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DESIGN FOR MANUFACTURABILITY
USING COMPUTER ESTIMATING
SOFTWARE.

A veteran process engineer describes his
considerations when planning the manufacture of a
machined component.

The author describes an ideal design cycle
wherein a knowledgeable manufacturing engineer
uses MicroEstimating software system. The
software enhances the iterative design process to
achieve the lowest possible first-cost, because of
the software’s capability to instantaneously obtain
new cost estimates when one or more part process
or material parameters change.

Due to the time-consuming nature of manual cost estimating, the process suggested herein occurs infrequently
when manual estimates must be computed.

The key to success is the designer’s or manufacturing engineer’s comprehensive knowledge of processes used
in manufacturing and assembly. Since such knowledge is not typically available to designers, the article
implies the need for a close relationship between the designer and manufacturing engineer.

Taking precedence over all other design considerations today is the global nature of our economy. The
designer’s task — designing functional parts using the most reliable and efficient processes — now must
include the lowest first-cost.

One simple, effective, and fast tool used by manufacturing throughout the design process can be computer-
aided estimating. Such software lets engineers quickly simulate alternatives and develop accurate cost
comparisons. The instantaneous nature of this capability fosters the search for more cost effective
manufacturing processes or materials for every phase of the part production process. Significantly, software-
estimating tools can bring manufacturing and assembly knowledge to an early product design stage.

While few, if any, software-estimating programs have the built-in artificial intelligence or neural net
capabilities seemingly needed to accomplish the analyses described here, the better products do have the
capabilities to support the iterative "what-if" process that otherwise would be prohibitively time consuming if
done manually.

For manufacturers to possess that lowest first-cost when the product debuts, every company department must
participate: marketing introduces the product, the design engineer provides a concept drawing, and both
manufacturing and quality review the drawing. It is an iterative process, encompassing the most efficient
manufacturing and assembly processes when manufacturing begins.

"The "most effective manufacturing and assembly processes™ implies closed loop communications to avoid
problems that add expense and cause delays. The lack of closed loops can result in prices that are too high,



since there is no certain method, until well into a product’s life cycle, to avoid manufacturing problems that
delay roll-out or sap profits.

The hot manufacturing topics today — Concurrent Process Product Development (CPPD) and Design For
Manufacturing (DFM) or Assembly (DFA) — demand excellent inter-communications and feedback between
multiple company departments. They also involve iterative, time-demanding what-if processes to select the
highest quality and most efficient manufacturing process. These must include avoidance of the non-productive,
hidden factors that are cost additive, especially for small parts.

Often overlooked during early stages of concept development is computer estimating, a tool that can provide
the on-line communications link and the what-if framework to speed design projects. For such software to
facilitate closed loop communications, it need be neither a sophisticated special-purpose product, nor
networked groupware. But it needs a capability to prepare operation and process plans, machine layouts,
estimates, and quotes. When such a system can supply accurate speeds and feeds, it can enable the simple,
iterative what-if scenarios that support communications within closed loops, and which also are necessary for
CPPD and DFM.

Using estimating software to communicate effectively in a closed loop between design, engineering, quality,
and purchasing forces the examination of cost effectiveness. Lacking this iterative, comparative option, some
design factors like dimensioning, tolerances, materials, heat treating, inspection, and the design itself can
dictate the manufacturing processes. Without an effective and efficient what-if tool, the design of a part, the
part tolerances, or the dimensioning of the part can each degrade manufacturing efficiencies when permitted to
pre-determine the manufacturing process.

Computer estimating software helps a manufacturer plan its total machine tool investment for the life cycle of
the product. For example, a job shop’s customer has requested an estimate for 5 million parts for a new
product. Obviously, the customer will ramp its production to meet a rising demand, perhaps from hundreds to
tens of thousands. Computer aided estimating software shows the number of manufacturing hours, manpower,
and number of machines needed to produce the 5 million parts. As a result, you know your capital
requirements before you accept the job. Software helps plan your investment in more equipment or a larger
building. If your need for more space for more machinery is known ahead of time, you can approach the bank
well in advance of your need.

With the customer and vendor working together on the DFM team, computer aided estimating also helps the
customer plan its space and equipment utilization and capital investment in machinery. Because estimating
software can forecast needs for all these items, both parties understand all future requirements and work as a
team to plan together to meet the forecasted product goals.

Consider the consequences for a customer whose job shop vendor quoted a price of $2.20 per part. If the job
shop did not account for how many person-hours or machinery would eventually be needed. If the vendor
couldn’t keep up with the ramping requests, the customer might need to add a second vendor. However, that
second shop’s cost might be higher, due to the earlier improper planning. It is important to have up-front
knowledge of the total costs and requirements. Delays resulting from such lack of foresight might even cost
the customer its competitive position.

Every machining parameter — dimensioning, tolerances, materials, transport times between operations,
inspection — has a direct effect on the manufacturing process, and therefore governs cost. This is where an
experienced manufacturing engineer can use an estimating software to identify ideal processes and product
costs in a timely and cost effective manner. A computerized estimating tool can address each of these factors
when manufacturing works closely with design engineering.



When the estimating software is networked, then it also enhances the closed loop cycles. Every design team
member can review and comment on the manufacturing plan. The iterative process can help the design
engineer understand the changes needed to finalize the design at the optimum cost. Marketing can continually
review costs, recognize its possible markup, and perhaps be more flexible with (or more restrictive of)
"necessary" product features. Everyone can forecast accordingly. Anyone can question an apparently non-
profitable product before the company commits major resources.

Design Factors that Affect Manufacturing

The following discussion describes how the use of computerized estimating can avoid pitfalls introduced by
particular design factors that can affect manufacturing.

The process described here assumes that an experienced manufacturing engineer is part of the design or DFM
team and that he uses computer aided estimating. For example, he might question the requirement of
maintaining a specific tolerance and microfinish. At his estimating terminal, he substitutes the use of a screw
machine for a CNC process to see how this affects final cost, knowing that the tolerance might change from
.025 to .050 mm. In this way he can quickly suggest many cost saving manufacturing options by questioning
the need for tighter tolerance and showing the cost benefit of a lesser tolerance. Marketing can determine early
in the cycle whether or not to accept the lower tolerance, to achieve a better selling price. Most significantly,
the estimates for this substitution takes only moments, but might have taken hours to prepare manually — and
which for that reason may not otherwise be suggested.

TOLERANCES

An important design criteria is part dimensioning. It impacts part manufacturing because the datum points
govern different operations: fixturing, fixturing techniques, and manufacturing processes. To achieve the final
drawing dimensions, often there may be several ways to run a part, depending upon its dimensioning.
Estimating software lets shops look at and compare costs for each process. When the iterative estimating
process shows it can be more efficient to use a different datum point for dimensioning, this feedback to the
design engineer helps arrive at the optimum manufacturing cost. Without such a computerized tool it is quite
difficult to arrive at the best process cost.

Tolerances affect part costs by dictating the manufacturing process and inspection methods. The following
practices can help:

-Specify limits versus true position — avoid true-position tolerances or profile tolerances.

-Specify high/low limits of tolerances. High/low limits take all the guess work out of the operator’s job.
Example: for a cross hole avoid basic dimensions for location; use true-position tolerances to avoid operator
confusion.

The estimator can show how tolerances dictate the process. Tighter tolerances require more intricate
manufacturing processes, involving more expensive operations like grinding, honing, lapping, and burnishing.
With any design project, manufacturing must question the need for tight tolerances. Manufacturing quickly can
justify or disprove the use of lesser tolerances for an operation by using computerized estimating. Look at one
situation: manufacturing wants to determine the resulting cost difference due to opening a tolerance from
+.0002 to +.0005 inch. Will changing the micro finish from 10 micro finish to 32 micro finish justify the cost?
It could eliminate lapping, achieving with grinding the same type of design requirements.



A fine example of saving costs by questioning tolerances involves a spool and sleeve assembly for a
transmission (Drawing A). Manufacturing knows that it is easier to work on the outside diameter than the
inside diameter. The spool must maintain a diameter clearance of .004 to .0036 mm, so the spool can slide
freely in the sleeve. The +8 micron tolerance on the spool and the sleeve will permit that. To manufacture this
part with an 8 micron tolerance, the sleeve requires a blanking operation plus honing. In addition, the spool
also requires a blanking operation and grinding to achieve 8 microns tolerance.

Let’s look at a process improvement for these two parts. To achieve the same results as specified by the spool
and sleeve designer, can we reduce the number operations necessary to achieve the diameter clearance of 4-36
microns? Yes, if you ease the ID sleeve tolerance from 8 to 13.5 microns, and tighten the tolerance of the
outside diameter of the spool to 2.5 microns, you’ll have the same diametral clearance. Manufacturing uses
computerized estimating to justify this change which it feels will be acceptable to the design engineer because
it will lower the manufacturing cost. Using the estimating software, manufacturing tightens the tolerance on
the spool from 8 microns to 2-1/2 microns. The gain goes into the sleeve, by increasing its tolerance from 8 to
13-1/2 microns. The spool still requires a grinding operation after blanking. The grinding can hold 2-1/2
micron versus 8 micron, so it doesn’t require any extra passes. There’s little affect on the cost of the spool.

But look at the sleeve. The estimating program shows that either a blanking operation or roller burnishing can
ream the hole to 13-1/2 microns. The need for an expensive honing operation is gone. Manufacturing varied
the parameters to arrive at three operations (versus four), reducing the cost, yet still maintaining the same
diameter. In this manner, manufacturing provided feedback using the estimating software to try different part
tolerance combinations that would achieve the final goal — maintaining the diameter clearance and reducing
costs.

We now can blank the sleeve, reaming the hole during the blanking operation and holding this tolerance. Since
the spool must be ground, it now simply is ground to a tighter tolerance. This requires an extra grinding pass,
but at a lower cost than the honing operation.

Surface Finishes

Surface finishes and tolerances are interdependent. Some examples showing this relation appear in TABLE A,
along with the manufacturing processes that achieve the desired tolerance. Look at the Table entry for 1.25
microfinish: tolerances for that finish usually are +13 microns. And the manufacturing process for that is CNC
turning. Specify a microfinish of 0.4, which usually requires +5 microns, then the proper operations are
grinding, diamond sleeve honing, lapping or polishing.

Remember, it is easier to work on the outside diameter than the inside diameter. TABLE A shows how this
concept affects the cost.

Specify Limits Versus True Position. If Possible Specify MMC
Surface Finish And Tolerances

Micro-Finish Tolerances Mfg. Operation

H >+0.05 Screw machine, Turning, Forming, Drilling etc.

F >+0.025 Screw machine, CNC turning, Reaming, Forming etc.
1.25 >+0.013 CNC turning, Machining center.

0.8 >+0.008 Grinding, Honing, Lapping, Burnishing.

0.4 >+0.005 Grinding, Diamond sleeve honing, Lapping, Polishing.
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0 0.2>+0.0025 CNC grinding, Rough & Finish honing, Fine lapping.
o Proper Tolerances give optimum costs.

Specifying tight tolerances introduces a variety of (potentially) costly factors. Notably, costs increase
exponentially as tolerances get tighter. TABLE B shows the relationship between tight tolerance
problems and costs.

- Specialized and expensive gaging methods result in longer lead times.
- Gage Repeatability & Reproducibility (R&R) between customer and supplier:

0 Need to ensure your’s and your customer’s gages read the same;

o with tight tolerances, typically deduct 10-15% of the tolerances just for gage R&R. No two
gages give the same reading.

- Gage R&R for multiple gaging station:

o This is a concern when running large quantities. On a million piece order, with ten different
manufacturing cells, and a gage at each station — the gage R&R must be assured for each
gaging station — it is possible to lose 15-20% of your tolerances from one gage to another.

- Higher scrap and rework cost
o Caused by tight tolerances

- The influence of CP & CPK for process control increases cost:
0 Today everyone needs 1.3 CPK; soon everyone will demand 1.67 CPK.
0 Inthe future it can become 2 CPK.

As a higher and higher CPK becomes the standard, consider the effect on cost. At +25 microns, CNC turning
is effective. Holding a 1.67 CPK however, can lose 40% of the tolerances. Multiple gaging stations negatively
affect tolerances by another 20%, leaving +11 microns with which to control the process. CNC no longer can
hold this tolerance; the part now requires an additional grinding operation.

Critical dimensions related to failure or performance of a product should be specified at that dimension. CPK
implies additional process control, adds down time and costs, and lowers efficiency. When a dimension must

maintain 1.67 CPK, the designer must specify this on the drawing only at that dimension. He should not apply
the 1.67 CPK to the entire blueprint, for that will shrink every dimension and expand the cost.

Maximum material condition

Wherever possible, specify the maximum material condition (MMC). For most cases it resembles the final
assembly operation. This gives extra tolerances and also helps in the design of functional gages.

MATERIAL

Material is an important design consideration, affecting both part functionality and reliability. But there are
several factors other than just material type to consider when choosing a material.

Material Alternatives
Computers make it easy to try different materials, yet still maintain the same strength and other physical

properties. For example, the design engineer specifies 1060 in the initial design. Manufacturing feels either
1018 or 1045 are appropriate, less costly substitutes that achieve the designer’s strength and stress goals.



Related factors that can help prove or disprove manufacturing’s choice of 1018 or 1045 are each material’s
feeds and speeds. The computerized estimating system bases costs on each operation and each related factor.
After determining the cost for 1060, a simple material change to 1045, and then to 1018, the computer
instantly can show a comparison of the effect on the cost — the estimating software takes into account
machinability, strengths, and stresses, and picks up proper running feeds and speeds when the material
changes.

For tough materials, other factors are important. To find less costly replacements for alloys like 4140 or 52100,
manufacturing might decide to try 11L.17, 1117 or 41L40. The higher machinability rate of each of these
results in a lower part cost. Here again computerized estimating is a tool by which manufacturing quickly
produces cost comparisons to justify to the design engineer the effects of using alternate materials having
different machinability rates. With these facts available, the design engineer can come closer to marketing’s
hoped-for selling price.

The many what-if possibilities related to the material selection and its effect on the product are again a simple
matter for computerized estimating. Consider the variable physical and mechanical factors (TABLE C):
different grades, Machinability, strength, stress. Estimating is the way to try what-if conditions to achieve the
best possible material, in the shortest time, to satisfy the design requirements.

- Stock size:
- Standard stock size
- English vs. Metric stock size
- Stock allowance allow more stock removal if:
- Tolerances and microfinish are not acceptable
- 2% per side to avoid seam crack & surface impurities
- 3% to 4% per side for heat treated parts
- Concentricity, Roundness & Straightness requirement
- Stock shape:
- Option for tubing
- English vs. Metric stock shape for hex and square
- Take advantage of standard stock and shape
- Grade of material:
0 Highest Machinability
Availability
Leaded Materials
Alternate Material
Machinability Rating
- Low cost & high quality possible with better material.
- Higher the machinability rating, lower the cost.

o
(0}
o
o

Quite difficult if done manually, the what-if process might even be impractical to do thoroughly without the
proper computerized tools. The reason is simple: for every material and for every tool used in the different
manufacturing processes the designer must consider each factor in TABLE C, and apply the corresponding
speeds and feeds. With a computerized estimating system, all the speeds and feeds are available in a database;
changing the material causes cycle time recalculation, resulting in a new cost; instantly manufacturing sees the
effect of different materials on cost.



Proper dimensioning is an important design element. Remember, this is a key to holding down costs, since it
assures a precise part, speedy production, and also promotes accurate measurements. Dimensioning is
probably the most important phase in preparing the drawing. Keep the following design points in mind:

- Avoid excess dimensions which tend to confuse operators, especially when forced to guess the
dimensions

- Enlarge drawings so the details help clarify all other dimensions and details

- Visualize the part’s manufacturing processes and dimension it accordingly

- Use common datum points to help establish reference points in your processes and operation sequences

When dimensioning, always be aware of the need for inspection. Inspection gages and techniques depend upon
the part’s dimensioning. Take advantage of readily available stock material, tools, and gages. Special gages
may require an expensive master gage. Large production quantities may require multiple gages for in-process
and final inspection.

I " "

Specify critical areas and important dimensions on the drawing. The designer knows which areas are more
critical and how they affect the part or the mating of parts in final assembly. Specify these areas when
designing or preparing the drawing, so manufacturing and quality control are aware of the critical areas and
can plan their processes accordingly.

Consider four factors when specifying heat treatment: Material, causes of distortion, effects of distortion, and
factors affecting the cost.

Heat treating isn’t simply an outside cost; there are related inside costs. Planning the furnace load and the
method of fixturing the load both affect costs. Understand full-furnace load requirements and plan for full
furnace loads. Realize that part fixturing for the heat-treat furnace does affect distortion. Reducing heat
treating distortion avoids the use of additional processes to correct the distortion to the final blueprint
requirement. Setting higher case depth requirements means higher distortion. Outside diameter distortion
involves growth and inside diameter distortion means shrinkage, so correcting heat treating distortion demands
expensive operations, such as grinding, straightening, honing, lapping or hard turning.

Manufacturing uses computerized estimating to justify cost alternatives. As a result, the estimator can show the
design engineer actual costs and processes when choosing between 1- and 1/2-millimeter case depths. These
differences result from the costly effects of distortion. A higher case depth not only increases the heat
treatment cost, but adds costs for correcting heat treating distortion. Using computerized estimating,
manufacturing quickly can show how to optimize the technique to achieve the heat treating requirement.
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Achieving final tolerances on heat treated material can take several machines, even different departments.
With computerized estimating, it is simple to simulate what-if conditions for the post-heat treating processes,
comparing screw machines to CNC turning, or CNC turning versus grinding. This can show whether grinding
the part or hard turning is more cost effective.

Manufacturing has other considerations. For example, with a hardness like Rockwell 60, neither machining nor
drilling is possible in heat treated parts. Drilling must be done before heat treating. Correcting any hole
shrinkage requires a diamond or carbide drill — both expensive operations. Once again, computerized
estimating helps to identify options quickly for improving the process and justifying costs.

Drawing A is an example of reducing costs by using a computerized estimating system. It shows a part that
might be blanked on a screw machine, followed by CNC turning, and then grinding. Assume there are two
different operations. The first is grinding the outside diameters on the centerless grinder. Next, is face
grinding. The estimator first sets up the grinding in the estimating program. For the face, however, the
estimator wants to know what the results would be using a lathe, versus hard turning using a ceramic insert to
finish the part in turns. How will that affect the cost? Can it achieve the same blueprint goals and tolerances?
Instead of two operations, hard turning is a single operation. Computerized estimating can optimize the design
for the specified tolerances and can justify the cost for the hard turning operation. On the other hand, the
estimator knows that hard turning cannot hold tolerances as tightly as grinding. Manufacturing shows both
options to the design engineer. He can look at his requirements and the cost differences to decide if the
difference is worth the cost of two operations versus one.

Some materials are more responsive to certain types of heat treatment than others. Therefore, choosing the
correct material for ease of heat treatment will assure the proper microstructure and hardness. In addition,
avoid material requiring highly specialized processes or process equipment. Finally, remember that some
materials may require pre-heating for grain and structure refinement to achieve the final hardness. Table D
details the causes and effects of heat treating.

&

- Cause for Heat Treat distortion.

- Improper annealing of bar stock

- When improperly annealed, excessive distortion results

- Excessive stress from machining

- Drilling and milling can induce stresses;

- when heat treating at 1500-18000, those stresses will relax, yielding higher part distortion
- Surface tearing or burnishing

- Creates stress risers on the part

- Holes, slots or varying section on a part

- During the quenching operations, these areas will quench faster
- Part too long, high length/diameter ratio

- With aratio over eight-to-one distortion occurs

- Excessive case depth of the carbonitriding operation

- Distortion increases with deeper case depths
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- Effects of Heat Treat distortion on different blueprint features.
- Outside diameter grows

- Requires finishing operation

- Inside diameter generally shrink

- Requires finishing operation

- Thin Tubing generally adopts an oval shape

- Concentricity is lost

- Length may shrink or grow based on part geometry

- Long part bends unevenly

- Cross holes & slots shrink & may cause stress riser

&

- Inaddition to the furnace, other factors affect the heat treatment costs.

- Scale and Debris

- Very difficult to clean; i.e. oxidation

- Distortion

- Correcting distortion after heat treatment

- Straightness

- Must be straightened, if important

- Cleanliness

- Specific carburize area or section

- When specific areas on the part require carburizing, the remaining areas must have the carbon
removed after carburizing

- Lot size for full furnace load

- With less than a full load, you still pay for a full load; always try to specify the proper quantity for
all outside operations

- Micro cracks and high stress riser areas.
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Other considerations are important, and should be considered during computer aided estimating. A basic cost
difference revealed quickly in computerized estimating relates to stock size. Always use a standard stock size
to reduce material costs. When designing a part, keep in mind the commercially available material grades and
sizes. Also, while companies can buy material in both English and metric stock sizes, remember that metric
sizes are less common; specify English sizes, especially when using square or hex shapes. Specifying a metric
size for either of these will add to lead times as well as incur higher costs.

Stock allowance is another design consideration. Stock allowances are necessary for tight tolerances or micro-
finishes, where standard cold-drawn stock is un-acceptable. When it is necessary to remove surface
imperfections to ensure seam-free or flawless surfaces, allow 2% allowance in the estimating program. For
heat-treated stock, allow for removal of 3-4% per side. Concentricity, roundness, straightness, micro-finish,
and close tolerances need increased stock removal allowances. Computer estimating programs generate
accurate costs for these design considerations.



For heat treated material, the treatment method determines the preferred material grade. When several
materials are equally acceptable, machinability is the next consideration. Estimating software shows how
material grade influences product cost. High machinability gives shorter cycle times, higher hourly production,
and lower cost. Try to use standard stock; the higher the lead content, the higher the machinability. And
specify alternates: the manufacturing engineer needs to provide operators with an option when unable to find
the primary material.

Proper material selection is the first step toward cost efficient design practices.

Drawings communicate the part concept to various departments during the design phase. Drawings must be
clear for everyone to understand the requirements. When a drawing has many dimensions, persons using the
drawing have difficulty interpreting it. To avoid this, the designer may want to reduce the amount of features
on one view by showing an enlarged view at another location on the drawing. In a closed loop process, good
design practices help manufacturing quickly determine the best processes.

Not understanding how to manufacture a part hampers proper dimensioning. This is a good example why
closed loop communication is so important. Similarly, it is important to know how both the operator and QA
will check each feature. If the measurement is difficult or requires specialized gaging, the shop operator may
not be able to perform the measurement during the manufacturing process. Improper dimensioning of datum
points may also demand special and costly, gages.

Using a common datum point and specifying the critical areas on the print helps everyone understand the
function of the part in the design. Notes added to any drawing should be quite clear.

After developing the initial drawing, the designer should review the drawing for instances where tolerance
accumulations may cause problems. Avoid or minimize accumulating tolerances.

Any design process today — including those employing CPPD and DFM concepts — should involve everyone
working together during the initial design to pinpoint any failure, i.e., working together in a closed loop.
Achieving the closed loop often is difficult. But the result — optimum first-cost at the best quality — is worth
the effort. The surest way to do this is by applying what-if conditions. The most efficient what-if methodology
for calculating and comparing costs is a computerized estimating system.

Computerized estimating can yield, in the hands of a knowledgeable manufacturing engineer, not only the
estimate, customer quote, job routing reports, process plans, and even cam layouts, but also forecasts for
capital investment requirements and manpower. Knowing a product cost, Accounting and Finance determine
the required capital and return on investment and justify any new machinery requests. Since the iterative
estimating process can reveal many scenarios, product design teams can be aware of all options early in the
process. With emphasis on the productivity of manufacturing and assembly, this is the best process at the best
cost — from the improvement point of view, from the design point of view, from the material point of view,
and from the tolerances point of view. There’s no more effective way for comparing every related process in a
minimum amount of time.

Computerized estimating is a powerful designer’s tool. It can even answer important CPPD and DFM

questions when design concepts or materials offer manufacturing alternatives. What happens to the cost when
adding or removing an operation? When changing the material? With computerized estimating, the designer
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makes important trade-off decisions that can cut operations, vary parameters, suggest alternate materials and in
every case arrive at the lowest first-cost sooner.

Designing parts is not a problem; the challenge is to make the designed product at the lowest first-cost. The
ability to design parts at the optimum cost is the basis of the Design For Manufacturing (DFM) concept. That
is the reason for involving manufacturing early in the design process.

Remember that the purpose of Concurrent Process Product Development (CPPD) or Design For
Manufacturing (DFM) is to have the best product at the best price with the most efficient manufacturing
processes. That implies avoidance of problems or processes that add expense and cause delays. Often, the lack
of closed loops masks manufacturing problems which delay roll-out. This can sap profits until well into a
product’s life cycle, also resulting in prices that are too high.

Early inter-departmental involvement yields a lower final cost. Marketing has a clearer picture and can
forecast its goals with confidence, since it knows the actual cost which must withstand competition. Solving
most problems early in the design cycle before prototype production begins, compresses product development
time. Closed loops make it easy to sustain products in ever-changing markets, whether those design changes
comply with new environmental laws, are for improved designs, or relate to other, similar product designs.
Since you addressed major changes long ago, now there only are minor changes. An early competitive position
extends any product’s life cycle.

Figure 3a shows a closed loop between design, manufacturing, and quality. From this closed loop comes an
optimized, lowest cost final design. Marketing brought its idea to the design engineer, who prepares a
preliminary drawing and presents it to manufacturing. Manufacturing uses its knowledge of the process to
suggest different material, different processes, and workable tolerances. Quality and manufacturing determine
the most practical testing and measurement procedures, while Quality Control starts working on the Failure
Mode Effects Analysis (FMEA). Up-front planning pinpoints problem areas, costlier processes with higher
costs. Optimization via feedback loops yields a better, lower cost product.

Figure 3b represents prototype production. Manufacturing provides feedback to design engineering during
prototype preparation, before design completion. Production planning begins concurrently.

The third closed loop (Figure 3c), between manufacturing, marketing, and purchasing, is a final opportunity to
identify cost savings that leads to optimum product manufacture. Purchasing joins the loop when prototype
production begins. Using estimating software, manufacturing works on cost reduction by trying different tools,
different materials, and different machining parameters, including speeds and feeds, as well as better methods
to arrive at the same dimensions or tolerances.

Computer estimating is the ideal iterative what-if tool, for it reduces the complexity of these difficult
processes. Once the basic part parameters are in the computer, it is a simple matter to substitute material, try
other machines, or experiment with alternate processes, such as to effect a given tolerance. In this closed loop
between marketing, purchasing, engineering, and manufacturing, we find sixty percent of the design completed
before beginning any prototype.
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Do you remember your design engineering instructor’s warnings to use the Factor of Safety from 1.3 to 2.0? Is
a 2.0 CPK the next Factor of Safety? All of this adds to the ultimate cost.

Speed and accuracy are demanded on the shop floor today. They must be matched by the estimating process.
Just as computerization has revolutionized manufacturing, so has it changed estimating.

An automated approach provides repeatable and accurate results. Well-designed estimating software provides
a flexible array of solutions, improves reaction time, brings consistency to the process, and can give both large
or small manufacturers or job shops a definite competitive edge.

Nearly invisible and easy to overlook, estimating is a critical phase of manufacturing. It is where profitability
begins and where customer service, quality, and competitiveness get off on the right foot. Estimating can be
the most important phase in the growth of a small business. High estimates lose customers; low estimates will
lose money. No one can afford an inaccurate estimate.

However, an automated approach can provide repeatable and accurate results. Well-designed estimating
software is flexible, improves reaction time, brings consistency to the process, and can give both large or small
manufacturers or job shops a definite competitive edge.

MSE can eliminate countless hours of quoting, gives you the most comprehensive and accurate cycle time
estimator, and enables estimators to effectively process, organize, store, and present estimates.

By Jitendra Bavishi, Founder of Micro Engineering Systems, Inc.
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