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Tooling for molded parts is often an area that many medical device manufacturing sourcing teams see 
simply as a line item in non-recurring engineering costs. However, anticipated project volumes, 
complexity of tool, tooling vendor selection and tool maintenance strategy are all issues that can impact 
product quality, tooling cost and overall project cost. Forefront Medical Technology, a specialty contract 
manufacturer with a focus in disposable diagnostic, drug delivery systems and medical device systems, 
believes that educating its clients in tooling basics is fundamental to achieving lowest total cost of 
ownership in contract manufacturing. This whitepaper looks at the cost elements of key decision points 
in tooling strategy development and Forefront’s solutions in those areas. 

Anticipated Project Volumes 

Tool composition metal or “hardness” is determined by the projected product volumes desired tool life. 
Questions to ask in determining the best strategy include: 
 

• How firm is the projected volume forecast? 

• How mature is the product design? 

• Are there constraints on upfront project costs? 
 
Hard tools are generally more expensive than soft tools. In some cases, a lower cost “soft” tool may be 
utilized during a lengthy product introduction phase if volumes are relatively low or the design is 
expected to be modified as volumes grow. However, the tradeoff to be considered with a soft tool is 
that it will show wear in its cavities faster than a hard tool. When there is wear in a tool, the parts that 
tool molds are often not as precise in tolerance. This can create defective parts or drive the need for 
manual secondary finishing operations to correct imperfections. The cost of a soft tool with frequent 
maintenance requirements may exceed the cost of a hard tool over the life of a project. On the flip side, 
a hard tool may not be cost effective for a product undergoing multiple design spins, since each design 
spin will require tool modifications. 
 
Forefront Medical utilizes a vertically integrated business model, which includes tooling design and 
fabrication, in addition to product design. Forefront’s engineering team uses a standardized process in 
which customer requirements are assessed and a Design Development Plan (DDP) is created. A 
customer specification is then developed and market inputs are collected. Once the customer 
specification is approved, 3D CAD models are developed and analyzed. Design reviews which include 
functional analysis and risk evaluation are completed. After a customer’s team approves the design, 
prototyping and verification begins. This vertically integrated perspective ensures that Forefront’s team 
is looking at the big picture rather than tooling choices alone. Their goal is to develop a tooling strategy 
that represents the lowest cost over the life of the program. However, determining the path to lowest 
cost typically involves analysis of a broad range of variables. 
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One example of this focus on minimizing tooling cost involved a patient monitoring mask. The customer 
had developed a patentable concept involving measurement of patient oxygen exhalation. The original 
concept required development of a mask with ports, luers and a luer lock. 

The design as originally conceived would have involved a mask development effort along with 
associated tooling prior to doing any proof-of-concept testing. Forefront’s design team recognized that 
this initial cost could be minimized by modifying an over-the-counter (OTC) mask design to include ports 
that accommodated the luers and the luer lock. Utilizing an OTC component enabled the customer to 
test the concept with virtually no upfront tooling cost. 

The OTC mask design enabled the customer to prove out the concept and sell the product concept to 
distribution partners with minimal upfront capital investment. Once the design was stable, Forefront’s 
team designed a custom mask that is molded with the ports and the appropriate tooling was fabricated.   

Complexity of Tool 
 
Product design choices, product cost targets and quality considerations drive tooling options.  
Often there are multiple choices to be considered. For example, a complex mold can eliminate 
secondary production operations and the higher production costs that can come with those operations. 
Eliminating secondary operations also improves quality by eliminating the variation associated with 
manual processing. However, complex molds are higher cost and often have higher maintenance costs 
over time. Having an integrated product design and tooling design team can speed the process of 
costing out and analyzing the best choice. 
 
Questions to ask in determining the best strategy include: 

• Do the projected project volumes generate enough savings to justify a tool that eliminates 
secondary processes? 

• What impact will required tool size have on machine choices? 

• Are there quality considerations that drive the need for eliminating manual processes? 

• Will the tooling budget support the cost of a complex tool? 
 
When tooling design and fabrication are integrated into the product development process, tooling 
options, costs and constraints can be evaluated concurrently with product design decisions. 
Communication is streamlined, which minimizes time and cost. Forefront Medical enhances this by 
having standardized software tools in its US Technical Center, Singapore Design Center and China full-
scale commercial tool room. Cimatron or NX-Siemens software is used for tool, hot runner and cooling 
system designs. Mold-flow software is used for mold-flow analysis and to support Design of Experiments 
(DoEs) to optimize the design and molding parameters when those parameters are not resident in their 
existing library. Moldex3D software is utilized for molding process simulations to test assumptions prior 
to tool fabrication. This standardized approach enables tool designers to easily demonstrate the likely 
performance of the tool under review to the customer’s team during the product development process. 
 
Mold complexity also influences machine size, but a creative design team may be able to work around 
that constraint. For example, on one high volume part, Forefront’s team determined that a 64-cavity 
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mold was needed to support the anticipated second year volumes. As originally designed, the mold was 
too large for a 220-ton injection molding machine. Utilizing a higher tonnage machine would increase 
cost since the machine consumes more space and energy, so the team needed to change the mold 
assembly layout to reduce the size of the mold. A key challenge was that this part was small and formed 
by the core, cavity and sliders.  
 
The team needed to develop a design that had sufficient space between cavitation, runners and a 
comfortable ejection system. They designed a mold without thin steel, positioned the layout 
accordingly, so that a single hot runner tip would inject the plastic to two parts and designed a hot 
runner system that met those requirements. This reduced the space required enough to utilize the 
lower tonnage 220-ton machine. 
 
Tooling Vendor Selection 
 
Tooling fabrication can be simple or complex. Tooling metal specifications, operations performed inside 
the tool or budget considerations may make the choice of a specific tooling manufacturer or region 
attractive. Questions to ask include: 
 

• Do tooling material composition requirements make a specific region more attractive? 

• Which vendors have the most expertise in desired tool internal operations? 

• Are there cost constraints on the tooling budget? 
 
Forefront has internal tool fabrication capability, but also works with outside vendors. The team’s 
manufacturing expertise ensures that tooling vendor selection is driven by analysis of the right mix of 
variables. The team’s expertise as a tooling fabricator ensures that when outside vendors are selected, 
the tooling fabrication process is carefully managed to required specifications.  
 
Tooling Maintenance Strategy 
 
Tooling maintenance strategy should also be considered in tool design. The more complex the tool, the 
more preventive maintenance the tool is likely to need. Questions to consider include: 
 

• Does the contract manufacturer have an in-house tool room or will the mold need to be sent 
out for preventive maintenance?  

• How much downtime will offsite maintenance typically require?  

• Will that impact production capacity to the point where an additional tool is needed?  
 
Complex tools may have more frequent maintenance and repair requirements than less complex tools, 
but any tool that doesn’t have routine preventive maintenance will wear inappropriately and develop 
quality issues over time.  
 
Forefront Medical operates a full scale commercial tool room. This provides the resources necessary to 
maintain tooling on-site. A robust preventive maintenance program that extends the life of each tool, 
helps minimize unscheduled downtime and contributes to high product quality. Plus, an in-house tool 
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room minimizes the downtime and cost associated with tool maintenance and repair since the tool can 
stay in the factory instead of being shipped to a third-party tool repair facility. 
 
Tooling cost can often be a large investment. Working with a vertically integrated contract manufacturer 
with tooling design and fabrication capability helps ensure the right questions get asked to provide the 
best value for project requirements.  
 
About Forefront Medical Technology 
Forefront Medical Technology is a global medical device contract manufacturer with five locations. 
Singapore is Forefront's headquarters, as well as home to our Design Engineering Center and specialty 
manufacturing. JiangSu and Xiamen, China, are additional manufacturing locations and are also China 
FDA Registered. Shanghai, China and Farmington, CT USA are regional Business Development offices 
which assure our technical sales teams are close to our customers for local, responsive assistance. 
 
We have developed extensive capabilities with laryngeal mask airways, diagnostic devices, drug delivery 
systems, enteral feeding catheters, infusion sets, wire reinforced tubes, optically clear components, 
patient monitoring devices and other specialty products. Each of our locations has state of the art 
manufacturing capabilities that include class 100K clean rooms for extrusion and injection molding, 
complimented by class 10K clean rooms for assembly. 
 
Forefront Medical's integrated technical approach provides customers the total manufacturing solution 
and global supply chain. Our facilities are TUV ISO 13485:2016 and FDA Registered. Forefront is a wholly 
owned subsidiary of VicPlas International Ltd, who is listed on the SGX Main Board, Singapore stock 
exchange. 
 
Visit  http://forefrontmedical.com/ to learn more about our capabilities. For a confidential review of your 
project, please complete our enquiry form at: http://forefrontmedical.com/contact-us/, email us at: 
appl_dev@forefrontmedicaltechnology.com, or call +1 (860) 255-7610 (Europe and America’s) / +86 21 6062 7177 
(Asia). 
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