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ABSTRACT

The effects of process time and pressure during lapping were investigated in

LEPLEMEDE iSLEME PARAMETRELERININ YUZEY PURUZLULUGUNE

1. GIiRiS

Teknolojik  gelismelerle
ozelliklerinde iyilesme ve Olgi

order to obtain better surface roughness needed in many industrial applications.
GG6 Cast steel was chosen as the test material and the specimens were lapped on a
surface lapping machine. Experiments were carried out for six different values of
time and pressure, which are the most important machining parameters for
lapping. Better surface roughness was obtained with higher pressure. The best
surface roughness values were obtained in 5 minutes lapping time.

Key Words: Lapping process, Lapping pressure and time, Surface roughness

ETKILERININ ARASTIRILMASI
OZET

Bu c¢aligmada, bir ¢ok endiistriyel alanda ihtiyag duyulan iyi ylizey
pliriizliliigiini lepleme islemiyle elde etmek i¢in lepleme zamani ve lepleme
basincinin yiizey plirlizliliigii iizerine etkileri arastirilmigtir. Malzeme olarak GG6
celik dokim secilmis ve diizlem yiizey lepleme tezgahinda leplenmistir.
Leplemede en dnemli isleme parametrelerinden olan zaman ve basincin alt1 farkl
degeri i¢in deneyler yapilmis ve yiizey piiriizliiligii 6l¢iilmistiir. Yiiksek basingta
daha iyi ylizey piiriizliiliigii elde edilmistir. Deneylerde elde edilen en iyi degerlere
5 dakikalik lepleme siiresinde ¢ok yaklasilmigtir.

Anahtar Kelimeler: Lepleme islemi, Lepleme basimnci ve zaman, Yiizey
plirizlaligi

1. INTRODUCTION

birlikte islenen yiizey

tamlig1 konusundaki

The expectations regarding exact dimensions and
improvements of machined surface features with parallel

beklentiler de artmaktadir. 1960°’1ara kadar yiizey kalitesi
icin ortalama piiriizliiliik degeri olarak 10 um yeterli kabul
edilirken, 2000’li yillarda baz1 pargalarda istenilen yiizey
kalitesi 100 nm’ye kadar diigmiistiir (1). Teknolojinin hizli
gelismesi ile birlikte her alanda olgii tamlhigr ve
kusursuzluk istegi de artmustir. Endiistrinin ihtiyag
duydugu pargalart istenilen kalitede {iretmek yeni
arastirmalar yapilmasini gerektirmektedir (2).

Tipik bir son islem metodu olan lepleme, talag
kaldirilarak islenmis yiizeylerde, yiiksek kalitede ylizey

elde etmek amaciyla uygulanan bir talas kaldirma
islemidir. Lepleme islemi, dort ana amacla
yapilmaktadir.

a- Olgii tamhg1 saglamak,
b- Daha parlak yiizey elde etmek,

to technological developments. 10 um average roughness
value had been accepted as satisfactory until 1960.
However, surface roughness values of some parts have
decreased to 100 nm in 2000 (1). Demands for exact
dimensions and perfect surface have increased with rapid
technological developments. To manufacture parts with
the quality desired by industry has required new research
works (2).

Lapping that is a finishing method is a chip removing
process on surfaces that machined earlier.

Lapping process is applied for four main purposes:
a- To provide dimensional exactness,
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c- Yiizey hatalarm
diizgiinliigii saglamak,

d- Yiizeyler arasinda birlikte calisma uyumu
saglamak (3, 4, 5).

diizelterek  geometri

Diger bitirme islemlerine gore, lepleme isleminde is
parcasini miknatish veya diger baglama kaliplari ile tespit
etmeye gerek duyulmamasi, leplenmesi gereken iki
ylizeyin ayni anda leplenebilmesi ve bu islem sonucu
parcalarda istenilen yiizey kalitesi, Ol¢ii tamlhigt ve
paralellik saglanmasi leplemenin avantajlart olarak
sayilabilir (9, 10).

Lepleme islemi ¢ok yavas ve zaman alici bir isleme
yontemi oldugu icin parametre degerlerinin en iyi sekilde
tespit edilmesi gerekmektedir (6). Lepleme iglemini teorik
olarak en iyi sekilde karakterize ederek yapmak c¢ok
zordur. Cilinkdl bu iglemi ¢ok sayida parametrenin bugiine
kadar tam anlagilamamis fiziksel ve kimyasal
mekanizmalar ile etkilemesi, lepleme iglemini ¢ok
karmagik ve stokastik bir islem yapmaktadir (7). Bu
sebeple lepleme islemini analiz etmek igin deneysel
arastirmalar yapilmasi gerekmektedir (8).

Lepleme verimini etkileyen Onemli degiskenler;
asindirict tane boyutu ve cinsi, lepleme basinci, lepleme
hizi, lepleme karigim oram1 (yag + agindiric1) ve
viskozitesi, leplenen malzemenin cinsi, lepleme zamanti,
lepleme diski ve lepleme ortamu olarak siralanabilir (8, 9).

Bu ¢aligmada, lepleme basinct ve lepleme zamanin
ylizey piriizliiligi tizerindeki etkisi arastirilmustir.

2. LEPLEME
2.1. Kullanilan Asindiricilar ve Asindirici
Hareketleri
Lepleme isleminde en yaygin olarak kullanilan

asindiricilar asagidaki gibi siralanabilir:

-Elmas, -Aliiminyum Oksit
-Bor Nitriir, -Korindon
-Silikon Karbiir -Lal tas1

-Demir Oksit - Seryum (9,11)
-Krom Oksit

Asindirict, kendisinden daha yumusak bir malzemeye
belli bir kuvvet ve hizda temas edince keskin kenarlar1 ve
sivri uglar1 yardimi ile o malzemeden kiigiik talaglar
koparabilen, kristalize ve sert maddelerdir. Caligma
sirasinda  uygulanan basing asindiricilarin - kirilmasina
sebep olmaktadir. Asindiricinin kirtlmaya karsi gosterdigi
diren¢ ¢ok fazla ise, asindiricinin keskin kenarlari
yuvarlanarak korlenir  ve kesme iglemi zorlasir.
Asimdiricinin kirtlmaya karst direnci, korlenen ucun kirtlip
yerine yeni bir ucun olusmasini saglayacak sekilde
olmalidir. Lepleme igleminde en ¢ok aliiminyum oksit ve
silisyum karbiir yapay asindirici taneler kullanilmaktadir.
Lepleme isleminde kullanilan asindiricinin  kimyasal
ozelligi de cok onemlidir. Ornegin silisyum karbiir
aliminyum oksitten daha sert olmasina ragmen,
sertlestirilmis ¢elik lepleme isleminde, silisyum karbiir,
aliminyum oksitten daha cabuk korlenmektedir. Bunun
sebebi silisyum karbiiriin ¢elik i¢inde erimesi aliiminyum

b- To obtain brighter surfaces,

c- To provide better geometry by correcting
surfaces flaws,

d- To enable surfaces work together smoothly (3-
35).

The advantage of lapping are

= there is no need to clamp parts with fixtures,
magnetic or other equipment used for other
finishing operations,

= two faces to be lapped can be lapped at the same
time,

=  higher surface roughness quality, dimensional
accuracy and parallelism (9,10).

Since lapping is too slow and time consuming, values
of parameters should be determined carefully (6).
Determining parameter values perfectly is very difficult.
Because a lot of parameters with physical and chemical
mechanism that have not been understood exactly affect
lapping. Process and make it very complicated operation
(7). Therefore experimental investigations are needed to
perform in order to analyze lapping operation (8).

Variables affecting lapping efficiency are abrasive
particle size, abrasive type, lapping pressure, lapping
speed, lapping mixture (oil + abrasive) rate, mixture
viscosity, type of material to be lapped, lapping time,
lapping disc, lapping environments and the like (8, 9).

In this work, the effect of lapping pressure and lapping
time on surface roughness has been investigated.

2. LAPPING
2.1. Abrasive Used and Abrasive Movements

Abrasives that are commonly used in lapping are as
follows;

-Aluminum oxide
-Corundum
-Garnet stone
-Cerium (9, 11)

-Diamond,
-Boron nitride,
-Silicon carbide
-Iron oxide
-Chrome oxide

When abrasive particles which are hard and crystalline
touches the material softer than abrasive, with certain
force and speed they remove small chips from the
material. The pressure applied during operation causes
particles to crack. If the resistance of particle against
breakage is too high, sharp edges of the particle become
dull and cutting operation becomes difficult. The strength
of particles against breakage should be at a certain value
so that the dull edge breaks and a new cutting edge can
appear.

Mostly, Al,O3 and SiC abrasives particles are used in
lapping operation. The chemical features of abrasive are
also important in lapping. For example, even though SiC
is harder than Al,Os, in lapping of hardened steel SiC
becomes dull faster than Al,O;. The reason of this the
melting of SiC in steel is faster than Al,O3. On the other
hand since AL,O; melts in glass it dulls faster. For this
reason SiC is used as abrasive for glass (9 - 12).
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okside gore daha hizli gerceklesir. Aliiminyum oksit ise
camda eridiginden daha ¢abuk korlenmektedir. Bu sebeple
camda agindirici olarak silisyum karbiir kullanilmaktadir
0,10, 11, 12).

Lepleme prosesinin sekil olarak modellendigi, Sekil
1’de goriilen tanecik hareketlerinde, birinci tane, talag
kaldirmayarak ve par¢anin igine dogru donerek ¢entik
agmaktadir. Ikinci tane parga iizerinde kayarak, kiiciik de
olsa keserck talas olusturur. Bu sirada bazi kiigiik
agindiricr tanecikleri daha biiyiik taneler parga i¢ine dogru
stiriikler. Asidirict taneler, baslangigta is parcasi
ylizeyinden gorece fazla talas kaldirirlar. Basing altinda
kirilan ve ufalan asindirict taneler, islemin sonuna dogru
talag kaldirmak yerine ylizeyi parlatmaya baglar (13).

Lapping process is modeled in Figure 1. In particle
movements, particle 1 notches in the part as it rotates
inwards the part without removing chip. Particles 2
removes very small chips from the workpiece sliding over
the part. In the mean time some small particles moves
bigger particles towards the inside of the part.

At the beginning abrasives particles remove relatively
more chips from the surface of the workpiece. Towards
the end of the operation instead of removing chip, broken
particles become smaller and polish the surface (13).

Lapping disk
Lepleme diski

Particle 1
Tane 1

Workpiece
Is pargasi

! / Particle 2

/ Tane 2

Figure 1. Movements of particles (13)
Sekil 1. Tanecik hareketleri (13)

2.2. Lepleme Diski ve Yaglari

Lepleme diskleri, genelde yumusak dokme demir,
bakir, piring, kursun veya seramik, kosele, sert kece veya
kumastan yapilmaktadir. Ozel durumlarda ve kaba lepleme
isleminde sert ahsap diskler kullanilmaktadir (3, 5). Kosele,
sert kege ve kumas lepleme diskleri sadece parlatma
isleminde kullanilmaktadir. En iyi lepleme diski, yumusak
ve birbirine yakin tanecikli dokme demirden yapilan
disklerdir. Dokme demirden yapilan diskler, yiikksek 6l¢ii
tamlig1 ve yiizey piriizliligi saglarlar (3, 9).

Kullanilan lepleme diski, is parcasina gore daha
yumugak olmahdir. Lepleme diskinin sert olmasi
durumunda, asindiricilar  oncelikle  lepleme  diskini
asindirir. Daha iyi bir yilizey elde etmek igin kanal
acilmamig diiz yiizeyli lepleme diskleri kullanilmalidir.
Diiz yiizeyli lepleme diskleri, parlatma ve iyi yiizey
pliriizligli  saglayan  kiigiik  asindiric1  parcalar
olusturarak ortamda tutarlar (9). Lepleme yag1 olarak,
0zel lepleme yaglari, petrol tiirevi madeni yaglar ve gres
yag1 kullanilmaktadir.

3. MALZEME VE METOD

Bu ¢alismada, diizlem lepleme tezgahi kullanilmistir.
Deney malzemesi olarak dis ¢ap1 70 mm, i¢ ¢ap 50 mm ve
kalinlig1 15 mm olan 36 adet GG6 ¢elik dokiim malzemesi
secilmis ve spektrometre cihazi ile kimyasal analizleri

2.2. Lapping Disks and Oils

Lapping disks are generally made of cast iron, copper,
brass, lead, ceramics, leather, hard felt or fabric. In some
special cases and rough lapping operations, hard wooden
disks are used (3, 5). Leather, hard felt and fabric lapping
disks are used for only polishing. The best lapping disks
are the ones made of soft cast iron with fine structure. The
disks made of cast iron provide high dimensional accuracy
and smaller surface roughness (3, 9).

The lapping disk used must be softer than the
workpiece. When lapping disk is harder abrasive
particles first wear the lapping disk. In order to obtain
better surfaces, the lapping disks with flat surfaces
cause smaller abrasives which provide better surface
roughness and polishing and they keep these particles
in the processing environment (9). Special lapping
oils, synthetic oils and grease are used as lapping oil.

3. MATERIAL AND METHOD

In this work a flat lapping machine tool has been used.
36 GG6 steel cast iron specimens with 70 mm outside
diameter, 50 mm inside diameter and 15 mm thick were
used and chemical analyses of them were made by a
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yapilmistir  (Cizelge 1). Tim malzemeler, taglama
tezgahinda Ra degerleri 1,4-1,9 um araliginda tasglanmig
ve tav firminda 950 °C sicakhiginda 30 dakika bekletilerek
suda sertlestirilmistir.

Deneyler sirasinda tezgaha ait tutucular kullanilmamus,
is pargalarin 6l¢ii ve sekline uygun fiber malzemeden yeni
tutucular yapilmistir. Deney yapilmadan o6nce lepleme
diski gaz yagi ile temizlenmistir. Deneylerde kullanilan
malzeme, cihaz ve tezgah parametreleri Cizelge 2’de
verilmigtir.

Table 1. Spectral analysis values of GG6 steel cast iron
Cizelge 1. GG6 Celik Dokiim Spektral Analiz Degerleri

spectrometer (Table 1). All specimens were ground on a
grinding machine tool between Ra values of 1,4 — 1,9 um
and after keeping in an oven at 950 °C for 30 min they
were hardened in water.

During experiments the holders belonging to the
machine tool were not used. New holders from fibers
suitable for the dimensions and shape of the specimens
were made. Before the experiments the lapping disk were
cleaned with gasoline. The material, equipment and
machine tool parameters used for experiments are given in
Table 2.

Element ( GG6) % Element %
Ko © o[ e
Silisyum ( Si) Kobalt (Co)

o 0,247 0,0195
Silicon ? Cobalt ’
N (1) R
Phosphite. 000671 | Vinadtam 0.00392
airt () 0,00332 o (W) 0,00787
Krom ( Cr) 137 Demir ( Fe ) 96.74
Chromium > Tron ’
Molibden ( Mo ) Kalay ( Sn)

0,047 . 0,0112

Molybdenum ’ Tin ’
Nikel (Ni) Antimon ( Sb)
Nickel 0,153 Antimony 0,0548

Table 2. The parameters of material equipment and machine tool used in experiments
Cizelge 2. Deneylerde kullanilan malzeme, cihaz ve tezgah parametreleri

Lapping abrasive

Tezgah basing araligy/ 0 - 758 kPa
Machine pressure range

Basing kontrolii/ Pnomatik/
Pressure control Pneumatic
Lepleme disk malzemesi/ Dokme demir
Lapping disk material Cast iron
Disk donme hiz/ 147.6 dev/dak
Disk turning speed 147.6 rev/min
Deney malzemesi/ GGo6

Test material

Deney malzeme sertligi/ 60— 66 HRC
Test material hardness

Lepleme asidiricist/ SiC F 220

Environment temperature

Lepleme yag1/ Lapping base 6948
Lapping oil

Asindirict yag karisim orant/ 1/4

Abrasive — oil mixture rate

Ortam sicakligy/ 20+1°C

Yiizey piiriizliiliik cihazy/
Surface roughness profilometer

Surftest-211 (Mitutoyo)

Olgiim say1s1/
Number of measurement

3

Literatiirdeki arastirmalarda, lepleme isleminde yiizey
plriizlilliigiine etki eden bir c¢ok parametre oldugu
goriilmiistiir. Bu parametreler; lepleme basinci, titresim

According to research works, it has been seen that there
are many parameters affecting surface roughness in
lapping. These parameters are lapping pressure, vibration
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hizi, tane boyutu, lepleme zamani, lepleme disk hizi,
leplenen malzemenin sertligi, asindirici cinsi, karigimin
orani, debisi ve lepleme karigimi kullanilip kullanilmamasi
olarak sayilabilir. Bu ¢alismada lepleme parametrelerinden
sonug iizerinde en fazla etkili olan lepleme basinci ve
lepleme zamani segilmistir. Boylece gereksiz ayrintilardan
kagmilmistir. Deneyde uygulanilan basing ve zaman
cizelgesi Cizelge 3’de verilmistir.

speed, particle size, lapping time, lapping disk speed,
hardness of the material lapped, abrasive type, mixture
rate, mixture flowing rate and using lapping mixture or
not, etc. Since lapping pressure and lapping time are the
most affective parameters on the result, they were used as
lapping parameters in this work. Thereby unnecessary
details were eliminated. The pressure and time table used
in the experiment is given in Table 3.

Table 3. Pressure and time values applied in the lapping process
Cizelge 3. Lepleme Isleminde Uygulanan Basing ve Zaman Degerleri

Basing / Pressure ( kPa) Zaman (dak.) /Time (min)
I Hazne 68.95 482.65 5-10-15-20-25-30
Container 1
11 Hazne 206.85 620.55 5-10-15-20-25-30
Container 2
III Hazne 344.75 689.5 5-10-15-20-25-30
Container 3

Lepleme karisimi homojen olacak sekilde mikserle

karigtirllarak  hazirlanmistir.  Dijital gOstergeli  saatle
lepleme isleminin  baslamasindan itibaren zaman
tutulmustur. Hazneden alinan numuneler benzinle

temizlenip oksitlenmemesi i¢in uygun sekilde muhafaza
edilmistir. Deney verilerini kullanarak bilgisayar yardimi
ile istatistiksel hesaplar yapilmistir.

4. DENEYSEL BULGULAR

Verilere uygulanan modelin agiklayicilik yiizdesi
giiciinii ifade eden R® ve bagimli degisken (yiizey
plriizliliigli) iizerinde her bir degisken icin hesaplanan
regresyon katsayisinin Onemliligi t testi uygulanarak
belirlenmistir. Bagimsiz degiskenin anlamlilik seviyesini
gosteren t degeri % 95°e gore hesaplanmustir. Varyanslarin
homojenligini test etmek ig¢in F testi kullanilmistir.
Olasilik degeri olan P sonucu; P>0,05 ise iki degisken
arasinda 6nemli iliski olmadigi; P =< 0,05 ise degiskenler
arasinda Onemli diizeyde iligki oldugu anlagilir (15).
Yapilan regrasyon analizinde lineer olmayan asagidaki
denklem bulunmustur. Istatistiksel degerler Cizelge 4.’de
denklem katsayilar1 Cizelge 5’de verilmistir.

Lapping mixture were prepared by mixers so that it is
homogeneous. The lapping process was timed from the
beginning of the process with a digital watch. The
specimens taken from the container were cleaned by petrol
and kept in a suitable environment so that they did not
rust. Statistical calculations were done by a computer
using the experiment data.

4. EXPERIMENTAL RESULTS

The importance of regression coefficient has been
determined by applying t test for R®> which define
explanation per cent power of the model applied to the
data and for each variable on the dependant variable
(surface roughness). t value which shows the meaningful
level of the independent variable were calculated
according to 95%. F test were used to test the
homogeneousness of variances. If P which is the value of
probability grater than 0,05 there is no important relation
between two variable and if P=<0,05 then it means there is
a considerable relation between variables (15). The
following non-linear equation has been determined after
regression analysis. Statistical values are listed in Table 4
and the coefficients of the equation are given in Table 5.

Table 4. Statistical values for lapping (material: GG6 steel cast iron)
Cizelge 4. Lepleme islemi icin istatistiksel degerler (Malzeme GG6 ¢elik dokiim)

Regrasyon katsayist/
Regression coefficient R?

0,963

Diizeltilmis regrasyon katsayist/
Corrected regression coefficient R%pi,.

0,948

Varyans orant/
Variance rate F

66,603

Olasilik/
Probability P

0

Ra=a+bP+cP’+d PP+e P+ f PP+gt+h ?+itt+jt*+kt [1]
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Table 5. Equation coefficients for lapping of GG6 steel cast iron
Cizelge 5. GG6 ¢elik dokiimiin leplenmesi i¢in denklem katsayilari

Sembol/ Kat sayy/ Standart sapma/ t testi/

Symbol Coefficient Standard deviation t test
a 1,714887573 0,053291259 0,0
b -0,009523102 0,004789242 0,05739
c 8,0011E-05 3,47598E-05 0,02961
d -2,90489E-07 1,07473E-07 0,01195
e 4,63247E-10 1,48862E-10 0,00448
f -2,66127E-13 7,60657E-14 0,0017
g -0,366341081 0,088777682 0,00034
h 0,05238736 0,01372515 0,00075
i -0,003368499 0,000970474 0,00183
j 9,8824E-05 3,16323E-05 0,00434
k -1,07642E-06 3,83683E-07 0,00939

Sekil 2’de verilen GG6 ¢elik dokiim malzemenin
grafiginde goriildiigli gibi lepleme islemi 5 dakikada ¢ok
iyi bir yiizey piirlizliligiine ulasmis ve 10. dakikada yiizey
piiriizliigiinde bozulma goriilmiistiir. Ozellikle 689,5 kPa
basingta, yiizey piiriizliiliik degeri zamanla dogru orantili
olarak azalmis bir siire sonra degismemis ve 30 dakikada
ylizey piriizlilik degeri artmistir. En iyl ylizey
plriizliligi 689,5 kPa basmg ve 25 dakikada elde
edilmistir. En kotii ylizey piiriizliliigi 620,55 kPa basingta
ve 10 dakikada olusmustur. Biiyiik iyilesmenin 15.
dakikada olustugu goriilmektedir.

As can be seen from Figure 2, lapping process reached
at very good surface roughness in 5 min and after 10 min
surface roughness value increased. Especially at 689,5 kPa
pressure, surface roughness decreased proportional to
time, it did not change between 20 and 25 min and it
increased at 30 min. The best surface roughness was
obtained at 689,5 kPa pressure and 25 min. The worst
surface roughness was obtained at 620,55 kPa pressure
and 10 min. Considerable improvements happened at 15
min.

2
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Surface roughness value, Ea {jm)
Tizey parizlilitk degeri, Ea {jLm)
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Applied time, t (min) / Uygulanan sire, t (min)

—* B8 9% kPa —*— 206,85 kPa

344 79 kPa —— 482 65 kPa —*— 620,55 kPa ——BBI.5kPa

Figure 2. The graph of time (t) and surface roughness (Ra) for lapping of GG6
Sekil 2. GG6’nin leplenmesinde zaman (t) ve yiizey piiriizliiliik (Ra) grafigi

Sekil 3°teki GG6 celik dokiim malzemenin basinca (P)
gore yiizey piriizliligi (Ra) grafiginde goriildiigi gibi
lepleme islemi, baslangi¢ basinci olan 68,95 kPa basingta
cok iyi bir yilizey pilriizliligine ulagsmistir. Biiyiik
iyilesme 344,75 ve 482,65 kPa basinglarda olusmus ve en

As can be seen from the surface roughness (Ra) verses
pressure (P) graph of lapping of GG6 steel cast iron, at the
beginning pressure 68,95 kPa, very good surface
roughness was obtained. Considerable improvement was
obtained at 344,75 and 482,65 kPa pressures. The best
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iyi pirizlilik degeri 689,5 kPa basingta meydana
gelmistir.  Basing  68.95 kPa’dan 206,95 kPa’a
cikarildiginda yiizey piiriizliligiinde, kiiciik de olsa bir
kétiilesme olugmasi ve en biiyiik piiriizliiliik basing 620,55
kPa olmasma ragmen, basing ile yiizey pirizliligi
arasinda dogru bir oranti1 oldugu séylenebilir.

surface roughness happened at 689,5 kPa pressure. Since
surface roughness slightly decrease when pressure
increased from 68,95 kPa to 206,95 kPa it can be said that
the relation between pressure and surface roughness is
proportional even though the biggest surface roughness
happened at 620,55 kPa.

Surface roughness value, Ra (um)
Yiizey piiriizliilik degeri, Ra (um)

0.20 A

0.00 68,95 kPa 206,85 kPa

344,75 kPa

482,65 kPa 620,55 kPa 689,5 kPa

Applied pressure, p(kPa) / Uygulanan basing, p(kPa)

‘ =5 min 10 min

15 min

—*=20 min —®—25 min —+—30 min

Figure 3. The graph of pressure (P) and surface roughness (Ra) for lapping of GG6
Sekil 3. GG6’nin leplenmesinde basing (P) ve yiizey piiriizliilikk (Ra) grafigi

4.1. Sabit Basin¢ta (344,75 kPa) Farkh Zamanlara
Gore Yiizey Goriintiileri

Sekil 4’de 10 dak, 20 dak ve 30 dak zaman dilimlerinde
sabit basing (344,75 kPa) ylizey goriintiileri goriilmektedir.
Mikro fotograflar incelendiginde serbest kalan asindirict
taneler ylizeyleri ¢izmis ve yiizey yoOnleri paralel
olmamustir. Yiizeydeki ¢izikler 10. dakikada daha belirgin
30 dakikada daha az olmustur. Lepleme isleminde

tanecikler Once talas alir ve pargalanip kiigiilen taneler
daha sonra ylizeyi parlatirlar.

4.1. Surface Views at Constant Pressure (344,75 kPa),
for Different Time.

In figure 4, surface views at constant pressure (344,75
kPa) and for 10 min, 20 min and 30 min time can be seen.
Examining the microphotographs it can be determined that
free abrasive particles scratched the surface and directions
were not parallel. Scratches on the surface took place
more at 10 min and less after 30 min. In lapping process,
particles first remove chips from the material then
particles become smaller and polish the surface.

b) <)

Figure 4. Surface views of the specimens of GG6 steel cast iron lapped at different times and 344,75 kPa pressure. a) time
10 min, Ra=0,36 pm b) time 20min, Ra=0,40 pm c¢) time 30 min, Ra=0,41 pm
Sekil 4. GG6’nin leplenmesinde farkli siirelerde 344,75 kPa basingta leplenmis numunelerin ylizey goriintiileri. a) siire
10 dak., Ra=0,36 um b) siire 20 dak., Ra=0,40 um c) siire 30 dak., Ra=0,41 pm

4.2. Sabit Zamanda (20 Dak) Farkh Basinclara Gore
Yiizey Goriintiileri

Sekil 5°de malzemelerin, 68,95 kPa, 344,85 kPa ve

689,5 kPa basinglarda 20 dak leplenmesiyle elde edilen

4.2. Surface Views at Different Pressure and Constant
Time (20 min)

When examining the optic microscope views of the
surfaces that were lapped at 20 min, 68,95 kPa, and 689,5
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yilizeylerin optik mikroskop goriintiileri incelendiginde,
diisiik basinglarda  agindirict taneler lepleme diskine

gomiilmedigi i¢in yiizeylerde derin ve rasgele cizikler
olusmustur. Yiiksek basinglarda cizikler azalmig, siyah
noktalar (malzemeye batmis agindirici kirintilari) artmustir.

kPa pressure. Arbitrary and deep scratches on the surfaces
took place since at low pressures the abrasive particles did
not penetrate into the lapping disk. At high pressures,
scratches decreased and black points (abrasives penetrated
into the material) increased (Figure 5).

Figure 5. Surface views of the specimens of GG6 steel cast iron lapped at different pressures and 20 min. a) Pressure
68,95 kPa, Ra=0,45 um b) Pressure 344,75 kPa, Ra=0,40 um c) Pressure 689,5 kPa, Ra=0,22 um
Sekil 5. GG6’nin leplenmesinde farkli basinglarda 20 dak. siirede leplenmis numunelerin yiizey goriintiileri. a) Basing
68,95 kPa, Ra=0,45 um b) Basing 344,75 kPa, Ra=0,40 um ¢) Basing 689,5 kPa, Ra=0,22 um

5. SONUCLAR VE ONERIiLER

Lepleme igleminde var olan ¢ok sayidaki parametrenin
hepsinin tam olarak degerlendirilmesi ¢ok zor ve zaman
alicidir. Bu yiizden bu ¢aligmada en Onemlileri oldugu
disiiniilen basing ve zaman parametrelerinin piiriizliilik
tizerindeki etkileri arastirtlmistir. Sonuglar kisaca soyle
6zetlene bilir.

e Basing ve zaman ile lepleme islemiyle elde
edilen yiizey kalitesi arasinda lineer bir iligki
bulunmaktadir.

e En disik basingta ve 5 dakikada yapilan
lepleme isleminde yiizey piriizliliigiinde ¢ok
belirgin bir iyilesme olmakta ve islem sonucu
elde edilen en iyi piriizlilik degerine g¢ok
yaklasilmaktadir.

e Lepleme zamaninin uzamasi durumunda kayda
deger bir iyilesme olmamaktadir. Ancak burada
leplemeye baglama sartlart g6z  Oniinde
tutulmalidir. Ne kadar iyi bir degerle leplemeye
baslanirsa sonu¢ o kadar iyi olacaktir. Kaba bir
ylizeyle leplemeye baslanirsa lepleme siiresinin
uzamasi da kacginilmazdir.

e  Yiksek basingta, yilizey piriizliligiinde
iyilesme daha hizli olmaktadir.
e  Basincin artmasi durumunda ylizey

plriizliliigiinde iyilesme olmakla birlikte bazen
asindirict taneler, ylizeyde karmasik ve derin
cgiziklerin olugsmasma da sebep olmaktadir. Bu
nedenle lepleme isleminde basing kontrolii
ylizey kalitesi agisindan kritik 6neme sahiptir.

Leplemede tane biiyiikligii de yiizey pirizligi
iizerinde etkilidir. Birim hacimdeki tane sayisi arttikga
leplemede elde edilen piiriizliliik degeri de iyilesecektir.
Bu yiizden daha iyi yiizey sonuglar i¢in asindirict sayisi
se¢imine dikkat edilmelidir.

5. RESULTS AND SUGGESTIONS

The exact evaluation of the whole parameters of
lapping process is very difficult ad time consuming.
Therefore, in this work the effects of pressure and time
that are the most important parameters on surface
roughness were investigated. The results obtained can be
summarized as follows:

e There is a linear relationship between the
surface quality obtained by lapping and
pressure applied, time spend.

e At the lowest pressure and in lapping process in
5 min, surface roughness improve significantly
and the surface roughness approaches to the
best surface roughness obtained by lapping
processes.

e  When the lapping time prolongs, there is not
considerable  improvements in  surface
roughness. The better value the lapping process
starts the better result is obtained. If the lapping
process begins with a rough surface, lapping
time last longer.

e  The improvement of surface roughness will be
faster under high pressure.

e Even though better surface roughness can be
obtained under high pressure, sometimes high
pressure causes complex and deep scratches in
the surface. For this reason, pressure control
has a critical importance in terms of surface

quality in lapping.

Abrasive size is also effective on surface roughness.
The more abrasive particles accumulate in a unit volume,
the better surface roughness can be obtained in lapping.
Therefore, the number of abrasive particles is very
important for better surface quality.
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