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1 Design Process
Wit
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In line with the general strategy for tackling complex problems,

the design process is split into a number of main phases, and each

phase is then broken down into a number of steps. "'’ Methods are

suggested to help tackle each step.
It is important to emphasize that this systematic approach must be
applied flexibly and adapted to suit the particular project being under-

taken. It is not intended to replace intuition®, inventiveness® or in-

sight; but rather to support and enhance these qualities by discipli-

ning thinking and helping to focus concentration on important aspects

@ intuition : B %
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of the problem. (2]
In order to provide an overview, each phase is summarized brief-

ly below. In subsequent sections of this article, the individual steps of
Clarification of the Task and Conceptual Design are described in more
detail.

Clarification of the Task. The starting point for the design

process is an idea or a market need, often stated in vague, and some-

times contradictory terms. Before the subsequent design phases start,
it is important to clarify the task by identifying the true requirements

and constrainis®. The result of this phase is a design specification

which is a key working document that should be continually reviewed

and ﬁpdated as the design develops. I’

Conceptual Design. In this phase, concepts with the potential
of fulfilling the requirements listed in the design specification must be
generated. The overall functional and physical relationships must be
considered and combined with preliminary embodiment features. The
result of this phase is a concept drawing.

Embodiment Design. In this phase, the foundations are laid for
detail design through a structured development of the concept. In the -

case of mechanical product, the result of this phase would be detailed

layout drawing, showing the preliminary shapes of all the compo-

nents, their arrangement and, where appropriate, their relative mo-
[4]

tions.

Detail Design. Finally, the precise shape, dimensions and tol-
erances of every component have to be specified, and the material se-
lections made, or confirmed. There is a close interrelationship be-
tween the shape of a component, its material and the proposed method

of its manufacture. The result of this phase is detailed manufacturing

@ constraint; BR#] , AR
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instructions. The detail design phase is no less important than any of
the others. Many excellent concepts have failed in the market due to

lack of attention to detail.

Clrification of the Task

The steps of the task clarification are the following: The market
need is transformed into a specification by identifying the “real need”
and defining a problem statement, refining that statement to identify
requirements which are collated in a product specification.

Identify Real Need

To avoid solving the wrong problem, it is wise to spend some

time identifying the true needs and preparing a clear solution-neutral

problem statement which avoids any indication of how the problem

should be solved. '*' A useful technique is to systematically raise the

level of abstraction using the following steps:

¢ Eliminate requirements that have no direct bearing on the

main functions and essential constrains.

® Transform quantitative statements into qualitative ones.

e Formulate the problem in solution-neutral terms.

Abstraction broadens the range of possible solutions described by
the problem statement by eliminating unnecessary constrains. It also
encourages the designer to think more about general concepts and less
about issues relating to specific solutions. As an example, consider
the problem statement:

Design a cylinder-type lawn-mower to cut grass.

This statement clearly indicates the direction of the solution but

3

suggesting both the type of device and that the grass must be “cut”.
The size of the search field is thus restricted unnecessarily from the
outset. An improved statement, at a higher level of generality, is De-
vise a means of keeping the grass short. This statement defines a broa-
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der problem and encourages a wider range of possible solution con-
cepts.

Identify Requirements

Having identified the real problem, it is wise to limit the search
field by preparing a detailed list of all the requirements and con-
strains. Where possible use quantified statements, for example,
“Weight not to exceed 100 N” is much better than “Low weight”.
This appears to contradict the removal of quantitative statements when
identifying the real need. However, when the real need has been i-
dentified such statements are essential to communicate acceptable per-
formance limits for the new product.

Not all the requirements can be quantified easily and value judg-
ments will be involved. For example, it is difficult to quantify® fac-
tors such as appearance, ease of operation, etc. An ideal solution
would meet all the requirements, but this is seldom possible with the
resources available and compromises must be made. To aid selection
and evaluation, it is useful to identify each statement as being either a
demand or a wish.

e Demand (D)-ideally a requirement which must be fulfilled.

I a proposed solution fails to meet a single demand, then it
should be rejected.

e Wish(W)-ideally a requirement which will improve the value
or quality of a solution, ie desirable but not essential. It is
useful to indicate the weighing ( Wt) of wished as high(H =
3), medium (M =2) or low (L =1) importance.

Although a relatively simple idea, in practice categorizing® re-

quirements as either demands or wishes is not always that easy. It

@© quantify . 81k
@ categorize: 5+
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may be demand that a certain minimum requirement is met, e. g. for
legal reasons, but a wish that minimum requirement is exceeded but a

certain amount, e. g. for marketing reasons. The dividing line can be

a little fuzzy®—however the concept is valuable as it forces one to

think about the status and importance of the various requirements. '*
Elaborate Specification

The requirements and restrains are best compiled into a compre-
hensive description, or specification of the product to be developed.
The specification should be clear, correct and as complete as possi-
ble. It should list all the problems and specific requirements in such a
way that the reader is clear about the tasks to be performed. Demands
and wishes should be clearly identified along with a keyword to u-
niquely identify each requirement.

In theory, since a solution must meet all the demands, prelimi-
nary® selection from several possible solutions should be based on the
demands. A proposed solution that does not meet all the demands
should not proceed to the next stage of the design process. Those so-
lutions that do not meet all the demands must, usually after further
work, be evaluated and best selected. In theory, evaluation at this
stage is based on the wishes. The aim is to find the solution with the
highest value and quality. To keep things simple at this stage, the de-
mands in the specification will provide the eriteria for a preliminary

selection and evaluation.

Conceptual Design

A eoncept is now developed from the specification by identify

ing the functional requirements for the product, generating possible

@ fuzzy  BERIAH
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concepts and selecting the most promising. All technical devices

can be analyzed in terms of the flows® and conversions of material ,

energy and information which take place within their system bound-

aries. |7’ The first step is to identify the overall function. The over-
all function follows directly from the solution-neutral problem state-
ment. For our grass cuiter, the overall function might be shorten
grass.

The overall function can now be broken down into an appropriate
number of smaller functions which indicate the logical and physical
relationships between the flows and conversations of material, energy
and signals. There is generally an identifiable main flow which domi-
nates the situation, plus a number of supporting auxiliary flows. The

[

character of a function is usually indicated by “imperative® + ob-
ject” , for example “Adjust settings” or “Convey cuttings”. The ar-
rangement of functions can be varied to determine the most favorable
function structure, remembering that the solution must eventually be
embodied.

There are two different types of function structure: system func-
tion structure and process function structure. Many devices are used
as part of a process and in this case a process function structure show-
ing a sequence of sub-functions can be illuminating®. The important
thing is to use the method flexibly so that it provides as much help as
possible.

It is possible to produce a very detailed function structure,
breaking each function down into smaller and smaller units. Howev-

er, the procedure should only be continued so long as it provides val-

@ flow: B
@ imperative: HENK, 2FK
® illuminating: B A J3 & K
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uable insights—to do it purely for its own sake is pointless. A useful
guideline is to aim for between 10 and 20 functions. In theory the
function structure should be created independently of any particular
physical solution. In practice, one always has a tentative solution in
mind. Now one or more solution principles must be found for every
function. At this stage idea-generating techniques, such as Brain-
storming, can prove valuable. Existing devices can be analyzed and
useful ideas can be obtained from the study of natural systems. Once
solution principles have been found, they can be combined systemati-
cally using a table of options.

Selection criteria for the combination are based on the demands

identified in the design specification. If the demands have been cor-

rectly identified, then any combination of solution principles which

fails to meet a single demand must be modified or rejected. '*' Simple

yes or no decisions will suffice. The best time to do this is while crea-
ting the combinations and that does not include any combination
which engineering common sense suggests. As a guideline, select not
more that five sensible combinations.

The selection combinations will need to be firmed up into con-
cepts before they can be evaluated to determine the best. The aim
now is to determine which has the most favorable combination of addi-
tional features, and will thus provide the maximum competitive advan-
tage.

Before staring a formal evaluation procedure -it is worth noting
down which concept you consider to be the best way and why. The
formal method can then be used to “audit” your intuitive decision and
provide new insights. If there is a difference between your first
“guess” and the result of the procedure, it is illuminating to deter-
mine why.

Evaluation based on the whishes is identified in the design speci-
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fication. More than simple yes/no answers are required to determine
the relative merits of each concept. To do this each criterion must be
weighted to indicate its relative importance. The wishes can be ranked
as being of high, medium or low importance and given numerical
weightings of 3, 2 and 1 respectively. More detailed approaches are
possible, leading to a much finer gradation in the weightings, but the
simple approach suggested above is generally adequate, particularly

for preliminary evaluation.

Better than the datum _~ +1
Worse than the datum _ -1
Much better than the datum _ +2
Much worse than the datum -2

The values may now be entered into an evaluation chart, where
each value is multiplied by the appropriate weighting to give a weigh-
ted value and these are then summed to give an overall weighted value
for each concept relative to the datum. The one with the highest over-
all value will, generally, be the best.

The technique does ensure a discipline approach and does pro-
vide a valuable guide to the relative merits of the concepts, but in the
final analysis common sense should prevail. Check the outcome a-
gainst your first guess and check that the chosen concept meets the
demand and high-ranking wishes. The select concept must be presen-
ted in such a way that other people are convinced that it is worth com-
mitting to the embodiment design phase—clarity and brevity are es-

sential.

HEARERE:

[1] In line with the general strategy for tackling complex prob-
lems, the design process is split into a number of main phases, and
each phase is then broken down into a number of steps.
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[2] It is not intended to replace intuition, inventiveness or in-
sight; but rather to support and enhance these qualities by discipli-
ning thinking and helping to focus concentration on important aspects
of the problem.
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A 34 45 F /& not to do A but rather to do B, do A j’” re-
place intuition, inventiveness or insigh;do B 3§ support and enhance
these qualities by disciplining thinking and helping to focus concentra-
tion on important aspects of the problem, 31 H B #{ 4y i these AHij
#g1a], 45 intuition, inventiveness or insight,

[ 3] Before the subsequent design phases start, it is important to
clarify the task by identifying the true requirements and constraints.
The result of this phase is a design specification which is a key work-
ing document that should be continually reviewed and updated as the
design develops.
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