 6 3 

Low back 8 2 

Hip 2 6 

Thigh 1 8 
Calf 7 8 

Ankle 4 2 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 13 May 2021 
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comfortable, neutral with ease to put on and take off, intuitive to use and had minimal impact on 

their balance. Comments included: 

“It didn’t really affect my balance but I did have moments where it did very minor”  

“It had its moments where it was very easy but also really hard but overall wasn’t too bad to put on 

and off”. 

 

The worker stated they preferred the V2 backX-S for Palletising to the V3 shoulderX for Sixway and 

that if given the option they would definitely use the V2 backX-S to perform the Palletising task. 

 

4.4.2 Slaughter Room  

 

Two tasks within the slaughter room were reviewed. The feather boning and Halal process. Both 

were deemed appropriate for the program The backX-S device was utilised for the Halal process and 

the ShoulderX was used for feather boning. SS wore the V3 backX-S device which commenced on the 

20/10/21 to support his back while performing the Halal process. The device was worn for 2 hours 

on day 1 and then utilised again for the remained of his working week.  

 

SS advised the device assisted in supporting his back but the team member struggled with the 

bulkiness of the device combined with his normal PPE. SS advised he dropped his knife on occasions. 

SS saw out the trail and as the week went on the bulkiness didn’t become normalised and he 

continued to drop his knife through the week. Comments included: 

 

“Helped with back but too bulky, kept dropping my knife” 

 

Fatigue feedback by SS included that there was a decrease in lower and upper back fatigue (lower 

back fatigue reduced from 6/10 to 3/10 and upper back 5/10 to 2/10). The Neck, shoulder and upper 

arm fatigue remained unchanged (neck 1/10, shoulder 3/10, upper arm 4/10) Table 4 and Graph 2. 

Table 4 

 

Fatigue Before After 
Neck 1 1 

Shoulder 3 3 

Upper arm 4 4 

Upper back 5 5 

Low back 6 3 

Hip 0 0 
Thigh 0 0 

Calf 0 0 

Ankle 0 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 20 May 2021 
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Graph 2 

 

JN trialled the shoulderX device on the 1st November to support his bilateral shoulders while 

performing the feather boning task on the slaughter floor. Unfortunately, the trial for this device was 

ceased on day 1 as JN reported pain in bilateral shoulders. A revised fit was trialled but pain still 

persisted and thus JN did not complete any additional questionnaires. Due to staffing commitments 

JN was unable to be taken out of production again for another fitting which also limited to ability to 

complete the trial. 

 

JNs fatigue scores on the baseline questionnaire indicated high fatigue in the shoulder, upper arm 

and upper back. Please refer to Table 5 below.  

Table 5 

 

 

 

 

 

 

 

 

Please see questionnaires in 10.6.4 Halal Process – Baseline Questionnaire 21st October 2021, 10.6.5 Halal Process – Periodic 

Questionnaire 27th October 2021, 10.4.3 Halal Process – Completion Questionnaire 27th October 2021, 10.6.6 and Feather boning – 

Baseline Questionnaire 15th October 2021, 10.6.13 

 

 

Fatigue Before After 

Neck 3 0 

Shoulder 6 0 

Upper arm 7 0 

Upper back 6 0 

Low back 3 0 

Hip 0 0 

Thigh 3 0 
Calf 2 0 

Ankle 0 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 20 May 2021 
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4.4.3 Boning Room 

Several tasks within the Boning Room were reviewed. The boning blades and general boning tasks 

was deemed appropriate for the trial. The V3 shoulderX was trialled by one worker performing the 

blading and the V3 backX-S on another doing general boning tasks. The trial commenced on 7th 

October 2021 when the worker wearing the V3 shoulderX device wore it for 2 hours initially whilst 

performing the blading task. The V3 shoulderX device supported the shoulders of the worker 

completing this task. In particular it assisted with the overhead position of his bilateral shoulders 

when having to take his knife from above into the carcass. However overall, the feedback from the 

device trial was that it was not appropriate for the task. As force is required to bring the knife from 

the top down the extra resistance in lowering the arm increased hydration needs of team member.  

 

SH complained of shoulder pain after day 1 therefore, the trial was ceased until a video meeting with 

Suit-X in America was organised. This occurred the following week, which allowed an improved fit 

and to provide better feedback for the trial. The adjustments made helped decrease the shoulder 

pain experienced by SH but the device was still not suitable overall for this task.  

 

The device was used with the blue protective coat on but this made it hard to put the device on and 

off. It did however, protect the device from the elements in the boning room i.e. blood. It was also 

mentioned that their balance was affected scoring 4/10 in the periodic questionnaire.  

 

Feedback from the worker completing the trial was that the device reduced the force through the 

shoulders when lifting the knife but it created an issue with where to put his knifes, which are 

normally hung around his waist. The worker reported it did not impact on peripheral tasks such as 

putting parts in the chutes. The worker reported reduced fatigue after completing the task with the 

V3 shoulderX for the shoulder, neck, upper arm and calf (shoulder fatigue reduced from 9/10 to 

5/10, neck fatigue reduced from 9/10 to 0/10, upper arm fatigue reduced from 5/10 to 0/10 and calf 

fatigue from 4/10 to 0/10). However, there was an increase in fatigue for the upper and lower back 

(fatigue increased for upper back from 2/10 to 5/10 and lower back from 2/10 to 5/10). There was 

no change in fatigue seen in the hips, thigh and ankle (hips, thigh and ankle fatigue 0/10). Please see 

below in Table 5 and Graph 3. 

Table 5 

 

Fatigue Before After 

Neck 9 0 

Shoulder 9 5 

Upper arm 5 0 

Upper back 2 5 

Low back 2 5 

Hip 0 0 
Thigh 0 0 

Calf 4 0 

Ankle 0 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected on 13 May 2021 
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Graph 3 

4.5 Lamb Processing Plant 

4.5.1 Palletising – Cold Stores 

The task of Palletising was reviewed and confirmed as appropriate for trial with the backX-S suitX 

exoskeleton. The acclimation period was completed on site visit day 1 for a 4.5-hour period. 

Feedback after the acclimation period was that the worker ‘got used to the device’ and strongly 

agreed that the device was comfortable to wear. The worker advised he felt his performance was 

substantially better while using the device and strongly agreed that the device was easy to put on 

and take off (Appendix C). At the end of the trial, feedback from the worker was that he would wear 

the device again for his work, although he noted additional weight of the suitX towards the end of 

the working week. He felt it would definitely be useful in his work and that it met his expectations 

(Appendix D). A comparison in the results of the fatigue scores pre- and post-trial can be seen in 

Table 3 and Graph 1 below. There was a reduction in fatigue or no change in all but one body area. A 

one-point increase in fatigue score was reported for the hips.  

Fatigue Before After 
Neck 3 1 

Shoulder 3 1 

Upper arm 1 1 

Upper back 5 1 
Low back 5 3 

Hip 3 4 

Thigh 6 4 
Calf 3 3 

Ankle 1 1 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected in December 2021 
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Table 3  

Graph 1 

4.5.2 6-way Packing – Boning Room 

The task of 6-way packing was reviewed and confirmed as an appropriate task for trial with the 

shoulderX device. The worker trialling the device reported right shoulder discomfort at times from 

this task.  The acclimation period was complete on-site visit day 1 for 4 hours. Feedback after the 

acclimation period was that the worker was neutral regarding the level of comfort of the device, 

commenting that they felt fatigued after extended use. They reported feeling restricted with the 

high production rate and that the device somewhat negatively affected their performance. The 

worker reported that other PPE they were required to wear restricted the ability to use as well as 

don/doff the device (Appendix F). At the end of the trial, feedback from the worker remained the 

same as post-the acclimation period, reported they felt it would not be useful for their role. 

However, results from the fatigue comparison pre- and post-trial, shown in Table 4 and Graph 2 

below shows up to a 7-point reduction in fatigue for all body areas with the shoulders as the only 

area unchanged. 

 

 

 

 

 

 

 

 

 

Table 4 
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Fatigue Comparison Pre- and 
Post Trial
Paletising

Sum of Before Sum of After

Fatigue Before After 

Neck 3 2 

Shoulder 8 8 
Upper arm 7 1 

Upper back 8 1 

Low back 2 0 

Hip 2 1 

Thigh 1 1 

Calf 0 1 
Ankle 0 0 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected in December 2021 
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Graph 2 

4.5.3 Evisceration 

The task of evisceration was reviewed and confirmed as appropriate for trial with the backX-S suitX 

exoskeleton. The worker trialling the backX-S device reports discomfort in the upper trapezius 

muscles at times during this task. The acclimation period was completed on site visit day 2 for a 4-

hour period. Feedback after the acclimation period was that the additional heat experienced 

wearing the device was uncomfortable. The worker did report that the support for the lower back 

was noticeable wearing the device, however perspiration increased. Also, regular washing of apron 

PPE was made more difficult with the device. The worker strongly agreed that the device was easy to 

put on and take off (Appendix I). The worker declined to continue the trial after the acclimation 

period due to the discomfort from the additional heat. This meant that final fatigue scores were not 

measured.  

 

 

 

 

 

 

 

 

 

 

Table 5 
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Fatigue Comparison Pre- and 
Post Trial

6-way Packing

Sum of Before Sum of After

Fatigue Before After 

Neck 3 - 

Shoulder 6 - 
Upper arm 7 - 

Upper back 6 - 

Low back 3 - 

Hip 0 - 
Thigh 3 - 

Calf 2 - 

Ankle 0 - 
Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected in December 2021 
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Graph 3 

4.5.4 Chiller hand 

The tasks completed by the Chiller Hand, pushing and sorting carcasses was reviewed and confirmed 

as an appropriate task for trial with the shoulderX device. The worker trialling the device reported no 

muscle discomfort during the role. The acclimation period was complete on-site visit day 2 for 4 

hours. Feedback after the acclimation period was that the device was reasonably comfortable to 

wear, although would benefit from more padding on the shoulders. The worker reported that the 

exoskeleton somewhat positively affected performance, best used when starting to feel strain. The 

worker also strongly agreed that the device was easy to put on and take off (Appendix L). The end of 

trial questionnaire was not completed. This meant the final fatigue scores were not measured. 

 

 

 

 

 

 

 

 

 

Table 6 
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Fatigue Score Pre-Trial
Evisceration

Total

Fatigue Before After 

Neck 3 - 

Shoulder 6 - 

Upper arm 4 - 
Upper back 3 - 

Low back 5 - 

Hip 3 - 
Thigh 6 - 

Calf 6 - 

Ankle 1 - 
Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected in December 2021 
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Graph 3 

 

 

 

4.5.5 CCP1 Inspection 

The task of CCP1 Inspection was reviewed and confirmed as appropriate for trial with the shoulderX 

suitX exoskeleton. The acclimation period was completed on site visit day 2 for a 4-hour period. 

Feedback after the acclimation period was that the additional heat experienced wearing the device 

was uncomfortable. The worker did report that their performance during the task was substantially 

better wearing the device and strongly agreed that the device was easy to get on and off. The 

worker strongly agreed that the device was easy to put on and take off (Appendix N). The worker 

declined to continue the trial after the acclimation period due to the discomfort from the additional 

heat. This meant that final fatigue scores were not measured.  

 

 

 

 

 

 

 

 

 

Table 5 
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Fatigue Score Pre-Trial
Chiller Hand

Total

Fatigue Before After 

Neck 5 - 

Shoulder 3 - 
Upper arm 2 - 

Upper back 5 - 

Low back 2 - 

Hip 2 - 
Thigh 2 - 

Calf 3 - 

Ankle 5 - 
Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not tired at all) 
Data collected in December 2021 
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Graph 3 

4.6 JBS Brooklyn, VIC 

4.6.1  

During the initial visit, following demonstration of the devices, tasks were recommended for trial. A 

site representative was training in fitting. Site advised that the trial was due to commence in one 

weeks’ time due to operational factors. Contact with site was attempted to facilitate fitting and to 

offer support. This was declined by site. At the end date of the trial, site provided results which can 

be seen in Appendix 10.4 D – JBS Exoskeleton Trial – Week 3 Report. The outcome of these trials 

were that the facility have placed orders for a considerable number of exoskeleton devices.  

4.7 Coles Retail Ready Operations, NSW 

4.7.1 De-cartoning (backX-S) 

 

The task of De-cartoning was reviewed and confirmed as appropriate for trial with the backX-S suitX 

exoskeleton. The worker did not complete the assessment at baseline prior to the trial. The first 

questionnaire was completed after 3-5 hours of wear. At this stage the worker advised that they felt 

stiff and that mobility was lowered making the task harder. The end of trial questionnaire completed 

was after 6-8 hours. It is unclear if this was on the same day. Feedback at this stage was that the 

device made the task more difficult. A comparison in the results of the fatigue scores pre- and post-

trial can be seen in Table 3 and Graph 1 below. 
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Fatigue Before After 

Neck 0 0 

Shoulder 0 2 

Upper arm 0 0 

Upper back 0 0 

Low back 0 2 

Hip 6 10 

Thigh 7 10 

Calf 8 10 

Ankle 8 10 

Fatigue is scored out of 10 (10 is very, very 
tired, 0 is not at all tiered) Data collected 

March 2022 
Table 3 

 

Graph 1 
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5 Conclusion  
  
Application for use of the devices was identified in a number of different areas including; cold stores, 
the boning room, slaughter floor, loading area and retail ready. Feedback from the workforce 
regarding the comfort, level of support and ease of use was varying. In almost all cases where fatigue 
scores were measured, there was a reduction in rating of fatigue after wearing the devices. Arguably 
the most successful areas within facilities were the dry/clean areas such as cold stores/loading area. 
  
Challenges found consistently throughout the project included the following; lack of volunteers, lack 
of volunteer commitment to trialling the devices over multiple days, operational demands conflicting 
with trial objectives, incorrect fitting or device adjustments not being made due to lack of site 
facilitation. Challenges with the device design specific to the meat industry includes; how to cover the 
devices in order to maintain hygiene standards required for the industry and subsequently. 
Additionally, for the devices to be used in areas that require additional equipment in the wet areas 
(e.g. knives), the cover needs to accommodate access to this equipment. 
 
The potential for significant benefits within the industry has been found. The key outcome from this 
project is that further investigation via an internally supported and endorsed trial, is justified.  
 

5.1  Key findings 

• Exoskeleton devices, namely the backX-S and shoulderX, are suitable for a number of 

applications within the meat industry. 

• Successful implementation of the devices within the meat industry environment, relies 

heavily on the workforce expectation, understanding of the devices, the fitting and 

adjustments, as well as the willingness to accept a new piece of PPE for certain tasks. 

• The sites knowledge of fitting and adjusting device settings is key to addressing concerns of 

the workforce and setting the device up for the application. 

• For the devices to be used in wet areas, a practical solution needs to be found to 

covering/cleaning the devices. 

 

5.2  Benefits to industry 

Tasks were identified within the industry that are an ideal use case for the devices. There was 

consistently positive feedback for the use of the devices in certain areas of the facility/location 

throughout the project. These include: 

• Palletising 

• Load-out 

• Truck loading 

• Reject-packing 

Positive feedback was also found for tasks at certain locations: 

• Packing trim 

• Dry-vac 
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• Chiller-hand work 

Additional benefits include that the challenges faced during trials are known and can be addressed. 

When compared to the costs associated with a workers compensation claim, for example $47,708.00 

(WorkCover WA, 2019), the cost benefit of the devices are clear. 

 

6 Future research and recommendations  

The results justify further investigation into the use of the exoskeleton devices within the meat 

industry. Trials would require consideration of the challenges faced within this project with particular 

attention on the following: 

• Number of volunteers; ensuring enough volunteers to lessen the impact of unknown 

operational demands 

• Expectations; including volunteers from the initial stages of the project so that understand 

and are committed to the project through the acclimation stage 

• Site champion able to prioritise the project, assist with data collection at baseline, throughout 

the trial and at the end of the trial 

• Site champion training and competency check pre-trial and engaging in support to assist the 

success of the trial 

• Working groups to consider the requirements of hygiene covers that meet the needs of the 

meat industry 

• Longer time frames for trial of the devices 
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7 Appendices 

7.1 Risk Assessments - Harvey Beef, WA 

7.1.1 Appendix A – Palletising – Risk Screen 
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7.1.2 Appendix B – Hindquarter boning – Risk Screen 
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7.1.3 Appendix C - Hock and horn removal – Risk Screen 
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7.1.4 Appendix D – Packing trim – Risk Screen 
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7.2  Risk Assessments -nWagstaff, VIC 

7.2.1 Appendix A – Hand Loading Trucks – Risk Screen 

 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 49 of 106 

 
 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 50 of 106 

 

 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 51 of 106 

 

7.2.2 Appendix B – Sixway – Risk Screen 
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7.2.3 Appendix C – Sorting and Cleaning – Risk Screen 
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7.3 Risk Assessments – Australian Country Choice 

7.3.1 Appendix A – Slicing – Risk Screen 
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7.3.2 Appendix B – Quarter Saw – Risk Screen 
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7.3.3 Appendix C – Palletising – Risk Screen 
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7.4 Risk Assessments - Teys, QLD 

7.4.1 Appendix A – Palletising – Risk Screen 
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7.4.2 Appendix B –Halal Process – Risk Screen 
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7.4.3 Appendix C – Boning Blades – Risk Screen 
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7.4.4 Appendix D – Feather Boning – Risk Screen 
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7.5 Risk Assessments – Lamb Processing Plant 

7.5.1 Appendix O – Shackling 
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7.5.2 Appendix P – Evisceration 
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7.5.3 Appendix Q – Chiller-hand 
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7.6 Risk Assessments – JBS Brooklyn, VIC 

7.6.1 Appendix Q – Chiller-hand 
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7.6.2 Appendix B – Cold Store 
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7.6.3 Appendix C – Sheep Skins 
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7.7 Risk Assessments – Coles Retail Ready Operations 

7.7.1 Appendix A – De-cartoning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 104 of 106 

 

 

 



P.PSH.1240 – Improving human performance – evaluation of exo-suit manual assist devices 

 

Page 105 of 106 

 



 

 


	Abstract
	Executive summary
	1. Background
	2. Objectives
	3. Methodology
	4. Results
	4.1   Harvey Beef, WA
	4.1.1 Cold Stores
	4.1.2 Boning Room
	4.1.3 Slaughter Floor
	4.1.4 Retail Ready

	4.2  Wagstaff, VIC
	4.2.1 Loading Area
	4.2.2 Boning Room

	4.3 Australian Country Choice, QLD
	4.3.1 Slicing
	4.3.2 Quarter Saw
	4.3.3 Palletising

	4.4 Teys, QLD
	4.4.1 Loadout Area
	4.4.2 Slaughter Room
	4.4.3 Boning Room

	4.5 Lamb Processing Plant
	4.5.1 Palletising – Cold Stores
	4.5.2 6-way Packing – Boning Room
	4.5.3 Evisceration
	4.5.4 Chiller hand
	4.5.5 CCP1 Inspection

	4.6 JBS Brooklyn, VIC
	4.6.1

	4.7 Coles Retail Ready Operations, NSW
	4.7.1 De-cartoning (backX-S)


	5 Conclusion
	5.1  Key findings
	5.2  Benefits to industry

	6 Future research and recommendations
	7 References
	BLANK PAGE

	7 Appendices
	7.1 Risk Assessments - Harvey Beef, WA
	7.1.1 Appendix A – Palletising – Risk Screen
	7.1.2 Appendix B – Hindquarter boning – Risk Screen
	7.1.3 Appendix C - Hock and horn removal – Risk Screen
	7.1.4 Appendix D – Packing trim – Risk Screen

	7.2  Risk Assessments -nWagstaff, VIC
	7.2.1 Appendix A – Hand Loading Trucks – Risk Screen
	7.2.2 Appendix B – Sixway – Risk Screen
	7.2.3 Appendix C – Sorting and Cleaning – Risk Screen
	7.3 Risk Assessments – Australian Country Choice
	7.3.1 Appendix A – Slicing – Risk Screen
	7.3.2 Appendix B – Quarter Saw – Risk Screen
	7.3.3 Appendix C – Palletising – Risk Screen
	7.4 Risk Assessments - Teys, QLD
	7.4.1 Appendix A – Palletising – Risk Screen

	7.4.2 Appendix B –Halal Process – Risk Screen
	7.4.3 Appendix C – Boning Blades – Risk Screen
	7.4.4 Appendix D – Feather Boning – Risk Screen
	7.5 Risk Assessments – Lamb Processing Plant
	7.5.1 Appendix O – Shackling
	7.5.2 Appendix P – Evisceration
	7.5.3 Appendix Q – Chiller-hand

	7.6 Risk Assessments – JBS Brooklyn, VIC
	7.6.1 Appendix Q – Chiller-hand

	7.6.2 Appendix B – Cold Store
	7.6.3 Appendix C – Sheep Skins
	7.7 Risk Assessments – Coles Retail Ready Operations
	7.7.1 Appendix A – De-cartoning



