ISSN : 0974 - 7435 Volume 8 Issue 7

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(7), 2013 [970-979)]

Optimization of machining parameters for EDM honeycomb ring

using gray relation analysis

Gao Ji, Sun Yao*, Wang Di

School of M echatronicsEngineering, ShenyangAer ogpace Univer Sity, Shenyang, Liaoning 110136, (CHINA)

E-mail : sy547515291@163.com

ABSTRACT

Aiming at the complexity and unpredictability of EDM (electrical discharge
machining) honeycomb ring, the Taguchi method with gray relation analysis
was proposed to determine the EDM parameters with consideration of
multi ple performance characteristics. The main machining parameters pul se-
ontime(t_), pulse-off time(t ), peak current(l) and peak voltage(U) were
selected to explore the effects of multiple performance characteristics on
SR(surface roughness) and EWR(electrode wear rate).A series of
experiments were conducted according to an orthogonal array L, based
on Taguchi method. The significant process parametersthat affected MRR
and SR were determined by the analysis of variance.The obtained optimal
machining conditions were pulse-on time of 5us, peak current of 10A,
peak voltage of 1V, pulse-off time of 75.Under these conditions, the SR of
0.826and MRR of 1.913could be obtained.An additional experiment was
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conducted to verify the obtained optimal machining conditions.
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INTRODUCTION

Honeycomb seal canimproveefficiency and sta-
bility of airplaneand reduce energy consumption be-
cause of its good seal properties and rotor dynamic
characteristics. Therefore, honeycomb ringshave been
widely usedinvariousjet or vortex enginesat home
and abroad, such asU-2 plane, F16 fighter jetsaswell
asanumber of civil aircraft engine, sincethe 1980g*
4 Engine performanceand servicelifeareaffected by
honeycomb ring quality.Because of the special struc-
tureand materia sof honeycomb ring, traditional me-
chanica processing methodisdifficult toachieve.

EDM hasgained importanceduetoits capability
to remove material with good accuracy and precision
and lack of direct contact between thetool electrode
and theworkpiece®.EDM accomplishes shapesthat
could hardly been achieved with any other conventiona
method, regardl ess the hardness of material and the
complex of the part to bemachined. Therefore, EDM
was suitabl e for machining honeycomb with special
shgpeand materid. But thephysica mechanismof EDM
iscomplex and volatile, randomnessand uncertainty.

Taguchi method isan efficient tool for the design of
ahigh-quality manufacturing system based on orthogo-
nal array experiments, which provides much-reduced
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variancefor theexperiment with optimum setting of pro-
cess control parameters.Thegray theory, first initi-
ated by Dr.Dengin 1982, can provideasolutiontoa
systeminwhichthemodel isunsureor theinformation
isincomplete®. |t avoidstheinherent shortcomings of
conventiond datistica methodsand requireslimited data
to estimate the behavior of an uncertain system.It also
providesan efficient solution to theuncertain, multi-in-
put and discrete dataproblem. The gray relation analy-
sisbased onthistheory isappliedin different manufac-
turing processesto effectively solvethe complicated
interrelationshipsamong multiple performance charac-
teristicsand to determine the optimal parameter set-
ting(®19,

Inthis present paper, four independently control-
lable parameterspulse-ontime(t ), pulse-off time(t ),
peak current(l) and peak voltage(U) were varied to
determinetheir effectson MRR and SR AnL . orthogo-
nal array based on the Taguchi method was utilized to
plan the experiments.The data of experiments were
trandferred into gray relaional grade and were assessed
by andysisof variance (ANOVA) todeterminethesig-
nificant machining parametersand obtain the optimal
levelsof machining parametersfor multipleperformance

Figurel: 1/4honeycombring
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characterigtics.

EXPERIMENTATION

Theworkpiecehoneycomb ring

Honeycomb ringistypical thin-walled part with
thickness of 0.03mm, showninFigure 1.Meanwhile,
the surface quality requirement of itsstructureisvery
Srict, the processing requirements of theremelted layer
thicknessislessthan 0.035mm, therunout on compo-
nent benchmark is less than 0.05mm,

R, <0.8mm~1.6mm, the requirements on the sur-

faceisno crack, no residua burr and no heet affected
zonelt 12,

Honeycomb ring ismade of nickle-based superal-
loys(GH3536) characterized by excellent resistance
to oxidation, corrosivenessresistance, highthermal sta-
bility andfatigue, however, itisregarded asoneof the
most difficult-to-machine material s because of hard
particle, work hardening and low thermal conductivity,
the propertiesof GH3536 wereshownin TABLE 171,

Experimental conditionsand procedures

EDM isaprocesswhereby unnecessary materid is
removed by the action of e ectrica dischargesbetween
theworkpiece and thetool electrode. Inthisstudy, a
seriesof experimentswere performed onaCNC elec-
trical discharge grinding machine“ZT-034 «, detailed
processing parametersareshownin TABLE 2.

The concept of EDM honeycomb ring wasillus-
trated in Figure 1.In the process of EDM, the honey-
comb ring wasfixed on therotating table, and tool elec-
trode was moved to machine the inner cambered
surface A rdatively stabledischargegap (0.01~0.07mm

TABLE 1: physical and mechanical propertiesof GH3536

ensity Melting Thermal Specific Modulus Resistivity  Coefficient of
.‘ oint conductivity eat of linear expansion
. gl o r i 1 L o
Physical = 2 A(W/mT) capacity elasticity 105 !
property Jkg™T GPa al ’
828 1259~1381 1338 ¢C 100°C > 726 199 8 12.1 € 20~-100°C )
Heat T, . o)
Mechanical treatment ) ) HBES e mpe——
o - T MPa MPa %
B Solution  580-690 275286 30 =241

treatment

800--1200
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TABLE 2: Thedetailed parameter sof ZT-034

Pulse—orT Envalops EnvaEops Low violiags High volass
Process sta=e Equipment mod=l Pul==on tim= Servo given
time width imterval = current

Finishing

ZT-054 50 100 1000 1000 2 1 T0%
id? It.j'r.i'r E_v

Uit L5 il fl il i i
Sprfacs
Timme Miachine inpur powes DvEsx WAk (Cdy ant Topnsl power Elactrods loss
soughnsss

Yalua 100 487

Urnit EVA A

320 1.25 6%

VALC em

)was maintai ned betweentool € ectrode and workpiece
rotating in oppositedirection to completeradial com-
pensation processing. Clavatetool electrodewasde-
signed to not only facilitate chip removal and deioniza-
tion but al so enhance the machining precision of honey-
comb ring!*-Copper with good electrica conductivity
andlow pricewaschosen astool eectrodematerid. The
working liquid feed system was employed to ensure
that theworkpiece and tool el ectrodewas completely
immersed with kerosene of low viscosity and good

& .S
1—tool electrode 2—honeycomb 3— fixture 4— rotating table
Figure2: Theconcept of EDM honeycombring

deionization property.Positive polarity machining was
applied to obtain high processing quality!™.

Thefollowingindependently controllable process
parametersareidentified to carry out the experiments.
pulse-ontime(t ), pulse-off time(t ), peak current(l)
and peak voltage(U).Preferred level's, unitsand sym-
bolsaregiveninTABLE 3.

Themethodology of Taguchi for four factorsat five
level swas used for theimplementation of the plan of
orthogonal array experiments.An L. orthogona array
with 4 columnsand 25 rowsisemployed in thiswork,
shownin TABLE 4.And experimentswerecarried out
according to the arrangement of the orthogonal array.

Theevaluation and measurement of MRR and SR

MRRwascd culated by using thevolumelossfrom
thework piece divided by thetime of machining.The
cdculated weight lossisconverted to volumetriclossin
cubic millimeter per minuteasEq(1).
AV, AW,

T  p,T

MRR =

@

where AV,, isthevolumeloss from thework piece,

AW, istheweight lossfrom thework piece, T isthe

TABLE 3: Processparameter sand their levels

Paramatar: Laval
Tt 1 2 3 4 g
teecplza-on time A 3 10 15 20 25
[pask coment A 2 6 10 14 18
U p=sk voltazs v 1 5 ° 13 17
to= pulsa-pff timea s 25 50 T3 100 125
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TABLE 4: Experimental layout using L, orthogonal array

e Procass paramaters Multipla porformancs characteristics
e e 1 U L= SF. AER
() (A ) (L5 ) { agmn ) i’ [ min )
1 l 1 1 1 0.872 0.260
2 1 2 2 2 0952 1328
3 1 3 3 3 1.142 1.400
4 1 4 B 4 1.057 1.560
z 1 5 5 z 1.284 1.454
& 2 1 2 3 1.655 0.902
= 2 3 3 4 1.501 1.428
8 2 3 - 5 1.12¢6 1.372
’ 2 4 5 1 1.265 1.474
10 2 I 2 1.533 1.302
11 3 1 3 5 1.479 1.112
12 3 2 - 1 1.472 1.316
13 3 5 2 1.385 1.874
14 i e 1 3 1.463 1.798
15 5 2 4 1.612 1.465
16 - 1 B 2 1.971 1.6E2
17 4 2 5 3 2.029 2.440
18 B 3 & Bl 2227 Z.308
12 4 4 2 5 1.701 2384
0 E 3 1 1.B67 1.854
Zl 3 1 5 4 1.945 1.602
22 5 2 1 5 1.839 1.244
23 5 3 2 1 2.101 2232
24 3 = 3 2 1.500 1.784
Z3 3 5 = 3 2.438 0.9560

duration of the machining process, and

p,,=8.28g/cm’ isthedensity of thework piece.

SR wasmeasured at three different positions and
average SR(Ra) valuewastaken usngasurf test mea
suringinstrument (TR200).

GRAY RELATIONAL ANALYSIS
Gray relationd analysisisanimproved method for

identifying and prioritizing main systemfactorsandis
helpful for variableindependence analysis. Therefore,

therel ationshi ps between the machining performance
characteristics and the machining parameters can be
determined using gray relationd analysi g9,

Gray relational generating

Gray relationa andysisadopted discrete measure-
mentsto eva uate the distance between two sequences
and then explored theextent of their rel ationships.If the
sequencerangeisexcessvely largeand thestand value
istoo enormous, it will induce the effect of somefac-
torsto beignored™. Therefore, the raw experimental

dataarenormalized & first. Thenormalizedresults x;;
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for higher-the-better performance characteristic can be
expressed as:
_ yi —min;y;

max; y; —min; y; )

X;

For lower-the-better performance characteristic x; can
be expressed as:

max; y; =Y

Xj = : 3
' max; y; —min, y; ©)

Wherey; istheith performancecharacteristicinthe
jth experiment.
Gray relational coefficient

Thegray relationd coefficient isdeterminedto ex-
presstherel ationship betweenided and actua normal-
ized experimental data.Besides, thegray relationa co-
efficient canbecdculated as:

min, minj|xi0 —xij|+§maxi maxj|x? —xij|

gij -

|x?—x”.|+§maxi maxj|xi°—xij| (4)

where x’ istheideal normalized result for theith per-
formance characteristics, and £ isadistinguishing co-
efficent, whichisdefinedintherangeof 0< ¢ <1.Gen-

erally ¢ canbeadjusted tofit the practical require-
mentsanditisnormally set at 0.5,

Grayreational grade

Thegray relation gradethat is obtained by aver-
aging thegray relationa coefficientsassociated with
each performance characteristic.It can be expressed
&

1 n
Yi :Hzi:wié.:ij (5)
where y; isthegray relational gradefor the jth ex-

periment, w istheweighting factor for theith perfor-

mance characteristic, and nisthe number of perfor-
mancecharacteritics.

The optimization of machining parametersassoci-
ated with the complex multiple performance character-
istics can be converted into the optimal resol ution of
singlegray rdationd grade Andtheoptimd leve of the
process parametersisthelevel with the highest gray
relationa grade.

INFLUENCE OF PROCESS
PARAMETERS ON MRR AND SR

The purposeof theANOVA istoinvestigatewhich
process parameters significantly affectstheMRR and
SR.Thisiscompleted by separating thetotd variability
of the response, which is measured by the sum of
sguared deviationsfrom thetotal mean of theresponse,
into contributionsby each EDM process parameter and
the error.The results of ANOVA were furnished in
TABLE5and6.

Accordingto TABLEDS5, pulse-ontimewasthemost
dominant effect factor onMRR, and it wasfollowed by
peek current, peek voltageand pulse-off timeTheMRR
mainly depends on the energy, ahigher pulse-ontime
generates high thermal energy, which producesalarge
MRR.The peak current and peak voltage have positive
effect onMRR, and the M RR increasewith them.Pulse-
off timeisinversaly proportiona to MRR, withthein-

TABLE5: Resultsof theANOVA for MRR

Sourcs Degrzaz of Sum of sguar=s Mazn squarsz F walus Prob=F Contribution{s )
fraadom

t 4 3.07080 0. 76770 14.7247 0.001 5057

I 4 1.62420 0.40604 T.7879 007 31.51

1} 4 0.24397 008080 1.1600 382 4.73

Lo 4 0.21597 0.0538¢C 1.0358 0.448 4.1¢

Emor 8 0.4171C 0.05214

Total 24 5.57TX00
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TABLE 6: Resultsof theANOVA for SR

Contribution(% )

Sourca Dagrass of Sum of squar2 Mean sguarss F valus Prob=F

freadom
L - 18560 0.73023 12 3206 0.003 B1.80
I 3 ).30766 0.07601 20102 0.186 851
U 4 2016 0.00720 01205 0.937 0.81
Taar 4 32112 0.0B028 2.0082 0.173 B.28
Ermor g 030600 0.03826 0.3206
Total 24 3.02080

crease of pulse-off time, the number of discharge
pluses per unit time decrease, asaresult, MRR is
[ow.

It could befound from TABLE 6that pulse-ontime
had themost dominant effect on SR, and it wasranked
by pulse-off time, peak current and peak voltage.SR
increase asthe pulse-ontime.ltisduetothefact that a
higher pulse-ontimemakeasinglepulsedischargetime
and energy increase and enlarge discharge craters.A
lower pulse-off timemakeasnglepulsedischargecycle
decrease and pul sedischarge frequenceincrease, the
refinement can obtain alower SR.If the pul se-off time
islower thanthecritica vaue, deionizationisnot suffi-
cient and the stability isreduced, so SR will increase.
Theincrease of peak current and peak voltage causea
larger snglepulsedischargeenergy andlarger discharge
craters, so SRincreasesaswell.

0.62

DETERMINATION OF OPTIMAL
PROCESSPARAMETERSON
MRR AND SR

Thenormdizedresultsfor MRR and SRwerelisted
in TABLE 7, in thiswork, the MRR was desired to
obtain ahigher vaue, namely, higher-the-better feature
and the SR exhibited the feature of lower-the-
better.Consequently, thegray rel ationa coefficientsfor
each experiment can becd culated accordingto Eq(4).In
cdculaingthegray rdationd grades, thewe ghting for
both performance characteristicswasset as1:1, each
characteristics had equal importance or relative
wel ghting.After averaging thecorresponding gray rela-
tiona coefficients, thegray relationa gradeswere ob-
tained.

=
0.60
n <P
(L.
a 56

-

PeId [EuonE[es ABID)

~
o

u foff

Figure3: Responsegraph of gray relational grade
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TABLE 7: Gray relational generation of SR and MRR

TABLE 8: Gray relational coefficientsand grades

Number SE
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TABLE 8 presented theresults of gray relational
coefficents, gradesand their ranks. Theresultsindicated
that experiment number 8 had the largest relational

Number Gray relationsl cosfficisnt Cray r=lational grads
5K MEFR Walus Femk

1 000D 0.3413 .6707 2
2 0.9073 0.4014 0.6344 3
3 0.7436 0.4163 0.5800 g
4 0.808% 0.45125 0.630 §
5 0.6552 0.4278 0.5415 13
] 0.5000 0.3333 0.4167 24
7 0.5213 0.4222 0.4718 1%
g 0.7551 0.4105 0.5828 7
o 0.6658 0.4323 0.5401 11
10 0.5422 0.3968 0.4696 20
11 0.5633 0.3630 0.4636 21
12 0.56612 0.4810 17
13 0.6042 0.5748 L
14 0.5608 0.5448 12
15 0.5141 0.4723 18
16 0.4160 0.4303 22
17 0.4036 0.6353 5
18 0.3662 0000 0.6831 1
12 0.4857 0.8033 0.6445 4
20 0.4404 .5384 0.4804 16
21 0.4219 0.4630 23
22 0.4474 0.5718 15
23 0.3802 0.7126 10
24 0.5340 0.5183 0.5366 14
235 0.3333 0.3413 0.3373 25

grade.lt could be expected that thelevelsof each ma
chining parameter were superior to obtain abetter mul-
tiply performance characteristics.

Theresponse of thegray relationa grades associ-
ated with thelevels of each machining parameter and
the effectsof each each machining parameterswassum-
marized in TABLE 9.Thetota mean valueof thegray
relational gradeisfound to be0.5354.Pulse-ontime
has been found to have maximum effect on the
response.In addition, the response graph of gray rela-
tional gradeswereshowninFigure3.

Fromtheanalysisof resultspresentedin TABLE 9

BioTechnology — mm—
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TABLE 9: Responsetablefor gray relational grades

Machining parametars symbol Gray relations] grads

Laval 1 Leval 2 Laval 3 Lavel 4 Laval § Dalta Fank
e pulzeon time A 0.6155 0.4980 0.5077 0.5805 0.4754 0.1401 1
I:pask cum=nt E 0.4B88 0.5508 0.5543 0.5B11 0.4620 0.1323 2
Upssk voltazs c 0.5756 0.5478 0.5083 0.4068 0.5487 0.0788 3
tee-pulss-off time D 0.3486 0.5372 0.5028 0.5401 0.5484 0.0438 4

Totsl mesn value ofthe gray relational grade =0.5358

and Figure 3, the optima combinational levelsof ma-
chining parametersassoci ated with multiple performance
characteristicsfrom EDM honeycomb ringswere as
follows: pulse-ontimeat level 1(t__5.s), peak current
at level 3(1=10A), peak voltage at level 1(U=1V),
pulse-off timeat level 3(t . =75) for minimizingSRand
maximizing MRR, respectively. The EDMed surfaced
micrograph wasshown in Figure 4, the smoother sur-
faceduetolower discharge current (10A) and lower

| Bl o s (P Do el
e

3200V T 1rm x500 100um

Figure4: The SEM micrographsof GH3536 in optimum
condition

pulse-ontime (5 ps).

CONFIRMATION EXPERIMENT

Oncethe optima level of machining parameters
weresdlected, thefind stepisto predict and verify the
improvement of the performance characteristicsusing
theoptima level of machining parameters. Theestimated

grade ,, usingtheoptimumlevel of machining param-

eterscan becaculated as:

A P -
Y=Yu+ 2 ¥m)

i=1

©)

where y . isthetotal mean of gray relational grade, ;;j

isthemean of thegray relationa gradeat the optimum
level and pisthe number of machining parametersthat
significantly affects the multiple performance
characteristics.Based on Eq(6), theresults of the con-
firmation experiment using optima machining param-
eters shown in TABLE 10.The SR was reduced
from1.057 to 0.826 umand MRR was enhanced
from1.560t0 1.913 yn?/min .It was clearly presented

TABLE 10: Resultsof confirmation experiment

Initial machining paramstar:  Optimal machining paramesters
Pradiction Expsrimant
L=l ABL.D. AB:C.D; A:B:C.D
Surface roughnezs(SE) 1057 0.826
Material temoval rataWEE) 1.560 1.913
Gray relational grade 06307 0.6808 0. 7502
Improvemant of the gray rslationsl grads =0.1195
s BioTechnology
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that multiply performancecharacteristicsin EDM hon-
eycomb ring weregrestly improved through thiswork.

CONCLUSIONS

(1) ANOVA resultsindicated that the pulse-ontime,
peak current, peek voltageand pulse-off timewere
ggnificant machining parametersthat obvioudy af-
fected the multiple performance characteristicsin
the EDM honeycomb ring.Moreover, the optimal
combinationa levelsof machining parametersbased
ongray relationa grades associated with multiply
performance characteristicsin the EDM honey-
comb ring processasfollows: 5.5 pulse-ontime
(t,.), 10A pesk current (1), 1V peak voltage (U),
75pulse-off time (t off).Asar&sult, optimization of
the complicated multiple performance characteris-
ticscan begreatly smplified through thisapproach.
The corresponding confirmation testsshow that the
improvement of SR and MRR fromtheinitia con-
ditionto optima conditionis21.85%and 22.63%,

respectively.

2
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