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Manufacturing Process Optimization: A Practical Guide to

Improving Quality, Cost, and Lead Time

By GEMS-MFG Team

I. What Is Manufacturing Process Optimization?

Manufacturing process optimization is the systematic improvement of production methods, workflows,
equipment, and process parameters to achieve better efficiency, consistent product quality, and shorter
production lead times while maintaining cost control. It involves identifying inefficiencies, analyzing their root

causes, and implementing measurable improvements throughout the manufacturing process.

Rather than focusing on a single machine or production step, effective manufacturing process optimization
considers how the entire production system works together—from material selection and process planning to

machining, molding, assembly, inspection, and final delivery.

For manufacturers, the goal is not simply to produce more units in less time. It is to establish a reliable and
repeatable process that delivers the required quality, meets production schedules, and uses materials, labor,

equipment, and other resources effectively.
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1.1 The Main Objectives of Manufacturing Process Optimization

Manufacturing process optimization typically focuses on four interconnected objectives:
1) Improve production efficiency

Reduce unnecessary operations, machine downtime, excessive setup time, and production bottlenecks. Better
workflow coordination and resource utilization help manufacturers increase output without automatically

increasing equipment or labor costs.
2) Maintain consistent product quality

Improve process stability, reduce defects and rework, and establish repeatable production conditions. Consistent
quality is especially important for precision components, molded parts, silicone products, and assemblies with

demanding functional or dimensional requirements.
3) Reduce total manufacturing cost

Identify avoidable material waste, scrap, rework, excessive handling, and inefficient production activities.
Sustainable cost reduction comes from improving the overall process rather than compromising material quality,

product performance, or essential inspection requirements.
4)  Shorten production lead time

Reduce waiting between operations, improve production scheduling, and coordinate tooling, materials, suppliers,
and assembly activities. A shorter and more predictable lead time helps manufacturers respond to customer

demand and manage production commitments more effectively.

These objectives are closely related. For example, reducing defects can lower rework costs while freeing
production capacity. Improving workflow can reduce waiting time and help orders move through production
more predictably. The most effective improvements therefore consider their impact on the entire production

system rather than optimizing one metric in isolation.

1.2 Manufacturing Process Optimization Is More Than Cost Reduction

Manufacturing process optimization is sometimes misunderstood as a way to reduce labor costs, purchase
cheaper materials, or increase machine utilization. Although these actions may influence production costs, they

do not necessarily improve overall manufacturing performance.

A process that runs faster but generates more defects may increase total production costs. Similarly, reducing

inspection time without understanding the associated quality risks can allow nonconforming products to reach

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

F \

customers. Maximizing the utilization of every machine can also create excess work-in-progress inventory if

production is not balanced across operations.

A more effective approach evaluates the combined impact of process changes on quality, throughput, lead time,

resource consumption, and delivery reliability.

For example, consider a manufacturer producing custom plastic components. If dimensional inconsistencies
during molding lead to frequent rework or rejected parts, simply increasing the molding cycle rate will not solve
the underlying problem. Reviewing mold design, material behavior, process parameters, and inspection data may

provide a more sustainable solution.

The principle is straightforward: optimize the process to improve overall performance, not just the output of an

individual operation.

1.3 Manufacturing Process Optimization Across the Production

Lifecycle

Process optimization can begin during product development and continue throughout mass production.
Addressing potential problems early is often more effective than correcting them after production has been

established.

e Product development and engineering: Review design-for-manufacturability (DFM), material selection,
tolerances, and assembly requirements to identify potential production challenges before tooling or

production begins.

e Process planning and prototyping: Select appropriate manufacturing methods, evaluate tooling and
fixtures, and verify whether the proposed process can achieve the required quality and production

targets.

e Pilot production and validation: Test process parameters, identify recurring defects, and confirm that the

production method can deliver consistent results before scaling up.

e Mass production: Monitor process performance, improve workflow, control variation, and address

bottlenecks as production requirements evolve.

e Assembly and delivery: Coordinate component supply, assembly operations, final inspection, and

packaging to reduce delays across the complete order fulfillment process.
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For custom manufacturing projects, this lifecycle perspective is particularly valuable. Decisions about component
geometry, material, tolerances, tooling, and manufacturing methods can affect production efficiency long before

the first production order is placed.

1.4 Why Manufacturing Process Optimization Matters

Manufacturing environments are rarely static. Product specifications change, order volumes fluctuate, material
availability varies, and production requirements become more demanding as products mature. A process that
performs adequately for a prototype or small batch may not remain efficient when production scales to

thousands of units.

Manufacturing process optimization helps businesses respond to these changes by establishing measurable
performance targets, identifying the causes of inefficiency, and improving production methods based on evidence

rather than assumptions.

For manufacturers working across CNC machining, plastic injection molding, silicone molding, electronics
integration, and product assembly, optimization also requires an understanding of how different processes
interact. Improving one operation is valuable, but the larger opportunity often lies in coordinating engineering

decisions, production workflows, and quality controls across the complete manufacturing process.

Ultimately, manufacturing process optimization is an ongoing discipline—not a one-time cost-cutting exercise. Its
purpose is to build production systems that deliver consistent quality, competitive costs, predictable lead times,

and the flexibility to support changing customer requirements.

I1. Why Manufacturing Processes Become Inefficient

Manufacturing processes become inefficient when production activities consume more time, materials, labor, or
equipment capacity than necessary to achieve the required output and quality. These inefficiencies may result
from isolated operational problems, but they often develop from interconnected issues involving product design,

process planning, equipment, materials, quality control, and production coordination.

In many manufacturing environments, the most visible problem is not necessarily the root cause. Delayed orders,
rising unit costs, excessive scrap, or inconsistent product quality may be symptoms of deeper process

weaknesses.

Understanding these causes is the first step toward effective manufacturing process optimization. Instead of
responding to individual problems as they occur, manufacturers need to identify where inefficiencies originate

and how they affect the overall production system.
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2.1 Production Bottlenecks and Unbalanced Workflows

A production bottleneck occurs when one operation has insufficient capacity to support the required output of
the entire production process. Even if other machines or workstations operate efficiently, the bottleneck can limit

overall throughput and cause work to accumulate.

For example, a manufacturing line may include CNC machining, deburring, surface finishing, inspection, and final
assembly. If machining produces components faster than the finishing operation can process them, unfinished
parts will accumulate between the two stages. Increasing machining output alone will not necessarily shorten

delivery time; it may simply increase work-in-progress inventory.

Bottlenecks can arise from limited equipment capacity, long processing times, frequent changeovers, manual
handling requirements, or insufficient coordination between production stages. They can also shift as order

volumes, product mixes, and operating conditions change.

To identify a bottleneck, manufacturers should examine production flow, queue lengths, waiting time, and the
actual capacity of each operation. The objective is to understand which constraint limits the performance of the

overall system, rather than assuming that the busiest machine is always the primary problem.

2.2 Excessive Setup Time, Waiting, and Material Handling

Not all production time adds value to the finished product. A significant portion of total lead time may be spent
waiting for materials, changing tools, preparing equipment, moving components, or arranging the next

production operation.
Common examples include:

e Long setup and changeover times: Machines require extensive preparation when switching between

product models, dimensions, materials, or production batches.

e Waiting between operations: Components remain idle while waiting for inspection, finishing, assembly,

or the availability of downstream equipment.

e Unnecessary material movement: Poorly arranged workstations or storage locations increase

transportation time and handling effort.

¢ Inefficient production scheduling: Jobs are released at unsuitable times, creating congestion, excessive

work-in-progress, or repeated production interruptions.

These issues are particularly important in custom manufacturing, where product variety and smaller batch sizes

can create frequent changeovers and more complex scheduling requirements.
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The key distinction is between processing time and total lead time. A component may require only a few minutes
of actual machining but spend hours or days waiting for the next operation. Improving machine speed alone will

have limited impact if waiting and coordination account for a substantial share of the total production cycle.

2.3 High Defect Rates, Rework, and Process Variation

Quiality problems reduce manufacturing efficiency by consuming resources that would otherwise support
productive output. Defective parts may require rework, additional inspection, replacement materials, or complete

rejection. They can also disrupt production schedules when problems are discovered late in the process.

Common sources of manufacturing defects include unstable process parameters, tool wear, unsuitable material
properties, inadequate fixtures, inconsistent operator practices, and insufficient control of critical process

conditions.

For CNC-machined components, for example, dimensional variation may be associated with tool wear,
workholding stability, thermal effects, or machining strategy. In plastic injection molding, defects may be related
to mold design, material condition, filling behavior, cooling, or process settings. Assembly defects may arise from

component variation, unclear work instructions, or inconsistent fastening procedures.

The challenge is that defects observed at the final inspection stage may originate much earlier in production.

Correcting or sorting finished parts does not necessarily eliminate the source of the problem.

Manufacturers therefore need to distinguish between detecting defects and preventing them. Inspection
identifies whether products meet requirements, while effective process control helps reduce the likelihood that

defects occur in the first place.

2.4 Poor Design for Manufacturability and Process Selection

Some production inefficiencies originate before manufacturing begins. Product designs that are difficult to
manufacture, unnecessarily complex, or poorly matched to the selected production process can create avoidable

cost, quality, and lead-time challenges.

Examples include unnecessarily tight tolerances, difficult-to-machine geometries, complex mold features,
inconsistent wall thicknesses in molded parts, excessive component counts, and assembly interfaces that are

difficult to align or access.

Manufacturing process selection also matters. A process suitable for producing a small number of prototypes may
not be the most economical or repeatable choice for high-volume production. Conversely, investing in dedicated

tooling for a product with uncertain demand may introduce unnecessary financial and operational risk.

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

F \

For instance, CNC machining may provide flexibility for low-volume precision components, while injection
molding may become more suitable for larger quantities of appropriately designed plastic parts. The best choice
depends on material, geometry, tolerances, surface requirements, production volume, tooling investment, and

expected product life.

Design for manufacturability (DFM) helps identify these issues before they become expensive production
problems. Reviewing design and process feasibility early can reduce unnecessary complexity and improve the

likelihood of achieving consistent, scalable production.

2.5 Equipment Limitations and Inconsistent Process Conditions

Manufacturing equipment influences production speed, dimensional accuracy, repeatability, and operating
stability. However, equipment-related inefficiency is not limited to outdated machinery or insufficient

automation.

Problems may also result from inadequate maintenance, unsuitable tooling, incorrect machine settings, unstable
fixtures, inconsistent temperature or pressure conditions, and poor alignment between equipment capabilities

and product requirements.

For example, a machine may have sufficient nominal capacity but experience frequent interruptions because of
tool changes, maintenance issues, or unreliable auxiliary equipment. Similarly, a molding machine may be capable
of producing a component, but unstable material preparation or temperature control may prevent consistent

output.

Manufacturers should therefore distinguish between equipment capacity and effective production performance.
Purchasing faster machinery or adding automation may help in some circumstances, but it will not automatically

resolve problems caused by unstable processes, poor maintenance practices, or unsuitable production planning.
The underlying question is whether equipment and process conditions can consistently achieve the required

production rate and product specifications under actual operating conditions.

2.6 Poor Coordination Across Suppliers and Production Stages

Manufacturing efficiency depends on more than the performance of individual machines. In projects involving
multiple materials, suppliers, production processes, and assembly operations, coordination failures can create

significant delays and additional costs.
Common examples include:

e Raw materials or purchased components arriving later than scheduled.

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

e Tooling completion and production planning falling out of alignment.

e Components from different suppliers failing to meet compatible specifications.

e Assembly operations waiting for missing or nonconforming parts.

e Engineering changes reaching production after materials or tooling have already been committed.

These problems are especially relevant to custom manufacturing projects involving machined metal parts, molded

plastic or silicone components, electronics, cables, and final product integration.

Even when each supplier performs its own operation reasonably well, weak coordination can extend the total
project lead time. A delayed component may prevent an entire assembly from being completed, while

inconsistent specifications can create rework across several production stages.

Effective manufacturing planning therefore requires clear technical documentation, coordinated schedules,

defined quality requirements, and visibility into dependencies across the supply chain.

2.7 Limited Production Data and Weak Root-Cause Analysis

Another common source of inefficiency is the inability to distinguish recurring problems from isolated incidents.
Without reliable production data, manufacturers may rely on assumptions, operator experience, or the most

visible symptoms when deciding what to improve.

For example, repeated machine stoppages may be attributed to equipment reliability when the underlying issue is
actually frequent changeovers. Rising scrap rates may be blamed on operator performance when material

variation or process instability is the real cause.

Useful production information can include cycle times, downtime records, defect categories, scrap and rework
rates, first-pass yield, work-in-progress levels, and on-time delivery performance. The appropriate measures

depend on the production environment and the problem being investigated.

Data alone, however, does not guarantee effective decisions. Measurements must be sufficiently accurate,
consistently recorded, and interpreted in the context of actual production conditions. Root-cause analysis is
needed to establish why a problem occurs and determine whether a proposed change addresses its underlying

cause.

Without this discipline, manufacturers risk implementing temporary fixes that improve one area while leaving the

original inefficiency unresolved.
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2.8 Why Manufacturing Inefficiencies Often Occur Together

The causes of manufacturing inefficiency are rarely independent. A design issue can increase machining time,
which creates a bottleneck at inspection. Poor scheduling can then cause additional waiting, while rushed

production may increase the risk of defects and rework.

Consider a simplified example: a custom component requires several machining operations followed by surface
finishing and final inspection. If the design includes unnecessarily demanding tolerances, machining and
inspection may take longer than expected. If finishing capacity is also limited, work-in-progress accumulates.

Delivery dates become harder to maintain, and expediting orders may increase production disruption and cost.

Addressing only one symptom—such as accelerating machining—may not resolve the overall problem. A more
effective approach examines the complete production flow and identifies which combination of design, process,

capacity, quality, and coordination factors is responsible for poor performance.

The central principle is that manufacturing inefficiency should be diagnosed as a system-level problem before
individual processes are changed. Once the main causes are understood, manufacturers can establish meaningful
performance baselines and prioritize improvements according to their impact on quality, cost, throughput, and

delivery reliability.

I11. The Key Metrics for Measuring Manufacturing

Performance

Effective manufacturing process optimization starts with measurement. Without reliable performance data,
manufacturers may struggle to determine whether a production process is genuinely inefficient, identify the main

constraints, or verify whether an improvement has delivered the expected results.

Manufacturing performance metrics provide a structured way to evaluate equipment utilization, production
speed, product quality, operating costs, and delivery performance. By establishing a baseline and monitoring

changes over time, manufacturers can make improvement decisions based on evidence rather than assumptions.

However, no single metric can fully describe manufacturing performance. Increasing output, for example, may not
represent an improvement if defect rates, work-in-progress inventory, or operating costs also increase. A

balanced measurement system should therefore consider several related indicators.
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3.1 Overall Equipment Effectiveness (OEE)

Overall Equipment Effectiveness (OEE) is a widely used metric for evaluating how effectively equipment performs

during its planned production time. It combines three factors: availability, performance, and quality.
OEE = Availability x Performance x Quality
The three components are calculated as follows:

e Availability measures the proportion of planned production time during which equipment is actually

running.
e Performance compares actual operating speed with the equipment's defined ideal production speed.

e Quality measures the proportion of produced units that meet quality requirements without being

counted as defective output.

For example, suppose a machine has an availability rate of 90%, a performance rate of 95%, and a quality rate of

98%.
OEE = 0.90 x 0.95 x 0.98 = 0.8379, or approximately 83.8%.

This result indicates that the machine's combined effectiveness, under the stated measurement definitions, is

approximately 83.8%.

OEE can help manufacturers identify whether equipment losses are primarily associated with downtime, reduced
operating speed, or defective output. It is particularly useful for repetitive production operations where planned

production time, ideal cycle time, and output can be measured consistently.

However, OEE should not be treated as a universal measure of total manufacturing efficiency. It focuses on
equipment effectiveness, not the entire production system. A machine may achieve a high OEE while downstream

operations remain bottlenecks or customer orders experience long waiting times.

3.2 Cycle Time, Throughput, and Production Lead Time

Cycle time, throughput, and production lead time are closely related but measure different aspects of
manufacturing performance. Understanding the differences helps manufacturers identify whether production

problems originate within an operation or across the wider workflow.

1) Cycle time
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Cycle time is the time required to complete a defined production cycle or unit of output. Depending on the
operation, it may refer to machine processing time, workstation cycle time, or the elapsed time between

consecutive completed units.

For example, if a machining operation consistently completes one component every 120 seconds, its average

output cycle time is 120 seconds per component under those operating conditions.

Cycle time helps engineers evaluate production speed, compare alternative processes, and identify opportunities

to reduce unnecessary operations or improve tooling and process parameters.

When comparing cycle times, manufacturers should ensure that the measurements use the same boundaries and

include the same activities.

2) Throughput

Throughput measures how much acceptable output a production system delivers within a specified period.
A basic calculation is:

Throughput = Good units produced + Time period

If a production line delivers 420 acceptable components during a seven-hour production period, its average

throughput is 60 good components per hour.

Throughput is particularly useful for evaluating actual production capacity. Unlike a theoretical machine speed, it

reflects the output achieved under the defined operating conditions.

Actual throughput can be affected by downtime, changeovers, bottlenecks, quality losses, and the availability of

materials or downstream processes.
3) Production lead time

Production lead time is the elapsed time required for an order, batch, or product to move through a defined
production process. Depending on the measurement boundary, it may include processing, waiting,

transportation, inspection, and other activities between production release and completion.

A component may require only 30 minutes of actual processing but spend two days waiting for material
preparation, finishing, inspection, or assembly. In this case, increasing machine speed may have little impact on

the total lead time unless the waiting periods are also addressed.

Manufacturers should distinguish production lead time from the broader customer order lead time, which may
also include order processing, material procurement, shipping, and other activities outside the production

process.
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3.3 First-Pass Yield, Scrap Rate, and Rework Rate

Quality-related metrics reveal how effectively a manufacturing process converts materials and production effort
into conforming products. They are especially important when optimizing processes that involve tight tolerances,

multiple operations, specialized materials, or complex assemblies.
1) First-pass yield (FPY)

First-pass yield measures the proportion of units that complete a defined process or production stage correctly

the first time, without rework or repair.
FPY = Units passing the process without rework + Total units entering the process x 100%

For example, if 1,000 components enter an operation and 960 meet the requirements without rework, the first-

pass yield is 96%.

FPY helps identify process instability and recurring quality problems. It is particularly useful for evaluating

machining, molding, assembly, and inspection stages separately.

For a multistage process, the first-pass yield of the complete process can be lower than the yield of any individual
operation. If each stage introduces a small proportion of defects, those losses can accumulate across the

production sequence.
2) Scrap rate

Scrap rate measures the proportion of production output or input that must be discarded because it cannot be

used as intended. A common unit-based calculation is:
Scrap rate = Scrapped units + Total units produced x 100%

The denominator should be defined consistently, especially when comparing production lines or reporting

performance over time.

Scrap rate helps manufacturers understand material losses, rejected output, and the potential cost of quality
problems. For materials or processes with high unit costs, even a modest scrap rate may have a significant

financial impact.

3) Rework rate

Rework rate measures the proportion of units requiring additional processing to meet specified requirements.
A common calculation is:

Rework rate = Units requiring rework + Total units produced x 100%
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For example, if 1,000 components are produced and 70 require rework, the unit-based rework rate is 7%.

Rework and scrap should be tracked separately because they represent different types of losses. A component
that can be corrected may consume additional labor, machine capacity, and inspection time, while a scrapped

component may require replacement production and additional material.

Together, FPY, scrap rate, and rework rate help manufacturers evaluate not only whether products eventually

meet specifications, but also how efficiently those products are made.

3.4 Unit Manufacturing Cost and Total Cost of Quality

Manufacturing cost metrics help determine whether process improvements deliver sustainable financial benefits.
1)  Unit manufacturing cost

A basic calculation is:

Unit manufacturing cost = Total manufacturing cost + Units produced

The cost boundary should be defined before comparisons are made. Depending on the purpose of the analysis,
manufacturing cost may include direct materials, direct labor, machine operating costs, tooling amortization,

production overhead, and other relevant expenses.

For example, a process improvement that reduces cycle time may lower labor or machine costs per unit if the
released capacity translates into a real operational benefit. However, a faster process does not automatically

reduce unit cost if the improvement requires expensive tooling, additional inspection, or higher scrap rates.

For custom manufacturing, cost evaluation should also consider production volume and tooling investment. A
process with a higher initial setup cost may become more economical at larger volumes, while a flexible process

may be preferable for prototypes or smaller batches.
2) Total cost of quality

The total cost of quality considers the resources spent preventing defects, evaluating product conformity, and

addressing failures.

It is commonly divided into four categories:
e Prevention costs: Design reviews, process planning, training, and activities intended to prevent defects.
e Appraisal costs: Inspection, testing, measurement, and other conformity assessments.

e Internal failure costs: Scrap, rework, and production losses identified before delivery.
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e External failure costs: Returns, warranty claims, complaints, and other failures identified after delivery.

This framework helps manufacturers avoid evaluating quality activities solely as expenses. Effective prevention
and process control may increase some planned quality-related costs while reducing much larger losses

associated with defects and customer complaints.

The objective is not to eliminate necessary inspection or reduce prevention spending indiscriminately. It is to

achieve the required quality level with an effective combination of prevention, process control, and verification.

3.5 On-Time Delivery and Production Schedule Adherence

Manufacturing performance must ultimately support customer commitments. A process that produces high-

quality components at competitive costs may still create business problems if orders are frequently delayed.
1) On-time delivery

On-time delivery (OTD) is commonly calculated as:

OTD = Orders delivered on time + Total orders due x 100%

For example, if 95 of 100 orders due during a reporting period are delivered on or before the agreed delivery

date, the on-time delivery rate is 95%.

Manufacturers should define what counts as an on-time delivery and use a consistent reporting period. The

measurement may be based on shipment, delivery, or another contractually defined milestone.
2) Production schedule adherence

Production schedule adherence measures how closely actual production follows the planned schedule.
Depending on the operation, it may be evaluated using completed orders, quantities produced, or production

milestones achieved as planned.

These metrics help reveal the effects of material shortages, unplanned downtime, scheduling problems, quality

failures, and bottlenecks on delivery performance.

For custom manufacturing projects, delivery reliability often depends on coordination across several stages,
including tooling, raw material procurement, production, finishing, inspection, and assembly. Monitoring
schedule performance helps identify recurring delays and distinguish internal production constraints from

external supply issues.
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3.6 How to Build a Balanced Manufacturing Performance Dashboard

Manufacturers should avoid relying on a single headline metric. Instead, they can combine a small set of

indicators that collectively reflect production efficiency, quality, cost, and delivery performance.

Performance objective

Recommended metric

What it helps reveal

Equipment effectiveness||OEE Downtime, speed losses, and quality losses
Production speed Cycle time Time required for a defined production cycle
Output capacity Throughput Acceptable output achieved per unit of time
Production flow Lead time Total elapsed time across the defined process

Quality performance

First-pass yield

Output meeting requirements without rework

Material efficiency

Scrap rate

Losses from rejected or unusable output

Rework control

Rework rate

Additional processing caused by nonconformities

Cost performance

Unit manufacturing cost

Manufacturing expenditure per unit produced

Delivery reliability

On-time delivery

Ability to meet agreed delivery commitments

The most useful dashboard depends on the production environment. A repetitive, automated production line
may place greater emphasis on OEE and cycle time, while a custom manufacturing operation may need more

attention to lead time, first-pass yield, changeover performance, and delivery reliability.

It is also important to establish consistent measurement rules. Metrics should use clearly defined time periods,
production boundaries, units of measurement, and data sources. Otherwise, apparent improvements may reflect

changes in reporting methods rather than genuine operational gains.

3.7 How to Use Performance Metrics to Drive Improvement

Collecting manufacturing data is only the beginning. The real value comes from using it to identify priorities,

investigate root causes, and verify whether changes improve performance.

A practical measurement process involves four steps:
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1) Establish a baseline. Record current performance over a representative period, accounting for normal

changes in product mix, order volume, and operating conditions.

2) Identify the largest losses. Examine downtime, waiting time, defects, rework, scrap, and other indicators

to determine which problems have the greatest operational impact.

3) Set a measurable target. Define the expected improvement in terms of cycle time, yield, lead time, cost,

or another relevant metric.

4) Verify and sustain the results. Compare actual performance against the baseline after implementation

and continue monitoring to ensure the improvement is repeatable.

For example, if a manufacturer identifies excessive waiting between machining and finishing, it may establish
baseline measures for queue time, work-in-progress inventory, and order lead time. After changing production
scheduling or workflow coordination, the same metrics can be used to determine whether the intervention has

improved the process.

The comparison should also consider potential trade-offs. A reduction in cycle time is not a complete success if

scrap increases, quality deteriorates, or another operation becomes overloaded.

Ultimately, manufacturing performance metrics provide the foundation for a disciplined optimization process. By
measuring the right indicators, manufacturers can identify meaningful opportunities, prioritize improvement

efforts, and evaluate results using objective evidence.

IV. 7 Practical Strategies for Manufacturing Process

Optimization
Manufacturing process optimization requires a structured approach to identifying inefficiencies, addressing their
root causes, and verifying the results. While the specific methods vary by industry and production environment,

successful improvement initiatives generally focus on reducing waste, stabilizing processes, improving workflow,

and making better use of existing resources.

The following seven strategies provide a practical framework for improving manufacturing performance across

different production methods and product types.
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4.1 Map Production Workflows and Identify Bottlenecks

The first step in manufacturing process optimization is understanding how work moves through the production
system. Without a clear view of the complete workflow, manufacturers may improve individual operations while

overlooking the constraints that limit overall output.

Process mapping documents the sequence of activities required to transform raw materials or components into
finished products. Depending on the manufacturing environment, this may include material preparation,

machining, molding, finishing, inspection, assembly, and packaging.
A useful process map should identify:
e The sequence of production operations and the resources required at each stage.
e Processing time, setup time, and waiting time between operations.
e Material movement, work-in-progress inventory, and inspection points.
e Equipment or workstations operating close to their capacity limits.
e Activities that create delays, rework, or unnecessary handling.

Once the workflow is documented, manufacturers can compare the capacity of individual operations with actual
production demand. This helps reveal where queues form, why orders become delayed, and which constraints

have the greatest impact on throughput.

For example, a production line may have sufficient CNC machining capacity but limited surface-finishing capacity.
In this situation, increasing machining speed may simply create a larger queue of unfinished components.
Improving coordination with the finishing operation or addressing its capacity constraint may deliver a greater

improvement in total production flow.

Value stream mapping can also help distinguish value-adding activities from waiting, transportation, and other

forms of waste.

Practical recommendation: Start with the complete production flow, then investigate the operations that have
the greatest impact on output and delivery. Avoid assuming that the busiest machine is necessarily the most

important constraint.
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4.2 Standardize Processes and Work Instructions

Manufacturing consistency depends on more than equipment capability. When operators use different methods,
process settings vary without control, or work instructions are incomplete, production results may become

unpredictable.

Process standardization establishes a documented and repeatable method for performing each critical operation.
It defines the appropriate sequence of activities, required equipment and tooling, relevant process parameters,

inspection requirements, and acceptance criteria.
Depending on the manufacturing process, standardization may include:
e Approved machine settings and operating procedures.
e Tooling, fixture, and setup instructions.
e Material preparation and handling requirements.
e Defined inspection methods and measurement criteria.
e Assembly sequences, torque requirements, and visual standards.
e Procedures for recording deviations and responding to nonconforming products.

For example, in plastic injection molding, controlling relevant parameters such as melt temperature, mold
temperature, injection speed, and holding pressure can help maintain consistent production conditions. The
appropriate settings depend on the resin, mold design, machine, and component geometry; they should be

established and validated for the specific application rather than copied indiscriminately between products.

Standardization is equally important for CNC machining, silicone molding, and manual assembly. Documented
setup conditions and inspection requirements make it easier to reproduce successful results across production

batches and shifts.

However, standardization should not become a substitute for engineering judgment. Processes must be reviewed

when materials, tooling, product specifications, or equipment change.

Practical recommendation: Establish controlled work instructions for critical operations, train relevant personnel,

and update the documentation when validated process changes are introduced.

4.3 Reduce Setup Time and Improve Changeover Efficiency

Setup and changeover activities can consume a significant proportion of available production time, particularly

when manufacturers produce multiple product variants or operate in relatively small batches.
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A setup may involve changing tools, installing fixtures, adjusting machine settings, preparing materials, verifying
dimensions, and approving the first acceptable parts. If these activities take too long, equipment remains

unavailable for productive work even when customer demand is sufficient.

One established approach is Single-Minute Exchange of Die (SMED), a lean manufacturing method that aims to
reduce changeover time by separating internal setup activities, which require equipment to be stopped, from

external activities that can be completed while production continues.
In practice, manufacturers can investigate several opportunities:
e Prepare tools, fixtures, materials, and documentation before stopping the machine.
e Use standardized tooling interfaces and repeatable setup references where appropriate.
e Simplify fixture changes and tool adjustments.
e Establish clear first-piece inspection and setup approval procedures.
e Record setup time and investigate recurring delays.

For example, a CNC machining operation producing several component variants may spend substantial time
locating fixtures, loading programs, and verifying the first component after each changeover. Preparing approved

programs and fixtures in advance, together with standardized setup instructions, can reduce avoidable downtime.

Reducing changeover time can also make smaller production batches more practical. This may improve

responsiveness and reduce the need to produce excessive quantities simply to avoid frequent setups.

However, shorter setup time should never come at the expense of proper tool installation, machine safety, or

first-piece verification.

Practical recommendation: Measure changeover time from a clearly defined starting point to the return of
acceptable production output. Improve the activities that consume the most time, and verify that quality remains

stable after the change.

4.4 Apply Root-Cause Analysis to Reduce Defects and Rework

Manufacturing defects often have multiple possible causes. Replacing a tool, adjusting a machine setting, or

retraining an operator may provide temporary relief without resolving the underlying problem.

Root-cause analysis helps manufacturers investigate why a defect occurs and identify corrective actions that

address the actual source of the problem.

Several established methods can support this process:
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e The 5 Whys: Repeatedly ask why a problem occurred to explore contributing causes rather than stopping

at the first explanation.

e Fishbone diagrams: Organize potential causes into categories such as materials, methods, machines,

measurement, environment, and personnel.

e Pareto analysis: Rank defect types or failure causes by frequency, cost, or operational impact to identify

the most significant opportunities.

e Statistical process control (SPC): Use process data and control charts to distinguish routine variation

from signals that may indicate a change in process behavior.

Consider a CNC-machined component that repeatedly fails a dimensional inspection. The immediate response
might be to adjust the machine offset. However, further investigation may reveal that tool wear, workholding

variation, thermal effects, or measurement methods are contributing to the problem.

Similarly, short shots or dimensional inconsistencies in injection-molded parts may be associated with material
condition, mold design, filling behavior, or unstable processing conditions. The appropriate corrective action

depends on the evidence collected from the actual process.

After identifying a likely root cause, manufacturers should test the proposed corrective action and monitor
relevant quality indicators, such as first-pass yield, scrap rate, and rework rate. Where appropriate, the change

should be documented and incorporated into the controlled production process.
Practical recommendation: Prioritize recurring defects with significant quality or cost consequences, use

production data to test potential causes, and verify corrective actions before treating a problem as resolved.

4.5 Improve Material Flow and Production Layout

Manufacturing efficiency is influenced by how materials, components, and people move through the production
environment. Poorly arranged workstations, distant storage locations, and unnecessary movement between

operations can increase handling time, create congestion, and complicate production scheduling.

Improving material flow means organizing production activities so that work moves through the required

operations with fewer unnecessary transfers and interruptions.
Potential improvements include:
e Positioning related operations closer together where practical.

e Establishing clearly defined material storage and staging locations.
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e Separating incoming materials, work-in-progress, and completed products.

e Using visual management to identify production status and material shortages.

e Coordinating material replenishment with actual production requirements.

e Reducing unnecessary transfers between external processing and internal operations where feasible.

For example, a product assembly operation may require machined metal components, molded plastic housings,
silicone parts, cables, and electronic modules. If these items arrive at different times or are stored without a clear
staging system, assembly personnel may spend considerable time locating parts or waiting for missing

components.

A coordinated material flow system can improve visibility, reduce avoidable handling, and help production teams

identify shortages before they interrupt scheduled work.

Manufacturers may also use lean practices such as 5S to organize work areas and maintain clear, accessible
storage arrangements. Depending on the production environment, cellular manufacturing or point-of-use

material supply may further reduce unnecessary movement.

Layout changes should nevertheless account for safety, equipment requirements, material characteristics,

contamination risks, and the need for appropriate separation between production activities.

Practical recommendation: Observe actual material movement before redesigning a layout. Identify repeated
transfers, unnecessary travel, and avoidable waiting, then prioritize changes that improve flow without creating

new constraints.

4.6 Optimize Tooling, Fixtures, and Process Parameters

Tooling, fixtures, and process parameters directly influence production speed, dimensional accuracy,
repeatability, and defect rates. Improving these elements can increase manufacturing efficiency without requiring

a complete redesign of the production system.
The optimization approach depends on the process involved.
1) For CNC machining

Relevant considerations include tool selection, cutting parameters, workholding stability, machining sequence,
toolpath strategy, and tool-life management. Improving these factors may reduce machining time, minimize

vibration, improve surface finish, or reduce dimensional variation.

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]



https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

iz \

For example, a revised machining strategy may reduce unnecessary tool changes or improve material removal
efficiency. However, cutting speed, feed rate, and depth of cut must remain compatible with the material, tool,

machine, geometry, and required finish.
2) For plastic injection molding

Potential improvement areas include mold design, gate and runner configuration, cooling efficiency, venting, and
validated process settings. Cooling time, in particular, can influence the overall molding cycle, but changes must

account for part geometry, material behavior, dimensional stability, and the risk of warpage or other defects.
3) For silicone molding

Process performance may depend on material handling, mold design, temperature control, curing conditions, and
the requirements of the specific silicone system. Optimizing these variables requires consideration of material

characteristics and product specifications rather than simply shortening the cycle.
4)  For assembly operations

Fixtures, locating features, alignment aids, and appropriate fastening tools can improve repeatability and reduce
handling or adjustment time. Where applicable, error-proofing methods can help prevent incorrect orientation,

missing components, or assembly mistakes.

Across these processes, changes should be evaluated using measurable indicators such as cycle time, first-pass

yield, scrap rate, and tool or equipment downtime.

Practical recommendation: Establish a stable baseline, change relevant variables systematically, and validate
both production efficiency and product conformity. A faster process is only an improvement when it continues to

meet the required specifications reliably.

4.7 Establish Continuous Improvement and Performance Monitoring

Manufacturing process optimization should be treated as an ongoing management discipline rather than a one-
time project. Even a well-designed process can become less effective when product variants change, tooling

wears, demand shifts, or production volumes increase.

Continuous improvement provides a structured way to identify new opportunities, implement changes, and

maintain the benefits achieved.
One widely used framework is the Plan-Do-Check-Act (PDCA) cycle:

1) Plan: Define the problem, investigate its causes, establish a baseline, and set a measurable improvement

target.
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2) Do: Implement the proposed change on a controlled scale, where practical.

3) Check: Compare actual results with the baseline and evaluate any effects on quality, cost, output, and

delivery.

4) Act: Standardize successful changes, address unexpected results, and determine whether further

improvement is required.

For example, a manufacturer may identify repeated delays during final inspection. After reviewing the workflow,
the team may adjust inspection scheduling, improve measurement preparation, or clarify acceptance criteria. The

team can then compare waiting time, throughput, and defect escape rates before and after implementation.

Continuous improvement also depends on employee involvement. Operators, technicians, quality personnel, and
engineers often have different perspectives on recurring production problems. A structured process for recording
observations, reviewing improvement proposals, and sharing validated practices can help convert that knowledge

into operational gains.

Performance monitoring should continue after implementation to ensure that the process remains stable.
Relevant indicators may include cycle time, OEE, first-pass yield, rework, scrap, and on-time delivery, selected

according to the improvement objective.
Practical recommendation: Use a repeatable improvement cycle, assign responsibility for monitoring results, and

document successful changes so that the gains are maintained across shifts, batches, and future production runs.

4.8 How to Prioritize Manufacturing Process Improvements

Not every improvement opportunity deserves the same level of attention. Manufacturers should prioritize
changes according to their potential operational impact, implementation effort, technical risk, and alignment with

business requirements.

A simple prioritization framework can consider four questions:
e Impact: How significantly could the change improve quality, throughput, lead time, or total cost?
e Feasibility: Can the change be implemented with the available equipment, skills, and resources?
e Risk: Could the change affect product conformity, safety, reliability, or delivery commitments?

e Verification: Can the expected improvement be measured objectively?
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For example, standardizing an inconsistent setup procedure may require relatively little investment while
reducing recurring downtime. Replacing an entire production machine may involve substantial capital

expenditure, installation time, and qualification work, and may not address the actual source of the problem.

This does not mean that major investments are unnecessary. New equipment, automation, or tooling may be
justified when a verified capacity constraint or technical limitation cannot be resolved effectively through other

measures.

The important point is to establish the problem before selecting the solution. By combining performance data
with engineering judgment, manufacturers can focus resources on changes that deliver measurable and

sustainable improvements.

Ultimately, the seven strategies work best as a coordinated system. Process mapping identifies where
improvement is needed; standardization and root-cause analysis help address recurring problems; tooling, layout,
and changeover improvements enhance execution; and continuous monitoring verifies that the results are

sustained.

V. How Manufacturing Process Selection Affects Efficiency

Manufacturing process selection has a direct impact on production efficiency, product quality, manufacturing
cost, and lead time. A process that works well for prototyping may not be suitable for high-volume production,
while a method that offers excellent dimensional precision may be unnecessarily expensive for a component with

less demanding requirements.

Effective manufacturing process optimization therefore begins with matching the production method to the

product's material, geometry, functional requirements, expected volume, and quality standards.

For custom manufacturing projects, this decision may involve more than selecting a single process. A finished
product may combine CNC-machined metal components, injection-molded plastic housings, silicone seals, printed
circuit board assemblies (PCBAs), cables, and final assembly operations. The efficiency of the overall production

system depends on how well these processes work together.

5.1 CNC Machining: Balancing Precision, Flexibility, and Cycle Time

CNC machining is widely used to produce precision components from metals and engineering plastics. It is
particularly suitable for parts requiring controlled dimensions, complex machined features, functional surfaces, or

flexibility across different product variants.
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From a manufacturing optimization perspective, CNC machining offers several opportunities for improving

efficiency:

e Optimize machining strategy: Select suitable cutting tools, toolpaths, and machining sequences to

reduce unnecessary movements and machining time.

e Improve workholding and fixturing: Stable, repeatable setups help reduce alignment errors, setup time,

and dimensional variation.

e Reduce unnecessary tool changes: Appropriate tool selection and operation planning can minimize non-

cutting time.

e Control tool wear: Monitoring tool condition helps maintain dimensional accuracy and surface quality

while reducing unexpected downtime.

e Review tolerances and geometry: Applying only the tolerances and surface requirements necessary for

product function can avoid unnecessary machining and inspection effort.

For example, a precision aluminum component may require several machining operations to achieve its final
geometry. Reviewing the machining sequence, fixture design, and tool access during the engineering stage may

reduce repositioning, simplify setups, and improve repeatability.

However, CNC machining removes material from a workpiece, so material utilization, machining time, and tool
consumption can influence total cost. Complex geometries, difficult-to-machine materials, and unnecessarily tight

tolerances may increase production requirements.

CNC machining is often attractive for prototypes, low-to-medium production volumes, and components requiring
precision or design flexibility. Its suitability for larger volumes depends on the part geometry, cycle time, material

utilization, automation potential, and comparison with alternative processes.
Optimization principle: Improve machining efficiency through sound process planning, stable setups, suitable

tooling, and manufacturable design—not simply by increasing cutting speed.

5.2 Plastic Injection Molding: Optimizing Repeatability and Production

Volume

Plastic injection molding is widely used for producing repeatable plastic components at medium-to-high and high

production volumes, particularly when the product geometry and demand justify the tooling investment.
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Once a suitable mold and stable process have been established, injection molding can produce large quantities of
components with consistent geometry and relatively short individual production cycles. However, overall

efficiency depends on mold design, material selection, process stability, cycle time, and tooling reliability.
Important optimization considerations include:

e Design for manufacturability: Review wall thickness, draft angles, ribs, bosses, undercuts, and other

geometric features to support reliable molding and appropriate tooling.

¢ Mold and cooling design: Evaluate gate locations, runner systems, venting, and cooling arrangements to

support consistent filling, dimensional stability, and efficient cycle times.

e Process parameter control: Establish suitable material preparation, melt temperature, mold

temperature, injection conditions, and holding and cooling parameters.

o Defect prevention: Monitor issues such as short shots, flash, sink marks, warpage, and dimensional

variation.

e Tooling maintenance: Maintain molds and associated equipment to reduce unplanned interruptions and

preserve product consistency.

Cooling time is an important part of many injection molding cycles. However, reducing cooling time without
validating part rigidity, dimensional stability, and ejection conditions can lead to warpage or other quality

problems. The goal is to establish the shortest reliable cycle that meets the required specifications.

Tooling investment is another major consideration. Mold design and fabrication require upfront resources, so the
economics of injection molding depend partly on production volume, product life, component complexity, and

expected tooling maintenance.

For example, a plastic housing intended for recurring production may justify a dedicated mold if demand is
sufficient. Before tooling begins, reviewing part geometry, draft, wall thickness, assembly interfaces, and critical

dimensions can help reduce later mold modifications and process difficulties.

Optimization principle: Injection molding efficiency depends on the combined performance of product design,
mold engineering, process control, and production planning. A fast molding cycle alone does not guarantee low

total manufacturing cost.
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5.3 Silicone Molding: Controlling Material Behavior and Process

Consistency

Silicone molding is used for components that require properties such as flexibility, elasticity, sealing performance,
thermal resistance, or suitability for demanding environmental conditions. Depending on the product and
material system, manufacturing may involve liquid silicone rubber (LSR), high-consistency rubber (HCR), or other

silicone formulations and molding methods.

Unlike many rigid plastic components, silicone products may be especially sensitive to material preparation,
curing conditions, mold design, and handling. These factors can influence dimensional consistency, surface

appearance, mechanical properties, and production yield.
Manufacturing optimization may involve:

e Selecting the appropriate silicone system: Match material properties and processing requirements to the

product's intended application.

e Reviewing mold design: Evaluate parting lines, venting, cavity geometry, and features that affect filling,

demolding, and flash control.

e Controlling material preparation and delivery: Maintain suitable storage, handling, mixing, or metering

conditions as required by the selected material system.

e Validating curing conditions: Establish appropriate temperature and curing time for the material, mold,

and component geometry.

¢ Improving demolding and handling: Reduce damage, contamination, unnecessary manual work, and

inconsistent finishing operations.

For example, a silicone seal may require consistent dimensions and reliable contact with its mating component.
Optimizing the molding process should therefore consider both production cycle time and the functional

requirements of the finished seal.

Material choice also affects process planning. LSR and HCR differ in their handling and processing characteristics,

so equipment, tooling, cycle design, and production controls should be selected accordingly.

Silicone molding is not automatically the most efficient choice for every elastomeric component. Product
geometry, required properties, order volume, tooling investment, and downstream finishing requirements all

influence the final decision.
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Optimization principle: Establish a repeatable process that delivers the required silicone properties and

dimensional consistency while minimizing defects, unnecessary handling, and avoidable cycle time.

5.4 3D Printing: Improving Development Speed and Design Validation

3D printing, also known as additive manufacturing, builds components layer by layer from digital models. It is
useful for product development, design verification, selected low-volume applications, and geometries that are

difficult or expensive to produce using conventional methods.

One of its main advantages is that prototypes can often be produced without dedicated production tooling. This
allows engineering teams to evaluate geometry, fit, assembly interfaces, and selected functional characteristics

before committing to more substantial tooling or manufacturing investments.
Potential optimization benefits include:

e Faster design iterations: Produce revised prototypes without waiting for dedicated molds or complex

fixtures.

e Early identification of design issues: Check fit, accessibility, assembly relationships, and potential

interference before production tooling is finalized.

¢ Reduced development risk: Evaluate selected product features before scaling to more expensive

manufacturing processes.

e Consolidation of selected features: Depending on the technology and material, some complex

geometries may be produced with fewer separate components.

However, 3D printing has limitations. Surface finish, dimensional accuracy, mechanical properties, material
selection, build time, and post-processing requirements vary by technology and application. Some printed parts

may also have direction-dependent properties or require additional finishing to achieve their intended function.

For high-volume production, injection molding or another conventional process may offer better unit economics,
depending on the product and tooling investment. CNC machining may be preferable where particular material

properties, dimensional requirements, or surface finishes are essential.

A practical strategy is to use 3D printing to validate design assumptions and assembly relationships, then select

the appropriate production process once the design and expected demand are better understood.

Optimization principle: Use 3D printing where its flexibility and reduced tooling requirements create a
meaningful development or production advantage, rather than assuming it is always the fastest or least expensive

option.
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5.5 PCBA and Cable Assembly: Optimizing Integration and Reliability

Electronic integration introduces additional manufacturing considerations because product performance depends

on both the individual components and their electrical and mechanical interfaces.

Printed circuit board assembly (PCBA) typically involves mounting electronic components onto a printed circuit
board using processes such as surface-mount technology (SMT) and, where required, through-hole assembly.
Cable assembly may involve wire preparation, crimping, soldering, connector installation, routing, and electrical

testing.

For products that combine electronics with mechanical housings, molded components, and cables, optimization

requires coordination across several production stages.
Important considerations include:

e Design and interface review: Confirm that PCB dimensions, connector positions, cable routing, housing

geometry, and mounting features are compatible.

¢ Manufacturing documentation: Maintain clear specifications, bills of materials, assembly drawings, and

applicable test requirements.

e Assembly process control: Establish repeatable procedures for component placement, soldering,

crimping, fastening, and other critical operations.

e Test planning: Define appropriate electrical, functional, and visual inspection requirements based on

product risks and specifications.

e Traceability and change control: Manage component substitutions, engineering revisions, and

production records to maintain consistency.

For example, a product may contain a PCBA mounted inside an injection-molded enclosure, with a cable routed
through a designated opening. If connector clearance, mounting features, or cable bend requirements are not

reviewed early enough, assembly may require additional modifications or manual adjustments.

Addressing these interfaces during engineering review can reduce assembly difficulties and prevent avoidable

rework after individual components have already been manufactured.

PCBA and cable assembly also involve specialized process controls and testing requirements. Their efficiency

should be evaluated alongside product reliability and conformity rather than measured solely by assembly speed.

Optimization principle: Integrate electrical, mechanical, and assembly requirements early so that components

can be manufactured, connected, tested, and assembled consistently.
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5.6 Product Assembly Integration: Optimizing the Complete

Manufacturing Flow

When a product contains components produced by multiple processes or suppliers, final assembly becomes a

critical link between component manufacturing and the finished product.

A component may meet its individual drawing requirements but still create assembly problems because of
tolerance accumulation, interface incompatibility, difficult fastening access, cable interference, or inconsistent

incoming quality.

Optimizing assembly therefore requires attention to both the individual components and the relationships

between them.
Key opportunities include:

e Designing for assembly: Reduce unnecessary part count and simplify orientation, alignment, fastening,

and access where product requirements permit.

¢ Reviewing tolerance relationships: Confirm that mating components can fit and function reliably within

their specified dimensional ranges.

e Standardizing assembly sequences: Establish repeatable work instructions, fixtures, and fastening

procedures.

e Coordinating component availability: Ensure that required parts, materials, and purchased items are

available when assembly is scheduled.

e Verifying functional performance: Include appropriate inspection and functional testing before the

product is released.

For example, a product combining a machined metal bracket, molded plastic housing, silicone seal, PCBA, and
cable assembly requires several different manufacturing processes. If each component is developed
independently without adequate interface review, the final assembly may reveal clearance problems, sealing

issues, or cable-routing difficulties.

Early DFM and design-for-assembly reviews can help identify these risks before production is scaled. Pilot

assembly can then verify the sequence, tooling, component fit, and relevant functional requirements.

Integrated manufacturing support can also improve project coordination by aligning component specifications,
supplier schedules, quality requirements, and assembly planning. However, integration does not eliminate the

need for qualified suppliers, defined acceptance criteria, and appropriate verification at each stage.

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

iz \

Optimization principle: Evaluate the efficiency of the complete product manufacturing flow, not only the

production cost or speed of individual components.

5.7 How to Select the Right Manufacturing Process

Choosing a manufacturing process requires balancing technical requirements, production economics, and

operational constraints. The best choice is the process—or combination of processes—that consistently delivers

the required product performance and quality at an appropriate total cost and production lead time.

The following factors provide a useful starting point for evaluating alternatives.

Selection factor

Key question

Why it matters

Which materials meet the functional and

Material properties influence process

requirements

validation are necessary?

Material ) ) o )
environmental requirements? compatibility, performance, and quality.
Can the process produce the required Geometry affects tooling, machining strategy,
Geometry ) .
shape and features reliably? mold complexity, and assembly.
Which dimensions and interfaces require |[Tolerance requirements influence process
Tolerances o o )
controlled precision? capability, inspection, and cost.
Production How many units are expected initially and ||Volume affects tooling investment, setup costs,
volume over the product life? capacity planning, and unit economics.
Quality What inspection, testing, traceability, and ||Quality requirements affect process controls and

total production effort.

How quickly must prototypes, tooling, and

Process availability, tooling development,

requirements

other parts?

Lead time ) o ) supplier coordination, and capacity influence
production quantities be delivered?
schedules.
Assembly How will the component interact with Interface design and tolerance relationships

affect final assembly and reliability.

Scalability

Can the process support future demand

without unacceptable cost or quality risks?

A suitable process must remain practical as

volume and product requirements change.

A comparison of manufacturing methods should also distinguish recurring production cost from initial investment.

For example, a process requiring dedicated tooling may involve higher upfront expenditure but lower recurring
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unit cost at sufficient volume. A more flexible process may be preferable during early development or when

demand remains uncertain.

Similarly, selecting the process with the shortest nominal cycle time may be misleading if it introduces additional

finishing, inspection, assembly, or quality-control requirements.

Manufacturers should therefore evaluate the complete production scenario, including material utilization,

tooling, labor, equipment, quality assurance, logistics between operations, and expected production volume.
Where uncertainty remains, prototype evaluation, engineering analysis, and pilot production can help validate the

process choice before larger investments are made.

5.8 Why Multi-Process Manufacturing Requires Integrated Planning

Many custom products cannot be produced efficiently using a single manufacturing method. They require a
coordinated combination of metalworking, polymer processing, silicone molding, electronics integration, cable

assembly, and final product assembly.

In these projects, optimization depends on more than selecting suitable individual processes. The interfaces

between them must also be planned and controlled.

Integrated planning helps align:
e Product specifications, drawings, bills of materials, and engineering revisions.
e Material selection and compatibility across component interfaces.
e Tooling schedules, component production, and supplier lead times.

e Inspection requirements and acceptance criteria at each manufacturing stage.

Assembly sequences, functional testing, packaging, and delivery schedules.

For example, the release of a molded enclosure may need to align with PCBA procurement, cable preparation,
and mechanical component production. If these activities are scheduled independently, assembly may be delayed

even when most components are completed on time.

Early coordination can help identify dependencies, reduce avoidable waiting, and ensure that components are

ready for assembly when required.

For businesses working with a manufacturing partner, this integrated perspective can simplify communication and
improve visibility across the project. It also supports earlier identification of design and process risks, particularly

when multiple materials and production technologies are involved.
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Ultimately, manufacturing process selection should be treated as an engineering and operational decision, not
simply a comparison of machine capabilities or quoted unit prices. By evaluating product requirements,
production volume, quality expectations, and cross-process dependencies together, manufacturers can establish

a more efficient and scalable path from prototype to finished product.

VI. The Role of DFM and Process Validation in Production

Optimization
Manufacturing process optimization does not begin when production equipment starts running. Many of the
factors that determine production efficiency —including part geometry, material selection, tolerances, tooling

requirements, assembly interfaces, and inspection methods—are established much earlier in the product

development process.

Two practices are particularly important: design for manufacturability (DFM) and manufacturing process

validation.

DFM evaluates whether a product's design can be manufactured reliably and efficiently using the intended
production methods. Process validation then provides evidence that the selected manufacturing process can

consistently produce parts or products that meet defined requirements.

Together, these practices help reduce avoidable design changes, tooling modifications, production defects,

rework, and delays during the transition from prototype to mass production.

6.1 What Is Design for Manufacturability (DFM)?

Design for manufacturability is an engineering review process that evaluates a product's design against the

practical requirements of manufacturing.

The purpose is not simply to make a component easier or cheaper to produce. DFM seeks to establish a workable

balance between product function, performance, quality, production efficiency, and total manufacturing cost.

A design may look correct in a CAD model and perform well in a prototype, yet still present manufacturing
challenges when production volume increases. Features that are difficult to machine, inconsistent wall
thicknesses in molded parts, inaccessible assembly points, or unnecessarily tight tolerances can all increase

production effort and risk.

A DFM review identifies these issues before they become expensive problems in tooling, production, or final

assembly.
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Typical DFM review areas include:

e Material selection: Confirm that the material meets functional requirements and is compatible with the

intended manufacturing process.

e Part geometry: Review features that may increase machining time, mold complexity, material waste, or

assembly difficulty.

e Dimensional tolerances: Confirm that tolerances are appropriate for product function and achievable

with the selected process.
e Surface finish and appearance: Define requirements according to actual functional and visual needs.

e Tooling and fixtures: Identify features that may require complex molds, special cutting tools, additional

setups, or dedicated fixtures.

e Assembly interfaces: Check mating dimensions, fastening features, alignment, sealing, cable routing, and

accessibility.

e Inspection and testing: Confirm that critical dimensions and functional requirements can be measured or

verified effectively.

For example, a plastic enclosure may require a design review before injection mold development. Wall thickness,
draft angles, rib geometry, fastening bosses, and component interfaces can influence mold design, molding

stability, dimensional consistency, and assembly performance.
Addressing these factors before tooling is finalized may reduce later modifications and help establish a more

stable production process.

6.2 How DFM Improves Manufacturing Efficiency

DFM improves efficiency by addressing potential sources of production difficulty before they affect manufacturing

operations.
1) Reducing unnecessary manufacturing complexity

Complex geometries, difficult tool access, excessive part features, and unnecessarily tight tolerances can require
additional machining operations, specialized tooling, or more demanding inspection procedures. Where product

function permits, design adjustments can simplify production without compromising performance.

2) Reducing tooling and engineering changes
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Tooling changes after mold fabrication or production setup can affect project schedules and require additional
engineering work. Reviewing the design and intended manufacturing process before tooling release helps identify

potential issues earlier.
3) Improving yield and consistency

Design features influence how reliably a component can be produced. For example, mold geometry and material
behavior affect filling, cooling, shrinkage, and warpage in injection molding. Machined features influence tool

accessibility, workholding, and dimensional control in CNC machining.
4)  Simplifying assembly

A product may contain individually acceptable components that are difficult to assemble together. Reviewing
interfaces, tolerances, fastening access, and component orientation helps reduce adjustment, rework, and

assembly time.
5)  Supporting production scalability

A process that works for a small prototype quantity may not be practical for recurring or high-volume production.
DFM helps evaluate whether the design can be produced consistently at the expected volume using appropriate

equipment, tooling, and quality controls.

The important principle is that DFM should be based on the intended manufacturing process and actual product
requirements. A design adjustment that benefits one process may create disadvantages in another, so proposed

changes should be evaluated against the complete product and production plan.

6.3 DFM Considerations Across Different Manufacturing Processes

Different manufacturing technologies have different constraints. A useful DFM review therefore considers the

specific process used for each component rather than applying a single generic checklist.

Manufacturing . . . . .
Important DFM considerations Potential efficiency benefits
process

Tool access, workholding, internal features, Fewer setups, reduced machining
CNC machining o o _ )
machining sequence, tolerances, and surface finish||effort, and more repeatable dimensions

Plastic injection Wall thickness, draft, ribs, bosses, gate locations, ||More stable molding, fewer defects,

molding cooling, and mold complexity and reduced tooling changes
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Material behavior, parting lines, venting,
Better dimensional consistency and less
Silicone molding demolding, sealing features, and curing
finishing or rework
requirements

3D printi Build orientation, support structures, wall Reduced prototype iterations and more
printing

thickness, material behavior, and post-processing ||efficient production preparation
PCBA and cable Component clearance, connector orientation, Fewer assembly conflicts and easier
assembly cable routing, mounting, and test access inspection and testing

Part count, alignment, fastening access, tolerance ||Reduced handling, adjustment, and
Product assembly _ ) _
relationships, and assembly sequence assembly time

These considerations are not isolated. For example, a housing designed for injection molding must also

accommodate its internal electronics, cable routing, fastening points, and any required sealing features.

A design change that improves moldability should therefore be checked against the assembled product's
functional requirements. This cross-process perspective is particularly important for products containing metal,

plastic, silicone, electronic, and cable components.

6.4 Why Prototypes Alone Do Not Guarantee Production Readiness

Prototypes are valuable for verifying dimensions, fit, appearance, and selected functional requirements. However,

a successful prototype does not automatically prove that a product can be manufactured consistently at scale.

Prototype and mass-production processes may differ in material, equipment, tooling, production speed, and
inspection requirements. A prototype made by CNC machining or 3D printing, for example, may not reveal every

issue that could arise when the same geometry is produced in an injection mold.

Similarly, a manually assembled prototype may be acceptable even when the same assembly sequence becomes

slow, inconsistent, or difficult to control across larger quantities.

Before scaling production, manufacturers should consider whether the prototype adequately represents the

intended production process and whether the remaining uncertainties have been addressed.
Key questions include:
e Does the selected process produce the required material properties and dimensions?
e Are critical product features consistently achievable?

e Do the components fit and function together under expected operating conditions?
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e Can the intended inspection and testing methods verify product conformity?
e Are cycle time, yield, tooling, capacity, and material supply suitable for the expected production volume?
e Have the principal manufacturing and assembly risks been identified and addressed?

Where prototype methods differ substantially from production methods, additional process-specific samples or

pilot production may be necessary.

The goal is not to eliminate every possible uncertainty before production. It is to identify the important risks,
gather sufficient evidence, and avoid committing to large-scale production while critical assumptions remain

unverified.

6.5 What Is Manufacturing Process Validation?

Manufacturing process validation is the documented evaluation of whether a manufacturing process can produce

outputs that consistently meet specified requirements.

The depth and formality of validation depend on the product, industry, process risk, customer requirements, and

applicable regulations. Not every general industrial product requires the same formal validation framework.

For many custom manufacturing projects, process validation may involve a combination of engineering reviews,
equipment and tooling checks, trial production, dimensional inspection, functional testing, process parameter

review, and analysis of production results.
Typical validation activities include:
1) Confirming process readiness

Review equipment, tooling, fixtures, material specifications, work instructions, inspection equipment, and other

resources needed for production.
2) Establishing process parameters

Identify suitable operating conditions, such as machining parameters, molding temperatures, injection and

holding conditions, curing time, or assembly settings, as relevant to the process.
3) Producing trial samples

Manufacture representative samples using the intended production method and conditions. The trial should be

designed to reveal relevant manufacturing and quality risks.

4) Inspecting and testing outputs

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufa

Metal, Plastic & Silicone Integration §

Check critical dimensions, material or appearance requirements, assembly fit, and functional performance against

the approved specifications.
5) Reviewing process performance

Evaluate defects, rework, process variation, cycle time, and other relevant indicators. Where appropriate, use

statistical methods to understand variation and assess process capability.
6) Documenting results and resolving issues

Record the results, investigate nonconformities, implement corrective actions, and repeat relevant checks when

changes could affect product conformity.
7)  Approving production readiness

Confirm that the process, quality controls, and supporting documentation are adequate for the intended

production stage.

Validation is not simply a one-time sample inspection. It should provide reasonable evidence that the production

method and controls are suitable for the intended application and expected manufacturing conditions.

6.6 The Role of Pilot Production Before Mass Production

Pilot production provides an opportunity to evaluate the manufacturing and assembly process under conditions

that more closely represent regular production.

Unlike a small number of engineering prototypes, a pilot run can help expose issues related to repeatability, work
instructions, material handling, operator workflow, inspection procedures, and coordination between

manufacturing stages.
A pilot run may help answer questions such as:
e Can the process maintain the required dimensions and quality across multiple units?
e Are cycle times and production capacity realistic?
e Do the work instructions and fixtures support repeatable operations?
e Are the inspection methods practical for routine production?
e Can components from different manufacturing processes be assembled without excessive adjustment?

e Are material supply, production scheduling, and packaging arrangements ready?
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Consider a product that combines CNC-machined metal parts, injection-molded plastic components, silicone
seals, a PCBA, and cable assemblies. Individual samples may pass inspection, but a pilot assembly run can reveal
issues such as connector interference, inconsistent seal compression, difficult fastening access, or a mismatch

between component delivery schedules.

Resolving these problems before mass production can reduce disruption and help establish a more predictable

production flow.

The pilot quantity should be appropriate to the product, process risk, expected volume, and evidence needed. A
small pilot may be sufficient for a relatively simple product, while a more complex or risk-sensitive project may

require a more extensive evaluation.

6.7 How DFM and Process Validation Work Together

DFM and process validation address different but complementary questions.

DFM asks whether the product design is suitable for the intended manufacturing approach. Process validation

asks whether the selected process and controls can produce acceptable outputs consistently.

A DFM review may identify a potential problem with a component's geometry or tolerance. The engineering team
can then evaluate an appropriate design or process adjustment. Trial production and validation provide evidence

of whether the revised approach performs as expected.

The relationship can be summarized as follows:

Stage Main question Typical activities

Design and Can the product be manufactured and DFM review, tolerance review, material
engineering review assembled as intended? and process assessment

Prototype and design ||Does the product meet the required Prototype evaluation, fit checks,
verification functional and dimensional requirements? ||[functional tests

Tooling and process Can the intended manufacturing method be ||Tooling development, fixture preparation,

development established? process setup
Trial and pilot Can the process produce acceptable outputs |[Trial runs, inspection, process adjustment,
production under representative conditions? assembly evaluation
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) Are the process and quality controls ready Results review, documentation, approval,
Production release _ ) ] _
for the intended production stage? production planning
. . Does the process continue to meet Routine inspection, trend monitoring,
Ongoing production
requirements? corrective action, change control

These stages may overlap or repeat as the product and process develop. For example, trial production may reveal
a design issue that requires another DFM review. A tooling change may require additional validation, depending

on its potential effect on product quality.
This feedback loop helps manufacturers move from assumptions to evidence while reducing the likelihood of

carrying unresolved issues into larger production runs.

6.8 A Practical Framework for Moving from Design Review to
Production

For custom manufacturing projects, DFM and validation can be organized into a practical sequence.
Step 1: Confirm product requirements

Review the approved drawings, CAD models, bill of materials, materials, critical dimensions, functional

requirements, quality expectations, and expected production quantities.
Step 2: Review manufacturing feasibility

Evaluate the proposed processes, tooling, tolerances, material compatibility, assembly interfaces, and inspection

requirements. ldentify potential risks and clarify unresolved specifications.
Step 3: Agree on engineering changes and process assumptions

Document proposed design adjustments, process choices, acceptance criteria, and responsibilities. Changes

affecting fit, function, safety, or compliance should receive the appropriate approval before implementation.
Step 4: Develop tooling and production methods

Prepare the required molds, fixtures, machining programs, work instructions, assembly methods, and inspection

procedures.
Step 5: Verify representative samples

Inspect samples produced using the intended process. Evaluate dimensions, appearance, material requirements,

assembly fit, and functional performance as applicable.

Copyright — All Rights Reserved. GEMS Manufacturing Ltd. [https://gems-mfg.com/]


https://gems-mfg.com/

Custom Manufac

Metal, Plastic & Silicone Integration §

Step 6: Conduct a suitable trial or pilot run

Assess repeatability, process stability, yield, cycle time, assembly workflow, and coordination between

manufacturing stages.
Step 7: Resolve issues and approve production readiness

Investigate deviations, implement corrective actions, verify changes, and confirm that the agreed production and

quality requirements are met.
Step 8: Monitor performance after release

Continue tracking relevant indicators such as first-pass yield, scrap, rework, delivery performance, and process

variation. Apply change control and corrective action when results indicate a problem.

The framework should be scaled to the project's complexity and risk. A straightforward component may require a
relatively simple review and sample approval, while a multi-component product with demanding performance

requirements may need more extensive testing, documentation, and pilot production.

6.9 How DFM and Validation Support Better Manufacturing Outcomes

The value of DFM and process validation lies in preventing avoidable problems and making production decisions

with better evidence.
When applied at the appropriate stages, these practices can help manufacturers:
e Reduce late-stage engineering changes and tooling modifications.
e Improve the consistency of product dimensions and functional performance.
e Identify assembly and interface issues before production volume increases.
e Establish more realistic cycle times and capacity expectations.
e Reduce avoidable scrap, rework, and production interruptions.
e Improve coordination between component suppliers and final assembly.
e Create a clearer transition from prototype development to repeatable manufacturing.

These benefits are not automatic. DFM recommendations must respect product function, and validation results
must reflect the actual process and requirements. Effective implementation also depends on clear specifications,
timely engineering decisions, reliable production data, and collaboration between the customer and

manufacturing team.
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For companies developing custom products, a manufacturing partner that can coordinate engineering review,
process selection, component production, and assembly planning can help identify potential issues earlier and

maintain better continuity throughout the project.

The central lesson is simple: optimize the design for manufacturing, verify the process before scaling, and
continue monitoring performance after production begins. This approach provides a stronger foundation for

improving manufacturing efficiency without compromising quality or product functionality.

VII. A Step-by-Step Framework for Implementing

Manufacturing Process Optimization

Understanding manufacturing inefficiencies is only the first step. To achieve measurable improvements,
manufacturers need a structured approach to identifying problems, establishing performance baselines, testing

solutions, and verifying results.

An effective manufacturing process optimization program does not necessarily require major equipment
investments or a complete production redesign. Many improvements begin with better process data,

standardized work instructions, improved material flow, or a more suitable manufacturing method.

The objective is to solve the right problem, verify that the solution works, and ensure that the improvement can

be maintained without compromising product quality or delivery performance.

The following eight-step framework provides a practical starting point for manufacturing teams, operations

managers, and companies working with custom manufacturing partners.

7.1 Step 1: Define the Problem and Set a Clear Objective

The first step is to identify a specific manufacturing problem rather than pursuing a general goal such as

improving efficiency.

Broad objectives like “reduce manufacturing cost” or “increase productivity” may be useful at a strategic level,

but they do not tell the team what to investigate or how to measure success.
A more effective objective identifies the affected process, the observed problem, and the desired outcome.
Examples include:

e Reduce excessive waiting between CNC machining and surface finishing.
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e Improve first-pass yield for an injection-molded component.

e Reduce setup time when changing between product variants.

e Shorten the time required to complete final product assembly.

e Improve on-time delivery by addressing recurring component shortages.
Where possible, quantify the current problem and establish a target.

For example, if a production line regularly takes 12 working days from the start of production to completion, the
team might investigate the major contributors to that lead time and establish a realistic reduction target. The
target should be based on the actual process conditions and available improvement opportunities, not an

arbitrary percentage.
A well-defined objective should answer three questions:
1) What problem needs to be solved?
2) Which performance measure will demonstrate improvement?
3) What constraints must not be compromised, particularly quality, safety, and customer requirements?

Defining these points at the beginning helps keep the improvement effort focused and makes it easier to evaluate

the results.

7.2 Step 2: Map the Existing Process and Establish a Baseline

Before changing a process, understand how it currently operates.

A process map provides a visual representation of the major production stages, material movements, inspections,
waiting periods, and handoffs between operations. Depending on the problem, the map may cover a single

workstation, a complete production line, or the flow from incoming materials to finished-product delivery.
For example, a custom component manufacturing workflow may include:
@ Material preparation

CNC machining

L 2

Deburring and cleaning

L 2

Surface finishing

*

Dimensional inspection
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€ Component assembly
€ Final inspection and packaging

Mapping the process helps identify where time is spent, where work accumulates, and where additional handling

or repeated inspections may occur.
The team should then collect baseline data relevant to the problem. Useful measures may include:
e Processing and setup time at each operation
e Waiting time between operations
e  Work-in-process quantities
e  Output per shift or production day
e  First-pass yield, scrap, and rework
e Machine downtime and changeover frequency
e Order lead time and delivery performance

The data should represent normal operating conditions as far as practical. A single observation may be misleading

if production volume, product mix, material availability, or equipment condition varies significantly.

It is also important to distinguish processing time from total lead time. A component may require only a few

hours of actual machining while spending several days waiting for finishing, inspection, or assembly.

The purpose of the baseline is to understand current performance before improvement begins. Without it,

teams may implement changes without knowing whether the underlying problem has actually been resolved.

7.3 Step 3: Identify the Root Cause and Prioritize Opportunities

Once the process has been mapped and the baseline established, investigate why the problem occurs.

Avoid jumping directly to a solution. For example, slow output does not automatically mean that a machine needs
to run faster or that additional equipment is required. The real constraint may be setup time, tool changes,

material shortages, downstream inspection, or an imbalance between operations.
Several methods can help identify root causes:

e Pareto analysis: Rank defect types, downtime causes, or sources of delay to identify the largest

contributors.
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e 5 Whys: Ask successive questions to investigate the underlying cause of a problem.

e Fishbone diagram: Organize possible causes into categories such as people, equipment, materials,

methods, measurement, and environment.

e Value stream mapping: Examine material and information flow, including processing time, waiting, and

work-in-process.

e Statistical process control (SPC): Where appropriate, analyze process data over time to distinguish

common variation from specific changes or unusual events.

The method should match the problem. A recurring dimensional defect may require measurement-system review
and process analysis, while a long production lead time may require investigation of queues, scheduling, and

supplier handoffs.

After identifying possible causes, prioritize them using criteria such as:

Priority factor What to evaluate

Performance impact/|How much does the issue affect quality, throughput, lead time, or delivery?
Frequency How often does the problem occur?

Evidence Is the suspected cause supported by reliable observations or data?
Feasibility Can the team address it with available resources and authority?

Risk Could the proposed change affect safety, product function, or conformity?
Verification Can the result be measured objectively after implementation?

Start with a well-supported problem that has meaningful impact and a practical path to improvement. A smaller,

verified improvement is often more valuable than a large initiative built on assumptions.

7.4 Step 4: Develop and Evaluate Improvement Options

After identifying the likely root cause, develop possible solutions and evaluate their trade-offs.

Potential improvements may involve process parameters, tooling, fixtures, work instructions, layout, inspection

methods, product design, production scheduling, or coordination between suppliers.
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Consider a CNC machining operation where the measured cutting time is acceptable, but total production time is
excessive. If investigation shows that the main delay comes from fixture preparation and repeated setup,

increasing cutting speed is unlikely to address the real constraint.

More suitable options may include preparing fixtures before the machine stops, standardizing setup procedures,

improving workholding, or reviewing whether related operations can be combined.
When evaluating alternatives, consider:

e Expected effect on the target performance measure

e Implementation time and resource requirements

e Effects on product quality and process stability

e Equipment, tooling, and training needs

e Dependencies on suppliers or other production stages

e Potential effects on downstream operations

e How the result will be verified

Where practical, compare several options before selecting one. The fastest or most visible solution is not always

the most effective over the complete manufacturing flow.

For design-related problems, DFM review may be necessary. For process-related problems, equipment
adjustment or standardized work may be sufficient. For coordination problems, improved scheduling or clearer

handoff requirements may offer greater benefit than changing the manufacturing technology.
The selected solution should address the verified cause while maintaining the product's functional, quality, and

safety requirements.

7.5 Step 5: Test the Improvement on a Controlled Scale

Before implementing a major change across the entire operation, test it on a suitable scale.

A controlled trial allows the team to evaluate whether the proposed solution works under actual production

conditions and whether it introduces unintended problems.
Depending on the change, the trial might involve:
e Alimited number of production units

e One machine or workstation
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A single product variant

A revised setup procedure

A trial batch produced with adjusted process parameters

A pilot assembly run using updated fixtures or work instructions

For example, a manufacturer may introduce a new fixture to reduce CNC setup time. During the trial, the team
should measure not only setup duration but also dimensional consistency, repeatability, tool access, operator

safety, and the effect on downstream operations.

Similarly, reducing injection molding cycle time requires checking that the resulting parts continue to meet

dimensional, appearance, and functional requirements.

A controlled trial should have predefined acceptance criteria. These may include a measurable reduction in setup
time, acceptable first-pass yield, stable critical dimensions, or improved throughput without an increase in

rework.

If the trial does not achieve the intended result, review the evidence and adjust the approach. Do not assume that

the original solution must be correct simply because it was selected through an improvement exercise.
Where changes could affect validated processes, regulated products, safety, or customer-approved specifications,

obtain the required approvals and perform appropriate verification before implementation.

7.6 Step 6: Measure Results Against the Baseline

Once the trial is complete, compare the results with the original baseline.

Use the same definitions and measurement methods wherever possible. Otherwise, an apparent improvement

may reflect a change in how data was recorded rather than a genuine change in production performance.
Useful indicators depend on the objective:

e Cycle time: Did the operation become faster?

e Throughput: Did the process produce more acceptable units over the same period?

e  First-pass yield: Did more units meet requirements without rework?

e Scrap and rework: Did quality losses decrease?

e Production lead time: Did the total time from production release to completion decrease?

e On-time delivery: Did the improvement help orders meet their committed dates?
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e Total manufacturing cost: Did the change reduce overall resource consumption without creating

additional costs elsewhere?
A simple percentage-reduction calculation is:

[\text{Reduction (%)}=
\frac{\text{Baseline}-\text{New Value}}
{\text{Baseline}}\times100]

For example, if a setup process initially takes 50 minutes and the revised process takes 40 minutes:
[\frac{50-40}{50}\times100=20%)]
The setup time has decreased by 20%.

However, the result should not be evaluated in isolation. If the new method reduces setup time but increases

defects, additional inspection, or safety risks, the overall outcome may not be an improvement.

It is also important to distinguish a measured result from an assumed financial benefit. A reduction in cycle time
does not necessarily translate directly into lower unit cost unless it changes actual resource consumption,

capacity utilization, overtime, outsourcing, or another relevant cost factor.
A balanced evaluation considers the target metric alongside any important quality, delivery, safety, and cost

measures that could be affected.

7.7 Step 7: Standardize the Improvement and Train the Team

An improvement is not complete simply because it works during a trial. It must become part of the normal

production process if the benefit is to continue.

Once the results have been verified and the change approved, update the relevant operating documents and

controls.

Depending on the improvement, this may include:
e Standard operating procedures and work instructions
e Machine programs and approved process parameters
e Setup sheets and fixture arrangements
e Inspection plans and acceptance criteria

e Material handling and replenishment procedures
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e Assembly instructions and functional test procedures
e Operator training and competency records
e Maintenance schedules and tooling checks

Employees responsible for performing or monitoring the process should understand what changed, why the

change was introduced, and which conditions must be maintained.

For example, a revised injection molding process may require an approved parameter range, a defined material
preparation procedure, and inspection of critical product characteristics. Simply telling operators to “use the new

settings” may not provide sufficient control if the underlying process requirements are not documented.

Standardization also helps reduce dependence on individual experience. A process that produces good results

only when a particular operator is present may still have a repeatability problem.
Where appropriate, use visual controls, checklists, mistake-proofing features, or automated monitoring to make

the improved method easier to follow consistently.

7.8 Step 8: Monitor Performance and Continue Improving

Manufacturing conditions change over time. Material batches, tooling wear, equipment condition, product mix,

staffing, and order volume can all affect process performance.
For this reason, the final step is to monitor the improved process and confirm that the gains are sustained.

Choose a small set of indicators linked to the original problem. Review them at a frequency appropriate to the

process and risk, and define what should happen when results fall outside the expected range.
For example:

e Arecurring dimensional issue may require trend monitoring and defined inspection or corrective-action

triggers.

e A setup-time improvement may require periodic checks that the preparation and changeover procedure

is being followed.

e Adelivery improvement may require monitoring material availability, production schedule adherence,

and supplier performance.
e An assembly improvement may require tracking rework, functional-test failures, and recurring fit issues.

The Plan-Do-Check-Act (PDCA) cycle provides a simple structure for continued improvement:
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1) Plan: Identify the problem, establish a baseline, and select an improvement.
2) Do: Implement the change on a controlled scale.
3) Check: Measure the result and evaluate any unintended effects.
4) Act: Standardize a successful change or revise the approach if the results are inadequate.
This cycle can be repeated as new issues emerge or production requirements change.
Continuous improvement does not mean changing a stable process unnecessarily. It means using evidence to

determine when a change is justified, verifying the outcome, and maintaining effective controls.

7.9 Example: Reducing Lead Time in a Multi-Process

Manufacturing Project

Consider a custom product that includes CNC-machined metal components, injection-molded plastic housings,

silicone seals, a PCBA, cables, and final assembly.

The project experiences repeated delivery delays even though most individual manufacturing operations appear

to run according to plan.

A structured optimization effort might proceed as follows:

Step Action Expected outcome

Define the Review delayed orders and identify the stages most o o
A specific improvement objective
problem often associated with missed dates

Trace material and information flow from component||Better visibility into waiting and
Map the workflow

production to final assembly handoff delays
Investigate root ||[Review component availability, tooling schedules, Evidence of the main contributors to
causes inspection queues, and assembly readiness delay
Select Coordinate component schedules, clarify release A solution directed at the actual
improvements requirements, or improve material staging constraint

) Apply the revised planning or handoff process to a Evidence that the change works in
Conduct a trial
suitable production order practice
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Compare lead time, schedule adherence, shortages, |/An objective assessment of the
Measure results ) ) _ )
and quality results with the baseline improvement

) Update planning rules, responsibilities, and readiness ) )
Standardize heck More consistent execution
checks

Moni Review subsequent orders and investigate recurring ||Sustained performance and further
onitor
deviations improvement opportunities

In this example, the main problem may not be machining speed, molding cycle time, or assembly labor. It may be

poor coordination between processes or components that are not ready when assembly is scheduled.

Improving the complete production flow can therefore deliver greater benefit than optimizing an individual

machine or workstation.

The same framework applies to simpler operations, although the level of analysis and documentation should be

proportionate to the problem.

7.10 How to Make Manufacturing Process Optimization

Sustainable

Long-term improvement depends on more than technical solutions. It also requires clear ownership, reliable data,

employee participation, and consistent follow-up.

Manufacturers should assign responsibility for each improvement initiative, establish measurable objectives, and
agree on how the results will be reviewed. Operators and technicians should be encouraged to report recurring

difficulties because they often observe process problems that are not visible in summary production data.

At the same time, teams should avoid launching too many improvement initiatives simultaneously. Excessive
changes can strain resources, complicate troubleshooting, and make it difficult to determine which actions

produced the observed results.

A practical approach is to maintain a prioritized list of improvement opportunities, select a manageable number
of high-impact projects, and complete the cycle from problem definition to verification before expanding the

program.

For custom manufacturing projects, collaboration between the customer and manufacturing partner is equally
important. Clear specifications, timely engineering decisions, controlled revisions, and shared quality expectations

help prevent avoidable delays and reduce uncertainty across the production process.
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The core principle is to make manufacturing improvement measurable, controlled, and repeatable. By defining
the problem, establishing a baseline, testing solutions, verifying results, and standardizing successful changes,

manufacturers can improve efficiency while protecting product quality and delivery performance.

VIII. Common Challenges and Mistakes to Avoid in

Manufacturing Process Optimization

Manufacturing process optimization can improve productivity, quality, lead time, and resource utilization.

However, improvement initiatives do not always deliver the expected results.

Some changes address visible symptoms rather than underlying causes. Others improve one operation while
creating delays elsewhere. In some cases, manufacturers introduce new equipment or automation without first

understanding the process they are trying to improve.

Avoiding these mistakes is essential to achieving sustainable results. Effective optimization requires reliable data,
a clear understanding of the complete manufacturing workflow, appropriate technical decisions, and ongoing

verification.

8.1 Mistake 1: Focusing on Speed Instead of Overall Performance

One common mistake is treating faster production as the primary measure of success.

Increasing machine speed, shortening cycle time, or reducing inspection time may appear to improve efficiency.
However, these changes can create additional problems if they increase defects, reduce process stability, or shift

work to an already constrained operation.

For example, reducing an injection molding cycle may increase output per hour, but if the change causes warpage

or dimensional variation, the additional scrap and rework may outweigh the productivity gain.

Similarly, accelerating CNC machining without reviewing tool wear, workholding stability, and dimensional

requirements may affect consistency or increase tooling consumption.

Manufacturers should evaluate improvements using a balanced set of indicators, including:
e Throughput of acceptable products
e  First-pass yield and defect rates
e Total production lead time

e Resource utilization and manufacturing cost
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e On-time delivery and customer requirements

The objective is not simply to produce faster. It is to produce acceptable products reliably, using resources

effectively, and delivering them when required.

How to avoid this mistake: Define the target performance measure before making changes, and monitor quality,

safety, and downstream effects alongside speed.

8.2 Mistake 2: Treating Symptoms Instead of Root Causes
Visible production problems do not always reveal their underlying causes.
A workstation may appear to be the bottleneck because work accumulates in front of it. However, the actual

cause could be inconsistent output from an upstream operation, frequent material shortages, lengthy

changeovers, or an inspection process that releases work in batches.
Adding equipment or increasing staffing at the visible bottleneck may therefore fail to solve the problem.

A structured investigation should distinguish between the observed symptom and the cause supported by

evidence.

Useful methods include Pareto analysis, the 5 Whys, fishbone diagrams, process mapping, and appropriate

statistical analysis. The method should match the problem and the available data.

For example, if assembly repeatedly waits for plastic housings, the first step is not necessarily to increase
assembly capacity. The team should investigate molding capacity, mold downtime, material availability,

inspection delays, scheduling, and component release requirements.

How to avoid this mistake: Verify the cause before selecting a solution. Use production observations and reliable

data to determine which factor contributes most to the problem.

8.3 Mistake 3: Optimizing Individual Operations in Isolation

A manufacturing system consists of connected operations. Improving one stage does not automatically improve

the complete process.

For example, a machining department may increase output by producing more components per shift. If finishing
or inspection cannot process the additional volume, work-in-process inventory grows while overall lead time

remains unchanged or increases.
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The same issue can occur in multi-process product manufacturing. CNC-machined parts, molded components,
silicone seals, electronic assembilies, and cables may all meet their individual production targets, yet final

assembly may still be delayed because components arrive at different times.
This is why local efficiency and overall system performance must be evaluated separately.

Useful tools include process mapping, value stream mapping, bottleneck analysis, and production scheduling

reviews. These help reveal how capacity, queues, material flow, and information flow interact.

How to avoid this mistake: Identify the constraint affecting the complete workflow and evaluate whether a
proposed improvement increases the delivery of acceptable finished products—not just the output of one

operation.

8.4 Mistake 4: Making Decisions Without Reliable Baseline Data

Without a reliable baseline, manufacturers may struggle to determine where inefficiencies occur or whether an

improvement has worked.

For example, a team may believe that machine downtime is the main cause of low output. Further investigation
might reveal that the machine is frequently waiting for material, tooling, or operator preparation. If these causes

are not recorded separately, the team may draw the wrong conclusion.

Data can also be misleading when measurement definitions are inconsistent. One department may record
production lead time from order receipt, while another measures it from the start of manufacturing. Their figures

cannot be compared directly without clarifying the definitions.
Common measurement problems include:

e Incomplete or inconsistent production records

Different definitions of cycle time, downtime, or defects

Insufficient observations to represent normal operating conditions

Failure to account for changes in product mix or production volume

Metrics that do not reflect the actual business objective

Manufacturers do not necessarily need a sophisticated manufacturing execution system (MES) or a large analytics

platform to begin improving. Simple, consistently maintained records may be sufficient for many problems.
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How to avoid this mistake: Define each metric clearly, establish a credible baseline, and collect data that directly
relates to the problem being investigated. Increase measurement sophistication when the process or decision

requires it.

8.5 Mistake 5: Introducing Automation Before the Process Is Stable

Automation can improve repeatability, reduce manual handling, increase throughput, and support consistent

production. However, automation does not automatically correct an inefficient or poorly controlled process.

If work instructions are inconsistent, components vary excessively, or production scheduling is unreliable,

automation may reproduce those problems at a higher rate or make them more difficult to correct.

Automation also introduces requirements for integration, programming, maintenance, operator training, safety

controls, and troubleshooting. These factors should be considered when evaluating its overall value.

For example, automating the assembly of several components may appear attractive. But if incoming parts have
inconsistent dimensions or the design requires frequent manual adjustment, the automated system may

experience repeated interruptions.

Before investing in automation, manufacturers should understand the current process, stabilize critical

operations, and confirm that the product and production volume justify the investment.

How to avoid this mistake: Standardize and validate the process first where practical. Evaluate automation based

on its expected impact on quality, throughput, labor requirements, reliability, and total operating cost.

8.6 Mistake 6: Neglecting Design for Manufacturability

Some production inefficiencies originate in the product design rather than the manufacturing operation itself.

Examples include unnecessarily tight tolerances, difficult-to-machine features, complex mold geometry,

inconsistent wall thicknesses, inaccessible fasteners, and poorly coordinated component interfaces.

These issues may be manageable during prototype development but become more costly when production

volume increases.

For instance, a product combining a molded enclosure, silicone seal, and electronic assembly may experience
sealing or assembly problems if the interfaces have not been adequately reviewed. Adjusting the assembly

process alone may not solve the underlying design issue.

Design for manufacturability (DFM) helps identify these risks before tooling and production methods are finalized.
Where necessary, the review may lead to approved design changes, alternative process choices, revised

tolerances, or improved assembly features.
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How to avoid this mistake: Review the design against the intended manufacturing and assembly processes before
major tooling or production commitments. Ensure that proposed changes preserve the product's functional and

quality requirements.

8.7 Mistake 7: Reducing Costs Without Evaluating Total Manufacturing

Cost

A lower quoted unit price does not necessarily mean a more efficient manufacturing solution.

A process with a lower initial price may involve longer lead times, higher scrap rates, additional finishing, more
inspection, greater assembly effort, or increased logistics costs. Conversely, a higher upfront investment may be

justified if it improves repeatability or reduces recurring production effort over the expected product life.
For a custom manufacturing project, total cost may include:

e Raw materials and component purchases

e Tooling, fixtures, and engineering preparation

e Direct labor and machine time

e Inspection, testing, and quality assurance

e Scrap, rework, and warranty-related costs

e Packaging, transport, and supplier coordination

e Inventory, storage, and production delays

The relative importance of these factors depends on the product, production volume, quality requirements, and

commercial arrangements.

A process decision should therefore consider both initial investment and recurring operating requirements. Cost
reduction should not undermine critical dimensions, product performance, safety, regulatory compliance, or

delivery commitments.

How to avoid this mistake: Compare alternatives using a consistent total-cost perspective and evaluate their

effects on quality, lead time, capacity, and supply reliability.

8.8 Mistake 8: Changing Too Many Variables at Once

When several process parameters or operating methods are changed simultaneously, it becomes difficult to

determine which change caused the observed result.
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Suppose a manufacturer changes tooling, machining parameters, material specifications, and inspection
procedures during the same trial. If defects decrease, the team may not know which changes were responsible. If

defects increase, troubleshooting becomes more complicated.

Changing multiple variables is not always wrong. Designed experiments can evaluate several factors efficiently
when the experiment is properly planned. The problem is making uncontrolled changes without a method for

distinguishing their effects.

The appropriate approach depends on the process and the risk involved. For a straightforward issue, a controlled
change may be sufficient. For a complex process with interacting variables, a designed experiment or other

structured analysis may be more suitable.

How to avoid this mistake: Define the purpose of each trial, document the conditions being changed, and
establish acceptance criteria in advance. Use a controlled test or an appropriate experimental method to evaluate

the results.

8.9 Mistake 9: Failing to Standardize and Sustain Improvements

An improvement that works during a trial may gradually disappear if the revised method is not incorporated into

routine operations.

For example, a new setup procedure may reduce changeover time, but the benefit may be lost if tooling is not

prepared consistently or different operators follow different methods.

Similarly, an improved assembly sequence may depend on a fixture or inspection step that is later removed

without evaluating the effect.

Sustaining an improvement requires clear ownership, updated documentation, suitable training, and monitoring

of the relevant performance measures.

Depending on the process, this may involve updating work instructions, machine programs, inspection plans,

maintenance schedules, material handling procedures, or operator training records.

Performance monitoring should also trigger investigation when results begin to deteriorate. A recurring problem

may indicate equipment wear, material variation, changing operating conditions, or a gap in process control.

How to avoid this mistake: Standardize verified improvements, train relevant personnel, assign responsibility for

ongoing monitoring, and define how deviations will be addressed.
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8.10 Mistake 10: Ignoring Supplier Coordination and Cross-Process

Dependencies

Manufacturing efficiency often depends on activities outside a single factory department or production line.

Custom products may involve multiple component suppliers, specialist finishing providers, electronics suppliers,
packaging vendors, and final assembly operations. Delays in one area can affect the entire project even when

other operations are performing well.
Common challenges include:
e Inconsistent specifications or engineering revisions
e Unclear component acceptance criteria
e Late material or component deliveries
e Tooling and production schedules that are not aligned
e Inspection or approval delays between manufacturing stages
e Unclear ownership of quality issues and corrective actions

For example, a finished product may require a machined metal part, a molded plastic enclosure, a silicone seal,
and an electronic assembly. If the latest enclosure revision is not communicated to the relevant suppliers, the

components may arrive on schedule but still be incompatible during assembly.

Better coordination requires controlled documentation, clear responsibilities, agreed inspection requirements,

realistic schedules, and timely communication about changes.

How to avoid this mistake: Manage critical interfaces and dependencies across the supply chain. Confirm that
suppliers are working to the correct specifications and that components will be available when downstream

operations require them.

8.11 Mistake 11: Treating Continuous Improvement as a One-Time

Project

Manufacturing processes operate under changing conditions. Product designs, order volumes, material

availability, equipment condition, customer expectations, and supplier performance can all change over time.
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An optimization initiative may resolve one problem without addressing every source of inefficiency. New

constraints may also emerge after the original bottleneck is improved.

For example, reducing machining time may increase the volume of components reaching finishing. Finishing may
then become the new constraint. This does not necessarily mean the original improvement failed; it may indicate

that the production system needs to be reassessed.

Continuous improvement provides a structured way to respond to these changes. Teams can review performance
indicators, investigate recurring losses, prioritize opportunities, and apply the Plan-Do-Check-Act (PDCA) cycle to

suitable problems.

However, continuous improvement should remain evidence-based. Not every fluctuation requires a process

change, and unnecessary adjustments can introduce instability.

How to avoid this mistake: Review performance regularly, distinguish normal variation from meaningful

problems, and prioritize improvements according to their impact and risk.

8.12 A Practical Checklist for Avoiding Optimization Mistakes

Before implementing a manufacturing process improvement, use the following checklist to confirm that the main

risks have been considered.
e The problem and desired outcome are clearly defined.
e Areliable baseline has been established using consistent metrics.
e The likely root cause is supported by evidence.
e The proposed change addresses the underlying problem rather than only its symptoms.
e The effect on downstream operations and the complete production flow has been considered.
e Product quality, safety, and applicable requirements will not be compromised.
e The trial method and acceptance criteria are defined.
e Results will be measured against the original baseline.
e Successful changes will be documented and standardized.
e Responsibility for ongoing monitoring and corrective action is clear.

e Relevant suppliers and stakeholders have been informed of required changes.
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The checklist can be adapted to the complexity of the project. A small workstation improvement may need only a
brief review, while changes to tooling, materials, critical process parameters, or customer-approved specifications

may require more extensive evaluation and formal approval.

8.13 Building a More Reliable Approach to Manufacturing Optimization

The common theme across these mistakes is the need to evaluate manufacturing as a connected system.

A local improvement may not benefit the complete production flow. A faster process may generate more defects.
A lower quoted price may create higher downstream costs. Automation may increase complexity if the underlying

operation is not stable.

Effective optimization therefore combines engineering judgment, process data, controlled experimentation, and

coordination between people and operations.

For custom manufacturing projects, the same principle applies across the product lifecycle. Design feasibility,

material selection, tooling, component production, inspection, assembly, and delivery all influence the final result.

Manufacturing process optimization is most effective when every change is tied to a clearly defined problem,
evaluated against measurable results, and checked for its impact on the complete product and production

system. This approach helps manufacturers improve efficiency without creating new problems elsewhere.

IX. How to Choose a Manufacturing Partner That Supports

Continuous Improvement

Manufacturing process optimization is not only an internal production activity. For companies outsourcing custom
components or finished products, the capabilities of their manufacturing partners can significantly influence

product quality, production lead time, manufacturing cost, and long-term scalability.

A suitable partner should do more than manufacture components according to drawings. They should understand
the product's functional requirements, evaluate manufacturing feasibility, identify potential production risks, and

work with the customer to establish a reliable manufacturing process.

This is particularly important for products involving multiple materials, manufacturing technologies, suppliers, and
assembly stages. In these projects, manufacturing efficiency depends not only on individual process performance

but also on how effectively the complete production workflow is coordinated.

When evaluating a manufacturing partner, consider the following six factors.
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9.1 Engineering Support and Design for Manufacturability

A manufacturing partner should be able to review product requirements and identify potential manufacturing

challenges before they affect tooling, production, or assembly.
Relevant engineering support may include:

e Reviewing drawings, CAD models, tolerances, and material specifications.

Evaluating the suitability of the proposed manufacturing process.

e Identifying features that may increase machining, tooling, inspection, or assembly complexity.
e Reviewing component interfaces and tolerance relationships.

e Recommending practical manufacturing adjustments where appropriate.

e Clarifying unresolved specifications before production begins.

For example, a plastic housing may require injection molding, while its internal mounting features must
accommodate a PCBA, cables, and other mechanical components. Reviewing these interfaces early can help

identify potential assembly conflicts before the mold is finalized.

Engineering recommendations should be based on the actual product requirements and production conditions.
Changes that simplify manufacturing must not compromise function, performance, safety, or agreed quality

standards.

When assessing a supplier, ask how engineering reviews are conducted, how potential issues are documented,

and how proposed changes are evaluated and approved.

9.2 Appropriate Manufacturing Processes and Technical Capabilities

A broad capability list is useful, but the more important question is whether the supplier can select and manage

the right process for the specific product.

Depending on the application, manufacturing may involve CNC machining, injection molding, silicone molding, 3D

printing, PCBA, cable assembly, surface finishing, or final product integration.

Each process has different advantages and limitations. A suitable manufacturing partner should be able to explain
the practical trade-offs associated with material selection, geometry, tolerances, production volume, tooling, lead

time, and quality requirements.
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For instance, CNC machining may be appropriate for precision metal components or early production quantities,
while injection molding may become more suitable when recurring plastic component demand justifies the
tooling investment. Neither choice is universally superior; the decision depends on the product and its expected

production requirements.

For multi-component products, the partner should also understand how different processes affect downstream

assembly and final product performance.
Ask potential suppliers:
e Which processes are appropriate for the current design and expected production volume?
e What tooling, fixtures, or process development will be required?
e  Which operations are performed internally, and which involve qualified external suppliers?
e How are outsourced processes and component interfaces coordinated?
e What evidence supports the proposed process and its expected production performance?
The objective is to select a manufacturing approach that is technically suitable, commercially practical, and

capable of meeting the product's requirements as demand changes.

9.3 Quality Management and Process Control

Manufacturing efficiency has limited value if product quality is inconsistent.

A reliable manufacturing partner should have defined procedures for incoming material verification, in-process
inspection, final inspection, nonconformity handling, and corrective action appropriate to the product and

process.

The specific controls will vary. CNC-machined components may require dimensional inspection of critical features,
while injection-molded parts may require monitoring of dimensions, appearance, and relevant molding
conditions. Electronic assemblies may require electrical or functional testing, and assembled products may

require checks of fit, operation, or sealing performance.

When evaluating a supplier, look beyond statements such as “strict quality control.” Ask how quality

requirements are translated into production controls and how results are recorded.
Useful questions include:
e Are critical product characteristics clearly identified?

e Areinspection methods and acceptance criteria defined?
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e How are nonconforming products identified and managed?

e How are root causes investigated and corrective actions verified?
e Are engineering changes controlled and communicated?

e  What traceability and test records are available when required?

Certifications may provide useful evidence of a supplier's management systems, but certification alone does not
establish that a particular product or process will meet every requirement. The supplier's actual controls,

technical competence, and performance history also matter.

Quiality should be built into the manufacturing process rather than treated solely as a final inspection activity.

9.4 Production Scalability and Supply Reliability

A manufacturing process that works for a small prototype quantity may require significant changes before it can

support recurring or higher-volume production.

Scaling production can introduce new challenges involving equipment capacity, tooling durability, cycle time,

material supply, labor requirements, inspection capacity, and coordination between manufacturing stages.

A suitable partner should understand the expected production profile and evaluate whether the proposed

process can support both current demand and foreseeable growth.

For example, a product may initially require a small quantity of CNC-machined components, followed by recurring
orders or a transition to a different production method. The manufacturing strategy should consider this potential

progression rather than treating each order as an isolated task.
When evaluating production readiness, discuss:
e Available production capacity and relevant constraints.
e Tooling lead time, maintenance, and expected production requirements.
e Material sourcing and component availability.
e  Production planning and order scheduling.
e Quality consistency as output increases.

e Contingency arrangements for important supply or process risks.
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A supplier should be able to explain the assumptions behind its capacity and delivery commitments. Promising a
short lead time without considering tooling, material availability, inspection, and downstream assembly can

create avoidable delays later.
The goal is not simply to secure a supplier for the first order. It is to establish a manufacturing relationship that

can support reliable production as requirements evolve.

9.5 Communication, Documentation, and Cross-Process Coordination

Many manufacturing delays result from incomplete information or poorly coordinated activities rather than slow

production operations.

Common examples include outdated drawings, unclear material specifications, late engineering approvals,
missing components, inconsistent inspection requirements, and changes that are not communicated to all

relevant parties.
These risks increase when a product involves multiple manufacturing processes or external suppliers.

A capable manufacturing partner should maintain clear communication throughout engineering review, tooling

development, sample evaluation, production preparation, and ongoing manufacturing.
Look for established practices covering:

e Drawing and specification revision control.

e Technical questions and clarification of requirements.

e Engineering change review and approval.

e Sample submission and feedback.

e Production status and delivery updates.

e Coordination of components, finishing, assembly, and packaging.

e |[ssue escalation and corrective-action follow-up.

For multi-process projects, a coordinated point of contact can help reduce communication gaps, provided that

responsibilities for each manufacturing operation remain clear.

Effective communication does not mean sending frequent updates without useful information. It means
communicating the right information at the right time, documenting important decisions, and identifying

potential delays or quality risks before they disrupt the project.
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9.6 A Commitment to Measurable Continuous Improvement
A manufacturing partner that supports continuous improvement should be willing to evaluate performance using

evidence rather than relying solely on general claims about efficiency or quality.

The relevant indicators depend on the project. They may include first-pass yield, scrap and rework rates, cycle

time, production lead time, on-time delivery, or recurring defect patterns.

The most useful approach is to agree on which measures matter, how they are defined, and how performance will

be reviewed.

For example, if a component repeatedly requires additional finishing, the supplier should investigate whether the
issue originates in machining parameters, tooling, material condition, handling, or the specified surface
requirements. Any proposed corrective action should then be evaluated to confirm that it addresses the cause

without introducing other problems.

Continuous improvement may involve small operational changes, revised work instructions, better fixtures,

process parameter adjustments, engineering changes, or broader production planning improvements.

Not every issue requires a major investment. The right response depends on the underlying cause, the expected

benefit, and the risk of changing the process.

When assessing a potential partner, consider whether they can explain how production issues are investigated,

how improvements are verified, and how successful changes are maintained over time.

9.7 A Practical Checklist for Evaluating Manufacturing Partners

The following checklist can help buyers compare potential manufacturing partners beyond quoted unit prices.

Evaluation area Questions to ask

Can the supplier review manufacturing feasibility, tolerances, materials, and assembly
Engineering support
interfaces?

) Can the supplier explain why the proposed process suits the product and expected
Process selection
volume?

Are inspection criteria, process controls, and corrective-action procedures clearly

Quality control
defined?
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) ) Can the supplier demonstrate how tooling, materials, equipment, and production
Production readiness )
methods will be prepared?

Scalabilit Can the manufacturing approach support expected future demand and changing
calability
product requirements?

o Are external processes, component availability, and assembly schedules managed
Supply coordination
effectively?

Communication Are technical questions, revisions, approvals, and delivery risks handled systematically?
Continuous Can the supplier identify problems, evaluate solutions, and verify results using relevant
improvement data?

These questions should be adapted to the product's complexity and risk. A simple machined component may
require a relatively straightforward assessment, while a product combining mechanical components, electronics,

silicone seals, and final assembly may require a more extensive review.

The objective is to establish whether a supplier can meet the project's current requirements while supporting a

reliable and repeatable manufacturing process.

9.8 Building a Manufacturing Partnership for Long-Term Efficiency

Manufacturing process optimization is most effective when product requirements, engineering decisions,

production methods, and quality controls are aligned.

The customer contributes essential knowledge about product function, application, performance expectations,
and commercial requirements. The manufacturing partner contributes process expertise, production planning,

tooling and manufacturing knowledge, quality controls, and practical feedback on manufacturability.

When these responsibilities are coordinated effectively, potential issues can be identified earlier, process
decisions can be evaluated more systematically, and production changes can be managed with greater

confidence.

For companies developing custom products, this partnership may extend from DFM and prototype evaluation
through tooling, component manufacturing, electronics and cable integration, final assembly, and ongoing

production improvement.

At GEMS, this integrated manufacturing perspective connects engineering review and manufacturing feasibility

with production across metal, plastic, and silicone components, PCBA, cables, and product assembly. The
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objective is to help customers establish a practical route from approved product requirements to repeatable

manufacturing and reliable delivery.

The most suitable manufacturing partner is therefore not necessarily the supplier offering the lowest initial
quotation or the largest list of processes. It is the partner whose technical capabilities, quality controls,

communication, and production approach fit the product's actual requirements.

Ultimately, sustainable manufacturing efficiency comes from making informed process decisions, preventing
avoidable problems, measuring performance, and continuously improving the complete production system. By
applying these principles and working with a manufacturing partner that supports them, businesses can build a

stronger foundation for product quality, delivery reliability, and long-term growth.

X. Why GEMS Supports More Efficient OEM Product

Development

Manufacturing process optimization is not simply about increasing production speed or reducing unit cost. It is
about improving the entire manufacturing system to achieve consistent quality, shorter lead times, better

resource utilization, and reliable delivery.
The most effective approach combines several key practices:

e Measure performance: Track relevant indicators such as cycle time, throughput, first-pass yield,

production lead time, and on-time delivery to identify improvement opportunities.

¢ Identify the root cause: Investigate bottlenecks, defects, excessive setup time, material delays, and

process variation before selecting a solution.

e Choose the right manufacturing process: Match materials, product geometry, tolerances, production

volume, and quality requirements with appropriate manufacturing technologies.

e Apply DFM and process validation: Identify manufacturing risks early, verify the selected process, and

establish production readiness before scaling up.

¢ Implement improvements systematically: Establish a baseline, test proposed changes, measure the

results, standardize successful methods, and continue monitoring performance.

e Coordinate the complete production flow: Align component manufacturing, quality control, suppliers,

assembly, and delivery rather than optimizing individual operations in isolation.
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For companies developing custom products, manufacturing efficiency also depends on effective collaboration
between the customer and manufacturing partner. Early engineering review, clear specifications, appropriate
process selection, and coordinated production planning can help reduce avoidable rework and support a

smoother transition from prototype to mass production.

At GEMS, we support custom manufacturing projects across metal, plastic, and silicone components, as well as
PCBA, cable assembly, and product integration. By combining manufacturing process expertise with DFM support
and cross-process coordination, we help customers evaluate practical manufacturing solutions for their product

requirements.

Looking to improve your product's manufacturability or prepare for production? Contact GEMS to discuss your
project requirements and explore a suitable path from engineering review to reliable manufacturing. Contact us

today [INFO@GEMS-MFG] to explore our offerings and receive an instant quote. Your manufacturing goals are

our priority.
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