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Customer Requirements and Functional Specifications
BioMEMS Class

Creating Specifications for a Product Design
What does the customer want, and what is most important? A list of potential customer needs
and design specification categories is given below. Not everything may be relevant to your

project.

DESIGN SPECIFICATION CHECKLIST

REQUIREMENTS

CONTRIBUTING
FACTORS

POINTS TO CONSIDER

Overall geometry
Mgtion of parts
Forces involved

Siza, neight, width, length, diameter, scace. number, arrangament
Typa, direction of motion, velocties, acceleralon, kinematics
Load direction, *nagnitude, weight, load, impact, sttfness, rertia

Reliability

Dasign tifa, falures, statistics

FUNCTIONAL Energy needed Heating, cooling, conversion, etficiency. pressure, temperature, siorage
Materials 1o be used Fiow, transpon, properies, implications, raqutation, Iifs-cycle
Control system Electrical, electronic, hydraulic, pneumatic, mechanicat
Inforrmation flow nputs, cutputs, form, display, computer
Operational Diract, iIndirect, hazard skmination, safeguarding !
SAFETY Human Warnings, training, instruction, personal protection i

Environmental Land, sea, air, noise, light, radiation, reaction, transport, emergenciss :
Quality assurance Reguiations, stardards, cades, accreditation

QUALITY Quality control inspection, testing, measuring tolerances, labeling i

MANUFACTURING

Production of components
Purchase of components

Factory fimitations, maximum dimensions, means of production, wastage

Supplier gquality and reliability, inspection

Assembly Special requiations, instalation, siting, foundations, beting, weiding
Transport Material handiing, clearance, packaging l
Design schedule Progct planning, project control
TIMING Devetoprnent schedule Dasign detailing, in-house tests, compliance tests
Production schadule Manufaciure, asssmbly, quatty assurance. packing, Uansporn
DG'IVQI'Y schedule Delivery date, distribution network
Marketing analysis Size of market, strength of market, cistribution, sarvicing |
Design costs Dasign tearm, computing, information retrieval, reproduction [
ECONOMIC Development costs Design detading, suppiier costs, testing costa
Manufactuning costs Tooiing, labor, cverhead, assembly, inspection, cost to customer
Distribution costs Pacidng, transport,service centers, spare parts, warranty
User needs Type of operation, instructions, wamings
ERGONOMIC Ergonorric design Man-machine relationships, operation, height. lavout, comiort, lighting
Cybemstic design Controls, layout, clarity, interactions
Material selection Sokid, liqud. gas, stabilty, protection, toxicity, satety
ECOLOGICAL Working fluid setection Liquid, gas, flammabilty, toxcity
Customer appeal Shape, color, taxtura, form, feel, smel
AESTHETIC Fashion Cutture, history, trends
Future expectations Rate of change, trends
Distribution Maans of transport, nature and conditions of dispatch, rules, regulatrons
Operation Cuietness, wear; special Uses, working emvironments, foreseeable misuse
LIFE-CYCLE Maintenance Servicing intervals, inspection, exchange end repals, painting, cleanng
Disposal Recycie, scrap
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From the categories given in the previous figure, develop a list of customer needs and assign
them a level of importance in the design in a manner similar to that shown below.

The 50 provides plenty of power to drive screws.
4  The S0 maintams power Tor sevaral hours of haawy

The 50 is easy to set-up and use,
The S0 s easy to fum on,

-1} Thie SO prevenis inadverient swiching off
3 The 50 can dave screws Nk harndwood. 3 The maximum toogquee of i S0 can De Sel Dy
Thie S0 drives shaat malal screws inlo metal doct the usar.
wark. The 50 provides ready access bo s or
Tre 50 drives screws faster than by hand ACERESOTIRE,
The S0 makes it easy to slart a screw. The S0 can be attached 1o the wser Bor lemgsonany
3 The SD retains the screw balone it is driven Blorage.

3 The 5D can be used to create a pdol hole
The 5D works with a variely of Screws.

The S0 power is convenienl.
The SO is easy 10 rechange,

& The SD can tum phillips, torx. socket, and hex 3 The 5D can ba used while recharging
head screws, 5  The 3D recharges quickly.
d  The 50 can lurm many S2es ol screws. 2  The 5D baberies are ready 1o usa when naw,

The usar can apply iongue manually 1o e S0 6o
dNive 3 SCrew
The SO lasts & lang time.
Thar S0 b survives By use
2  The S0 can be hammered
The 50 can be dropped from & ladder withoul
damage
The 50 is easy to store.
The S0 fits in & tocdbox easdy
Thie 50 can be changed while in slorage.
2  The SD resisis corrosaon whan lel outside or in

The 50 can access most screws,
The 50 can be mansuvered in bghl areas.
4 The 50 can access screws &t the end of deep,
narrgw hiolgs,

The S0 turna screws thal are In poor condition.

The 50 can be used 1o remove grease and dirt from
SCTEWE

Tha S0 allows the user 1o work with painted screws
The SD fesis good in the user's hand,

The SD is comiorable when (e wSer pushes an it

The S0 s comiortable when tha wser ressts

damgp placas
twisting. 3 The SD maintains its charge after long periods
The 50 i balanced in the wser's hand. af storage.

The S0 is equally sasy to wse in right or lelt hands.
Tha S0 waight i just righ

2 The S0 is warm 1o touch in cold weather
The S0 remains comforable when lelt in the sun.

The S0 maint&ing i3 charge when wel

The 50 prevents damage to the work.
The S0 prevents damage to the screw haad

L=

[E—

| TheSD is sasy 1o control while luming screws. A PN, N B O PR
f The user can easily push an the SO 3 The SD has a pleasant sound when in use.

i The user can aasily ressl the S0 wisting. The S50 looks like a prolessional guality foal.
L 2 TrheSD can be locked “on.” _ The SO is safe.

E & The 50 speed can be controfed by the user while The SD can bs usad on alectical devices.

i Ky o o e, The 5D does not cut the user's hands

i The S0 remans sligned with the screw head

s wihout slipping.

.@E The user can sasily see where the screw s,

| The SD does not sirip screw heads,

::-r Tha 5D is easily revarsible

e

EXHIBIT B Hierarchical list of primany and secondary customer needs for the cordless Stréssdrivir. Impar-
fance ratings are shown lor some of the neads (using the ranking schama givan in Exhibil 9),



Customer Requirements and Functional Specifications
BioMEMS Class

Dr. Bruce Gale
Page 3

The requirements can be simplified and placed in a spreadsheet in this manner to simplify
analysis and future steps that will be shown.

Ho. Need imp.
1 The suspension reduces vibration to the hands. 3
2 The suspension allows easy traversal of slow, difficult terrain. 2
3 The suspension enables high-speed descents on bumpy trails, 5
4 The suspension allows sensitivity adjustment 3
5 The suspension preservas the steering charactenstics of the bike. 4
.+ The suspension remains ngid during hard comenng. 4
7 The suspension is lghtweighl 4
8 The suspension provides stiff mouwnting points for the brakes. 2
9 The suspansion fits & wide variety of bikes, whesls, and tires. =

10 The suspension is easy to install. 1

11 The suspension waorks with fanders. 1

12 The suspension instills pride. =]

13 The SUSEEnSon is affordable for an amateur enthusiast. 5

14 The suspension is not contaminated by water. 5

15 The suspension is not contaminated by grunge. 5

16 The suspension can be easily accessed for mainienance. 3

17 The suspension allows easy replacement of worn pars. 1

18 The suspension can be maintained with readily available tools. 3

19 The suspension lasts a long time. 5

20 The suspension i5 sale in a crash. 5

Custormar needs for the suspension fork and their relative importance (shown in a convensn
spreadsheal format).
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Measurable characteristics of the design need to be developed that correspond to the customer
needs or requirements.

Metric Need
No. MNos. Metric Imp. Units

1 1,3 Atfenuation from dropout to handlebar at 10 Hz 3 d8

2 2.6 Spring preload 3 N

3 1,3 Maximum valug from the Monster 5 g

4 1,3 Minimum dascent ima on test track 5 8

5 4 Damping coefficient adjustment range 3 M-s/m

B 5 Maxirmum travel (26 in. wheal) 3 mm

T 5 Rake offset 3 mim
8 & Lateral stiffress al the tip N 3 kM/m

9 7 Total mass 4 kg
10 8 Lateral stiffness al brake pivols 2 kM/m
1 ) Headsel sizes 3 in
12 -] Stearube length 5 mim
13 9 Wheel sizes 5 list
14 | 9 | Maxmum tire width 5 in
15 10 Time to assemble to frame 1 8
16 11 Fender compatibility 1 list
17 12 instils pride 5 subij.
18 13 Linit manufactuning cost 5 Us$
18 14 Time in spray dﬂambm“ﬂ‘;uul waler entry 5 5
20 15 Cycles in mud chamber without contamination 5 k-cycles
21 16, 17 | Time o disassemble/assemble for maintenance 3 8
22 17,18 | Special tools required for mainfenance 3 list
23 19 LUV test duration to degrade rubber pars 5 hours
24 19 Maonster cycles to failure 5 cycles
25 20 Japan Industrial Standards tesi 5 binary
26 20 Bending strength (frontal loading) 5 kN

List of metrics for the suspension. The relalive importance of each metric and thi units finr tha

mialric ara alea skheooes
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The metrics can be correlated to needs as shown above, or in a matrix like that shown below.

IHEDBAHDEEREE DEERED i [zeleaizalzs ]l

nﬂ-Elr.ll 10 Hz
& froem 1he Monsker

® | Maximum valis

———
T

o failum

Tirne in Spray cRamber wihau water aniry
Japan industrial Standards test

Tima o disassamble'assambla far malrishancs

Damping cosflicient adustmant range
Specia fools requred lor Manienance

Baximum travel (26 n. wheal)

Unit manutasiurng cost

Cycas in mud chambar withpul comaminadion
UV test duration 4o degrads rubber parls
Banding sirengih (froral ioading)

| Lateral sliffingss a1 brake pivols

Lateral slifness &1 he 1ip

| Total mass

Whaal 5izes
Insails prede

Spang preloa
Plat olisst
Steertube lengih

Hapdse sizes

Meed
Reducas wibration o ihe hands
Mllcrees easy iraversal of slow, difficull barmain -
Enabiles high-spead dascents on bumpy Irails
Allows sensitivity adjustment -
Presanas e sleading characlinslics ol the bive LI
Remams rigidl dunng hard cormenng - - i |
Is lightwaight [e i
_ Provides siifl mouning poinks lor the brakes -
Fils a wide vanaty of bikes, wheels, and tires D00
hs sasy io mstall i -
Works with lendars -
Insiis prge | =
13 I5 aflodabla for am amateur enthusiast -
4 IS not contaminated by waker | -
15 B k& nat cortaminated by grunge .
18 Can be sasily accassed br Marisnancs ) L]
17 Allows easy replacemnent of worm pans | | 1 T 1| AC
18 Can bo maintained with readily available tools | | 0
14 Lasts & lpng timea | | | e
20 Is sade n a crash

EXHIBIT 5 The neads-mefics malnx,

# | Mirenum descent tima an test frack

& | Attarwation from dropout 1o ha
d

i
;ﬁ:ainnﬂnmlnum—-
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Target specifications can then be developed to give numbers to the metrics to be analyzed. The
complete functional specification would be modified after testing a few prototypes. In our case,
they can be estimated as shown below.

thl'iﬂ Hed Marginal Ideal
Mo, Hos, Matric imp. Units Valus Valus
1 1,3 Altanuation Irorm dropaul 1o handlebar a1 10 Hz | dB8 =10 =15
2 2.8 Spring pralcad 3 M &B0—B00 B50—N00
3 1, 3 Manimum valus bam tha Mansiar 5 g =38 <58
4 1.3 Minimum descant ime on test rack 5 8 =13.0 =11.0
B 4 | Damping coeflicient adjustmant range 3 M-s/rm o =200
G 5 Maimumn travsl (26 in, whesl] 3 T 3350 45
T B Faks alfsel 3 mim AT-45 38
A B Lateral siitiness at tha tip 3 kMfm ] =130 |
g T Tatal mass a4 kg <14 =11
10 B Lateral siitfness at brake phots 2 kM =325 =50
1,000
1.0040 11235
11 g Haasdaal gizas ] in 1,125 1.280
150
1560 170
17 160
180 210
12 g Staamube lengih 5 Ly 210 230
26 in
13 g Whneel sizes 5 124 28 in TOOC
14 4 Maximum tim width 5 in =15 =1.75
15 10 Tima 1o assamble b framsa 1 & <2 <05
16 il Fandar compatibility 1 st nong gl
17 12 Intilla pride B gy =3 =B
18 13 Linit manufachinng cost = LSS <5 =G5
18 14 | Time in apray chamber witaul water ariry E & = 2300 =HE00
20 15 Cycles in mud chambar without contamination ] k-gycles >15 =35
21 |16, 17 | Time {0 disgssembla'assamble laor manienancs i i <2300 <160
22 |18 Special fools raquired for maintenance 3 (] L E e
23 18 L task duraticn e degrade rubber paris | ] hauirs =260 =450
24 19 Monstar cycles o failure L5 cytles =300k =500k
25 20 | Japan Indusiial Standards last 5 birary [ass pass

EXHIBIT 8 Tha targe? specifications. Like the other infarmation sysiems, this one s easly encodad with a
spraadsheat as a simple extensan to the st of specéications.



