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The engineering design
process

All the disciplines of engineeringcan be
subdivided into two basic categories:design
and research. Research,in turn, can be di
vided into pure and applied, with applied
researchin fact orientedtowardthe solution
of a designproblem.Thus,thevastmajorityof
engineeringprofessionalsor practitionersare
engageddirectly or indirectly in the design
process.

The processof developinga design is an
interestingone, whether the design be of a
component,a subsystem,or a total systemor
product.Thefirst observationis that thereare
two basic approachesto the philosophy of
design of engineeredsystems.One is to start
with an inventory of the known. available
products,definethe parametersof the antici
pated system,and then set about the task of
accomplishingthe resolution of the param
eters with the productsof the inventory to
achievethesystem.The secondapproachis to
concentrateon the specific definition of all
possibleparametersfor the system, subsys
tems,andcomponentsand from thesedevelop
an idealized design, then temper the final
designby reducingthe idealto that which can
be accomplishedwith the available products.

Designer’s knowledge important

In thefirst approach,the design is limited by
the designer’sinitial knowledgeof the avail
able components;whereasin the secondap
proach,the ultimatedesignis limited onlyby
thedesigner’singenuityin definingtheparam
eters, with the total available components
simply defining thelimits. In thesecondcase,
not only does the lack of knowledgeof the
availablecomponentproductsnotrestrictthe

results, but, becausethe designerachievesa
preliminary result prior to inventorying the
componentproductsavailable, he has con
siderably better knowledge of what he is
looking for when he doesconductthe inven
tory. Furthermore,the designerwho follows
thesecondapproachhashistorically beenthe
catalyst of progressive inventions of new
products.

Anothersimilarobservationthat carriesthe
available product foundation of the design
processone step further is the handbook
approach.This approach,to design is to
consult referencematerialsand publications
to determinehow pastdesignershavedevel
opedprevioussimilar designs,andthen to use
their conceptsas thoughthey were an avail
ableproduct.

Otherways of expressingthis differencein
design philosophyare:

* Continuityof methodsversuscreativity.
This is the approachwherein the designer
develops his new design utilizing the same
fundamentalparametershe employedin the
past, rather than continually updating his
definitionof parametersand forcingtheminto
a specific project.

* Product orientationversussystemsorien
tation. In this case, the difference must be
recognizedbetweena final systemproduct
anda componentproduct.As anekample,the
designerof an electrical resistoror transistor
has completed the design and subsequent
manufactureof a componentproduct. It is
the systemdesignerwho utilizes this product
as a componentof a televisionset,calculator,
or whatever. Similarly, the designer of a
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window air conditioneror a centrifugalwater
chiller hasprovideda componentfor abuild
ing environmentalsystem. The component
productsare not the completedsystemuntil
they are integratedinto the systemsin some
plannedor unplannedarray of otherdevices.
Lack of recognitionof thedifferencebetween
the productand thesysteminevitably leadsto
inferior ultimateperformance.

When one observesthe myriad of engi
neeredproductsandsystemsover theyears,it
is evidentthat thevastmajoritywere designed
on the basis of the available component
product or prior experience philosophy,
ratherthan the systemphilosophy.

The design of the ultimate systemor con
sumerproduct, whenbasedon the first of the
philosophiesdiscussed,tendsto fix thestateof
the art; whereas,when basedon the second
philosophy,it tendsto advancetheart. As one
observesspecificallythe HVAC industryover
the pastthreeand one-halfdecades,the most
strikingexampleof theoverabundantapplica
tion of the product-orientedphilosophyis the
evidenceof fads, such as radiantheat, dual
duct high velocity, perimeterinduction, ab
sorption cooling, total energy, all electric,
variable air volume, and so on. Thesefads
varied morewith calendartime than with any

other recognizableparameter.Yet calendar
time haslittle to do with the specific param
etersrelating to a specific building project.

System design requires talent
Admittedly, the second or conceptualap
proach to systemsdesign may require more
engineeringtalent and time. Talent being in
short supplyand time beingan economicfact
of life likely justifies having to use the first
approach.However,we are at a stagein both
the national and international economic
cycles where we can no longer afford the
luxury of wastecausedby a static stateof the
art. The day of being successfulin the auto
motive industryby makinglastyear’sproduct
with differenttrim is past.Thedayof building
the new glass-skinnedskyscraperwith a dual
duct high velocity systemhasalso passed.

Unlike the consumerproduct businessof
optics,electronics,andautomobiles,thebuild
ing industryis notmotivatedby foreigncom
petition. However, as our economybecomes
ever more sensitiveto capital shortages,re
ducedgrowthof productivity, increasedoper
atingandmaintenancecosts,andenergyshort
agesresultingin increasedcosts,the needfor
recognition of the value of the conceptual
approachto designingengineeredsystemswill
inevitably surface.


