209

eted this chapter you will be able to

wes build and test parts and or products
oduct and part tests to validate form. fit. and i
B i et , fit, and function
prototyping methods
rapid prototyping process
onents of a test plan

eﬁoﬁc issues arise during the development of a new
: at extreme temperatures and humidity?
fashioned to the customer?
actually work as predicted by the equations.
od “feel” in the hands of the user?
d with the overall size?
ble without interference?
tisfy industry-mandated safety tests?
be compatible with the intended lubricants?

acceptable wear rate?

t an electric shock hazard?

ctive with a mirror finish?

peet minimum performance requi
oup be able to fabricate the part 0 acceptable t

v assemble with the mating part?

rements?

olerances’




o o gi«i

,‘ fin, uﬂ”&ﬂ”ﬂ-ﬂﬂﬂg can be tested at earlier
ggﬁo . Product rolis off (he produc-
appearance of a product by showing

9““..3 of clay or balsy wood, Another

3?&25&32.&.?5 S._q..

of those pars could be made and tested for
Husﬂ?ﬁdzsw processes,
Bible Teplica of the pan showing principal
th, height, holes, fillets, _.ocsmﬁ.qv.o._w"”.

. e. Prototypes may be redu
» ced-scale, ex-
Tepresentations of the part. Prototypes may be

or exactly like the intended product. They can be
\& processes that are similar to, different from, or
»ﬁ. be cwan on the intended product. As a conse-
in their cost and ability 10 be tested for form, fit
Opment teams will use the right t type
I : ype of prototype
L the right time, thereby saving the company time and

> different types of tests and prototypes that are typically
. development phases of a product as shown in Figure 9.1.
tests. A reduced-scale or full-scale model of a new product

1" is fabricated to look like the “finished” product. Usu-
or of the product is fabricated and shown, illustrating ex-
improved features that compose the product concept. This
prototype is then shown to potential customers to obtain their
their willingness to ultimately purchase the product. Product
are usually done early in the development cycle, to make sure
duct will have the right look, or appearance, and have the right
of features. An automobile manufacturer would use a clay
of a new sports car to examine the acceptability of a two-seat,
convertible. A large appliance manufacturer would “mock-up”
washing machine, to examine the customer appeal of en-
controls, or the acceptance of top loading versus side loading.
firm would prototype the case of a new cell phone to ex-
fects of various colors and overall shape.

and humidity?
i by the equations?

pt tests. The model or prototype is built to prove that it will

r perform according to the function concept, ie. the physical

_ material and geometry that were selected. Bench-top, pilot-

laboratory experiments are performed to prove that H”an

ciple will work in the final product. For example, an c@na

acturer could machine parts for a bench-top “working-
ew electrostatic paper feeder to replace the mechanical B:W

in its new line of printers. An electronics manufacturer would

concept of a newly improved circuit using 2 prototype board.

rmance requirements?




Alpha-protot
focus on a

Mm._a or product’

. TIVEr manufacturer would {ab-
.me:.__gsw plain carbon stee) 1

indie, even thou

YPe tests are conducted in a
5
Ce. A screw e il

¢ O examine the
£h in final production stainless

lunteers or
wiord and D

and assembly pr

: company’s laboratories
moﬁna_ﬁ customers in their home or
iBenedetto, 2003). The tests confirm

ocesses and demonstrate the
of the product. Results from the beta-prototype
last remaining changes to the product, complete
and initiate the production tooling. Groups of
ustomer panels,” are often used to evaluate
cleaners, Kitchen appliances. hand tools.

1al customers are also used to test and eva-
on their home or work computers.

tests. A full-scale part or product made and as-
erials and actual production processes is tested.
made on “finished” products similar 10 ones that

Fhe tests confirm and document production and as-
demonstrate the actual performance of the “final”

e used to make last-minute revisions 1o the produc-
mbly processes and 10 make minor design revisions 1o
and federal codes. The tests are also used to verify and

products have no defects in design or manufacture,

ted in a product liability lawsuit. An electric toaster
the Underwriters Laboratories (UL), a nonprofit inde-
tion, conduct electrical shock and fire safety tests. A
nufacturer has its new product tested in an independent
e sending production-run samples to the Consumer Prod-
ission (CPSC). An automobile manufacturer has produc-

es tested for crash-worthiness by the National Highway
Safety Administration.
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€% on Ape T

machine 1o contre) the mﬂh“” “MM. ﬂz =
\ BeEncrating (he vanious e_..:, m::__ B2y
e from Slrong metals, such as /_u.“..._ _rw_cun? s
ulated loads, e ——
nputer numerically controlled m
which generate and store
e efficient use of files gpener
¢ CNC software generates the
the solid mode) file with
gued that NC/ONC ig oy fully “automatic.” because a
still be involved ip running the machine ..,5»__ making
ver, multiple copies of a part can be made quickly and
101, An example part is Shown in Figure 92

lape would

achines (CNC) now
heir own programs,
ated by CAD solid-
appropriate tool paths
a minimum of operator

FIGURE 9.2 Example CNC part, a wheel made for the Mars rover

. it rectangular base
A X aterial from circular or rectanguiar Bes

nes remove matera 1 trim parts to their final
OZM Bmo?ﬁﬁ are used to cut out slots and trim parts 0 the :
s, for exampie,
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Op

& e
1S showy,
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ple of an SLA part for rapid tooling, (Courtesy of 3D Systems.)

austs are required, and the process is fully automated. The
nhazardous and nontoxic. Parts are ?Zcz._.nr.xynn by mechan-
nin a iwﬁ.on solution to remove support structures. c::,..,?dn parts
companies to verify form, fit, and function. An (.x.,_:,,?n FDM
own in Figure 9.5.
_an d-object manufacturing (LOM) is a process that builds each pro-
 laminating together thin layers of paper, polymer, or sheet steel, which
it using a numerically controlled laser. LOM prototypes can be
reduce jagged edges, but may not be able to be fully function-tested,
stress or strain, owing to the allotropic material properties of the

£

ive laser sintering (SLS) is a process that uses a high-power laser to
ther fusible materials, such as powdered metals, layer by layer.
is the heating and fusing of small particles resulting in a hard bonded
lock. The unsintered powder supports the part as the layers are

D inkjet prototyping is a process that selectively deposits a glue-tike
onto a layer of dry powder, layer by layer, which dries into a solid
A similar process uses @ print head to deposit a ,,.,E._:c__:ﬁ...ﬁ
, layer by layer. The processes work well as concept modelers (Smith,

s that deposits a thin fil
on a horizontal laycr.
terial solidifies, a proto-

and 18 somewhat

10 inches by 10 inches 11
be made from a number 0!
in multiple colors, impact
s, No special room air

ch prototype has limited dimensional tolerances _

nless coated with a hardener 10 help to maintain part integrity. Proto-

ade with this process are typically not ﬂ_::c:::.:i.&. An example
Figure 9.6 shows how prototyping can be used for rapid toohing,
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PIer9 Building and Testing Prototypes
[ in s begi .
0 o_.w.wm Moﬂénaﬂ_ begins with the freation of a virtual ps
_GHM. —._A.—vnﬁn—., as shown in Figure 9.7 _;M_ ual part
. we can design the virtua) - Using 3-D solid

Ay i Part 1o include §
) 5 calures such as:
osses, fillets, slots, chamfers, and rounds. Sizes are c:..nnnh.a

18, variables, which can he conveniently modified at any

. > Parl. The resulting ; :

et e : s 2 image can be

o.o_.wwwmmmvsp._n views along with g variety of om..,:ﬁma and

aﬁ.wn & . an also be rendered with various colors and sur-

- worker training and or marketing purposes, ete. Bills of
sioned views are also produced wit] : |

1 ‘ S h similar ease. The part
» numerical data and is archived on computer disks as _,,.M__E-

faces of the part are converted to very small triangular facets.
sented by geometric data, including the x, y. and 7 coordinates
and an outward-facing normal vector. The data are stored
ile extension. The * STL file is read by a computer program for
| prototyping machine, such as a numerical controlled milling
am slices the virtual solid into layers and a set of codes that
g machine to fabricate the part layer by layer.

Solid modeling file * PRT
CAD software

Rapid prototype
slicing program

RP machine

FiAlRE A=~ 1] madatuming ATOCESS

Saved solid model

Fabricated
E.&.G?ﬂn



nd function,
ly success-
an iterative

ical modes
es, 1993), and

3 Ovo.‘nzc_..__.z&:ﬁ
: nance concerns:
styling/aesthetics .
Ergonomics
maintenance
repairs
4. Safety concerns:
qm.mw Lo/user, products liability
risk 1o consumer [society
safety codes, standards (UL, NHTSA)
sk to production worker (e.g. OSHA)
5. Environmental Prolection concerns
air quality, noise
Water - quality, quantity
wo:.n Waste — hazardous materials
radioactivity - fallout

e required. For example, in the food and drug
\ts are mandated by the Food and Drug Adminis-
he military are typically subject to “Mil-Spec” test

ient test plan is a description of the type of tests to be
n they are to be completed, and the resources to be
provides a structure for organizing, scheduling, and
gram, and a means to communicate the test program
olders, eliciting feedback and delegating responsibili-
nents in a test plan document are:

ms to be tested and the purposes for which the tests are

. The objectives section basically covers what is being done

/. If possible, objectives should be written with specificity.
be measurable, realistic, and timely.

rative description of the work tasks to be performed, in-
of tests, test descriptions, experimental setup, experimental
experiments test matrix, and list of deliverables.

of the resources to be expended, including items such as
s by task, cost per hour, materials to be consumed, equip-
ts, and total costs. . i
that shows when each major task begins and ends, wit

es indicated.
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 FIGURE 9. yucal SLA proge,
: : pe of enclosure base wigl lid ang
: | - oering

L B he Agriculiy.
ollars for '
by 1 involved the degig,,
sure needs o house: 4 Gy
collar enclosure, shey,

Y ard .
s%. S hinals such as wolves

decided to fabricate SLA
: X &Whaﬁ. immersion lesting, The

‘base and Nd are ghowy,
re 9.11.

tests  were  conducted in
s at temperatures betweep,
The enclosusre was also
e hydrodynamic pressures
ming or splashing the iy,
d etected.

er examination, the team
id was bending irregularly
2, as the fasteners were
was temporarily sealed by

ing

iy ineering students Ty,

design Mﬂ.ﬂ.ﬁﬁaﬂq from the ?__ec—::zr
c Department  at _.w..u.ﬁzc. :

<elected 10 nn&m: the enclosyy,

" pany alternative Snpm__z_:cs

draft and no .“u.mnnno:ﬁm. They i

5 ries on the side mﬂﬂﬁﬂ.mnaﬁ:?

o components were individug | Y m 4 ; ng diameter, which reduced the Cross section
.ensions of the existing parts, .M.:_, 4 e warpage, and stopping the leak. However

e then mated in the enclog,, jﬂ > KDESS Was a better and more permanent fix.

e

oo as virtual “fit” tests, indicap; li _ ical §
ted as virt icating s, olid model and physical S1.A Prototype proved instrumental in validating the
ction.

area, reducing the spring farce of the
- he team decided that increasing the

uild and test prototypes to ensure form. fit, and function.

felopment tests include: product-concept, proof-of-concept,
a, beta, and preproduction.

be built using traditional and rapid-prototyping methods

ping methods include NC machining, stereolithographic ap-
deposition modeling, laminated object manufacturing, se-
¢ sintering, and 3-D inkjet printing.
rapid-prototyping process takes advantage of computer-aided
omation.
and product testing can include tests for: Bnnrﬁi....nm..,_. modes of _,.w_,_wﬁm.
facturability, user operation and maintenance, safety, and environ-
ntal protection. ,

prehensive product development requires the preparation and com-
Jletion of a detailed test plan.

2d enclosure base




ang A5 i, A\
Proceswy | il e
a._v__..wé:;a:_m“c M.,..ﬂ...”o«ﬂnﬁﬁ”
Mputers ung S0y :
Putey
o= PrOtolypey i Called:
visual Prototyping . beta
S5 Tt uges

“Controlled A

pod \ Srupment
' rapia Prototyping
; Prototyping.
h«:“wu%claq Yaser 1o selectively
Ldenasiaa Mo the shape of the
o a.ﬂﬁcm_m_os Bn_..—n—,_:w . laminated-

Pi B Process that uses a Nigh-power \aser 1o sinter
m ﬁzmww, such as powdereq metals, layer by layer, is
.wnﬂ.og.on.. manufacturing & )} selective laser sinlening e.
n modeling d. stereolithograpty
totyping process that selectively deposits a ghae-like binder
Y layer, which dries no a solid
; Tolotyping, b. fused-deposition modeling
ject manufacturing d. 3-D-Inkjet Prolotyping

ping process that begins with the creation of a virtual

in the memory of a computer is called: %oﬁgﬂ rapid-
cess b. fused-deposition modeling ¢. e

g

reolithography
> advantages of rapid Prototyping except: a. rapid 1ooling,
ipment cost ¢. duplication ease and costs d. Tlexibility

are basic components in a produet dev elopment test
‘oduction b. work scope ¢. objectives d. schedule

ing of small particles resulting in a hard bonded
s called:  a. deposing  b. laminating ¢ sintering

c replica of a part or product is called: a. physical
al prototype c. scale model d. NCICONC

to determine whether a part and/or product will have an
pearance is: a. form b. fit ¢. safety d. function

to determine whether a part and/or product will m.z he user,
c ._uwm,a_—o precision is; a. form b. fit c. safety d. funcion

that builds a part by adding layers of material is: a. subtractive
ve c.gluing d. machinng
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-
, Environnm, o
| ent
|
1 IVES
e o < D, al " .
s ympleted this chapter you will be ap). |
| Vo o | -
m, ct failure modes, their effects and sever;
N0 gpgus.es,_ occurrence likelihogg : d
ty numbers to focus remedia| a;;t'n detectability
B £ wih the prea S
\Jl BRERSUEt Manufacture, use. and
y ] , and re-
| the safety hierarchy fund:
= el By o1l
between dimensions and tolerances
b nent worst-case and statistical to]
Lo erance desi
| y friendly products e 5
]
II
1‘
trm used to describe any of the various design me-

Prmt development concerns. For example, X
, assembly, manufacture, tolerances, robustness,

s specific issues, they implement customized

of specific information available at different
ly and design for manufacture, for exam-
7 “Configuration Design,” because those

form, such as|shape and configuration, 10
fness was introduced in

ture. Design for robus
since most methods depend on quantitative

ly useful during and after parametric design,
| | 4. Design for safety,

cations are being prepar




controls,

ccks and engineering tests used

list inspection or :
1 od
possible manufacturing defects, THCRETI—

(D) rating for each cause.

| that the controls wi
b ill detect cach
ating value from Table 105 cause and select

Rating Based on the Likelihood That a Cause Will Occur

Description
=30 %
30 % (3 per 10) o2
5% (5 per 100) One per week
- 1% (1 per 100) One per month
Pel'SOnaI, B ore 03 % (3 per 1,000) One per three months
PPropriate i al Plausible
ting REMOTE 0.006 % (6 per 107) One per year
pnlikely 0.00006 % (6 per 107) One pcr‘t'htcc years
Very unlikely j
IMPROBABLE <2 per 10 events > five years per failure

In]l.lry or Damagc i

property or environmen,

environment Detectability of cause  Description

IMPOSSIBLE Impossible to detect, or no inspection
Very rare
Rare
omer complaints POSSIBLE Some chance of detecting, or 50% inspection
‘cannot be overcome Quite possible
but can be overcome Somewhat likely
tion LIKELY Quite likely to detect, or 75% inspection
ction or harm to others Quite likely
Almost certain

CERTAIN Will be detected, or 100% inspection




Recomme ndeg
Action

(step 9)

[0-horsepower gaso-
0 the piston and
m has identified
have been caused in
manufacture, an
it the hose. The team
ercent and a “cut” is
3 the pressure to the
malfunction of the log
pties onto the ground.
vill inspect 50 percent of
is quite likely that a cut
‘when it cuts.

with a leaky hosc and

rity raling = 7 for the
— 0 for the cut-hose:

g = B oy

Y. oy ,':'f;ff: Material, and a “probable”

¢ template and calclif::;ﬂ :ngnp AHE
© RPN's ag shown in

i nm‘::ﬁiﬁfbah 4 mew inspection proce-
o VL modity tharamieni:
s Re s cgle. ecfs (i.c. leaks) with a similar
mew.wili < -4 c‘ulatmns result in Table 10.8,
e f0:1gmﬁcam reduction in the risk of a
v a cut hose will be reduced. In the
second case we changed the severity.

 of Log-splitter Hose

y (S) . Oceurrence (O) Detection (D)
Rating  Causes 'Ranfmg C‘}T;ih Ra[:ing RPN mﬂlﬁfnm
e~ e -
9 cut hose 1 none 4 252  modify assem-

bly machine

FMEA Analysis with Revised Risk Priority Number for hose leak failure mode

"~ Severity )

Occurrence (O) Detection (D)
S_ (6] Contrals D Recommended
Rating  Causes Rating  Tests  Rating RPN Action
7 poor 8 test 1 56 none
material 100% further
i cut hose 7 none 4 9 none
further

. mode-and-effects analysis can be completed beginning as early
ration design phase. Existing products can also be evaluated.
has also been used to reduce the risk of failure within processes.

N FOR SAFETY
roduct may cause injury to people. It may also cause damage 10
real property. A defective automobile brake system, for example,
in a collision that might injure the driver, passengers, other



WATE peop)e
_mj'l-lries to
tion, S(}mc
1 (Of gase,
- can resy)
nts or (he
L. Lindbeck

ichine parg
s, hands, o
ude roller
hing gears,

D contact with
or electrically
de gasoline en-
burs, rotating or
ntacts.
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€ injuries as translatin rotati
boc_l)f p?ns. Exat%;plc:itu::\g‘
; s with Projecting bolis.
(CAuse injuries as debris
Examples include grindi
‘Wood particles.

Or recipro-
ude hammer

particles are flung
ng-wheel disintegra-

hazards include rotating shafts or moving

o = :
- loose clothing, Examples include ent-

as a lathe and catching loose clothing

. Loud noises can result in lemporary or permanent
-im-:ludg:_ unprotected exposure to noise from en-

. g«_::hmgs. _Extended exposure to vibrating
ess in the limbs, referred to as hand-arm vi-

e;xplosmn electromagnetic radiation, and ex-
r-a.dioa.gtwe_ substances. Finally, we can include
extremes in temperature, humidity, wind. ice,

- should also distinguish conditions associated

‘a grinder has a rotating abrasive wheel. If a chunk
xpectedly, during use, it may have sufficient kinet-
-tfected human skin tissues and is also very likely to

‘a circumstance when the abrasive failed to hold the
caused by normal grinding, on the other hand, are a

is inherent in the operation of the machine. Misuse by
tional circumstance. For example, consider how a user
grinder to grind an I-beam that is elevated 10 feet off
an using a portable grinder.

¢ the condition due to regular maintenance. For example, a

y be exposed to electrical shock when removing a protective
hine. Improper maintenance and failure 1o properly maintain
dditional circumstances that may create hazards. Lack of ex-
atenance, for example, might lead to carbon monoxide poi-
ine six conditional circumstances as follows:

rent during normal use.

inates from a component failure.
qused by user misuse.

s during normal maintenance.
eated by improper maintenance.
ms from lack of maintenance.

e e

J
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consumers of

Polential product def 1

: : g 4 ects and their modes
ed fun ction b i
oy - ' o ol nt, the P

cluding: hazardous chemicals, noise, vibration,

led fibers, bacteria, molds, fungi, insects, bites,
€ movements, and lifting.

 Products

ult directly from the discussion above:

&nal‘yses._ All analysis caleulations should be com-
c| _et‘t-, signed, and dated. Analyses should be as
ically performed in the practice.

‘standards. Obtain, review, and implement rele-
rnment standards.

hnology. We must keep our knowledge up to
awer, safer technology is not an excuse.

e safety features or devices. Design-in safety features
€ Or protect against the hazard.
how the user might misuse the product. Consider how
nisuse or abuse the product. Try to eliminate opportuni-
‘to misuse the product.
len dangers that might surprise the user. Consider sudden

¢ vibrations or unusual modes of operation that might
yerator, causing loss of control and injury.

ions in materials or manufacturing processes, or effects of

s the robustness of the product. Design-in allowances for
environmental deterioration.

1t appropriate testing and interpret results correctly. C.'.anduct a
test plan of individual parts and completed assemblies. Con-




that will rup
al of a cover
S¢ pinching,
oritized list of

-tag” the switch

o the access panel.

om;r andin the yger
i consider 1
oomdmuld f.ine;liaﬂa in the following order
} 80 the machine 1o never ue‘ed

“\ubrimted-for-lite.“ Upon
P o i lo design the machine as
MWMt U pants needing service ar i

1 path away f e

manual,

o . ro‘“ 1
s and economica. the exposed moving parts.
d. D’ep’ending o
D N the electrical ¢ : :
st Tical connection, designing a

casy and inexpensive,

_m;t:ll;moni manual is useful, but should not be re-
Manu : wmget .ost and operators forget what they have
2 ewhat helpful but is not a good way Lo pre-

- Safety gloves would h

Ei elp reduce cuts by

crushing injuries, AW

% ble ‘f;or de:.s'\gningén safety. The “safety, health and
! nf... Conmderatmns of increased costs and or reduced

IMPprovements are not paramount. National and local

nent and our company's legal staff will help guide us in

ples. Three fundamental design principles are used to
nd systems: safe-life design, fail-safe design, and redun-

ign principle. Product components are designed to operate
predicted useful life without breakdown or malfunction.
ude hammers, screwdrivers, bridges, buildings, and electric
Product design, based on this principle, requires the design-
ntify and specify: all operating conditions, misuses and abuses
t, and appropriate maintenance and repair schedules.

ﬂaslgn principle. Product is designed such that upon failure of
11, some critical functions are still performed. Failure of the
hould be discernible such that the product can be shut down
mples include using a castle nut and a cotter pin to prevent a
falling off a bolt and separating the connection, ot 2 bm}ct
- yalve failing in the open position, a “failed” roller bearing

ng vibration and noise while providing some function.
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over dimensional variation, we specify upper and
ns, that is, maximum and minimum sizes. The spec-
um and minimum size limits of a part feature is

angeability we might be tempted to specify small
manufacturing are that interchangeable parts are

g processes, for example, can achieve only rough

estment casting is better, and machining processes are

lensional variations in machining, for example, include

. material, the mechanical properties of the material, the

the rigidity of the clamping fixtures. All of the manufac-

act, have similar limitations. Of course, if we handcraft each

ve fine tolerances. For example, we can slow down the feed
ining, use the most rigid fixture, or use the best tools. In

| that the cost of producing a part increases rapidly as we
ances that are beyond the typical ability of commercial
wn in Figure 10.2.

5 a product development team, therefore, is to design a part that
sts of finer tolerances with the benefits of improved interchan-

er words, the parts fit and function as expected.
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case of de&rm 2ap is found by substituting the
ion (MMC) dimension of cach part o eguation

: smalllest 83p, results from having the smallest part
s B and C. This results in a clearance gap valae of:

p =yt = (da+ity + do+t) (1023)
values, we determine the clearance gap as:

)-0015 - (1650 +0.003 + 1300+0020) (10.4)
=2.985 - (1.653+1.320)=2985-2973 (10.5)

d gy = 0012 in. (10.6)

nimum clearance required is 0,015, this is not an acceptable
 that even under the worst circumstance for part A and the
e for parts B and C, we still cannot guarantee that the



5 ¥ &l) t“u'q)
(Lesy 1.300% = 0,050 1.

(1010

L Wpically assumed as (hree
LIS 1= 43¢ and the Yower Yimit is
IR the variables, we find that 5 = 13, The
R of the gap cun be obtained as;

Sy =% 453 452y

UHng process i
mm-:vnlue that

L

(10.11)

D' 0ty 13) 4 (1 sy (10.12)

g +(0.003/3y (0.020/3y* 2 (10.13)
s, =0008393in, (10.14)

ble d,; 1o the standard unit normal distribution
probability that the clearance is less than
ormally distributed random variables we can find
numerically integrating the probability density

x* Afe-pt
ik e dx (10.15)

(10.15) for every problem, we can transform
variable x, to the unit normal distribution

(10.16).
oLt (10.16)
ol $
if T o1 A2 17
iz <z )= if(z)dz= sme 2" gz QUREA)

derived from equation (10.17) are shown in Table 10.9.
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1. the

€€ is smalier i

018 as g OWn in ?‘i l‘j,‘:“r) S
B)=pld,., < 0.015) = p(z < 2y
~ 0015 g5

(10018)
0008393 = = 4170
¢ ”S 0.{“.5) = pt_z £

(10.19)

ST . (4

al distribution ;

than 0.015 inches, is AOU even listed on
dsheet function 10 evaluate the unjy normal distribu-

puted Probability is () H000152. -
on assemblies,
Based on this

This is equivalent 10
€ NOW see why th

€ WOorst-case method
VETY smal} Probability, the existing de-
ysis, we can e-xm:n‘npu the stack of tolerances 1o see
ute the most vanation (U'llman‘\%"."), We rearrange
fugdagdy s

by 5, we obtain ¢

to the assembly va

021y
quation (10.22) where P, are the
Tiance.
e 8 .a 2
] % + i%- Y aa .“—-
5

$=P,+P,+P,..P,

(10.22)
the example, we can create o summary shown in

part C contributes 63.1 percent of the variation and
reent. Therefore, if we were ow of tolerance., we
design attention on pan C.

Sensitivity Analysis Of Three-Pan Assembly
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: \ impact that would have on fuel
S, imagine the reduction of air Mlution and
of the reducti (e

ise of On in raw materials shipping, and
materials use we can design lighter, less dense parts

ured waste, Similarly, we should try to use re-
d abundant materials,

These design efforts focus on relurning, recyclable
e product stream. Non-recyclable materials are sent
es and should be desipned with reduced volume o
s, such as polyethylenes and polystyrenes, and metals,

T, silver, and brass, are very recyclable assuming they

¥ separated from the non-recyclable materials. A

d design for disassembly considers aspects such as
 with recyclable content and selecting appropriate fas-
tate disassembly (Otto and Wood, 2001 ).

»

A

. o

ture. Not all products are composed of components
jusly fail. The typical laser printer, for example. has a re-
cartridge that can be reused if appropriately remanufac-
: includes disassembly, inspecting, cleaning, and
or broken parts. Product design efforts should focus
gse activities, especially design for disassembly .

Efficiency. Products should be designed 1o be manufac-
th less energy. Less electrical use during manufacture
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the choice that best answers the question
modes and effect analysis method. the Teason why a part
to a defect in design or manufacture is called the:
b. cause detection
consequences that the customer

causes c. effects

Use  c.severity d.

might experience is called:
d. detection

ity number is the product of
3 b.defects ¢

the following factors except.
Occurrence rating,
Ning are examples of prevailing

4. detection rating
iting  c.leaking  d. fracty

part failure modes except.
Ting

ould rate a 10 on the occurrence rating, chart?
mote  ¢. expected  d. improbable

ife of a product may injuries occur to employees or
ufacture  b.use  cretirement  d. all of these |
y touching hot surfaces, sharp edges or electrical

used by:  a) contact hazards 1) entrapment haza
d) entanglement hazards

ved from hammer blows are called:

a. contact hazards
azards c.ejection hazards d.enmtanglement hazards




