Chapter 7

The Design Specification
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Customer Needs vs. Design Specifications
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A partial faulf ree analysis. Sowce: Adapted from Air Force Systems Command Design
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An example of an Ishikawa diagram.
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Some generic design parameters

Function/performance

Product cost
Delivery date
Quantity
Environmental issues
Safety

Quality

Energy consumption
Reliability
Maintenance
Mechanical loading
Size

Weight

Spatial constraints
Aesthetics
Transportation & packaging
Personnel

Service life

Noise radiation
Operating instructions
Human factors

Health issues
Government regulations
Shelf-life storage
Operating costs
Environmental conditions

Customer requirements

Customer

importance

(numerical scale)
3-essential
2-highly desirable
1-desirable
0-almost irrelevant

Design parameters

Strength of the
relationship
between customer
requirement and
design parameter

S-strong
A-average
W-weak
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Design Specification - The Hierarchy

Design parameters flowdown
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~ Generic
Design Parameters

- Maintenance - Weight
- Quantity - Size
- Environment - Delivery date
- Service - Noise
- Cost - Safety
- Government

regulations

- Aesthetics

- Domain of

acceptable

solution




Function and

performance
OIS IR Dl + 27 A JIS
HS: 2SN 20| HOI5tD B
HIZHISDol AR ERE
Product cost
-Benchmarkingil 218t It 0= - ST&EH U R&
DNEEH UM S2A - HBLH S SAR 20} 0SS

-CE M2 HSHI 22 EH &L

A A& Z2A/EHOIR2, 20U O 2
Ol M 2= B & 2 (rule of thumb) XI& 2 &
*Make items - AFLH M AFAH|, X, 27, &
*Buy items - EtE Al Dlo/““Oﬂ AMEO 22, 2




Delivery date

‘First article &= & X -
A2 lead time2 E 2 -
‘Gantt £ = PERT &&=

Ct= E&O0ILE 21 H I3 0] =l

Quantity

‘Batch size - HARAQ Hef - SHS| 80 e - 2H 0 Set
Al Ol MEotLt CHEF o=/ N E

R - AAMALT|H OIS
- JAH| vs. H=H|

Environmental issues
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Safety
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An example of an Ishikawa diagram.

Creative Engineering Design % Page 7-11




HazardE HIAHGHD| {18 2

g

a) 2A’IES 2ot EEM hazard 2t 0] A7 : B2 H|E 7 &
b) A XIE harzard2Z22E AEA|7|EE ES T S 2 MAA|AH ZHAL
c) hazardOj| CiSt QM ZZF X|EH S 10 F

d) $H=0| fail #C{EHE 1S CHAIS)

A
>
30
rir
(7)Y
™
O
(@)
>
o
o
)
<
bal
>t
nx
Ras
7~
_h
o,
fis
n
o
—h
™
P!
lm
N’

* BF AT EA S [t check listE 282H(&7.2)

0of]) motor cyclist2| helmet, Pt E, 0f Of 2

0%t
OH

712l of

’




Quality

RIZO HAHKAL BEE @ PASES OIS
DE S S4 (BS 4891)

LDMO| £RE 05 IIHOZ DMRAE =
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*Taguchi Method : Robust design

-System level (Al A& )
-Parameter level (2 +& Hl)

-Tolerance level (= XH& H)
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Energy consumption

UK AL22 Rels A
U X=&2 &= MA

HES2 2=

Reliability
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Maintenance protocols

HIZ0| FOIA MHAILUR NSHOR ISS L8510 96 86l HO0f 5= 2
A4S0l 2D EIIRYHIRCH RXHIJHH 20l E= MBUAN 52
RS
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SESS
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FANE= =S EHXNI RE (RAEFLAEH 2 74)

Size




Weight

Aesthetics

o/‘\lD'/\—| O/\ /\ljl-x-l []H .LLD £I| S
o 2= 2P O Slais & /\*ﬁltﬂ* 28 s, FotdH, A A HIS 0l ek Cr2 L
*Mercedes Benz, Rolex etc

Ambient en.vir'onmen‘ral
conditions

S&,stst= 8, 018X, 22l Of, 2HALS




Packaging and
Transportation “Acquire data |

by operator

Human factors
Ergonomics

JIAI/HS A0Sl &S XS0 E
Of S X[, AILE, SX I’S*.

-SAE J833
-NASA STD 3000
-MIL-HDBK-759A
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Standing adult male - including 95 percent of population

| X| =<t (anthropometry)

2.5th. percentilel ISOth. percentilel L97.5th. percentilel

165

Normal or Gaussian =X

p(x)

/\{ J‘j:p(x)dx =1.0

X
2.5%ti|e»L 40
15%tile %JL’ - S Heavy
50%tile —» | | ) Cotmine
85%tile —» | i
97.5%tile > ' |

percentile @ x, =100x J'_Xl p(x)dx

Weight 58 kg Weight 74 kg Weight 95 kg

Span 1663 Span 1798 Span 1945
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Body variable

Female

Me-

dian

Range

Range

1 Height

2 Sitting height: erect}
3 Shoulder breadth

4 Chest depth

5 Seat breadth: standing
5 Hip breadth: seated

6 Trunk height

7 Back height

8 Shoulder-elbow

9 Forearm

10 Forward arm reach

I1 Total arm span
12 Elbow height
13 Buttock-knee
14 Seat length

15 Knee height

16 Seat height
17 Knee breadth
18 Foot length
19 Foot breadth
20 Hand breadth

69.2
36.4
18.0

8.2
14.0
15.3

23.8
28.6
14.7
18.8
35.2

71.5

9.6
23.6
18.9
22.0

19.0
8.1
10.4
4.0
35

61.4-78.0
32.740.6
15.4-20.5

6.3-11.0
11.8-18.5
12.0-21.3

19.7-27.2
23.6-33.1
10.6-16.9
15.8-22.1
29.5-40.6

62.2-80.7

6.7-12.0
19.3-27.6
15.4-23.1
18.1-25.6

15.6-22.0
6.7-11.0
8.3-12.2
3.44.8
3.0-4.0

55.0-73.0Y
30.7-34.4
8.7-19.3

" 11.8-18.9

12.1-20.6

Not given
21.1-30.1
Not given

28.3-35.4

7.0-12.0
19.7-26.7
15.2-22.2
Not given

15.4-20.6

8.9-10.9

Body dimensions for adults.
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HIAEH=E L ZQE A7 - 95th percentile mans 7| X

ZFM M -2.5th percentile manO| M2 = U=

{2 7| o & HA(galley)- 50th percentileZ2 H A5l 1 S 5 F & HiX|gt.

X OIK =gt At== AICHOf| k2t B2 US.
2) ofj 4 x| &
AFEFO| maximum continuous output ~ C{ 2F 250 watts
HAAK: 25 8RN 2 = U&= powere= 2 42| 50% O|LH 2 2 (rule of thumb)
3) ZtX|(sensor) =2 tHZ}(transducer)
A= (detector) - ZEIZY, 7t5 A =AY 5.
= ol X=0| U=,

O 2{= £ 15 SHoverload)0f| 2|5l =& &
ZAl(monitor) - H4HZ 0| AAL LDMA/ZEHE SHA, 8O|CF ZA|S
of 11 K| =0f 2Fal, S&lLH
o 2l= F=E X &SHunderload)0f 2|5l =& &

4) B O| X

r
7

USAFS| A 7| 3l M=z o| T ZA| AtF= LO|Lt= Of 2{0f gtk A+
18% - multipointer A|7| & &2 A S (D AH|)

17%- X AIH 2| S HQlo) WES A2 oAl

14%- ANE1 ZRG0| S S 2

14% - =T5| A 7|Q| E=/d0| Li7| [{Z

Olgfot == Mot BARHZO 25 IAH =L+ ACH
5) =& (tracker)} = (controller)

oIzt =¥ sE2 Motz geloA - EotL}.




o
= ©
4 =2 k) &
= ( w 2 e 2 8% S
© | 1 max head m 3 a O s E v
E_. | easy move: 2 - S © e 2
$a ~ p Ex %5 e
op° c Y 5 @ -] :
Ey E < € « 5 <
E. - € ® & Eu €
- ~ - [
o8¢ o | ¢g 2| gl
STE : ' 2 : = o*
s std.sight line
82 |3mox. opt. eye
25| for elbow ; rotation 24" opt. console width
| clear. Se 28 max. eff. console width
€S9 max. eye
3 35, rotation
¥ 1 color discrimination limit
[ - visual limit - rt. eye
¥ 90°* arm pos.
18 max.
easy head movument\ visual limit 0-20°
38.5 L.m. gg; :’“v%‘;a 20" lights below cause glare /\ N
gg:lz g\:“ hojerenis \ __ 54" mox.-emergency controls
52 min. to avoid seeing top
332 50%tile
29.0 ‘36.6-26.4 range . std. sight line 3 .
L slump varies:
3-26 45 mox. see over ht.
>2.normal o £ 20
255
233
21.0 {
T
2 192 _do
] i —
° CONTROL LOCATIONS:
< A set-up & emergency
e 8 displays 8 set-up
= c dusplcY 8 assoc. controls
o8 S 0 controls 8 misc. equip.
90 touch typmgla writing
8.0 l E set-up 8 adjust. controls
- start & light sw. (recess)
3 REACH INCREASE:  orm pos.
H 0° 45° 30°
~mo : sgoullger ex:engeg ...... AERES
“ Mmoo ' shoulder extended &
0 datum ] . ] trunk rotgted ............ 6lal2
RERRETRRNR H shoulder extended,
i i frunk rotated &
18} min { trunk bent ... 16|12|8
17" 1S max. 248-173ronge | REACH DECREASE :
compressed 20.2 : 217 ' ush buttons 0"
seat ht, 18.9 o8 ' oggles 2
fit 80% 17.6 : \ .
to 18.5 ! smoll rotary selectors <2°D. 4
raise 8 lower 17.0 alt— large rotary selectors 45
1" to fit 95% + IS5 { hand grasp N
o | I ¢
4. =4
1 0" datum
24, min,——a-l
25.8 =
23e 27.6-18.5 range }-—28.75 knee clear. N.Y.C. bus
6.6-9.% left honded, 3.5-6.% color blind, 4.5% hard of hearing,

29.3% wear glasses

©)""The Measure of Man" by Henry Dreyfuss, Whitney Library of

Design, New York, N.Y. 1959, 1960.
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Calibrated X/ b ‘.‘?c-, ik Cahbrated
A < . empty to full

in gallons

A00 g FEe,

2]}

1000 FEET

4,160 . 11,080 29,820

ALTIMETER DESIGNS

BEST |
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Noise

JtE =12 : 20 Hz ~ 20,000 Hz
‘140 dB-ES 7 &

‘85dB A& &=

— A i DD oA

*Comfort

‘Bearable

‘Possible damage
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Service life

AAMSUHZ BAIAHCHN 2HE = B3 =Y
-FSEZ ZH0IUS:HNH WHEOOEE X(FXNE== =20 L2 AS)

Governmental
Regulations
MZS O240] HOHE = Ligto] REAXS [H20F 8HC)
0|20 SRt -=HE2 HSH U HIJ|JIA FH It CHECH

Operating costs

‘HSZe =8=FI/HlE = =J| 28l + 2&HIE + HIIH S
-28HIE: HXAB(EE/EDIH), A 2E, RAEx, AESZH, 20T

y —




