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Why Lean Manufacturing is Essential to Superior 
Product Quality 

 
By Curtis Campbell 

Contract manufacturing is a form of controlled chaos because most facilities have at least 30 different 
customers with differences in product technologies, preferred vendors, process specifications and 
demand patterns being manufactured in the same production area. SigmaTron International 
incorporates Lean manufacturing philosophy and core tools in its operations to bring discipline to the 
variation otherwise driven by customer diversity. This whitepaper looks at the ways Lean manufacturing 
principles contribute to product quality and provides specific examples of ways SigmaTron’s team is 
using these principles to deliver superior quality.  

Taiichi Ohno is credited with developing the concept of the seven wastes or “muda” and much of the 
Lean philosophy designed to minimize them: 

1. Waste of Overproducing (no immediate need for product being produced) 
2. Waste of Waiting (idle time between operations) 
3. Waste of Transport (product moving more than necessary) 
4. Waste of Processing (doing more than what has been agreed upon) 
5. Waste of Inventory (excess above what was required) 
6. Waste of Motion (any motion not necessary outside of production) 
7. Waste of Defects (producing defects requiring rework). 

While it is difficult for any EMS company to create systems that fully eliminate these wastes because of 
the variation created by the number of individual customers, it is possible to incorporate Lean best 
practices in ways that help add discipline to multi-customer environments. In SigmaTron’s model, the 
goal is to normalize variances and level-load each factory through a combination of good supply chain 
management, an understanding of customer demand patterns, elimination of defect opportunities and, 
when needed, finished goods kanbans.  

SigmaTron customizes its approach slightly to address differences in customer requirements at each 
facility, but does have a number of tools and processes in place to ensure superior quality by eliminating 
the forms of waste that can otherwise allow defects to creep in. Key areas of focus include: 

• Strong focus on design for manufacturability 

• Forecasting and stocking methods that smooth demand variations 

• Systems which provide project status visibility and enforced routing 

• An inspection and test strategy designed to identify out-of-control process issues early in the 
process 

• Strong tools for corrective action 

Strong Focus on Design for Manufacturability 

The best way to ensure superior quality in the field is to ensure that as many defect opportunities as 
possible are eliminated in the design phase. Unfortunately, not all design teams are expert in eliminating 
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the manufacturability and testability issues that often increase the potential for unidentified 
manufacturing defects. Once the design has been finalized, adding a design spin simply to address these 
issues can be cost or time prohibitive. The best solution is to ensure that the design team and 
manufacturing teams interact as early as possible as opposed to operating in silos. This can be 
particularly challenging when the design efforts and production are outsourced, if the teams are not 
accustomed to working together. 

In SigmaTron International’s business model, DFM/DFT analysis is typically offered as part of its New 
Product Introduction (NPI) process. More extensive product development engineering support is also 
available. The goal is to use a flexible set of resources to fill any gaps the customer has in its product 
development support team. This enables customers to work within a cost structure that makes sense for 
their project rather than be forced to utilize resources their project does not require. 

DFM analysis is performed using Valor software tools. The documentation review process also uses a 
Valor parts library (VPL) to verify the footprint of all components specified in the BOM against the land 
patterns used in the layout. This helps eliminate both the opportunity for defects caused by 
manufacturability issues plus eliminates the non-value added time that can be spent reprogramming 
machines or re-spinning the printed circuit board layout if component packaging specified in BOM 
doesn’t match the land patterns used in the layout.  

SigmaTron can also perform product lifecycle analysis (PLM) as part of its NPI process. Additionally, it 
has an experienced materials team that works closely with suppliers to identify potential availability and 
obsolescence issues as early as possible and recommend the most appropriate solution. The Company 
can also provide product redesign recommendations. This type of proactive approach facilitates a 
thorough evaluation of best options and minimizes the possibility of unanticipated component 
availability issues. 

Forecasting and Stocking Methods that Smooth Demand Variations 

Good forecasting is critical to optimized supply chain relationships, logistics cost control and minimized 
inventory liability. An additional benefit of good forecasting is that an EMS provider can optimize 
production scheduling of items that require shared production resources such as an SMT line. This can 
be particularly important when there is a high mix of products or variable demand.  

Like most EMS providers, SigmaTron International builds its planning horizon around its customers’ 
forecasts. In times of minimal constraint that planning horizon is typically 12 months, but when material 
market constraints become widespread the planning horizon may move longer with some OEMs. Given 
that allocation is, in part, decided on date of order and historical demand, an appropriately-sized 
planning horizon helps to ensure a pipeline of critical material is in place.  

In an optimized OEM-EMS relationship the length of the planning horizon is best driven by a mutually 
agreed upon strategy that aligns with market conditions, rather than an arbitrary timeframe based on 
“we’ve always done it that way.”  

High mix and configure-to-order production can create special challenges. For example, in one 
telecommunications product project, SigmaTron is assembling 30 different product types. The customer 
provides a blanket forecast which is reviewed by SigmaTron’s program manager and updated via a 
weekly review meeting. A finished goods Kanban has been set up, sized to mutually agreed upon 
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forecast numbers and is replenished based on program management review of shipments. PCBAs are 
built and stocked in a supermarket arrangement to optimize the number of scheduled production runs 
at that level. Two products are built in a configure-to-order scenario based on a 24-hour response 
window and the rest are built and stocked based on mutually agreed upon forecast numbers. This 
arrangement is flexible enough to provide the responsiveness the customer needs, yet disciplined 
enough to leverage EMS economies of scale and process efficiency. This level of control helps eliminate 
the need to expedite material or production, which increases staff workload and the probability of 
defects slipping into an out-of-control process. 

Systems Which Provide Project Status Visibility and Enforced Routing 

Systems strategy is critical in driving the disciplines necessary to minimize several of the seven wastes 
including overproducing, waiting, processing, inventory and defects. A system that tracks the production 
operations a given printed circuit board assembly (PCBA), subassembly and final unit go through during 
the assembly process and records time and date of production activities, which production operators 
were associated with the product, whether the product passed all inspections and tests or needed to go 
through a rework cycle, and whether all required operations were completed provides a wealth of data. 
This data can invaluable when trying to analyze the root cause of an intermittent defect and in 
determining the scope of products likely to contain similar defects. The bulk of this data can also be 
utilized to fine-tune production processes by simplifying trends analysis. However, it can also be 
valuable over the life of the product, particularly for products that may be repaired or refurbished 
during their product life, because it provides a product processing history.  

SigmaTron uses a combination of proprietary and internally-developed systems for enterprise and shop 
floor management. All facilities utilize a common ERP system plus third-party Product Lifecycle 
Management (PLM) tools. An internally-developed manufacturing execution system (MES) supports 
both traceability and enforced routing, which helps ensure a product goes through all steps defined in 
its documented manufacturing process. The system has the capability to address both issues with a 
single bar code scan, enhancing efficiency.  

The combination of an industry-standard ERP software with an internally-developed iScore suite of 
supply chain management tools, enable SigmaTron’s team to track demand, material on order, 
inventory, work-in-process, finished goods and shipments. The ability to review material and product 
status real-time minimizes the potential of a surprise issue to significantly impact production.  An MRP 
Share program provides suppliers with complete customer forecast visibility, plus current inventory and 
material on order. The iScore system supports VMI and Production Driven Replenishment (PDR™) pull 
signals. The ability to automate basic supply chain transactions helps reduce hidden costs and the 
potential for a requirement going unaddressed. 

Customers are given visibility into inventory status via the Score™ customer portal. Score’s advantages 
include: 

• The ability to track product through the manufacturing process with order, 
manufacturing and shipping status available 24/7 

• Real-time data that lets customers see changes as they happen 
• An order notes feature that lets project team members at both contractor and 

customer share project data 
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• Direct email links to the Program Manager 
• All the details of shipped orders with a single click. 

This level of visibility supports better forecasts, leaner inventory pipelines, easy tracking of production 
quality trends and demand-driven production. 

An Inspection and Test Strategy Focused on Catching Defects Early in the Process 

One of the reasons that 3D solder paste inspection (SPI) has gained in popularity is that companies have 
come to understand that the quality of solder paste disposition has a huge impact on whether there are 
workmanship-related defects later in the process. Screen for variations at that point and a large 
percentage of potential defects are eliminated before components are attached to the printed circuit 
board assembly (PCBA). Similarly, in-process inspection by automated optical inspection (AOI) and x-ray 
help screen out workmanship defects before the product gets to test. In fact, the argument that a 
production line with tight process control and a series of inline inspections won’t generate 
workmanship-related defects is fairly valid and is often used to justify little or no additional testing 
between the electronics contract manufacturer and the customer in outsourcing scenarios. The fallacy 
with that argument is that it presumes that PCBAs are populated with 100 percent known good 
components. The reality is that while component quality has improved immeasurably since the days 
when contract manufacturers had to do 100 percent component screening in incoming inspection, the 
rigors of shipment and high temperature processing do create bad components. Legacy products have 
even higher risks in this area, since they often use aging component inventories. 

Just as SPI helps reduce board-level rework and scrap early in the assembly process; board-level test 
helps eliminate higher level assembly rework prior to that assembly process. Additionally, when the cost 
of shipping and handling a defective PCBA is considered, the wastes of transporting and processing are 
put into the mix.   

SigmaTron’s team works with its customers to determine the best options for cost effective test. Their 
core strategy focuses on four main points: 

• Keep it simple 

• Eliminate excess handling 

• Standardize and automate where practical 

• Minimize system-generated variation. 

Assuming a PCBA can be designed with 100 percent coverage, in-circuit testing (ICT) will provide the 
best throughput. When product design engineers collaborate with test engineers to design in the 
needed accessibility and built-in test capability, ICT can be exploited to reduce the complexity or even 
the need for functional testing and/or added component accelerated lifecycle testing. 

In cases where ICT test coverage is below 80 percent, different strategies need to be evaluated. On a 
medium-sized PCBA with 650 components, 80 percent coverage can translate to over 100 components 
not being tested. While functional testing alone will detect some issues, it may not detect a component 
near failure and often isn’t precise in identifying root cause. A combination of flying probe, functional 
testing and burn-in/accelerated life testing may be the solution, particularly when flying probe’s ability 
to measure component voltage is utilized. 
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Strong Tools for Corrective Action 

All of SigmaTron’s facilities focus on stringent process control. In facilities building mission critical and/or 
highly regulated products specialized tools may be utilized. For example, in SigmaTron’s Tijuana facility, 
Advanced Product Quality Planning (APQP) Failure Mode and Effects Analysis (FMEA) is utilized to set up 
the most efficient, defect-free process. The Product Part Approval Process (PPAP) is utilized on 
automotive projects to validate the process and customer-specific validation processes are used for 
projects in other industries. Once production is ongoing, statistical process control (SPC) and other 
forms of quality data collection and monitoring are utilized to monitor processes and track defects. 

Even with world class defect prevention methodologies, defects can and do occur for a variety of 
reasons. Consequently, it is important to have a process in place to identify and implement rapid 
corrective action. In SigmaTron’s model, a kaizen event is scheduled and tools such as 8D problem 
solving, Six Sigma’s Define-Measure-Analyze-Improve-Control (DMAIC) and poka yoke are utilized to 
analyze and correct the root cause. 

One benefit of the poka yoke process is its focus on simple rapid solutions. Poka yoke is Japanese for 
mistake proofing and it was introduced by Shigeo Shingo as part of the Toyota Production System (TPS). 
When applied, the resulting process improvement eliminates a specific defect. Its focus on simplicity is 
its strength, in that simple fixes are often the best solution for small variances in the manufacturing 
process. Simple fixes are also easy to rapidly implement and encourage production operator 
involvement in the pursuit of product perfection. 

For example, when an automotive product printed circuit board assembly (PCBA) which included a flex 
cable was experiencing intermittent failures following in-circuit test (ICT), SigmaTron’s Tijuana team 
scheduled a kaizen event to analyze the test process and determine the root cause of this potential 
failure mode. The team determined that in some cases, the flex cable could catch in gaps in the test 
fixture bed as it was being removed creating an undetected defect. The poka yoke solution was fixture 
redesign that placed ESD-safe plastic over the openings in the fixture bed that created the issue.  

As a result, the defect opportunity was eliminated with no changes to the product design and minimal 
fixture modification cost. 

The diverse dynamics of the EMS environment make it easy for the seven wastes to occur and in the 
process create defective products. Applying Lean manufacturing philosophy to create systems and 
processes designed to minimize variation in the product realization process and eliminate defect 
opportunities helps ensure superior quality product is consistently produced. Responsiveness to 
customer requests and competitive cost are also by-products of this type of a Lean approach.  

 

Curtis Campbell is SigmaTron International’s Vice President of Sales West Coast. He can be reached at 
curtis.campbell@sigmatronintl.com.  For more information on SigmaTron International’s capabilities, 
visit www.sigmatronintl.com or call 510-477-5000. 
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