




Xerox, IBM, GE, Whirl­
pool and Black & Decker
have used design for pro­
ductivity extensively.

four months, the line was running at
70 to 80 perce nt of its rated out put.

The T~'I'" 1:14 re lay was designed
using the knowledge the company had
gained by redesigning th e TYI'" 91
product ion line. The covel' and base of
the 1:14 relay snaps toge ther instead
of using screws, and fly w inding
equipment , which is new to the com­
pany , will be used to wind wire on the
rela v's bobbin.

The st andar d wind ing met hod
which had been in use involved put­
ting the re lay's bobbin on an arbor and
rotat ing it at high speed. But since the

184 re lay has terminals which are long
relative to most re lay bobbins, t here
was the possibility that t he cent rifu­
gal force of rotating the bobbin would
throw the terminals out of place. But
with the fly winding equipm ent , t his
mishap won't be poss ible because the
bobbin will be stationa rv and the flver
will rotate the wire around it. •

The company also has a proprietary
way of maintaining the critical dimen­
sion bet ween the magn et core and the
pivot point of the armature , A patent
is being applied for it.

Designing vacuum cleaners
Wh en desig ning its new vacuum
cleaner line , Whirlpool used seve ral
desig n for productivity met hods in­
cludin g th e Boothroyd Dew hurst
meth od. One meth od used was classi­
fying parts by their material proper­
t ies and de si gni ng t he m to be
multi functional.

An ex ample of this is the wrapa­
round bumpe r on the canister vacuum

cleaner. It serves not only as a bump­
er , but as a seal for the dust bag
cove r.

The motor mount, which is made of
an injection moldable thermoplast ic
rubber , also se rves as a vibrational
dampe ning mount and as a se al to
separate the two vacuum chambers of
the machine.

Another produ ctivi ty meth od was
to class ify part s by production tooling
processes by incorporating more fea­
tures into one mold. The number of
parts and molds were reduced in sev­
eral locations of the canister vacuum
cleaner.

A new sw ive l caste r design reduced
t he number of parts from 20 to foul'.
The base of the caniste r includes th e
support for the real' wheels and is
retained by snap catche s. The front
handle on the base also se rves as a
bumper support, and the base in­
cludes the cord reel support.

The net benefit of these sophist i­
cated too ling ideas was that the molds

Difficult to assemble Preferred

Thi s slot would be hard to detect

The parts in the 100rer IV/(' were rede­
signed fur ,'iy m met r y .'iO the poes lble
number (~" o,.ielltat iol1s was kept loU'.

Sett-tix turina (~" IXl ,.ts iritl. notches or
gu ide pillS mn ('(Ise assembly .

This part could be orient ed in any direction.

These parts can be oriented only one way .

Hole to accept notched part
Hole to accept
swaged part

~~~~v~
"D'tsbaped hole/

Chamfer to help orient s lot

External teatures C(l1I be added 10 ori­
ent !HII'fN.

If par t» C(J n't be des igned s yUlllletrica lly , their as ym met ry should be inc reased IW

they CUl l be orien ted ollly one way .



The redesign un the bottom /('(lSone of three done by ,NCR Corp. for (l paper guide
assembly in a teller machine. It "educes the total tlumber OflXlr txfor the (lssembly
from the ./.J shown on top to sereno

The est imated asse mbly time is a
theoretical minimum assembly time
plus t ime penalti es for problems in
ha ndling and inserti ng as sembly
parts. If a part is eliminated , the
asse mbly t ime for that par t is zero.

A genera l rule of designing for as­
sembly is to avoid faste ners, especial­
ly non-standard ones. But when they
are necessary , the same type of fas­
te ner should be used. If washers are
necessary, they should be attached to
a bolt or screw ("captured") rather
than se parate , Also, tapped holes
should be avoided and self-threading
fasteners subst ituted.

In manufacturing, "pancake" as­
sembly, in which parts are layered on
top of each other along the Z axis, can
be used not only to simplify assembly
motion, but also to reduce the number
of fasteners. To provide compliance or
"give" in part assembly, so accuracy
er rors can be forgiven, chamfered or
beveled part edges are helpful.

Simple mechanical processes should
be used in manufacturing when possi­
ble. Difficult ones such as welding or
brazing , soldering, and certain adhe­
sives should be avoided.

Nesting a part in an indentation in
the work surface which matches its
contour can eliminate clamping the
part down during assembly. Cables
which must be connected, as on a
loudspeaker, should have connectors
attached to them so the cable end can
be located. Electronic components
should not be connecte d to a circuit
board wit h ca bles, but rathe r
mounted on a slave circuit board and
the slave board inserted into the main
circuit board.

Other design for assembly ideas are
shown in the accompanying diagrams.

o
are pieces of fixed automation-they
redu ce the number of assembly opera­
tions.

The third productivi ty method used
was to design the product for assem­
bly efficiency. Lineal' motion is used
extensively in the asse mbly of the
vacuum cleaner. For example, the
motor was designed to use st raight
line assembly motions.

Included in the motor asse mbly is
one of the electronic controls, foul'
screws , a mounting bracket, the seal
and then the motor. These compo­
nents are all a.ssembled in a sequential
stacking operat ion where the net ben­
efit results from a simplified and more
efficient assembly method .

DFA rules
The basic pr inciples of Design for
Assembly relate to two areas : the
ease of component handling and as-

sernbly of a product or subassembly;
and whether the minimum numbe r of
parts have been used for a product or
subassemblv.

Th e criteria Boothroyd and
Dewhurs t established for the mini­
mum number of parts test was:
• Does the part move relative to its
mating part during operation or serv­
ice?
• Do the parts have to be of different
materials?
• Do the parts have to be disassem­
bled during asse mbly or service?

The assembly efficiency is then cal­
culated by dividing the theoretical
minimum assembly time by the esti­
mated assembly time . The theoretical
minimum assembly time is assigned
by the Boothroyd Dewhurst met hod
according to the product. The time
value is for ideal parts and is standard
for all parts.
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