
 

 

in 
pa
me
ha
sy
ne
in 
inc
me
us
de
the
 

pu

th
th
qu
on
co
W
alt
re
or
co
fo
of
ex
on
fu
QF
pa

de
in

 

Un
ma

T

Abstract—Qu
1960 in Japan 

aper presents a 
ethod of applyi

as been consider
ystem engineerin
eeds then its tran

deign after pro
crease in produ
eeting customer
e of QFD tool

eviation in desig
e products with

Keywords—C
ump.  

HE goal of
design. Sinc

e use of spec
at needs wou

uality control, 
nly in produ
onsidered befo

War II the Japa
though befor
quirements w

rder to transf
onsequently Q
or meeting cus
f a product nee
xpectations of 
n exact ident
unctional grou
FD the custo
arameters and 

II. EX

A. General 

QFD is a too
esign phase, 
cluding: brain

Z.Soleymani an
niversity of Tech
ail: soleymani.zoh

App
Too

T

uality Function
and introduced 
real application

ing QFD in des
red. While desig
ng process, the
nsition to engin
oduction process
ucts quality risk
r expectations. S
l can lead to in
gn and producti

h defined technic

Customer voice

I. INTR

f the paper is 
ce each produ
ial tools in sy

uld be met. Q
it means that 

uction lines b
ore design pha
anese compani
re that the n
was sensed bu
form custom

QFD establishe
stomer needs. 
ed to know w

f end users. QF
tification of 
ups in compa
omer needs 
the details det

XPRESS AND D

ol that custom
this proces

n storming, com

nd M. Amirzad
hnology MSc of 
h@gmail.com, ma

licatio
ol in D

n Deployment (
in 1983 in Am

n of this techni
sign and produc
gning a product
e first step is id
eering paramete
s leads to extra 
k, QFD can ma
Since the needs
ncrease in com
ion phases, fina
cal attributes. 

e, engineering p

RODUCTION 

applying QFD
uct can be defi
ystem enginee
QFD was form

the control w
but also the
ase. for the fir
ies focused on
need to unde
ut no normal
er needs to 
ed as a design

Design team
what thing to b

FD is a system
customer nee

anies; it mean
would be tr
termined in pr

DEVELOPMENT

mer requiremen
s done by 
mpliments sea

deh are with th
Industrial Manag
aysam.amirzadeh

on Qua
Design 

(QFD) was dev
merica and Europ

ique in a way t
ction aero fuel 
t and in order to
dentification cu
ers. Since each 
human costs an

ake benefits in 
s identified as w
mmunications an
ally it leads to p

parameters, QFD

D tool in aero
fined as a syste
ering process c
med based on

would be appli
 needs shou

rst time After 
n design quali
erstand the d
l system exis

initial design
n correction m

ms in suitable d
be designed an
matic method 
eds and relat
ns that by ap
ranslated to d
roduct develop

T OF QFD 

nts are identif
different me

arch, Warranty

he Khajeh Nasir
gement, Tehran, 
h@gmail.com). 

ality F
of Ae

En
Z. Sole

 

veloped 
pe. The 
that the 
pumps 

o apply 
ustomer 
change 
nd also 
sale by 

well, the 
nd less 

produce 

D, gear 

pump 
em, so 
causes 
n total 
ied not 
uld be 
World 
ity [1], 
design 

sted in 
n [2], 

method 
design 

nd also 
based 

ted to 
plying 
design 
pment. 

fied in 
ethods 
y logs, 

r Toosi 
Iran (e-

cust
as f
dev
cust
desi
pha

B

T
Qua
rela
HO
 

C

 F
be s
stag
diff

D

T
cust
cust

E
Eng

A
rela







Functio
ero Pum
ngineer

eymani, M. A

tomer visitatio
father of QFD
elopment wh
tomer require
ired design an
ses [3]. 

B. QFD Structu

The first stage
ality. The Ho
ationships betw
Q format: 

C. Customer Ne

Firstly custom
stated as gene
ge '' voice of
ferent levels as

D. Engineering

Then engineeri
tomer needs a
tomer needs w

E. The Relati
gineering Attri

After putting W
ationship betw

Strong relatio

Medium rela

Weak relatio

on De
mps B
ring 

Amirzadeh 

on and concen
D. He defined 
hich helps t
ements and tra
nd quality, th

ure 

e of applying
ouse is graph
ween customer

Fig. 1 HOQ

Needs 

mer needs or W
eral and vague
f customer’’; 
s primary, seco

g Attributes 

ing attributes 
and also shou
would be satisf

ionship betw
ibutes  

Whats and Ho
ween them is se

onship  

ationship  

nship  

eploym
Based 

ntrated groups.
"the method 

to customer 
ansition to co

hen it being u

g QFD is pro
hic tool in or
r needs to pro

Q Matrix [4]  

WHATS are id
e. The Japanes

these needs 
ondary, tertiar

or How's are 
ld be measura
fied. 

ween Custom

ws in house o
et by using sym

ment (Q
on Sy

. Akao was na
for design qu
satisfaction 

onsidered goa
used in produc

oviding House
rder to define
duct. Fig. 1 sh

 

dentified that 
se have called
are expresse

ry. 

selected base
able in a way

mer Needs 

of quality, now
mbols shown a

QFD) 
ystem 

amed 
uality 

and 
als in 
ction 

e Of 
e the 
hows 

may 
d this 
ed in 

ed on 
y that 

and 

w the 
as: 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2180International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

av
co
co
tak
ou
re

no
ot
cu
gu
pa
ho

co
fu
- 
 

dr
dr
as
flu
m
th
re
Th
re
tec
1 
or

or
be
of

F. Customer R

It expresses 
vailable prod
ompetition an
omparison info
king note of w
utlets. The rat
quirements ar

G. Correlatio

The designer
o information 
ther parameter
ustomer needs
uide product d
art, total of sco
ow much custo

H. QFD Adva

This techni
ompetitive in 
urthermore it h

Decrease en

Gear pumps 
river and othe
river gear trans
s pump's hear
uid. Aero pum

markets so, cust
eir requireme
quirements an
herefore, it 
quirements. 
chnical requir
QFD. The ne

r even more di
In continuou

rganizational d
etween parame
f chart, the 

Rating of the C

that how ne
ducts; this as
nd get new p
formation wou
what custome
te which repre
re given from 0

n Matrix 

rs in design pr
about the imp
rs and how th

s. The relation
designer. In r
ores is brough
omer needs ar

antages 

ique enables
design, hav

helps to develo
ngineering's ch

combined by 
ers are driven
sfers to driven

rt; its most im
mps are cons
tomers have e

ents. In order 
nd technical re
is important 
According to

rements for co
eds are define
ivisions.  
s impact of te
difficulty are 
eters in chart's

considered 

Competition  

w product co
spect of pro
product. Acce
uld be acquire
ers says at tra
esenting the c
0 to 5. 

rocess have ch
pact of each de
hese factors c

nships among 
relative and a
ht at bottom o
e met. 

s organizatio
ve better qua
op new produc
hanges 

two or some 
n, the entered
n one. The gea
mportant funct
sidered as pro
nough technic
to reduce the

equirements ha
to define p

o recent res
onsidered pum
ed as primary 

echnical param
put on chart b

s roof as Fig. 6
pumps in 

ompetes with 
oduct is vita
eptable comp
ed by enginee
de shows and
ompetition fo

hallenges beca
esign paramet
can be effecti
them in QFD

absolute impo
f chart, it state

ons to be 
ality and less
ct. 

Fig. 2 Over

gears which 
d force to pum
ar of a pump is
tion is transit
oducts with n
cal knowledge
 risk here cus
ave lots in com
precisely cus
searches, cus

mp as Fig. 5 in
one then seco

meters of pum
besides relatio
6. Then in righ

comparison 

 

other 
al for 

petitive 
ers and 
d retail 
or each 

ause of 
ters on 
ive on 
's roof 

ortance 
es that 

more 
s cost 

-
-
-

F
that
kno
requ
also

In
acco
3 an
the 
elec
of f
flow
and 
all 
con
mee

rall QFD Transf
 

one is 
mp by 
s same 
tion of 
narrow 
e about 
stomer 
mmon. 
stomer 
stomer 

n phase 
ondary 

mp and 
onship 
ht part 

with 

com
char

T
pha
9 a
man

 

Decrease set 
Meet custom
It is proactive

Fig. 2 shows th
t another adv
owledge amon
uirements in a
o final product

n the paper ap
ording to Fig.
nd 4 stages ha

required me
ctromotor and 
fluid is increas
w. A pump sh
d stable beside

stages of pu
sider these co
et all user need

  

fer Process [5]

mpetitors are sh
rt is shown in 

To proceed sho
se 2, design p

and 10. In ad
nufacturing an

up changes  
mer requiremen

e instead of re
he whole proc

vantage of wh
ng different sta
a way that all 
t toward main 

III. APPLIC

pplication QFD
2, since the c

ave been merg
echanical ener

affects passin
sed in pump ou
hould make th
s generate the

ump working. 
onditions whil
ds.  

hown in Fig. 7
Fig. 8. 
ould formed p

parameters, an
ddition, the p
nd QFD chart a

Fig. 3 Gear pu

nts 
eactive 
cess of QFD, 
hich is transit
ages and be s
requirements 
needs is trace

CATION QFD 

D for aero pum
onsidered pum
ged. Pump is 
rgy from ext

ng fluid conseq
utlet and it lea
he required fl
e considered pr

Therefore, a
le designing a

 

7. In addition,

phase 2 and 3
nd QFD chart a
phase 3, desi
are shown in F

ump operation 

as it is consid
tion the avail
sure of tracing
would be met

eable. 

mps has been 
mp is prototyp

a tool which 
ternal power 
quently; so en
ads to pressure
low as contin
ressure or Hea
a designer sh
a pump in ord

, the phase 1, Q

3 QFD charts.
are shown in F
ign parameter
Figs. 11 and 1

 

dered 
lable 
g the 
t and 

done 
pe so, 

gets 
like 

nergy 
e and 

nuous 
ad in 

hould 
der to 

QFD 

 The 
Figs. 
rs in 
2.  

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2181International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

Fig. 4 Fl

Fig. 5

 

luid transfer on 

 Customer requ

gear pump 

uirements 

 

 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2182International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

 
Fig.

Fig. 7 Tech

 

6 Quality hous

hnical competitiv

e's roof 

ve comparison

 

 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2183International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

 
Fig. 8

Fig. 9 De

 

8 Phase 1 of QF

esign parameter

FD chart 

rs of phase 2 

 

 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2184International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

 

to
pe

de
- 
- 
- 
- 

In QFD tab
lerance'' that 

ercentage (14.7
The manufac

esign requirem
 Clearance 
 Tip clearan
 Geometry 
 Tooth prof

All four pa

IV. A

ble-phase 3, 
used in hob 

7%). 
cture design 

ment with equa
gears (ξ):       
nce gear /body
total run out:  

file tolerance: 
art design r

Fig

ANALYSIS 

the parame
machinery, h

parameter h
al importance 
      importanc

y:   importance
      importanc
      importanc

requirements 

Fig. 1

g. 11 Design par

eter ''special 
has most imp

has impact on
coefficient as:
ce factor=5x9=
e factor=5x9=
ce factor=5x9=
ce factor=5x9=

belong to 

 

10 Phase 2 of QF

rameters in man
 

class 
portant 

n part 
: 
=45 

=45 
=45 
=45 
design 

requ
men
so, o

R
desi
two
hav
para
imp
imp

A
mos

FD chart 

nufacturing (ph

uirements of 
ntioned points
one point with

Refer to phase
ign requireme

o parameters c
e most abso
ameters effec
portant of them
pressionable. 
As a result, vib
st effective. R

ase 3) 

pump wheel 
s on customer 
h simple analy
e 2 of QFD ab
ents mentione
clearance gea
lute importan

ct different d
m are brought 

bration and m
Refer to phase 

gear since th
needs in phas

ysis is selected
bsolute impor
d in previous

ar and tip clea
nce equal to 
design require
in Table I, reg

main gear pum
1 QFD amoun

 

he impact of 
se 1 is widesp

d for analysis.
rtance of four 
s stage shows 
arance gear /b

113. These 
ements that m
garding amou

mp –flow rate 
nt of effective

 

each 
pread 

part 
 that 
body 

two 
most 

unt of 

have 
eness 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2185International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

of
ra
im
m
No
of
QF
of

pr
ro

 
 
 

f mentioned p
ate has absolu
mportance 214

most effectiven
ow it is stated
f phase 3 QFD
FD and also c
f hob tool is ex

A. Hob 

Hob is a tool
roduction of g
otating piece a

parameters on 
ute importance
4. Consequentl
ess on enginee

d the impact of
D on main ge
customer requi
xpressed. 

l that often us
gear is done w
and hob toget

customer nee
e 399 and vib
ly, tip clearan
ering paramet
f parameter sp
ear pump – fl
irements. Befo

sed for produc
with continue
ther with a fix

eds shows tha
bration has ab
nce of gear/bod
ters in phase 1
pecial class tol
low rate of ph
ore that, a def

ce gear profil
es index proce
xed ratio and 

Fig. 1

 

at flow 
bsolute 
dy has 
 QFD. 
erance 
hase 1 

finition 

e. The 
ess by 
at the 

sam
H

diff
clas
grin

H







 

12 Phase 3 of QF

me time, the ho
Hob tooth cre
ferent position
sses have prof
nding [7]. 
Hob that has pr

AA: very hig
A: high accur
B: standard 
Hob that doe
C: high accur
D: standard 

FD chart 

ob being driven
eates progress
n. Hobs are m
file grinding an

rofile grinding
gh accuracy 
racy 

es not have pro
racy 

n into pieces [
sively and ea
made in 5 di
nd 2 classes d

g: 

ofile grinding:

 

[6].  
ach tooth is 
ifferent classe
do not have pr

 

in a 
es. 3 
rofile 

 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2186International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

 

bu
3.

 

ou
ge

cle
in
fro
co
µ.
cle
 

 

m
ef
so
 

 

Q

pu

“m
co
ef

IMPACT OF GAINE

- 

FlMain gear 
pump eff

vibration 

 
The selection

uilt by its toler
999, hob accu
 

 HOB A

Hob 

H

Out

Lead v

Pressu

Tooth

Assume that
utside diamet
ear/body (radia

Pump capac
earance betw
clusion fluid 
om high pre
ommon size, t
in to 8 µ.in [
earance on ge

Fig. 13 The im

According to
makes efficienc
fficiency of ge
o flow rate var



efQ : Effective 

ump;  : Pump

As observed 
main gear pum
onsidering th
ffectiveness as

TA
ED DESIGN PARA

Tip
g

Importow rate 

Importficiency 

n of Class accu
rance. For exa

uracy as Table 

TA
ACCURACY FOR D

special class toler

ob diameter runo

tside diameter run

variation tooth to

ure angle or tooth 

h thickness(minus

t change hob
ter of gear 
al clearance) i
city in equal

ween pump b
film, if it doe
ssure zone to
the radial clea
[8]. In Fig. 13
ar pump volum

mpact of radial c
effic

o Fig. 13, cha
cy change abo
ear pump is re
ries in ratio “ß”

ief QQ  /

flow rate of p

p efficiency. 

in phase 1, Q
mp-flow rate” 
he importanc
s: 

ABLE I 
AMETERS TO ENGIN

p clearance  
gear/ body 
tance factor=45 

tance factor=36 

- 

uracy depends
ample, if hob d
II. 

ABLE II 
DIAMETRIC PITCH

AA rance 

2 ut 

5 nout 

4 o tooth 

2 profile 

15 s only 

b tolerance cl
about “α”, 

is changed abo
l condition 
body and too
es not fit, leak
o low pressu
arance range i
3, it is seen t
metric efficien

clearance on gea
ciency [8] 

ange of tip cle
out “ß”. Beca
elated directly
” as per (1). 

ef QQ  

pump; 
iQ : No

QFD table, eng
affects differe
ce of requi

NEERING PARAME

Clearance ge

- 

Importance facto

Importance facto

s on the piece 
diametric pitc

H 3-3.999 [7] 

B A 

6 4 

25 15 

6 4 

5 3 

15 15 

lass makes c
then tip clea

out “α/2”. 
depends on 
oth head and
kage of fluid o
ure. For gear
is variable fro
the impact of 
ncy. 

ar pump volume

earance about 
ause the volu

y to pump flow

i
                     

ominal flow r

gineering para
ent requiremen
irement the 

 

ETERS 

ear 

or=36 

or=45 

that is 
h is 3-

change 
arance 

radial 
d also 
occurs 
r with 
om 0.8 
f radial 

 

etric 

t “α/2” 
umetric 
w rate, 

     (1) 

rate of 

ameter 
nts, by 

most 

-

-

T
pum
occu
of r
incr
effe
requ

A
vagu
Con
com
cust
cust
stag
prob
data
indu
inte
char
requ
mat
betw
mat
decr
met
stag
cust
by 
need
betw
to 
wei

P

M

CN

 
 

Min fuel flo
importance fa
Min fuel flo
importance fa

The point is t
mp internal le
urred further 
radial clearan
rease in pump 
ective flow r
uirement “min

As shown, QF
ue requireme

nsequently, the
mplexity in s
tomer needs to
tomer satisfac
ge of design p
blems; it is a
a related to a
ustry is its a
egration among
racteristics, 
uirements. In 
trix as a po
ween custome
trix is for nego
reases no ce
thod of a QFD
ge customer n
tomer need an
determining 
ds, they were 
ween the para
calculations’
ghts are as Ta

Turning 

Spring  
Parameter 

H
Pr

Par

Gear  
Manufacture M

Par

NC Milling 5

ow at max. 
factor: 5x9=45
ow at min. 

factor: 5x9=45
that what to b
eakage sequen
at low speed.

nce to total in
speed. Due to

rate of pump
n fuel flow at m

V. CONC

FD model fac
nts into techn
e existence of
systems so, Q
o technical des
ction and also 
phase. QFD i

a forum for ga
a design. The 
ability to int
g customer ne
process key
recent case 

owerful tool 
er needs and 
otiation betwe
ertainty in pr
D developed 
needs identifie
nd product's on
technical par
entered into Q

ameters set in 
results that 

able III. 

TAB
ABSOLUT

Fe

Cu

Hot Set 
rocess 
rameter 

Residual 

Spring Mat

case dep

Hob  
Machine 

rameters
A

Speci

5 axis 

Speed and m
5 

Speed and m
5  
be noted mos
nce of radial 
 The internal 
nternal leakag
o radial cleara
p has most 
min. speed and

CLUSION 

cilitates transl
nical measura
f such structur
QFD is a to
sign paramete
decreases of p
in itself does 
athering and 
reason of us

tegrate physic
eeds, design r
y activities, 

study which 
representing 
design param

een requiremen
roduct design
in mentioned 
ed so, it com
ne made. Then
rameters in o
QFD chart. Th
quality house
given in las

 
BLE III 
TE WEIGHT 

eeding Speed 

utting Speed 

Clamping Tim

Clamping Tem

CLAMPING st

Stress in the Spri

terial Type and G

pth hardening(μ.in

Cutting Speed(in

Radial Feeding

Axial Feeding(in/
ial Class Toleranc

μ.in 
Feeding Spee

Cutting Speed(in

max. Pressure

max. pressure

st is that the 
clearance can
leakage sequ

ge is minima
ance, the chang

effectiveness
d max pressur

ation of total
able requirem
re leads to ma
ool for trans
ers which incre
problems in in
not engineer

organizing al
sage QFD in 
cally besides
equirements, p

and produc
 shows the Q

the relation
meter's pump. 
nts in a way th
n. The traditi

research. At 
mpliances betw
n in following
order to meet
en the relation
's roof. Accor
st chart, abso

7

7

me 5

mp 5

tress 5

ng 5

Grade 5

n) 2

n/min) 6

g(in) 7

/wrew) 1
ce Values in 

1

ed 6

n/min) 6

e → 

e → 

gear 
n be 

uence 
al by 
ge in 
s on 
re”.  

 and 
ments. 
anage 
sition 
eases 
nitial 
ring's 
l the 
aero 

s the 
parts 
ction 
QFD 
nship 

The 
hat it 
ional 
first 

ween 
g step 
t the 
nship 
rding 
olute 

7.2 

7.5 

5.3 

5.3 

5.3 

5.3 

5.3 

2.6 

6.7 

7.5 

4.3 

4.7 

6.6 

6.6 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:9, No:12, 2015 

2187International Scholarly and Scientific Research & Innovation 9(12) 2015 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:9
, N

o:
12

, 2
01

5 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

03
83

2.
pd

f



 

 

The calculations for technical parameters represents that the 
most percentage is related to special class tolerance used in 
machinery in 14.7; it means that the mentioned parameter has 
most importance regarding to customer requirements.  
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