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Abstract  

 
The Australian Red Meat Industry is committed to removing and reducing risks to 

employees. One of the risks workers in the red meat industry face is saw blade injury 

ranging from minor cuts to loss of limbs. For some tasks it has been possible to remove 

operators away from band saws and remove the risk. However for other tasks operators are 

still required to work on band saws and are exposed to significant risk. 

 

To reduce the risk to operators it was proposed that design and use of a saw blade resistant 

glove could be implemented, reducing the risk of injury to band saw operators, in meat 

processing plants and in retail butcheries. 

 

This project was designed to approach the solution from a new direction: to utilise the 

services of two industrial design firms with their specialised rapid product development 

techniques to: understand the usage patterns of band saw operators, and then develop 

design concepts and/or models of personal protection (i.e.; such as gloves), utilising new 

materials and composites to provide: protection while offering the operator usage needs 

such as flexibility, ease of use and cleaning, and tactile control of the meat product. 

 

This project will focus only on the personal protection device, as other more complex 

machine modifications (safety sensors, blade stoppers, restraint devices, etc) are being 

developed with other initiatives. 

 

It was envisaged that design concepts would be evaluated by an industry panel, with the 

potential for further product development and prototype samples if initial results were 

encouraging.  
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Executive summary 

 

Two Industrial Design firms (Kennovations and Design & Industry) were briefed on the 

details of band saw preparation of carcass primal cutting and meat portioning, including a 

site visit to one of Australia’s leading processors. The site visit which included an industry 

consultation session was used to identify typical industry operating procedures and design 

objectives.  The two companies then entered into a competitive design phase, the results of 

these projects are to be presented to MLA for analysis - concepts deemed suitable may then 

be further developed in a subsequent project. 

This report outlines the results of the Kennovations project. The results of the Design & 

Industry project may be available in a similar report but have been submitted separately to 

this document.  

The Kennovations design concept was developed with a focus on three key objectives:  
- Improving operator safety 
- Retaining operator productivity   
- Encouraging industry acceptance 
 

Ongoing consultation with industry management and band saw operators was required in 

order to provide a solution that accommodated a range of design parameters. The design 

concept/s developed have the potential to be taken to prototype after more detailed research 

and further design assessment by industry representatives is complete.   
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1 Background  

The meat processing industry has been utilising a range of gloves for personal protection for 

many years. Several reports have examined the suitability of the gloves specifically 

highlighting some of the negative elements of the chain mail version1. Traditionally the 

gloves have been used during the boning process and have been very effective in protecting 

the users across a range of processes. With the continuing modernisation of factories an 

increase in the number of high powered band saws has resulted, and as such an 

examination of the suitability of this glove style for this specific processing role (band saw 

operations) is required.  

Opinions on the suitability of existing chain mail gloves for band saw operation vary greatly 

from state to state, and in fact from factory to factory. Although the recognition of the risks 

associated with band saw use is generally universal2, the acceptance of the chain mail 

gloves as a suitable form of protection is not. For example; NSW Work Cover meat 

processing guidelines do not encourage the use of the gloves3; however in in the processing 

plant visited during the project orientation it is mandatory to wear the glove during band saw 

operations. Acknowledging that the majority of personal opinions is heavily polarised 

towards the negative, suggesting the wearing of a glove of any type is definitely not suitable 

and inherently unsafe, operators in the visited processing plant are persisting with the glove 

with seemingly positive results. Interviews conducted during the project orientation suggest 

injury rates are continuing to improve. The positive nature of these results however is 

complicated by the fact that gloves are not the only form of personal protection and factories 

have continually improved OH&S procedures in order to reduce the risks of injury to band 

saw operators4. The improvements have been aimed at addressing factors such as operator 

fatigue, inexperience, and low concentration levels which also contribute to the likelihood of 

an operator receiving a band saw blade injury. Processing plants now consider safety to 

have many levels but ultimately in the event of an accident where the wearer is using a chain 

mail glove, management at the visited plant view the stainless steel chain mail glove as a 

valuable last line of defence.  

 

 

 

  

                                                           
1 Guidelines on the selection and use of cut resistant gloves in the meat industry – Safer 
Industries t 
2 WORK COVER NSW - Catalogue No. WC01356: Fact Sheet MANAGING RISKS 
ASSOCIATED WITH BANDSAWS IN THE RETAIL, MEAT, SEAFOOD AND POULTRY 
INDUSTRIES 
3 The Australian Meat Industry Council (AMIC) and WorkCover NSW – Bandsaw Safety 
Poster 3084[1] 
4 PPE Last Resort – Presentation by Chris Torley, Fletcher International WA 
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2 Project objectives 

The primary objective of this project is to present a conceptual design for a protective glove 

aimed at improving the safety of band saw operators.  

The report also presents a second, supplementary safety product concept which may be 

further developed in addition to, and separately from the glove. The product is not a 

wearable item of personal protective equipment but rather a modification of existing laser 

line technology.  

The project research and resulting conceptual design(s) are intended to stimulate discussion 

within the industry and present feasible design directions for further development. 

Both product concepts attempt to address the factors considered important by both industry 

and operators alike, and aim to be relatively low cost, incremental improvements on existing 

safety concepts.  
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3 Methodology 

3.1 Addressing the key factors of importance - Safety / Productivity / Industry 
acceptance 

It is proposed that the development of a glove concept that solely addressed the safety of 

the operator would result in a product deemed unsuitable by industry management. Such a 

product would be likely to adversely affect productivity due to the restraints placed on the 

operator in order to reduce the risks. Conversely, it is proposed that the current situation in 

most plants of operators not wearing a glove at all solely addresses the needs of the industry 

from a productivity standpoint and leaves the operator unnecessarily vulnerable to injury. 

Whilst the chain mail glove may in certain situations improve some of the safety issues it 

does not adequately satisfy the industry as a whole and has met significant resistance. 

Developing a new glove that addresses a range of issues for several parties would be most 

likely to gain industry support. Different plants and operators within the industry also have 

different requirements (e.g. the type of animal being processed i.e. Beef, Lamb, or Pork, the 

types of cuts being made i.e. portioning vs. tipping, the consistency in size of animal being 

processed, the rate of repetition of the cut type, the rate of cuts required in a given time etc.) 

and the proposed design should present an opportunity for customisation to each. It is very 

likely that no one glove design is likely to satisfy the entire market, so in order to gain 

acceptance across the industry the glove must tailor to a range of needs.   

3.2 Other factors of importance – Perceived lack of safety / Management 
factors / Operator factors 

Informal interviews with band saw operators  from leading processing plants, and several 

internet sources5 identify one of the most significant problems with protective gloves for band 

saw use is that an operator has a greater likelihood of being ‘dragged in’ to the blade in an 

incident if wearing a protective glove. It was not clear at the start of the project whether this 

perception of safety was a result of formal research or of general observations on band saw 

injuries in general, regardless of the glove type being worn. Research identified during the 

project, conducted by ShowABestGlove for the food industry in NZ indicates that the chain 

mail glove type does definitely represent a significant risk of increased or varied injury 

relative to wearing no glove at all6. This perceived lack of safety provided by the glove 

concept will be one of the most important factors in gaining industry acceptance. 

Several other factors apart from safety and productivity will contribute to the success of any 

proposed design. The factors can be loosely separated in to two key areas: Management 

focused factors such as (but not limited to) the potential cost of product development, the 

upfront cost of each unit, maintenance procedures and costs such as laundering, reliability, 

versatility, hygiene risks: and Operator focused factors such as (but not limited to) comfort, 

weight, warmth, dexterity, tactile sensitivity. Some of these factors may be common to both 

groups and indirectly contribute to both safety and productivity. 

 

  

                                                           
5 Guidelines on the selection and use of cut resistant gloves in the meat industry – Safer 
Industries 
6 Evaluation of Safety Gloves for Bandsaws, Peter Dowd, ANAGO 2003 
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4 Results and discussion 

4.1 Existing design – Product overview 

Although there are several variations on the standard chain mail glove the design principles 

are generally consistent across the majority of the product range. The key features and 

functions of a typical chain mail glove are shown in Figures 1 and 2 and described below: 

 

 
Figure 1 - Typical ‘forearm length’ Chain Mail Gloves (Source: Taken by Tim Phillips during 

project orientation 7.10.11) 

 

Figure 2 - Chain mail glove with adjustable straps 

(Source: http://www.marssafety.com.au/catalogue.php?cID=b3ea8ece-f79c-4985-be6c-

e8872f0694b7&pID=99fce5a7-98ee-a2e5-ba35-17caef126b62&pPrev)  

 ‘Spider’  

Plastic Ribs 
Chain Mail 

Typical ‘clogging’ of 

open weave mesh 

Yellow 

rubber glove 

Collar 

Adjustable straps 

http://www.marssafety.com.au/catalogue.php?cID=b3ea8ece-f79c-4985-be6c-e8872f0694b7&pID=99fce5a7-98ee-a2e5-ba35-17caef126b62&pPrev
http://www.marssafety.com.au/catalogue.php?cID=b3ea8ece-f79c-4985-be6c-e8872f0694b7&pID=99fce5a7-98ee-a2e5-ba35-17caef126b62&pPrev
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1) Chain Mail - provides the main resistance to cutting. The glove is available in a range 

of sizes (XXS-XL). Lengths = Glove (or hand) only, forearm length, and full sleeve. 

Sleeve length is generally determined by the specific boning activity. Chain mail is 

made from stainless steel and is available in several gauges or diameters.  

2) Plastic / Silicon ribs – provides structural rigidity to the sleeve, ensuring the glove 

stays up during use.  

3) ‘Spider’ – plastic disposable tensioning device to ensure tips of glove are taught over 

fingers. The spiders will generally last about 1-2 weeks of daily use before disposal 

due to permanent deformation and lack of performance. 

4) ‘Rubber Glove’ Operators will typically wear a standard yellow rubber glove beneath 

the chain mail to protect hands from hot water when sterilising boning knives. 

Operators may also wear an additional cotton glove under the rubber glove in order 

to provide insulation in refrigerated conditions. 

5) ‘Collar’ – helps maintain glove form. Shown here as a stainless steel ring. Some 

versions are available as adjustable straps made from leather or plastic (nylon) as 

shown in Figure 2.  

 

 

Other points of interest include: 

6) Current cost of a sleeve length glove is approximately $175 per glove. 

7) Maintenance – the gloves are typically hosed down with pressurised hot water (50+ 

degrees) at the completion of a shift as the open weave mesh typically becomes 

clogged with small meat particles (see Figures 2 and 3).  

8) The gloves are repairable in the event of damage. Damaged gloves are sent back to 

the manufacturer. 

9) The weight of a sleeve length glove is approximately 750-1000grams however this is 

dependent on the gauge of the mesh and glove size and length.  
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Figure 3 - Cleaning station – removal of ‘clogged’ particles (Source: Taken by Tim Phillips 

during project orientation 7.10.11)  
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4.2 Proposed design – Product overview 

4.2.1 General description of product design process 

The concept for the new glove design was developed after an initial site visit to the 
processing plant on 7.10.11. The site visit consisted of a plant tour where a variety of 
operational procedures and user rituals were observed and informal discussions with 
operators contributed to the understanding by the Kennovations design representative. This 
observational session was coupled with an open forum discussion with a panel consisting of 
band saw operators and management representatives. The panel presented their opinions 
on the glove in order to stimulate discussion and provide insight into a range of potential 
design considerations. Following the site visit several telephone interviews with management 
and operators in plants from other states assisted in building an understanding of the user 
profiles. The profiles and associated background research were subsequently used in 
brainstorming sessions at Kennovations where broad conceptual solutions were proposed 
and the identification of potential opportunities and limitations were discussed. The purpose 
of these initial sessions was to identify one or more ideas of merit, and subsequently develop 
a design to a point where the concept could be clearly communicated to the industry. The 
concept proposed in this report is not intended to represent a resolved solution, rather a 
conceptual idea that requires further development in order to verify its potential. The general 
design process utilised by Kennovations is featured in Figure 4. The project activities 
completed in order to submit this report can be considered to have been captured within 
Stage 1 only. Subject to review the concept may be taken further (Stage 2 onwards). 
 

 
Figure 4 - The Design Process 
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The conceptual design phase aim was to provide a product with the following desirable 

features: 

 reduced general complexity by reducing the number of material variations and 

component numbers. 

 reduced need for the operator to consciously maintain a low risk condition – this 

target was based on observations that in the current situation the wearer must firstly 

remember to apply the ‘spider’ to improve the performance of the glove, and 

secondly monitor its effectiveness every day. The fact that the ‘spider’ needs 

replacement might suggest that an operator is progressively exposed to increased 

risk across the period the device degrades. 

 a ‘one piece’ product to simplify hygiene, maintenance, and sourcing management 

 a more comfortable, formfitting, lightweight, easily adjusted product 

 a design that will not reduce current productivity levels (relative to the existing chain 

mail glove) 

 provide the potential to customise the glove to suit the specific band saw operation or 

industry needs 

 provide a glove concept that could be developed into a range of products with broad 

commercial potential. 

4.2.2 Material selections and functions 

The success of the glove concepts presented will be largely dependent on the capacity of 

the two core material selections. Primarily the glove needs to be able to maintain productivity 

by providing flexibility through the silicon or polyurethane membrane, combined with 

increased safety provided by the cut resistance of the metallic polymer scales.  

4.2.3 Silicon / Polyurethane membrane  

The main structural component of the glove is conceptualised to be silicon or polyurethane. 

Both materials would provide similar benefits and will be referred to conjointly as the 

‘membrane’. Further development would be required in order to select the most appropriate 

material or combination thereof. The membranes main purpose is to provide flexibility to the 

operator however several other benefits may result from the material selection: 

 by utilising a flexible material the operator has a greater potential to retain dexterity 

and tactile control over the product being handled 

 the membrane can be made relatively thin (1-2mm material) and close fitting. The 

ability to minimise the profile of the glove will in turn reduce the incidence of 

accidental contact with the blade.  

 Non-porous integral hinging between the scales reduces the potential for meat 

particles to become trapped in the glove and significantly reduces the time required 

to clean/sterilise the glove 

 the membrane is non-porous which will improve waterproofness and possibly 

eliminate the need for the yellow rubber under glove all together 

 the material could be lined internally with a more comfortable/warm fabric if required, 

or externally with existing cut resistant meshes for protection during boning activities 
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 insulating properties may assist in providing warmth to the operator which would be 

beneficial for those who work in refrigerated environments. Thinner material may be 

useful for non-refrigerated environments 

 moulded integration of features such as straps for adjustability ensuring a tight fit on 

the sleeve without the needs for extra components.  

 moulding can produce a broad range of colours for identification of different products 

in the range or corporate branding.  

 in the event that the membrane is damaged and contaminates food it is of a suitable 

food grade 

Some potential limitations of the material may be: 

 the overall durability relative to chain mail glove 

 possible inability to repair the membrane glove in the event of damage.  

More consideration has to be been given to how the glove will perform long term and how it 

can be adequately maintained.  

4.2.4 Metallic polymer scales  

Material choice - the scales (or plates) featured intermittently along the length of the glove 

provide resistance to the cutting action of the blade. There are a broad range of materials 

the scales could be manufactured from and an even greater number of material 

combinations. This opportunity is provided by a method for manufacture called powder 

metallurgy. This process generally fuses powdered metals, however, due to rapid 

advancement of modern technology, these days materials are seldom made of only metals 

and metallic alloys. Rather it often incorporates ceramics, ceramic fibers, and intermetallic 

compounds7. This process will permit the manufacturing of customised metallic and 

copolymer compounds and can readily produce the required organic shapes. The sintering 

process and subsequent surface hardening treatments available will enable a hard and cut 

resistant scale to be developed. Ceramics and other non-metallic materials were reviewed 

for suitability however in the event of glove damage, the metallic scales or fragments would 

still be detectable by existing x-ray technology employed by large plants in order to pick up 

foreign materials.  

Scale positioning - the scales are positioned only on the rigid (or non-hinging) elements of 

the forearm and hand. This intermittent positioning does not restrict flexibility. The knuckles 

and wrist are free to provide full dexterity. Preliminary research suggested that the common 

operator fear of being ‘dragged in’ was a result of blade teeth gripping the weave of a fabric 

glove or the chain mail rings. In order to address this scenario the individual solid plates 

attempt to minimise the number of potential catching points the blade can grip. In the event 

of blade contact with the edge of the scale it is intended that the scale itself is separated 

from the balance of the glove – the silicon acts as a release point between the skin/arm and 

the scale. This design does not completely eliminate the chance of the blade catching on the 

scales, but it will significantly reduce the chance of this occurring. 

Design limitations - it is accepted that by not protecting the entirety of the hand some areas 

(between the scales) are still subject to blade exposure. It is proposed that this situation 

                                                           
7
 http://www.themetalcasting.com/powder-metallurgy.html 

http://www.themetalcasting.com/powder-metallurgy.html
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presents a significantly better scenario relative to not wearing any glove at all. The design 

reinforces that a compromise is inevitable in order to achieve a balance of safety and 

productivity. Scales that overlap and protect the joints/knuckles more were considered, 

however resulted in a significantly bulkier design and increased the likelihood of accidental 

collision with the blade.   
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4.2.5 Design overviews  

In order to protect the intellectual property developed during this project the images of the design(s) 
have been omitted. For further information on this project please contact Meat & Livestock Australia 
Limited. 
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5 Conclusions and recommendations 

5.1 Further development  

In order to progress the glove design/s several stages of development are required. The 

concepts presented within are preliminary only and a range of research and development 

activities must be undertaken to verify the design methodologies and the material 

capabilities to deliver the intended overall functionality. It is important to note that only a 

preliminary review of OH&S documents and informal interviews was used to develop the 

current concepts. A detailed review of the following is required: 

 OH&S records in order to categorise injury types, frequencies, severities 

 Band saw brands and types 

 Cut types and variations 

 Proposed material properties and manufacturing methods 

 Ergonomic and anthropometric data of operators (hand sizes, range of movements)  

 Relevant Australian and international standards 

 Any additional testing reports which focus on chain mail glove risks 

The resulting information can then influence a detailed design & engineering phase which 

will include the development of: 

 Existing computer models and design documentation 

 Form studies used to verify aesthetic and ergonomic features 

 Prototypes and testing programs for individual components and assemblies 

 Manufacturing process reviews  

 Product integration strategies 

 Commercial strategies (Funding / Intellectual Property / Partnerships with 

manufacturers etc.) 

The amount of time and money required to complete the steps above is subject to many 

factors including the amount of useful information and its’ availability, project budgets, 

timelines and objectives. Other factors can affect the program and as such a review of this 

report and a number of follow up meetings are required in order to develop a suitable scope 

of works.  
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6 Supplementary concept  

6.1 The Laser ‘Danger zone’ system 

This concept is presented as a possible development of existing technologies, as an 

alternative or complimentary technology to the protective glove. This concept would require 

a similar developmental path to the glove as outlined in Section 5 and should be considered 

is provided to stimulate further discussion on the appropriateness of existing technologies 

and the possibility for ongoing improvements.  

It is understood that the processing plant visited during orientation is not alone in the industry 

in using laser lines on some of its band saws. It was noted through informal discussion 

during the site tour and subsequent telephone interviews (with other leading processors) that 

these systems have been implemented in order to improve safety, but have been met with 

mixed review. A visual representation of the current laser system in use at the visited plant 

can be seen in Figure 11. 

 
Figure 11 – Visual representation of the current laser system in use at Dinmore. 

 

Laser line kits as pictured in Figure 12 are currently available for retro-fitting to band saws 

and retail for a price of around $9508.  

                                                           
8
 http://www.ferret.com.au/c/Bandsaw-Supplies/Laser-Line-Generators-from-Bandsaw-Supplies-p22469 

http://www.ferret.com.au/c/Bandsaw-Supplies/Laser-Line-Generators-from-Bandsaw-Supplies-p22469
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Figure 12 – Band saw Laser line generator 

Source: http://www.ferret.com.au/c/Bandsaw-Supplies/Laser-Line-Generators-from-

Bandsaw-Supplies-p22469 
 

The device is affixed to the upper portion of the saw as can been seen in the visual 

representation in Figure 13. 

 
Figure 13 - Visual representation of the attachment concept for the current and developed 

concept 

http://www.ferret.com.au/c/Bandsaw-Supplies/Laser-Line-Generators-from-Bandsaw-Supplies-p22469
http://www.ferret.com.au/c/Bandsaw-Supplies/Laser-Line-Generators-from-Bandsaw-Supplies-p22469
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It is proposed that these laser systems were not developed specifically to improve operator 

safety but rather provide greater accuracy on cut positioning. It is also proposed that a laser 

system that focuses on safety rather than accuracy can be developed. This system could be 

integrated into new band saw designs and also developed as a retro-fit product to cater for 

the large number of existing machines, for use in production scenarios, or in training 

activities for new operators. 

As no significant technological advances would be required to achieve the proposed 

concepts it would be expected that similar pricing could be achieved dependant on 

manufacturing volumes and design detail. It is understood through informal discussions with 

industry management that for a device that improved safety or training, similar pricing would 

not be a prohibitive factor in the products implementation.  

It is observed that the line in its current form only provides an indication of the blades 

location in a single plane i.e. providing the operator an indication of blade location left to 

right, but no indication of proximity to the blade front to back (during standard operation). 

The opposite would be true if the band saw is side operated as can be seen in Figure 14. A 

laser design that provided a better indication of the blade proximity from all directions may 

result in fewer injuries due to blade contact and provide greater protection across the range 

of band saw blade orientations.  

 
Figure 14 - Side operation of a band saw 

(Source: Taken by Tim Phillips during project orientation 7.10.11) 

Note: Green laser line superimposed 
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Three (3) possible design concepts (Laser Pattern A-C) were presented in the original report. In 
order to protect the intellectual property developed during this project the images of the design(s) 
have been omitted. For further information on this project please contact Meat & Livestock Australia 
Limited. 
 

The designs provided in the original report feature possible laser light profiles which may 

improve user awareness of the ‘danger zone’ for standard band saw orientation and cut 

direction. Other design variations may provide increased visual awareness of this area 

depending on the number of variables (cut type, saw type, cut orientation etc.) A better 

understanding of these variables is required in order to develop more appropriate solutions. 

Notes: 

 It could also be considered that an increased awareness of the ‘danger zone’ may 

also improve operator efficiency if cautiousness in the proximity of the zone currently 

results in a change in operator behaviour.  

 Informal discussion with band saw operators indicate that the laser lines can be 

somewhat distracting as the operator’s attention is actually on the line rather than the 

blade itself. A better understanding of where the operator’s visual attention is focused 

throughout the duration of a cut cycle is important for future developments. It is 

expected that there are periods when the operator is observing the product in 

isolation from the blade, the blade in isolation from the product, and a scenario where 

peripheral vision is utilised to observe both at once.  

 The laser line utilised in the visited processing plant was also observed to vibrate and 

shake with the moments of the machine and machine platform. This vibration could 

be seen as distracting and possibly lead to inaccuracies in cutting and increased 

cautiousness from operators. These items would also need review during the 

development of the product. Improvements in machine stability, cutting platform 

stability, and the rigidity of the laser delivering system may improve operator safety.  
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7 Appendices 

7.1 Guidelines on the selection and use of cut resistant gloves in the meat 
industry – Safer Industries
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7.2 WORK COVER NSW - Catalogue No. WC01356: Fact Sheet MANAGING 
RISKS ASSOCIATED WITH BANDSAWS IN THE RETAIL, MEAT, 
SEAFOOD AND POULTRY INDUSTRIES
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7.3 The Australian Meat Industry Council (AMIC) and WorkCover NSW – 
Bandsaw Safety Poster 3084[1] 
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7.4 PPE Last Resort – Presentation by Chris Torley, Fletcher International WA 
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7.5 Evaluation of Safety Gloves for Bandsaws, Peter Dowd, ANAGO 2003 
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