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mation about the current state of g
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28 Humans EMMMM:Q inputs such as by seeing, hearing, nocem.."En@ ive it correctly, For
ihe enVirOn My oy use this sensory T decisiong, y o :
lng. 204 U i decision Y applying an QURDE IOIGEHoREN uwﬂ_
they jmpleme!! v, the machine uses these outputs as control inputg w&.am_ illusions.” ]
machine- mi__m_.nﬂpnmnm in function, and displays new outputs, 2 In some cases we neeq .
form the desired ot the system depends upon the interfaces e, . order to operate it. For
Most importd hine. When the user pushes a switch (o turn on i on_ as we drive o h
puman and the dﬂa switch lights up to indicate its “on” state. If the i we can stop the o,
the Bmm«aajwoqmm handlebar interface, the bicycle will not “know?» QMH .imﬂm-. annu—uoww.nﬂno
grip of the cmnww&_ the oil drain plug, the user must be strong enough roperly designed ins
spond. To Hnaoeb“ of torque to the plug (interface). An interface ist w manner that can be
the correct am human touches with a part of his or her | understood). Poorly

hine that the
of the mac An interface is also any component that the human

nnn.ammn_ to. 4 to, For example, we hear the _Hmum.mm_.. Or we see g
o.m_ H”_ Ha%oﬂﬁ_am. We may also be exposed to _.ma_bnmn or dangerouys.
Mahm or vapors. Interfaces are the means by which we interact

5 Stanton, 1998).
E.o%HMrn design and manufacture products for people to use we

sider how humans interface with machines. We need to design
fit the size of human hands, mn.mr .EBP. legs, mE.u chests. .c<n R
and accommodate human limitations in detecting and interp
inputs. We need to accommodate the capacity of a human to co
information and make timely decisions such as reducing res
need to acknowledge human limits with regard to applying forc
We also need to design our product so that our customer

weather or foul, or during various phases of use including

maintain, repair, take-down, disassemble, recycle, and dis

ment of a part that is

Visual display t
= indicator lights, st !
= continuous readout
= digital counters, s\
= graphical panels,

11.2 SENSORY INPUT LIMITATIONS

Human senses include sight, hearing, touch, smell, and ta
can also sense acceleration by the vestibular sacs in
contributes to balance. The body also has a kinesthetic ser
receptors to feel joint and muscle movement, permitting
or position of our arms and legs. Each of these senses, h
abilities. Let’s examine our senses of sight, hearing, and

11.21 Sight o

BITHAD

Humans differ in their ability to see. Some

near (or far) objects. Some of us may not by
Al of us, on the other hand, need a minimur
%ﬁ various tasks. In fact, as we age, even more ill
OVects may move so fast that we cannot “see
quicker than the eye” trick. Even when we can




ys can be used in machine
. tones, and electronic devices th, i 3
Auditory displays should be

is receiving too many other 1 41.4 HUMAN (]
. . ~ pumans execute

ges.
the o_unﬂm.nﬁu.
torque (i.e., twist

cm§¢=&<om=&=_nq
{0 the tactile stimulation of

th surfaces, as well as de
ltages. As we operate
handlebar, indicatin
hine by feeling

3 Touch/Kim
ery sensitive

h and smo0
mo%%?n electric VO
" < ibration through the
ure in a mac

a bearing fail

Fumans are limited in their ability to
ed with conflicting signals that are diffic
sider the case when we are drivin, - nigl
torm with fog when a deer jumps in
or pray? A well-trained driver will
have to think about it first.
and steering to avoid the

As we make a dec

decision or short rea
Sanders and M
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TABLE 11.1 Horizontal Push and Pull Forces That Can Be Exe

(adapted from MIL-STD-1472F)

=

Lever (from figure 11.8) is alse gﬁgg

Tted Intermiygg,

Exertable horizontal force Applied with

ginally recommended for precise adjusmeny, 1 ;5

Coefficient of friction

110 N (24.7 Ibf)
push or pull

200 N (45.0 1bf)
push or pull

240 N (54.01bf)
push or pull

310 N (70.0 Ibf)
push
490 N (1102 Ibf)
push or pull

730 N (164.1 Ibf)
push

both hands or one
shoulder or the back

both hands or one
shoulder or the back

one hand

both hands or one
shoulder or the back

both hands or one
shoulder or the back

ment, tactile feedback and setting visible, Iy
actuation. : -
Joystick (from figure 11.8) is
acceptable for quick adjustme
uitable for large-force application. It
Handle (stide) (from figure 11.9)
and marginally recommended for

with low traction (2 < <

A
with medium traction = g5

If braced against g verti
mm (20.08-59.84 in,) from

the push panel ment, tactile feedback, and setting v
Sh % actuation. §
With high traction p > 09 D-handle (from figure 119).

acceptable for precise adjustment
for tactile feedback and uaE.bm.
tion. s

The rotary selector swi
slightly better than the others

control tasks, as shown in Figures 11.7-11.9 (Salvendy, 1987)
separated into three categories: rotating, translating, and sw
shape of the control, its approximate dimensions, and
forces and torques are given along with ratings as to how v
forms various functions. Note that the “®” symbol means

“O" means not suitable, and the half-filled circle means ¢

11.5 PHYSICAL wﬁ@r_rﬂ

Humans vary in size such as
gers, hands, arms, _Mm.
For example, men

To fit the user, a
that is too short might
bar that is too
that is too narrow

Example

Assume that we have been hired by Micro Robotics
custom machine tool to inspect raw materials as the fac
motor drives the tool at one of four
the four speeds. It will be located on a control panel ne
11.7-11.9 to determine feasible controls for
tional characteristics of each control,

The principal criterion for selection is that the cc
choices. Studying the figures and selecting only those

Bn&&?..gmncoﬁﬁa&ﬂu&gp

speeds. The control

the application.

i

fit the users. And t
to fit the user’s
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17 Shoulder length. The surface distance. 4

the shoulder from the junction of the
er to the point of the shoulder (acrg

Sample Ist  Sth
Men  om 124 13z iisEN
(i) (49) (53) (59)

B Women c<m 12.0 12.7
(in) (47) (5.0)

aE..EE:E?E

the sitting surfacc of the should
neck and the point of the

subject sitting. I
st Soh i

A Men @ cm S63GSTEE
(in) (222) (23.0) |

B Women cm 523 539 K

(in) (206) (21.2) (

F

19 Trunk (suprasternale) height, s
ance from the sitting surface to
notch in the upper edge of the
nale), measured with the subje

e It Sth
A Men cem 531 552
(i) (209) (2.

B Women cm 49.8 5.
(in) (19.6) w@

20 Waist height, sitting. The v
ting surface o the level of
on), measured with the st

It
(in) (98)

B Women cm 22.8
(in) (90)

M_MMIW.:.S Static human physical n_E,EsEma. pr
Wagner, Snyder, and Du :
U.S. Department of Commerce.) mvanson Conicly of i

AR




274  Engineering Design

B Womea cm 664 685 738

A Men om 141 149
(i) (308) (3.9 )
B Women cm 134 140 18
(i) (33) (55 (62)

27 length. The
the back of the elbow to the
with the hand extended.

A Men com 434 443
(m) (17.1) (176)

B Womea cm 39. 406 2
(in) (154) (16.0) (174)

(in) (17.9)

_“.E-Mﬁ._n Static human physical characteristics. (Re
Guide gg.-ﬁ_bg.ngs Feder
Department of Commerce.) L

AMa m 712 BS P2 @
(m) (280) (289) (G12) (3

@) @1) (00) @1) G
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33 Shoulder (bideltoid) breadth. The b,
across the upper arms between the
of the deltoid muscles; the arms are hang

relaxed.
Sample s S0th e
A Men cm 434 450 493
(in) (17.1) (A7.7) (19.3) (21,
B Women cm 380 397 433
(in) (150) (156) (17.0)

34  Stature. The vertical distance from i
top of the head.

Sample Ist  Sth

A Men cm 1603 1647 175
(in) (63.1) (64.8) (69.1)
B Women cm 1483 1528 1627
(in) (58.4) (60.2) (64.1)

35 Suprasternale height. The vertical d
floor to the lowest point of the notch
edge of the breast bone (supraste

Sample s Sth

A Men em 1302 1343 143,
(in) (51.3) (52.9) (:

B Women cm 120.7 1241 1
(in) (475) (489) (

36  Tragion height, standing, The
the floor to the tragion, the ¢
front of the ear.

Sample ; Sth__

A Men em 1474 1519 1
(in) (58.0) (59.8)

FIGURE 11.15
 sign Guide by
~ tration, U S,

FIGURE 11.14 Static human
b&ﬁa Guide by Wagner,
ministration, U.S. Department of Commerce,)
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41 Cervicale height. The vertical distance from the
to the cervicale, the tip of the spine of the 83_.502 .
vertebra at the base of the neck. Cerviea)

Percentiles
Sample 1st Sth S0th 951k 9%

A Men cm 1374 1418 1518 1624 ]
(in) (541) (558) (59.8) (63.9) P

B Women cm 1273 1314 1406 1508
(i) (50.1) (S17) (554) (594) (g

—_

42 Buttock height. The vertical distance from the

the maximum posterior protrusion of the buttock,

ample 1st Sth  S0th _ 95ih :

A Men em 784 815 885 99 10

(in) (30.9) (32.1) (34.8) (38.1) (:

B Women cm 739 767 837 915
(in) (29.1) (302) (33.0) (36.0)

43 Functional (thumb-tip) reach. The horizontal di
from the wall to the tip of the thumb, measur
the subject’s shoulders against the wall,
extended forward, and the index finger
tip of the thumb. 4

FIGURE 11.17 Static human
Guide by Wagner, Snyder, and I
U.S. Department of Commerce )]

One strategy is to
smallest or largest person.
wide enough to handle
width of the 95th-pereen
all adult males, a E@w&
all children. Or, in a
tance for a control, -

A Men <cm 720 739 800 86
(in) (284) (29.) (31.5)
B Women cm 658 617 734
(in) (259) (26.7) (289) |

44 Functional (thumb-tip) reach, extended.
similarly to functional (thumb-tip) reach,
that the right shoulder is extended fi
possible, while the left shoulder is kept
against the wall. :

1t s Sih 95k ¢ - collection of sizes

A M cu TIO 805 ATA : - Itis somewhat e

(in) (30.0) (31.7) maintaining diffe

B Women em 712 735 Finally, we 1

(in) (280) (28.9) Automobile seat,

FIGURE 11.16 Static human physical characteristics. (Reprinted fron
Guide by Wagner, Snyder, and Duncanson. Courtesy of the Federal Aviation A
Department of Commerce.) i
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ienert, Special to The Detroit Newsy

Sunday, May 11, 2003

ave Moms on the Mind. By Anita

Designers H

in the development of the
Jared Glas

DEARBORN—E: ¢
2004 Mercury Monterey minivan,
pell’'s supervisor at Ford Motor €
that he strap on an “Empathy Belly o
frumpy denim smock designed to make him I¢
and feel like a pregnant woman. A
The request came as the mm.«.ﬁmq.:_n_ ?E.,._._n:,
15 other, mostly male, engincers were
| of the min

and
standing around a clay mode
searching for ways to improve
female consumers

The $900 patented

orie o owned

> for

the vehic

pregnancy simula
; Ford— include
, t corset

maovement.

moments,” Glaspell said
. “1 became mOre aware of
| controls were
sdles 1o get in and

ng H.:.N women —a
segment of the market—more comfortable be-
hind the wheel.

Birthways Inc. of Vashon Island, Wash.,
created the Empathy Belly, The company claims
that after about 10 minutes, wearers feel a
weight gain of about 30 pounds, their breathing
grows more shallow and they're fired.

The suit originally was designed as a fool for
expectant  fathérs and  adolescents in
wi-edweation progiams. At Ford, ifs & eritical
aed Ead W ey dewr product prtdrame. The
Tk Wemdaday . wRal gosd o dale W Sedram
Ay stk
ity bntapin boadaicd B S Fanpatly fholly

i paie distey obmesvein guestion the
yalue of daking sich extieine measwies 1o gel
into the minds —and bodies —of the consumer,

“Anything that copnects the people engi-
neering the cars o the people who buy the cars
is good,” said auto consultant James N. Hall of
Auto __v.zn_. ¢ Inc. in Troy. “But to think this
device is simulating pregnancy is a male fanta-

by a6 Mo sl e Fond

sy.
Even if they aren’t strappj
suits, engineers at other ”ﬁﬂ_“_ﬂ_wsms Pregy,
focusing on the needs of u«nwsw:_aa alsg “o.
passengers. drivey w-._.m
At the New York auto show |
Gene Stefanyshyn, who's in cha, naz iop,
cars for General Motors Corp,, u_.—m QEE.H
alibu Maxx hatchback and aﬁ:& Off fh,
gned with pregnant women aﬂ:—?
:._,. we've Qniwﬂ_en cars gg EE.;.
50th percentile male figure,” Stef; oung g,
“With the Malibu Maxx, we were .% Said,
pregnant women. The whole g@ ibogy
ec—:aa;.._:_c::-.,_,_E_r...::___uno?r.. 3?
Opening  the  driver's  door
pointed out features that n_..nm_._owa :
necessary for making a pre
easier. § 9 PrediSOta Iife
The vehicle, which goes on sa
dard  adjustable —-nn_h-? §
al height adjustment on the r
idard adjustable steering
on # vehicle expeeted
dor $20.000. But they —aa_w%_e I
wonniai an almost eustom-fil cogkpit,
Hack at Pord, Jilie Dils, 4 398
ot of two and & prototype plafifi
stands in front of an early version
tey pointing out the pregnancy-f
The Monterey's second-row sea
and tumble forward—a first for a
van, The third-row seat folds fla
An articulating arm adds length {0
to pull the third-row seat into the flo
that will make it easier for a WO
three months of pregnancy to pull
into a deep well in the floor. ;
Like the Malibw Maxk, the.
seandard adiistable pedals, Wi
fent & prsipant sventvan 16 Rl 4
aninidl il ovhead,
Fhe Momteroy will be Y4
Bt gate, 100, Dils seid mans
w drop the option .
Monterey team lobbied hard
They argued that a power lift
mother londed down with g
who is trying to access the res
Dils is a believer in the p
she said the 40 working mothers

need (0 gloan i o m
& na.._aﬁww___nn_of You can reqch ;awu g i

Historically design engineers have used anthropome

interior of an automobile, To satisfy the :guﬂ of %.%@aﬂtﬂ%&ﬂ?ﬁ gl
peers e pews using wn “empathy belly” o simulate the human faetors sssaeiated with i&a!.“ﬂ
permission of The Detroit News) :

11.6 WORKSPACE CONSIDERATIONS

When we design larger machines and %E‘iﬁg
turing facilities, we should consider the effects of climate, illumination, noise,
g;ao:eaaniﬁrﬂﬂongna?gi. .,

Climate. The design of a workspace shou
exertion levels of its occupants i tel
hurnidity ranges. In addition, thought show
filteation, oder control, and venlation

Husnisiation. Vi, 46 16 s SQpipmon
4 sy ke 1 o il e wonk
mchude the inwnsity of the hght,

Noise. Fxcessive poise levels ean
performance. Important fack
and the fluctuations in level or f

Motion, The ability to operate ma
ator is subjected to vibration oF
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and intensity, workers subjected to whole-body vibration mg
fort. In addition, humans are affected _.% excessive mnna_o_.m:o:m i
spect to head motion in the .;.oc_gma. forward, backwar 4. ail] _m._ez__ A
rections (Sanders and Enﬂsg,:n_n. 1993). Symptoms inelude A_.Eo”;_&
disorientation, and motion sickness. iy

¥ feel a.saa_s,

11.7 SUMMARY

Human factors affect the design and operation of tools, m achines,

tasks, jobs, and environments.

5 The human-machine system model provides a handy tool to
terface interactions when designing a product.

» Visual and auditory displays require non_m_.an_.m:o_._m of conspicuity, g
sis, legibility, intelligibility, visibility, maintainability, and standardiy.

% Human output is limited with respect to force, torque, work, and

» Design for human-fit strategies include extreme fit, close fit, :

able fit. ﬂ
» Human workspace design considers climate, illumination, noise and

>

Vetem,

considey
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KEY TERMS

Adjustability Extreme case
Anthropometrics Human factors

Choice reaction time Human-machine system
Close fit Human senses

Energy expenditure Kinesthetic sense
Ergonomics Masking

mxmwn_mmw

gelf-Test. Wri
i

10.
ikl

12,

15.

——

Chapter 11
Human F
#1078/ Ergonony;
s 283

te the _o_:E of the choice thyy best answers (h,
”—,acﬂ_.__ﬁw a ro...w_ni.w and jerking gk a:Ma.._o.:os‘
a. choice reaction time b simplaia - *ample of;
d. stimulus reaction time ction time ¢, req| Teaction i
me
A subfield of human factors
human form such as heigh
b. anthropometrics ¢, biomechanics d. animatrop
We sense joint and musele EQE__S_."S._ I
b. sense of touch  c. kinesthetic sense Meemsu.sarpss
Display and warning signals can be enhanced egibility |
b. visibiity <. conspicuity " d. intellgbiliy eM e |
mé&v_ou of design for adjustability ._E_u& all of the s&sn_.ri..u g ex
a. microphone stands b, driver car seals ¢ stereo phones
d. computer printers i

A term used to describe the abilities, limita ,..___
cal or cognitive characteristics of humans that
tion of tools, machines, systems, tasks, jobs, and envir
a. ergonomics b, human factors o.Eo?o._f% |
All of the following parts are an example of a hun
except:  a. car steering wheel - b. motorcycle handlebar
c. TV remote  d. PC-cpu R0 I Sl
If your main screening criterion was to :
which of the following control d
a.rollball  b. thumbwheel e.slide d.
If you were designing an st |
waste circumference range
b.69.9-1029cm  ¢. 69.9-91
All of the following
a.shoes b. gloves c.ro

The workspace of our
tions of: a.noise b.

‘When a sound is co

that deals with
tand reach wuﬂ_ﬁq._.ms@s?

The rate of hun
b. rest periods
The rotation
b. work ¢ d
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286
ure worth, equivalent uniform

: : rth, fu
including present ,ﬁn payback period. Finally, we will m,
product to determine the

return, and discoun i
costs associated with producing &

produetion.
il

12.2 FUNDAMENTAL CONCEPTS 3
pay for the use of money. For ¢

cipal, interest is the differen

1 as

rest = total amount owed - princi|

Interest is the amount W&
an amount called the prin
amount owed and the principa
inte

The interest rate is a relative measure of the in

principal as

The length of time between interest payments
We often find that the interest period is on r

year. For car loans and home mortgage 1 L
be monthly or even daily, such as 0.5 percent per mor

Simple Interest. Simple interest is the fee on the
not accrued on interest. We calculate simple inte

cipal P (dollars), at an interest rate i
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Let's define the towl amount received F,. in the fst intere

w. Iwﬁu % Nn lmﬂmv
P+ +)=F




gﬂ?iﬂs.i&-%iiﬁf&ﬂmw
$10.000, Assume the interest rate is 6 percent per year. First, solve th
the formula, Then check it by using the table value. ;

receipt of $10.000 s drawn as a solid-line arrow, The unknown present

as a dashed-line arrow.

g IR
1

P

Using equation (12.6) we obtain
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Example
What interest rate would be needed to invest $25,000 in year o,
form series of $5,000 payments per year for 10 years? i

Using the appendix table approach we find:
P=A(P/A, %, n)= $5,000 (P/ A, i%,10) = $25,

Rearranging the equation, we find:
(P/A,i%.10)= $25,000/$5,000 = 5.000
Looking in Appendix B along the 10-period row, we find the P/A =
cent and 4.8332 for 16 percent. Interpolating, we can estimate the
o

5.2161-5.000 14-i
5.2161-4.8332 14-16

i=15.13%

Using equation (12.7) and GOALSEEK in an Excel spre
rate value of 15.10 %.

12.3.4 Capital-Recovery Factor

recovery factor A/P, which is the reciprocal
worth factor, shown as equation (12.8). The
“recover” the “capital” invested as P. Table valu
in Appendix B. 47
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d t cash flow di

FIGURE 12.2 Uniform-series

12.3.6 Uniform-Series Sinking-Fund Factor

The reciprocal of the equation produces the uniform-
A/F shown in equation (12.13). Table values for the
amount and the uniform-series sinking-fund factors are gi

1
tp=?
. FIGURE 123 Gradient serics

i
@1+ -1

AlF =

R

Example

ARW, Inc. would like to set aside a uniform series of
fund account to replace a machine tool 15 years from now.
chine is estimated to be $45,000. Assume that the interest
Use Appendix B to estimate the annual deposits required.

A= F(A/F)= F(AI F,8%,15) = $45000(0.0368) = §

12.3.7 Gradient-Series Factors

In some cases we find cash flows that increase or d
as shown in Figure 12.3. Note that after year one, t
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A+2G

$550

A+(n-3)G

2

el

<

~

1]

3

n-2

To find the present value for the combined cash flows, we 1
component to the G/A component. E,

P=A(PIA)+G(PIG)
P=A(PIA,8%,10)+G (P/G,8%, I

P =$150(6.7107) + $50 (25.977)
P =$2.305.46 :

124 EVALUATIN

factor formulas are suy

rest
Ine s and periods are gi

nﬂm— rates a

ABLE 121 Summary Tab

Name of Factor ; Fo
single-Payment FI
003@0::&.5.50::—, g
m_‘uw_m‘—uwu.annn A y
present-Worth ﬂ_ﬁ

Uniform-Series
T.omoan-ioa

Uniform-Series iy
Compound-AmGHIE SIS,
Single-Payment
Uniform-Series e
(Capital-recovery)
Compound-Amount
Uniform-Series o
(Sinking-fund) ;
Uniform-Gradient
Present-Worth ]
EEs
Uniform-Gradient
Future-Worth i
Uniform-Gradient
Uniform-Series

=

previous

ives having diffe;
ctermine  whethes

, future-

ayback ugﬁa
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PW =CF, +CF,(P/F, 1% 1)+ CE,(P/F,1%,2) +..+ CE,(P/F, i% n)

hEuMah,.u.w_A?.m. %, f)

Many companies will make an initial investment outlay in year ()
receive inflows over time. In such cases the present worth is usyg| y
net present worth or net present value. Also note that this methg, |
equal length lives for each alternative. For unequal length lives, g
common multiple is calculated. L

Example

Our company has received a vendor quote stipulating that

parts per year for the next three years at $25,000 per year. Our n

neering department, however, estimates that if the company invess i

tool for $10,000, we can produce the same 5,000 parts per year
$18,000 per year. Assume that the interest rate is 8 percent per year. W
is more economical, make or buy? 3
The present worth of the “buy” alternative is { bag

PW, =$-25000(P/F,8%,1)-$25000(P/F, 8%, 2) - 25000(P/
o .&1
PW, = $-25,000(0.9259) - 25,000(0.8573) ~ 25,000(0.7938) = § —

buy

The present worth of the “make” alternative is

PW, . =-810,000-$18000(P/A,8%,3)

PW . =-$10,000—$18,000(2.5771) = $ — 56,388

ke
The “make” alternative would be the best choice based upon est

p— - The future worth (
i dladadha ~ most positive FW i

Example i
Machine tool A will last three years and cost $45,000 to
$30,000, performs as well as the other machine, but needs to
years. Which machine is better assuming the interest rate i
This problem is a case of unequal lives. The PW
native will last the same number of years. For cases such as
common multiple of years that would produce equivalent life
the product of the two lives. For this problem the leas
years. The equivalence of the common multiple is shown in |
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. Use the BUAY
for 10 you #
o

..:._.r._._.
e BU

AW of the pur
EUAW =

Example ._
An equipment supplier would like to offer a service contract 1o v
hauls on our machine at the end of year 2 and 4 costing $1,500 and $3,5(x
However, our maintenance department says that they can keep the
working order for $1,500 a year for the same four years. Assume tha
8§ percent per year and use the future-worth method 1o determine

more economical: we repair, or they repair.

RTINS =

w of the lease op

uA
e B ts in an annual

i option resul

The future worth of the service “contract™ alternative is
W, =$-1500(F/P.8%,2)-33500
FW,_.... =$-1500(1.1664) - $3,500 = $ - 5,250

The future worth of the “we” repair and maintain alternative is .

3 A—S-ﬂ.ﬂﬂﬁ%-

FW,, =$-1500(F/ A,8%,4) som.ﬁ.aﬁas& stur!
FW_ =$-1,500(4.5061) =$ 6,759 i cash flows CFatthe e
- 4 .Bwnam:d-n_tu..—aw.

The service contract alternative is the most economical.

PW =CF,

1243 Equivalent-Uniform Annual-Worth Method
The equivalent-uniform annual worth EUAW, of each
lated. The alternative with the most positive EUAW is
Assuming that we have cash flows CF, at the end of
interest rate i, we find the EUAW as

EUAW = PW(AIP.%,n)= ) CF/(PIF
If there is a salvage value SV the end of the nth
form series and subtracted as follows
EUAW = PW(A/ P, 1%, 1)~ SV(A
A major advantage of the EUAW method is that

ent lives do not have to be compared using
lives. :
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SPP - ———— ,
o annual savingy g

While the SPP is a convenient method. it ignores the time valye of

more preferred measure is the discounted payback period (DPP), j.—f e

number of years for the discounted cash flow to equal zero, It jg ..U-s# Jesign®
]

the number of years for the net present value to break even.

R M.s_ﬁq_,w‘w.?_ )

Chapter 12 :
investment Introduction o,

5 BREAKEVEN ECONOMICS " -f '
.an develop a simplified mathematica]
s.?.: the costs and revenues of manyfy,
petECT ihe revenue per unit as 7., and th

then the total revenues R is o

12.
we

sold as 4+

The costs of manufacturing can

ey -=a=n2_nea=m.ﬁ.<!.wuu—o§

Example

Calculate the simple payback period for a new machine tool that g
and will save the company $95.000 per year. -

SPP=

investment

f product manufactured, such as
“..% refer to cost n_mﬂonc that do
(rative labor, uaeng.i

variable costs per unit of

$245,000

= =258 3
annual savings  $95.000/ year b

Example

Use a spreadsheet to determine the discounted payback period
E&EE.&:EE%E%EB&EE&A

two columns of the table below.

The breakeven point &m
the profit is zero; that is, th

Year Cash Flow (§)

CAR®

— breal
(P/F.8%.n) CFi(P/F,8%, ) (

0 -750.000 -750.000 1.00000 -750,000
i
1 125,000 125000 092593 y
2 19000 190000 085734 . Tota! reveqigria,
= s = Wi shown in Figure 12.5. Ni
350,000 : 79383 84 ; ~ company suffers a loss, a
4 565000 65000 0.73503 415202 figure also illustrates the
5 345,000 345000  0.68058
6 255000 255000 063017
7 125000 125000 058349
8 100000 100000 054027

third year and the end of the fourth year. Interpolating we find
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Cost

Profit k

I en, G, ., and W. 1. Fabrycky, 1993,
TC : W.m; Ruteete (e _._3. NJ: Prentice Hall, gin _n__m

KEY TERMS

t
reakeven poini
woanoc_._ﬁ_ interest )
U_mnozn.na payback period
Effective interest rate
Equivalent- -uniform annual s_oa.

Fixed costs
Future worth

FC

q
Breakeven quantity

FIGURE 125 Breakeven point analysis for linearly related variable costs and reve;

EXERCISES

Self- Hna Write the letter of
The time between i

|
|
|

Using equation (12.32) we obtain

L =

qt= i b. contract term ¢.
|ﬁ|e ﬁk
iy b9 =
FC
000=———
2 5-35 3. M\

FC =($1.5/unit) (20,000 units) = $ 30,000

12.6 SUMMARY

> Engineering economic analyses need to consider the time v:
> Interest factor formulas and tables are useful in evaluati
» A cash flow diagram can be used to summarize cash flow
» The PW and FW methods can be used to evaluate al
ferent lives by using the least common multiple of ye
The EUAW method is preferred because it has the ad
quiring the use of the least common multiple.

The ROR, SPP and DPP methods are also useful.

The breakeven point is that level of production that re

A4

v v
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: i ch that the r &
2 quantity of production sut © revenues .
10. P .;Mo HM.HM Hnﬁ__s_ costs is called: a. breakeven point b, Crosso, A0 engineering student would .
& fit point o 26 A" € swn payment and he

int d. pro
¢. payback point e :
earned on principal and interest is cq)

a_.Em_.mmZ_.m:m .
il b..ll _.,“_._Mmam. b. 85_3_._3_ interest ¢. usury interest d. effective i,

he amount of product
D Costs that do not depend upon t : iy
12. as legal and depreciation, are called: a. production costs ,

¢. future costs d. fixed costs
13 m The interest rate per year is called: a. nominal rate b,
: ¢. compound rate d. effective rate
i d cash flow to equal
14, & Number of years for the discounted ¢ q
even period b. simple payback period ¢. discounted pay
d. foreclosure
15 m The time value of money refers to: a. profit b, n..
: than tomorrow ¢. dollar is worth more tomorrow that
16. Determine the interest due on a $5,000 loan after E,wna years.
accrues simple interest at 6 percent per year. Determine the
17. Uncle George received a $1,500 interest payment after fi
niece. Given that the interest rate was 10 percent per year,
18. After 10 years, what is the compound amount for a single pa
given that the amount earned 5 percent interest per year, co

19, An IOU is purchased for $895. It will pay $1,000 three y
chase. Determine the interest rate per period.

20. Redesign of an existing product will produce an additio
at the end of the next two years, What is the present
that the interest rate per period is 10 percent. -4

21. The company is considering purchasing a new CAD syst
partment that will cost $150,000 to install. Given that the
what uniform-series amount will be required each year, f
for the new system? hia

22. A new machine tool is expected to cost $450,000 to acq
facturing engineering department estimates that the
year for the next 10 years. Determine the interest ra
good investment if the company’s borrowing rate is 15 |

23. ARW, Inc. would like to buy a new materials-hand
hauls, costing $50,000 and $75,000, will be required :
year of operation, respectively. The new system
year life. What is the present value of the cash flo
period is 6 percent? .

24.In 15 years a machine tool will need to be replaced
Mnnl_.."ucwh_ amount should the company deposit to

&.Eé&%ﬁn_ogﬁog?:
Egaésgwmﬁé.ug
monthly. What is the monthly payment amount?

: ars a ma
2. 1n nns u.n_.._._m_ then,
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;HAPTER 13
petail Design

LEARN'NG OBJECTIVES
when yOU have completed this chapter yoy Wwill be ap)
pescribe the essential inputs ang outp g
5 Describe detail design responsibilities
. Employ different drawing types
Utilize various types of graphic illustrationg

Employ diffcrgnt kinds of written documentatjop

List the topics in a design-project report

Prepare a project progress report

Prepare and give an effective ora] Presentation

Explain electronic product documentation and management

Uts of the detail desigp Process

VV\,’\/\/‘_}‘

131 INTRODUCTION

During the parametric design phase we will have determined most of the form
of our product. We will have found optimal values for the design variables
such as dimensions and tolerances, and selected materials and primary manu-
facturing processes. Also, we will have prepared a collection of analyses pre-

dicting the expected performance of the product and have an estimate of the
customer’s satisfaction. In some cases, we will also have prototype test results

supporting our “final” design. These are essential inputs to the detail design

phase as shown in Figure 13.1.

During detail design we use these data to make the remaining decrmns
on specific details that can no longer be deferred. For exa:mP‘ea we might find
that during parametric design of a transmission a shaft diameter between 0.3

and 0.65 inch would be “optimal.” Knowing that stock shaft matenalsate
available in 1/2-inch and 5/8-inch sizes, we need to determine which to specify

for manufacture and assembly. Assuming that our dﬁmwltﬂ;eam o szl
turrently engineering, it has a purchasing mpmem&ﬁwmwi‘;mae "qisig ot
the cost and availability of both sizes. The teamw““mm - dedgntesih’
Using that information. Using the final sha e R R
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jting detall:deeigis
The _“uﬂo manufacture
nhmmw. gs Aﬁ.m.‘ mﬂ%nz.—
: and ﬂﬂnaﬂon

__|_ Parametric Design

Design variable values
Materials

Mifg. processes
Performance predictions
Overall satisfaction
Prototype test results

FIGURE 13.1 Detail-design phase includes the generation of product
performance-test summaries, bills of materials, and manufacturing prc

member would reanalyze the expected perfor
totype might also be built and tested, if needed.

13.1.1 Product Realization &

When we consider the overall product reali
number of related activities are needed before
tured, including: production design, mant

and disposal. Departments responsible for
decisions as they prepare for full productio
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is involved in getting the product design,

he customer. The idea that “a detail-des; ed, For simple 13&.0? such a

ome other department is somewhat xage i sometimes frozen

g i s as it Was tested, mani

work ducts, such as a h
cturing defects d

or am._&w:__m::nwﬂanau spe

tan OF
M_nmumsw:mn notice (ECN) form.

the entire organization
tured, and delivered to t
prepared and forwarded 10 §

TABLE 13.1 Example Concurrent Engineering Team Zo:..cn.srﬂﬂ?
Responsibilities Related to the Detail Design, Manufacture, and Distrij

a Finished Product.
Department Representative Team Responsibilities Iy ¢ omplex ﬁnmv&—un..h. such sh a
m_..”ﬂhw Warranty ,__.a detail design is completed
0 _.n_am_“_.zn Len-down- acceptance-tested
Therefore, a collection

he company

Advertising campaign

Eno_._m—uo_.-u 1

Sales/marketing
Product literature .
Owner’s manual final collection of doc
Product launch Jesign of @ product d
Product trim details encouslys in different
Industrial Design Finish detafly wnm-mn is not “thrown o
Ergonomic refinements ot really oceur. Ideall;
o 3 phase begins in @
ﬁﬁ_ﬁ% performance In the next s
E»m:gaﬁnw._&uas% i : ~ eachotheras the pro
process s - A
Owner manual(s) L i Wy
. Detail drawings 33 COMMUNICATI
Assembly drawi i
it As we have seen in
about the product’s
tion(s). Also, we e
decisions. How, ”
Industrial Engineering The answe
Purchasing
Production




314 Engineering Design
graphic projection

_ﬂ;uo-__ Drawings Detail drawings are orthog| .
side, and or top) of a part showing its geometric features drawn ¢
with full dimensions, tolerances, manufacturing-process notes
(Bertoline et al., 1997). Detail drawings sometimes include
oblique-plane views. Sometimes a pictorial view (isometric
shown. Detail drawings do not have a bill of materials. An exa
drawing is shown in Figure 132
j ﬂfﬂn!.;w Drawings Assembly drawings show the componen
~ a product or subassembly. They illustrate the location of
to the other parts and, in some Cases, illustrate the operatio
scale in orthographic and/or pi

portion of the assembly to exposc
completed title block is added

of the assembly. A
‘and assembly notes. No dimensions ions are shown on

%ﬂﬁnﬂ.ﬂw notes as HO&&.—.O&. In some compani
v_uo&onnmnnﬁsﬁnaibmwwooniﬁmaoﬂamﬂ.
g&%ﬁuwwmrotu?mﬂ_ﬁ 133,

axes, relevant geometry, ori

wach
i b
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RIE Engincering _|
Guide and rod
ASSEMBLY

[owa v,

- [
ey

- consumer produs

s Letters are brief comm
—._h_._mnc a few selected m—_—&i&g &
sent what familiar. E-mail
moan%ﬁ:mnm one or two paj

lea

orand Memoranda ¢
a.um%q audience, and cover r
) nda are often sent over the
ﬂ%mamzm_ letter is a cover I

Reports Test repc

t
b fic tests on material

w&oaz

mary,

nnn:.nu:hmn_ﬁ-.no Not
descriptions of changes n
company form that is s1
departments in the man

patents, Trademarks, an
seriptions are forms of
the company’s funds,

mark, and/or copyright |

Research Reports

but are longer in len
such as: an abstra
seription, »Eﬂ_dﬁ

complex facility
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Mr. Adam Smith, Client contact title
All the other stakeholders

. Mr John Doe, Project Manager

Design Project Progress Report HXXX-Y

Current Project Status for period __/__/__ through _ [ /
brief discussion of work completed since last report @8@@ i
technical issues resolved, and those unresolved :

Future Work
work to be performed until next report
technical issues to be resolved
reminders of deadlines, requested information
changes in scope (i.e., Engineering Change Notices)
impacts on schedule, milestone dates, deliverables

Project Budget and Schedule :
brief discussion of progress with respect to schedule
cost variances, schedule variances, earned-value analysis

Action Items 1 w"iu
recommendations : y

response(s) needed from client, customers, others,

e.g., “Please review and approve within two weeks”

L Wil SR

FIGURE 13.4 Project-progress-report template indicating upda
work, schedule, and budget.

Design Project Report A formal report is most
sion of a design project. The report summarizes the
and discusses the recommended design in detail, The re
content on: the nature of the design problem,
design, configuration design, parametric design
design description and performance. A sample
shown in Figure 13.5, g

13.3.3 Oral Presentations .
When we have the opportunity to make an oral
ﬁoﬁ.«&..ﬁﬁoﬂn&. or colleagues, we should
participation and, consequently, put forth our best

Hnerease our chances of achieving our objectives

good first impressions. In this section we wil]
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itics  We will likely make many orq)
tics ;
racteris reers, both formal and informal. Ag We
the topic to be presented and

Presentation Chai gy
ing our engineering :
M”Mﬁ___mocoo:mm%h_. the time available,
rament or mood: : . .
; sion, we may be given a few minutes to make
HQHPWMHM“W_":“MMP On another occasion, we may have wc .
voted to a single topic. And lastly, we may have hours mﬁz—m&g
Topic. Given the wide scope of engineering responsibilities ang
the product-realization process, we can expect presentatig
topics, including: sales, quwan.:m_ ﬁB.n_:Q nmqa_ova.....nnr
sign, concept design, 8%%5.._8 mnﬁm.P parametric des
sign, prototype testing, production planning, manufag
purchasing, and service.

Temperament. An informal presentation can often be a
few well-constructed sentences. In other cases, an a
aid such as a drawing, diagram, chart, or schematic is
cific details. In contrast, we give comprehensive for:
thoroughly address topics that are important to cus
agement, and fellow employees. Therefore, formal p;
involve detailed information and require the utmost

execution.

LE 132 Recommended Steps fc
A8 Consider who

Step 4. Rehearse

Preparing a Presentation When we give a presentation,
ity to be understood. They may have heard what we
stand us? To make sure our message is correctl
prepare and deliver a clear and engaging presentati
The following steps are recommended for pr :
Excellent presentations are the result of thoughtful
a plan to consider who, what and why. We then
and approval. We draft and rewrite notes covering
orally, recognizing that the spoken word takes J
word does by reading. Then we revise and refine,

swﬁionnnas SEEcEB_ﬁeEwn E&Qﬁ 5
detailed in Table 13.2, g ﬁm

An excellent Presentation requires

Lkl
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TABLE 13.3 Sample O....-:.._n.noq a Formal
Presentation of a Design Project
1. Project title, participants
2. Design-problem background
3. Design objectives
4. Alternative designs
5. Analyses and evaluations
6. Design for assembly
7. Design for manufacture
8. Prototype-test results
9, Recommended design
10. Expected performance
11. Summary
12. Acknowledgments

Guidelines for Giving a Presentation The following g1
mended for oral presentations:

1. Make the listeners physically comfortable. Pro i
and lighting. Ensure that the room temperature, n
lation are agreeable.

2. Expect that we will be somewhat nervous. Accept
ness to enthusiasm.

3. Take a deep breath and relax for a moment befor

Start on time, stick to the presentation schedule, ;
not go over the time allotted. 2

Pronounce words clearly, with sufficient v
Vary the pitch or tone of voice occasionall ity
Add enthusiasm to the delivery.
Use visual aids Judiciously.
Use appropriate gestures and avoid annoying
10.  Make frequent eye contact with the audience.
11. " Use a pointer when appropriate. .
12, Relax and “enjoy the ride.”

e

5°P°:-¢€hu.

"3 % 13.4 PRODUCT DATA MANAGEMENT

i Graphic and written documents are i
> g elated €ocum re instry
- A documents and e-files include
solid models, design specification s, desi
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raw materials or finished goods from inventory locations in he g,
. ftware is used to a
ter-aided tolerancing (CAT) softwa : nalyze
nam_“ﬂ. __M__“.E.anm with respect to economic production and relig}
function. T
Material-requirements planning systems use computers o
bill of materials to determine the total amount of materials
production run and when they are required. Materials can they |
just-in-time (JIT) for production, rather than stored in invep,
duces handling and carrying costs.
Computer-aided process planning (CAPP) systems establish
sequence of manufacturing processes for each part produced,
used to plan or balance production among the various machj
factory. .
Computer numerical control (CNC) refers (o software and
automatically generate parts, such as a CNC milling m

Computer-aided inspection (CAI) systems assist in ob

raw material and finished-goods-inspection data.

Coordinate measuring machines (CMM) refers to hard
obtains and records measurements of parts.

Statistical process control (SPC) software obtains and
racteristic statistics. The data are used to alert ma
agement when a manufacturing machine or p
of-tolerance parts. -

Administrative

Administrative computer applications include accoun
keting, finance, and human resources.

The use of computers has facilitated e|
storage, retrieval, and revision. It has also a
Copies of a drawing or textual document can
ents, compared to the mailing of ha i
modern equivalent of blueprints).
~ To help manage product
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t control is very important, mm,nr documeny 2
that evolves during the design and :.5::?3555

a corporate intranct or the worldwid,
ownloading a drawing can be aocnoEw [
“snail-mail.” In addition, company

Proper documen
cates detailed information that
product. The advantages of using
net include speed and backup. D
instantaneously, rather than using

be backed-up at “mirror-sites.” : :
b We EW& consider security issues, however, by installing fire

virus checkers, thereby protecting our noanmmw.a intellectual pro

improper management or control of a company's documents can lea

= out-of-date, incomplete, or incorrect drawings being reprogd
distributed, g it

= documents being sent 1o the wrong individuals,

= Joss or destruction of very important information, and even

= distribution of proprietary information to competitors.

13.5 SUMMARY
» Detail-design information includes production drawings, n
process specifications, and performance-test data. b
% The freezing of a product design can oceur progressively, heter
throughout the entire manufacturing company when co
neered.
» Graphic documentation includes detail drawings, assen
illustrations.
» Written documentation includes e-mails, letters, memor:
project reports, owner’s manuals and research reports.
»  Oral presentations vary in time, topic, and temperame
> Preparation steps for an oral presentation include: pla
rehearse, and refine. ;
> Product data management systems can effectively
important product information. .
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