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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Study on optimization of input parameters when PMEDM
Cylindrical Shaped Parts SKD11 tool steel.

Code number: T2019-B33

Coordinator: Msc. Nguyen Manh Cuong

Implementing institution: Thai Nguyen University of Technology

Duration: from 7/2019 to 07/2021

2. Objectives

- The objective of this project is to study the surface roughness, the wear of
electrodes when PMEDM Cylindrical Shaped Parts SKD11 tool steel with dielectric

solution mixed with nano powder

3. Research results:

- State of the art in PMEDM processing;

- Study the effect of the input parameters on the surface roughness when

PMEDM Cylindrical Shaped Parts SKD11 tool steel with dielectric solution mixed

 with nano ﬁSWde}.
- Study the effect of the input parameters on the material removal rate when

PMEDM Cylindrical Shaped Parts SKD11 tool steel with dielectric solution mixed

with nano powder.

- Multi-Objective optimization of PMEDM process for minimum surface

roughness and maximum material removal speed when processing SKD11 tool steel.

- Publication of research results in international journals.
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Roughness and Maximum Material Removal Speed when Processing SKDI 1 d
Steel, Accepted for ICERA 2021, Scopus Q4. g

5. Effectness:
The results of the project can be used to determine the optimal input factors
when PMEDM cylindrical shaped parts SKD11 tool steel with dielectric solution

mixed with nano powder.




Chuwong 1
GIOI THIEU VE GIA CONG XUNG PIEN

1.1. Gi6i thiéu vé phuong phép gia cong xung dién

Gia-cong xung dién (EDM)(conrgoi-la-gia-cong tialda-dién) taphuongphap-———
gia cong khong truyén théng, dugc str dung rat rong rii trong nganh ché tao may dé

gia cong cac vat liéu din dién, dic biét dé ché tao khudén mau. Gia céng xung dién

str dung ngudn niing hrgng nhiét cao tir céc tia lta dién xut hién trong khe hé giita
_ phoi va dung cu dé gia cong kim loai nhd 1am néng chdy va bay hoi vt liéu. Uu |
- diém ndi bt ctia phuong phép nay 13 nd c6 the gia cong duge tat ¢d cac | & gia cb yothtcicac loai vattiea |

R . A }v\ 7 ~ . A r ~ }\ hy ~ r A r A hd 4 1 r
dan dién ke ca vit liéu c6 dd bén va dd cling rat cao, cac bé mit ¢ hinh dang phirc

fap nhu bé mat khudn dap, khuon dic... [I]. Thém vao do, gia cong EDM Khong
phu thudc vao d6 cing cila phdi va dung cu. Ngoai ra, phuong phép gia cong nay
gan nhu khong gdy rung dong, gy (ng sudt co hoc va tiéng dn trong qua trinh gia
cong [1]. Tuy nhién, phuong phép nay vin c6 mot s han ché nhu chét lugng bé mit '\.'
gia cong chua cao; ning sut gia cbng con thap va kha ning tng dung van con han

ché.

1.1.1. Lich sir ra d&i va phat trién ciia gia cong xung dién
Joseph Priestley (1733 — 1809) (Nha vét Iy ngudi Anh) 12 ngudi dau tién da
phat hién ra kha niing &n mon cia kim loai béi sy phéng dién. Tiép d6, nim 1943,

hai nha khoa hoc ngudi Nga- vo chdng Lazarenko - d3 tim ra céng nghé “Gia céng

xung drirénﬂ” hay “Electrical 6is&ha;géﬁééhining (EDM)” ~1a cﬁngngl;ésir dung
tia ltra dién d& boc tach vat lidu dan dién. Khi céc tia Itra dién phong ra, ning luong
nhiét cua cac tia ndy s€ lam néng chay va bay hoti vat liéu gia cong — tao ra béc tach
vit lidu. Qua trinh gia cong xung dién rit phirc tap do nd 1ién quan dén rat nhidu
thong s6 nhu: Khe hé phéng dién, dién ap va dong dién xung, vat liéu dién cuc, vat
liéu gia cong, chét dién mdi,...

ngay cang rong rii va ngay cang phat trién. Pic biét nhiing nim gan day, véi sy phat




trién manh mé& cua cac cong nghé mdi, sy tro gitp dac lyc cha may tinh va diéu
khién s6 CNC, cac may gia cong xung dién thua ban dau ban ty dong va khong tién

dung di dugc thay thé bdi cac may gia céng xung dién CNC. Nhiing may nay di

Mﬂ&pmmw di¢n

ching to dugc kha ning rat 16n cua minh nho didu khién chinh xac qu¥ dao, gia cong -

duoc cac vt liéu dan dién c6 dd bén va db cimg bat ky, cling nhu gia cdng cac bé

mit ¢6 hinh dang rét phirc tap.

- Dbién cyc (dong vai trd 13 dyng cu cat) c6 d6 cimg thip hon nhidu so véi vat

1*n LA

o=y Siiis i

- Vit liéu dung cu dién cyc va vt liéu phdi déu phai c6 tinh din dién tbt.

- Vit liéu phdi thuong 1a nhimg vat liéu cing va déd qua nhiét luyén nhu: thép

~trong nganh-hang-khong; lo-phan-tng-hatnhan-———————=-——=—— ——=——

d4 qua t61, cac hop kim cumng... _

- Vit liéu dién cuc thuong dung la d?)ng dé, déng thau, graphite, déng- z
vonfram, bac-vonfram...

- MBbi truong gia cong xung dién 13 mot chat dién maéi - 12 dung dich khéng
dan dién & diéu kién 1am viéc binh thudng. Dung dich dién méi thudng 1a: nuée cit,
nuéc may, ddu bién thé, dau hoa...

1.1.3. Kha ning cong nghe cua gia cong xung dién
- Phuong phdp gia céng xung dién co thé gia cong dugc cac bé mit ¢ hinh
dang phic tap nhur: bé mit céc 18, hoc phtc tap nhu cac 16 dinh hinh, cac khubn rén,

khuon dép... cling nhu cac chi tiét c6 d6 bén, do cung rht cao (chi tidt may st dung

- B& mat chi tiét duoc gia cng bang phwong phép EDM c6 thé dat d6 nhém
Rg= 0,63um khi gia cong thoé va Rg= 0,16pm khi gia cdng tinh. D chinh xac kich

thude gia cong vao khoang 0,01mm. Khi gia cong bang cic may khoan xung dién
c6 thé dat d6 chinh x4c dat dén 0,0025mm.
- C6 thé gia cong nhiing vat liéu dan dién khé gia cdng ma cc phuong phép

gia cdng truyén théng khé hodc khéng thé thuc hién duoc nhu: thép da toi clng,

thép hop kim kho gia cong, hop kim cung...




1.2. Cac phwong phap gia cong tia lira dién

C6 hai phuong phép gia cong tia lira dién chii yéu 1a: phuong phap gia cong
xung dinh hinh (sink EDM) va phuong phép gia cong cét day tia lira dién (WEDM).

1.2.1. Phwong phip gia cong xung dinh hinh

Phuong phip gia cong xung dinh hinh 1a phuong phap dung cac dién cyc da

duoc tao hinh sdn dé in hinh ctia n6 18n bé mét phdi. Phuong phéap nay thudng ding

dé ché tao bé mit cac khudn ¢6 hinh dang phitc tap nhu khudn ép dinh hinh, khuén
ép nhua, khudn dic p luc, 16 khong théng. ..

1.2.2. Phwong phap cit day tia lita dién
Gia cOng cat day tia lira dién (WEDM) 13 phuirong phép diing mdt diy dan dién |

¢6 duodng kinh nho -thuong 0,1-0,3 (mm) — chay lién tuc va chay theo mét bién dang
dinh trude d8 tao thanh mot vét cit trén phoi. Phuong phép ndy thudng ding dé gia
cdng céc 13 thong subt ¢6 bién dang phirc tap nhu: 18 trén khubn dap, 16 trén khudn )
ép, 16 khuodn duc 4p lyc... Bén canh d6, né con duoc ding kha réng rai dé ché tao
cac chi tiét co bién dang rat phirc tap va doi hoi d chinh xéc cao nhw céc dién cuc ]
diing cho xung dinh hinh, cac 15 sau va chinh xac, cac rinh hep, rinh hinh bét ky,
céc dudng kiém. ..
1.3. Nguyén ly cuia gia cong xung dién

So dd nguyén 1y clia gia cong xung dién duge mo ta trén hinh 1.1. Trong gia

cbng ndy, dién 4p mét chidu (80V — 200V) duoc dit vio vao gilta dién cuc va phdi

dugc ngam trong dung dich céch dién (hay dung dich dién méi). Khi dién cuc va phdi
duge dua sat lai ghn nhau dén mot khoéng céch dii nhé thi xuét hién sy phong tia lia
- dién. Tai viing phong dién, nhiét do tang 1én rat 16n (khoang 10.OOOOC) lam nong chay
va bay hoi vt liéu cla ca dién cuc va phoi. Qua trinh nay co6 thé giai thich qua 2 budec:

Budée 1: Panh thing dung dich dién méi: O giai doan nay do dién trudng trong

khe hé gifia dién cuc va phéi di 16n (khoang 10% V/mm) lam ion hoa dung dich dién

mio1 va bien no thanh dung dich dan dién.




Tia Itra dién é .

N J6ga Chitetgiacong (9
B4 tao xung 1 chieu

Hinh 1.1. So dé gia cong xung dién [2]

Buwoc 2: Khi ning luwgng tap trung du 1on, xuat hidn mot dong dién do sy
chuyén dich clia c4c ion va dién tir trong dung dich dién moi. Dong dién ndy goi la
kénh dan dién. Kém theo 13 sy xuft hién coa céc tia lira dién do hién tuong ion hoa )
ménh liét cia dung dich dién méi. Nang Iugng nhiét do tia Ira sinh ra rét 16n - 1am
xuét hién hé 16m trén bé mit dién cuc va phoi. Khi nay, ngu&“)n dién duoc ngét dot
ngdt 1am cho tia lira dién bién mét. Pdng thoi, dung dich tir ngoai trin vao kénh dén
dién do sy chénh 1éch ap sut tao ra tiéng nd nhd va lam héa rén hoi vét liéu thanh
cac oxit kim loai. Sau d6 nguén dién duoc cung cép lai va céc tia lira dién lai xuét
hién. Qua trinh ¢ nhu vay ldp di lap lai lam kim loai duoc boc tach.

1.4. CAc thong sb ciia gia cong xung dinh hinh

_ _t+)Diénap:

Dién ap phéng tia lra dién (Ue): 13 dién ap trung binh trong sudt qud trinh
phoéng dién. Ue phu thude vao vat lidu dién cuc/phdi. Pién ap duoc cung cép boi
ngudn cung cép dang xung. Thoi gian ngit ngudn dién 13 khoang thoi gian cén thiét
dé dung dich dién méi c6 thé khéi phuc lai trang thai khéng din dién ctia n6 va sén
sang cho xung gia cong tiép theo. Néu thdi gian nay khong ¢ hodc qua ion s& lam

dung dich dién moi ludn & trang thai din dién. Dan t6i tia lia dién phat trién thanh

——hbd-quang-s&-giy hong bé mit chi tiét va dién cuc. —




+) Phin cuc clia di€n cyec:
Viéc phéan cuc cho dién cyc mang gia tri &m hodic duong c¢6 anh hudng truc tiép
dén viéc hinh thanh chidu chia dong dién sinh ra va qua trinh hinh thanh va ning
~luong ca tia ltra dién. C6 hai kiéu phan cyc cho dién cyer Dién cye duge phancywe |

am (phuong phap phan cuc thong thudng), dién cuc dugc phan cuc duong (phuong

phép phan cyc nguoc).

+) Cwdong do dong dien:
Cuong d6 dong phdng tia ltta dién (Ie) 14 gid tri trung binh ctia dong dién tir khi

bét dAu phéng tia [ira dién dén khi ngit dién. Khi bit dau phéng dién, dong dién ting

]r ]!\l il\ .é' 3 :\ ]-:\

tir 0 dén Ie kém theo su boc chay kim loai. Nguoi ta cho rf:ing Ie 13 nhén t6 anh hudng

cong. Thong thudmg khi Ie ting thi hwong boéc tach vét liéu téng va dé nham bé& mat
gia cong cling tang.
+) Thoi gian phat xung (Ton) va thoi gian ngirng phat xung (Tyg):
M3i chu ky xung (te) duoc xac dinh bai hai théng sb 13 thoi gian phét xung va
thoi gian ngiing phat (ngét) xung; théi gian ndy dugc tinh béng mircro gidy. Hinh
1.2 md t2 mdt chudi dong dién xung dién hinh véi thoi gian phéat xung va thoi gian

ngit xung va dong dién xung.

T/g ngat
Déng dién a—

Dang dién cwe dal
I S S SO Sy R u.ﬁg%ta_.;Dﬁﬁg_d[é'[TtrUrfg—bmh___'—___7——
Tiy
— déng —
|.._..| ‘+ Mét chu trinh -1 - Thoi gian

Hinh 1.2. Chudi dong dién xung dién hinh trong gia cong xung dién [2]
Thoi gian ngimg phat xung (T,g) 14 khoang thoi gian giifa hai 1an déng ngt

cua may phat giira hai chu ky phong tia ltra dién ké tiép nhau. T, c6 anh hudng rat

~——1én-démrTugng hét vat lidu. Ty cang 16n thi lugng boc tach vét liu cang nho va -




nguoc lai. Do @6 cin chon T, di nhé dé c6 thé dat mot lwong boc tach vat ligu toi
da.

+) Téc d9 bée tach vat ligu:

0.7 - 1
0.6 O Téc 46 boc tach | S

'E ‘ B D6 nham bé mat Jos o

ng 0.5 : <

04 -10.6 £

5 12" 2

o] 0.3 Jou ‘%

;§ 0.2 1> 2

g 04 102 &

2 i

[—.

Aluminum __ Stes| G-Cr  Copper Carbide  Graphlte

15% CO

Chi tiét gla cong

Hinh 1.3. Téc dé boc tdch va nhdm bé mdt khi xung [3]

Trong gia cong xung dién, tdc do boc tach vat lidu phy thude vao nhiéu théng
sb nhu vat ligu phdi, vét lidu dién cuc, chit dién moi, tinh phan cyc cta dién cuc
yv... Téc @9 béc tach khi xung thudng tir 0,1 dén 0,6 cm?/ph. Hinh 1.3 biéu din tdc
@5 boc tach va nham bé mat khi xung mét sb vat ligu khac nhau:

+) D6 mon dién cye:

D6 mon cua dién cuc gidm di khi thoi gian phat xung ting. Nguyén nhin do
mét dd cac dién tir tap trung & bé mit phéi (cuc duong) cao hon nhidu 14n so véi mét

d6 ion duong tap trung ti bé mat dung cu (cuc 4m), trong khi mrc d6 ting ctia dong

vl

Y 7

dign i rat 160~ T
+) Bé miit gia cong xung dién:

B& mit gia cong xung dién duoc tao béi vo s6 cac ho bi bin pha béi cac tia lira
dién. Cac hé nay phan bé ngiu nhién trén b8 mat gia cong va c6 chidu sau tir 2 dén
4 pm. Chét luong bé mit gia céng phy thudc vao ning lwong cla cac 1an phéng dién.
Ning lugng phong dién 16n s& tao céc hd sAu va din dén d6 nham gia céng kém.

Do nhiét do khi phong dién rit cao (khoang 8000 dén 12000°C) nén 1am thay

31 16 chirc 16p b mat gia céng. Trén bé mit gia cong tdn tai mot 16p mong kim loai
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— 16p dic lai c6 @b diy tlr 1 dén 25 um. Mét phan kim loai néng chay do khéng bi
cubn trdi khoi ving gia cong nén d3 b t6i cimg va tao nén 16p bé mit rét ctrng. Chiéu

sau 16p thim t6i nay tir 50 dén 200 pm. Céc ving anh hudng nhiét cia 1op bé mit

chi tiét khi gia cong xung dién duge biéu dién trén hinh 1.4.

_J_, buc lai 1-40 pm

SRR TN ' g . ain .
gfﬁf%%ﬂ*figa oAy - Bién otmg 200 kM
. =25 t,,,.fTham téi 200 um
= T I""LS""\\-/I n ' —1=

Hinh 1.4. Ving dnh hudng nhiét khi gia cong xung dién [2]

1) Khe ho phong dién:
Pé c6 thé duy tri qua trinh béc tach vt lidu on dinh, cin phai duy tri khe ho

B rr/)

gitta dién cyc va phdi véi mot khoéng cach cén thiét.

+) Dang song xung:

Séng xung ¢6 dang hinh chit nhat (Hinh 1.2) 13 loai dugc st dung phd bién
nhét trong cic may xung. Bén canh d6, hién nay xuét hién mot sé may phét xung tao
ra xung dang hinh thang (Hinh 1.5). Loai xung ndy c6 anh huwdng rat t5t dén viée

giam hao mon dién cyc.

Déng dign . Dong dién cyc dai

Néang
hreng
1 phong

dién

Dang dién trung binh

» Théi gian

Hinh 1.5. Séng xung hinh thang [2]
1.5. Dung dich di¢n moi

Trong gia cong xung dién, dung dich chét dién méi 1a yéu t6 khong thé thicu

38 cothé taora sy boc tach phoi va van chuyén phoi ra khéi viing cit. Dung dich

dién m6i ¢6 nhiém vy:

|



- Nhiém vu chinh ciia dung dich di¢n méi la cach dién gitia hai dién cyc (gilta
phéi va dung cu -dién cyuc), ion hda, lam nguéi va van chuyén phoi;

. - Chét dién mdi khéng nhimg déng vai trd 13 méi truong tao ra sy phéng dién

ma con anh hudng dén ning suit va chét luong gia cong;

- Sau mot thoi gian gia cong, frong dung dich dién mdi c¢6 [An c4c hat phoi.”

Diéu nay gy ra anh hudng khéng t6t cho qué trinh gia c6ng nhu ngén mach dong

dién. Cu thé, hydrocacbon - chii yéu dung cho phwong phép gia cong xung dinh hinh.

Loai ndy gom c6: Parafin, dau khoang, cac din xuét ctia xing. Nirde khty khoang: chit

yéu dung cho phwong phép gia cng cong cat day.

+) Lwu théng chit dién mbi:

- angcg
=+ Ghi 1ié1 gia cong e

u;tntti;i

§ Chi tiét gia oo =
pod cng — =
= 'E : ~ Chi it gia cong
(c) (d)
Hinh 1.6. Cdc kiéu heu théng chat dién moi [2]
I ] ~ ] ~ j‘ ? Ar 9 ] ] ? ] r if\ - ﬁ h) ] ~ l ] : - "~ V

xung dién. Mét sé nguyén tic lwu thong chét dién mdi nhur sau:

18




-~ Nén luu thong qua 1ong dién cyc;

- Luu théng nhiéu 15 nhé tét hon luu théng mdt 18 to;

- Nén tao dong chdy 6n dinh bao trim 18n ca dién cuc va chi tiét gia cong;
- Néntranh c4c diém chét; cdc ham éch.

M5t s6 so do luu thong chat dién moi thong dung dugc thé hién trén hinh 1.6.

1.6. Két luan chwong 1

Gia cdng tia lra dién 13 phwong phap gia cong khéng truyén théng dua trén
. hiéu ‘g dn mon xung dién cia tia lira dién xuét hién gitta hai dién cyc. Phuong ‘
*ﬁh@gﬁc&ngnéycéﬁhiétkﬂtk&iémrﬂ%&céfhégi&eéﬁgté%c?teéwat%iéufdéﬁéién;i§

khong phy thudc d6 cimg ciia dién cyc ciing nhy chi tiét; c6 thé gia cong cac chi tiét

va chét luong gia céng thdp. D& ning cao ning sudt, chat lugng gia cong ciing nhu

han ché mai mon dién cuc, ngudi ta tron cac bt kim loai c6 kich thudce rat nhé (co
micro hodc nano) vao dung dich dién méi. Phuong phap nay goi 1a gia cong xung

dién co tron bdt (PMEDM) — s& dugc trinh bay cu thé hon & phin sau.

Y 0‘”
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Chwong 2
TONG QUAN VE GIA CONG XUNG PIEN CO TRON BOT

_2,1.Tong quan vé gia cong xung dign c6 trén bot o o

- ———— Do gia cong xung ditn ¢é tronm bot (PMEDM) cénhidurundidmnhu-dénéud — - ——
chuong 1 nén cho dén nay da c6 nhiéu nha nghién ciru quan tdm dén dang gia cong

ndy. Céc nghién ciru tip trung vao cac bién phap ning cao niing suét béc tach, ting

chit luong b& mit cling nhw gidm d6 mon cia qua trinh gia cong. Cu thé nhu sau:

M
A r A ¥ ~

duroc thuc hién trong lith viee PMEDM. Bén canh d0, co ché gia cong, cac van dé

hién tai, img dung clia dang gia cdng nay cling dugc thdo luédn trong nghién ctu nay.

Viéc tron bt vao dung dich dién méi tao diu kién cho viéc phong tia Iira dién
dé dang va lam ting kich thwdc khe hé phong dién so voi EDM khéong cé bot [5].

Thém vao d6, hién tuong phéng dién giita cac hat kim loai (bdt) dén dén sb luong

tia lira dién ting nén cuwdng do ctla ching s& b giam va do 1am ting s vét 16m bé
mat gia cong nhung nhung dudng kinh va chidu sau vét 1dm lai giam. Diéu nay din
dén tri sb nham bé mit gia cong giam [S]. Viéc tron bdt vao dung dich dién
mdi khong chi tao ra bé mit gia cong dbng nhit ma con ngin can sy xudt hién hién
tugng phéng ho quang dién tai mot vai vi tri. Kich thude khe hd phéng dién phu
thudc vao nfing do bot, loai bot va mot sb thong s6 khéc [5].

Cac yéu cAu dbi véi bdt trén vao dung dich dién méi trong PMEDM nhu sau:

- —.__Cékhaning din dién va din nhist t5t, khong bihoda tan, khbi lugng riéng khéng qua— —_
16n... Céc tic gia trong [6] d3 dua ra s§ lidu thdng ké (trong khoang 1981+2015) vé
murc do str dung cac loai bdt trong nghién ctu PMEDM.

Kich thuéc bbt 13 théng sb c6 anh hudng rdt manh dén cac chi tiéu chét
lugng cia PMEDM. Kich thuéce bot khéng chi anh huwong dén MRR, TWR, Ra ma
con tic ddng dén chidu day 16p bé mit bi thay ddi do nhiét xung gdy ra [7]. Kich
thude bdt c6 dnh hudng khéc nhau dén kha ning gia cong cia PMEDM va théng sb

——nay-thudng-duge lua chon theo chi tiéu danh gié trong nghién ctr. Kich thude t6i —
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uwu cua bét trong PMEDM phuy thudc nhiéu vao yéu t6 nhur: hinh dang bét, vat liéu

bdt,... va cho dén nay con it két qua nghién clru dugce cong bd vé van dé nay [6].

Crushed glass g'e\ B

Ti02
TiC

SiC ST ARl
S PLOST SBT3 TI03 06
Al . ';:‘-: ” 75 ,-"r| |.:§:*.‘| 1':;:f] [ ] |}F'] .
Sl o] 1] {2151 {01] 1921 [91] 194 (09 {4

Popularity among investigations (%)

Hinh 2.1. Luogng stk dung cdc loai bdt trong PMEDM [6]

Ndng d6 bét khi tron vao chit dién méi trong PMEDM anh huéng dén hidu quéa
va sy 6n dinh trong PMEDM. Viéc ting ndng d6 bot s& 1am ting kich thude khe ha
phong dién va s luong tia lira dién. Pidu nay s& lam tdng nang sut va chét lwong
gia cong [8]. Tuy nhién, khi ndng d6 bdt qua 16n s& gay ra hién twong ngin mach,

1am phéng hd quang va gy ra su mét bn dinh trong PMEDM. Gia tri t6i wru ciia ndng

do bot phu thude vao kich thude, vat liéu, hinh dang... ctia bot [6].

Trong [9] d& nghién clru qué trinh PMEDM khi gia cong thép SKD61, SKD11
va SKT4 véi tron bot titan vao dung dich dién mdi. Nghién ciru nay di sir dung
phuong phap Taguchi va phan tich phuong sai d& x4c dinh anh hudng ctia cac thong
s6 qué trinh dén tdc 46 boc tach vat lidu (MRR). Cac thong sd qua trinh duoc xem

xét trong nghién cltu nay gom vat liéu dién cyuc, vat liéu phdi, d6 phan cuc dién cuc,

— . thoi_gian bét xung, thoi glan tht xung, cuong do dong dién va néng d6 bot titan. Két

qud nghién ctru chi ra rang dong dién, vat liéu dién cuc va nong do bdt 1a nhitng
21




thong sb quan trong nhét 4nh huong dén MRR. Nong d6 bt 20 g/l lam ting MRR
1&n 42,1%, so v&i gia cong khong bdt. Hon nita, gia tri t8i wu cia MRR duge xéc
dinh 14 45,734 mm3 / pht [9].

©—Trong [10] d& tién hanh khao sét 46 nham bé mat, toc do loai bo vatliduvakha — = |

nang chong in mon trong PMEDM vt [idu da kim y-TiAl Két qua clia nghién ctru
nay ciing cho thiy, kha ning chéng in mon ctia cic mau duoc gia cdng bing dién

cuc graphite va crém gap khoang hai dén ba 14n so v6i miu khi gia céng EDM khéng

co bét.

tach vat [iéu (MRR) va d6 nham bé mit (SR) khi PMEDM thép EN-8. Trong nghién
ctru nay, phwong phép bé mit dép img (RSM) di duge st dung dé 14p ké hoach va

phén tich céc thi nghiém. Dong dién trung binh, chu ky lam viéc, dudng kinh dién
cuc va ndng d bot micro-niken cho vio chét 1éng dién mdi cia EDM d4 dugc chon

1am cac thong sb dau vao dé nghién ctru PMEDM vé MRR va SR.

4

; 5 ; 7

Trong [12] da bao cao vé nghién clru ty vé€ ning suat boc tach vat ligu (MRR) i

va tdc 46 mon dién cye (EWR) khi PMEDM ctia cacbit vonfram va coban (WC-Co). \
N

Loai vét liéu nay dugce st dung rong réi lam vit liéu dac kim loai hinh thanh, rén,
dhic ép va dbc 4p lyc cao. Phuong phap bé mit dap tng (RSM) dd dugc sir dung dé
1ap k& hoach va phén tich cac thi nghiém.

Kich thwéc, tinh chét cia bt va loai dung dich dién méi déng vai trd quan trong
khi PMEDM [13]. Két qua nghién ctru ciing cho thiy viée trén bot nano C vao dung

— — —dieh-dién-méi d4 lam ting dang ké kich thude khe hé-phong-dién; nang-sudt pia-céng,———— —

d6 ciing té vi va d6 bén mai mon cia bé mit gia cong, dong thoi lvong mon dién
cuc giam, Kich thude, dic trung cla bdt va loai dung dich dién mdi dong vai tro
quan trong trong PMEDM [13]. K&t qua nghién ctru trong [5] cho thdy kich thudc
khe hé phéng dién phuy thude vio ndng d6 bot, kidu bét va cac théng sb cong nghé
khac. Theo d6, ting ndng d6 bot lam kich thude khe hd phéng dién ting theo. Tuy

nhién, ndng d6 bdt ting qué gidi han cho phép s& 1am kich thudce khe hd khéng ting

--—ma-co-thé-lamxuat-hién cac hién tugng: Ngan mach, sut ap, dung mdi bi qua nhiét... —

Kich thudc bt 14 thong sd ¢6 anh hudng 16n dén qué trinh PMEDM. N6 khong chi
22




anh hudng dén the d6 boc tach vat lidu, dd mon dién cyc, dd nham bé mit gia cong
ma con anh hudng dén chidu day 16p b& mit bj thay dbi do nhiét xung gy ra [14].

Anh huéng ctia cac loai bdt khac nhau dén qua trinh gia cong cling d3 dugc @& cip

dén trong [4]. Thém vao d6, mirc d6 st dyng céac loai dung dich dién méi nhu dau

xung, nuée khir ion, hdn hgp khi ga va dau khi PMEDM ciing di duoc khao sat
trong [6].

Viéc trén

vn
4 ]l\l]

b& miit ¢6 dd bén mon cao hon so Vi gia cbng bing EDM [15].

A A
22 ketluanchwong 2

T cac phén tich néu trén, viéc tron bdt nano vao dung dich dién mdi khi xung

cho phép khéc phuc duge mét s6 nhuoc diém cua gia cong xung dién, ning cao dwoc
niing suit va ting chit luong bé mit gia cong,. Vi nhitng ly do d6, cho dén nay nghién
clru v& gia cong xung dién st dung dién méi ¢ trdn hat nano di va dang trd thanh
muyc tiéu clia nhidu nghién ctru. Tuy nhién, nghién ctru v& PMEDM khi xung cac chi
tiét gia cong cé dang tru dinh hinh hién con chua c6 nhidu cdng cong bd.

Trén thuc t€, cé nhiéu chi tiét & dang try dinh hinh nhu chay dap thudc vién
dinh hinh, chay d6t 13 thép tdm dinh hinh vv... C4c chi tiét nay thudc dang chi tiét
khé gia cong, dic biét khi chiing c6 hinh dang bit ky hay con goi 13 c6 bién dang

- ——dinh hinh-(nhu-chay dép thudc vién hintr Bé-ré=mon; hinh ke xoong; clhiy d6t 18 =T
thép hinh cac loai vv...). Céc chi tiét dang ndy cho dén nay trén thé gioi thudng duoc
gia céng bing phuong phap phay téc d6 siéu cao (micro milling). O nuéc ta cac chi
tiét ndy thudng dugc gia cong bing phuong phap ngudi nén ning suit va chét lugng
gia cong thip. Do vy, gia cong bing phwong phép xung dinh hinh ngirge (xung tao
ra chi tiét gia cﬁng cd dang tru dinh hinh - nhu trén d& néu) 1a mgt hudng kha thi

cao. Dic biét, niing suét va chit luong xung loai chi tiét nay c6 thd dwoc cai thién tét

niéu sit dung PMEDM.
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Gén day, & nudce ta da co mot vai nghién ciru vé€ xung dinh hinh nguoc dé gia
cong chay dap vién dinh hinh v&i viée st dung dién cuc bang dong [16] va dién cuc

graphite [17]. Tuy nhién, nhu &4 néu, cho dén nay chua c6 nghién ctu nao vé

~— PMEDM khi xung chi tiét tru ¢6 bién dang dinh hinh 1am bing vat lidu 13 thép dung

T&i wu hoa qué trinh gia céng xung dién chi tiét try c6 bién dang dinh hinh 1dm bing

thép SKD11 v6i dung dich c6 tron bt " 14 cép thiét.

N AN
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Chwong 3

THU'C NGHIEM XAC PINH ANH HUONG CUA CAC THONG SO
CONG NGHE PEN PO NHAM BE MAT KHI XUNG THEP SKD11

SU DUNG DUNG DICH PIEN MQI TRON BOT SiC

'3.1. Myc dich thi nghiém

- X4c dinh duge anh hudng cia céc thdng sé cong khi xung dén dd nham bé

miit chi tiét gia cong khi xung thép SKD11 sir dung dung dich dién méi tron bdt SiC.

- D& xuét ché dd cong nghé xung hop 1y khi khi xung vat liéu SKD11 bing dién

) b AJ A r - W.
cuc 14 dong d6 nham dat 46 nham bé mit nhéohat. |
I - Cl » » I

3.2. Setup thi nghiém
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Hinh 3.1. So dé thi nghiém
1) Bé chika; 2) Chi tiét gia cong; 3) Dién cuc, 4) Cdnh khudy; 5) Nam chdm
- bién cuc xung: ddng dé (hinh 3.2);

- Dung dich dién mdi: ddu xung HD-1 ;

- Bt nano : SiC vai cac kich thudc 100nm, 500nm va 1000nm ;

- Chi tiét gia cong: SKD11 (hinh 3.2); thanh phén ciia thép cho trong bang 3.1;

-May xung: may CNC Sodick A30 (hinh 3.3);
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Bdng 3.1. Thanh phén héa hoc ciia thép 90CrSi

Mac thép

Thanh phan hoa hoc (%)

Si | Mn

Ni

Cr

Mo

W

 SKD11 |

(.4 max|-0.6.max_

0.5 max

11.0~13.0

0.8~12

0.2~056

< (.25

Hinh 3.2. Dién cwec va chi tiét gia cong

¢

i

LA/ S TN oW

Hinh 3.3. May xung Sodick A30
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3.3. Phwong phap quy hoach thwe nghiém

Phuong phép Taguchi dugc sir dung cho thiét ké thi nghiém ndy. Phuong phap

ndy c¢ho phép xéc dinh duge anh hudng ciia nhidu théng sé diu vao dén gia tri trung
—bintrota két qua dhura véisb hwong thi nghiém nhé nhét, thot gian vachi phiftnhat———= |
~—Déng thoi xéc-dintrduge céc théng sé-anhhuéng manhmhat dén-cac ket qui-daura; - - —
tir @6 dua ra nhitng thtr nghiém tiép theo va loai bé nhitng thong s6 ¢6 anh hudng
khong dang ké (anh huéng yéu). Muc dich 13 diéu chinh c4c théng s6 dén mirc i

wu dé qua trinh/san phém on dinh ¢ muc cht [ugng t6t nhét. Do do phuong phap
Taguchi cho phép sir dung it thi nghiém nhé’i‘_c dé nghién ctru anh huong cia cac thong

7 7 solenmotdac 1 AdUOC Ia CNOoN Nao a0 cua mot qud Tt/ Sarn phna.

chéng tim duge céc gia trj t6i uu nhanh nhat. Viéc thiét ké thi nghiém theo Taguchi
duoc tién hanh theo so d6 hinh 3.4

! Xic dinh chc yéu td |
¥
[ Xac dinh ditu kién thir nghiém |
Giai doan 1 . B
| [ Xac dinh vi kiém xodt cic yéu 16 giy nhidu | R
A
[ ThiBt k& che ma trdn thue nghiém | E
vy ~.
—— Xic dinh cdc thi tyc phan tich dit lisu | H
¥
| Tién hinh thiét ké thi nghiém |
Giai doan 2 ]
[ Phan tich dit lidu (phan mém) |
Giai doan 3 !
‘ | Dur dodn higu suit |
3
Sir tae Sy tuong Xéc dinh Phén tich Hiéu auﬂ:l
ddng clin tic gitta cde | | cde mike SN trong diéu
Lung yéu yéu to lien (0 wue kién fua
td (jtian chon
Giai dogn 4 :
[ Thyre nghiém xéc nhinhop 18 |
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Téc gia chon 6 thong sb diu vao bao gdm néng 46 bot (Cp), c@ hat (Sp), thoi
gian phat xung (To.n), thoi gian nging phat xung (Tof), cudng d6 dong phong dién
(IP), hiéu dién thé khe hé phéng dién (SV) dé danh gia anh hudng ciia ching khi gia

"~ cong PMEDM dén @6 nham b& mat. Cac thong s6 va cac mirc durge thé hién frong
~ bang 3.2. Setup thi nghiém dugc thé hién trén hinh 3.1.

Bang 3.2, Mirc va cdc thong so dau vao

Ky DPon Cac mirc ciia yeu {0
TT Thong s6 du vio hiéu vj I > 3 4 5 5
1  Nbngd6 bot Cp g/l 0 2 3 4 5 6
— 2 Cdhat S, pm _]00___500 1000 - - .
3  Thoi gian phdt xung Teoa s 10 20 30 - - -
4  Thai gian ngimg phéat xung Torr ps 10 20 30 - - -
5  Cuwodng d6 dong phong dién IP A 4 8 12 - - -
6 Hiéu dién thé Servo sV \' 3 5 7 - - -

Téc gia sir dung so d6 thi nghiém thiét ké theo phuong phéap Taguchi d& nghién
ctru anh hudng cia céc thong sé ché d6 xung (thoi gian phat xung, ndng d6 bdt nano,
thoi gian ngimg phat xung, cudng d6 dong dién va hidu dién thé servor) ¢én d6 nham
b& mit chi tiét gia cOng vai vt liéu l1a thép dung cy SDK11 b‘e“mg dién cuc dé“)ng co

tron bdt SiC vao dung dich dién moi.

Str dung Minitab R19 d& thiét k& Taguchi L18 (1°6x5"3) k& hoach thi nghiém
nhu bang 3.3. Tir bang nay, 18 thi nghiém vé&i 18 ché do xung khéc nhau da duogce

tién hanh. P& ting d6 chinh x4c, mdi ché d6 thi nghiém dugce tién hanh 13p 3 lan.

Bdng 3.3. Ké hoach thi nghiém theo thiét ké Taguchi L18 (1°6x5"3)

a1

A ]

1 fao R

il

Thong 6 ddu vao Ra (pum)

T, S Tw T IP SV Triall Trial2 Triald eat SN

1 0 100 10 10 4 3 2285 2130 1405 1.94000 -5.9226
2 0 500 20 20 8 5 2315 23% 2749 2.48467 -7.9305
3 0 1000 30 30 12 7 3.321 2,802 3459 319400 -10.1206
4 2 100 10 20 8 7 2047 1972 2010 2.00967 -6.0635
5 2 | 500 20 30 12 3 1.634  2.698 2279 220367 -7.0309
6 2 1600 30 10 4 5 1,180  1.247 1290 1.23900 -1.8672
7 3100 20 10 125 2437 2345 _ 2,146 230933 _-7.2817

8 3 500 30 20 4 7 .12 1.181 1.076  1.12567 -1.0345

28




9 3 1000 10 30 8 3 2202 2134 2230  2.18867 -6.8051

10 4 100 30 30 8 5 2736 2034 2397 238800 -7.6264
11 4 500 10 10 12 7 2004 1776 1.751 1.84367 -5.3302
‘ 12 4 1000 20 20 4 3 0935  1.023 1.135  1.03100 -0.2925
13 5 100 20 30 4 7 2193 1.649  1.709 1 85033 -5.4196 )
45 500 30 10 B 3 2064 2267 2675 23353 74181 7
1s 5 1000 10 20 12 5 1.121 1379 1.132  1.21067 -1.7023
16 6 100 30 20 12 3 3234 2420 28348  2.83400 -9.1074
17 6 500 10 30 4 5 1.148  1.142 1417  1.23567 -1.8846
18 6 1000 20 10 8 7 2613 2288 2815 2.57200 -8.2363

Phuong phap Taguchi sir dung ty s6 tin hidu/nhiéu (signal-to-noise) S/N Ty s6

— S/N: Thinghiém cb gié tri ty s6-S/N cao nhit s8 cho két qua tbiwa it bidnh hudng |
boi nhidu nhit. Ty s6 S/N diing dé xac dinh mirc cho két qua dau ra t61 wu. Ty sb

S/N cia céc két qua dau ra duge xac dinh nhu sau.

L

- Phén tich bai toén: Trong qua trinh t&i vu héa bai toan tinh ta ¢6 thé sir dung

3 hé 56 (S/N) twong tmg véi cac trudng hop sau:
+ Nhoé hon 1d t3t hon
S/N = -10 Log;o [MSD] :

MSD — Téng binh phwong trung binh ciia céc gid tri do.

2 2 2
MSD:yl +y2+"'+yn
¢

Cong thirc trén thrdng duoc sir dung trong c4c trrong Nop Xuat ien cac hien
tuong khong mong nhu: cac khuyét tat, sai sb... ma tri s I tudng 13 bing khéng.
Ngoai ra khi gia tri i tuoéng 1la mot tri sd hitu han va mot gia tri 16n nhit hodic nhoé
nhét dugc xac dinh boi k, tiép theo sy khac nhau gifta gia tri do va gia tri li tuong dy

kién s& cang nho cang tot. Va hé s6 S/N s8 trg thanh:
S/N=-10 Logm [MSD]

llﬁh=(y| _k)2+(y7_k)2+"'+(yn —k)2
7i e
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+ Lén hom 1 tét hon:
S/N =-10 Loglg [MSD]

MSD — Téng nghich dao binh phuong trung binh cia céc gia tri do.

T*yz
MSD=y1 2 yn

+ Gid tri danh nghia 13 tOt nhat:

S/N=-10 L0g10 [MSD]

_ 2 7_: 2 7: 2
fm’SD=(y] m) +(y2 m) +"'+(yn m)
n

m — Gia tri muc tiéu.

Trong moi trudng hop, ty sd S/N cang 16n thi dic tinh nhin dwoc cang tét.
Phuong phap thue nghiém Taguchi do khéng st dung toan bd céc td hop thi nghiém

nén khong dua ra duge mdt con s6 chinh xac vé anh hudng cua mdt thong s6 diu

vao nido d6 dén két qua dau ra ma chi mang tinh chét dinh huéng.

L W L S N |

-
=

Mic du vy, bing viéc danh gia qua ty s S/N gitip nhitng nha céng nghé biét

1

-
iy

xu hudng va mirc d6 anh hudng cua timg thong s6 cong nghé dén két qua dau ra. Tu

11

c4c nhan bibt ndy s& gitip c4c nha nghién ciru nhanh chdng tim ra céc théng sb cong
nghé va pham vi can tic dong ¢ nhan dugc hidu qua dau ra tét nhat. Trén co s
danh gid anh hudng riéng 1& cac thong s6 ¢ thé tim ra duoc t6 hop cc thong sb

c¢Ong nghé to1 uu cho két qua dac tinh diu ra mong muon.

Trong nghién ctu nay, tri sb clia ti sb S/N cua dic trung tri 6 d0 nhdm bé mat
Ra dugc xé4c¢ dinh 1a: Nho hon thi tét hon.
3.4. Phén tich va danh gia qua thi nghiém
Dé danh gia anh hudng clia cac théng sd dau vio dén nham bé mit. Phuong
phép phan tich ANOVA dugc sir dung trén phdn mém Minitab 19, véi ham muc tidu
]‘], 1}. ul‘]')]}’\]\r’\ ];’\:
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§/N=-10log,, [lny]
L

Két qua phén tich ANOVA dugc mé ta trong bang 3.4 cho thdy: IP c6 anh
huong 16n nhat dén Ra (49.99%), tiép d6 13 1an tugt anh hudng ctia ndng d6 bot C, B

(17.91%); c& bt S, (10.02%), thoi gian ngimg phat xung Tor(9.89%), thoi gianphat -
xung Ten (5.97%) va anh hudmg it nhit 13 dién 4p SV (4.83%). Phan trim anh huong

Bang 3.4. Két qua phaén tich (ANOVA) dnh hedng clia cdc théng s6 dau vao dén ti

A
T — WV

Analysis of Variance for SN ratios

Source DF SeqSS AdjSS Adj MS F P C (%)
Cp 5 27087 27087 5417 57150777 71791
Sp 2 15152 15.152 7576 7.20 0.122 10,02
, Ton 2 9030 9.030 4515 4.290.189 5,97
Toff 2 14959 14959 7479 7.100.123 989 E
Ip 2 75.591 75591 37.796 3590 0.027 49,99 ]E
S5V 2 7298 7298 3649 347 0224 4,83 LJJ
Residual 2 2106 2106  1.053 §
Error 139 4
Total 17 151.222

Model Summary

S R-Sq R-Sq(adj)

1:0261-98:61%—88:16%
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Anh hudng ctia cic thong s& dau vao dén ti s6 S/N (%)
'Residual Error | -
1% . Cp
R t“lla%i

|

Sp
/ 10%
i
Ip - Ton
503 6%

»aCp aSp aTon =Toff wip &SV wResidual Error

Hinh 3.5. Mizc d¢ anh hudmg ciia cde thong sO ddu vao dén ty sé S/N ciia Ra (%).

Thit ty anh hudng cta céc thong sé diu vao duge md ta cy thé trong bang 3.5.
Bdng 3.5: Thit ty dnh huomg cila cde théng sé ddu vao dén SIN

Response Table for Signal to Noise Ratios

Smaller is better
Level Cp Sp Ton Toff ip sv

1 -7.991 -6.904 -4.618 -6.009 -2.737 -6.096

B
2 -4.987 -5.105 -6.032 -4.355 -7.347 -4.715 g
3 -5.040 -4.837 -6.196 -6.481 -6.762 -6.034
4 -4416
5 -4.847
6 -6.409

e S e S

Delta 3.575 2.066 1578 2.126 4.610 1.381

Rank 2 4 5 3 1 6

Ti bang 3.5 cho thiy tha tu theo muc d anh hudng cia cac thong sb dén S/N 14n

11.1'01'. lé. IP, Cp, Toff, Sp, Ton VE‘[ SV
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Main Effects Plot for SN ratios

Data Means

.Ep : Sp Ton BUUONINN X = | RO TN | - IRV WD

Mean of SN raﬁcs

sj\

02 34 %6 W0 %o 00 W 2 30 W 2 30 4 8 12 3 5 7T

- Signal-to-noise: Smaller is better

Hinh 3.6: Anh hudng ciia cdc thong sé dau vao dén ti s6 SIN

Biéu d6 hinh 3.6 mé ta anh huéng cla cac thong s6 dén tri s6 S/N, véi muc
tidu nham bé mit cang nho cang t6t s& tmg vai tri s6 S/N cé gid tri cang 16n. Trong
hinh 3.6 cho thdy anh huéng ciia céc théng sb nay qua cac mirc, cu thé: i véindng
dd bot C, cho thdy viéc thém bot phy gia vao qué trinh xung 13m giam déng ké nham
bé mit thé hién 15 qua két qua Ra cao nhat & mirc C, = 0 va giam khi thém bot phy
gia, quan sat biéu db cho thiy khi C, ting tir 2 dén 4% thi Ra giam, nhung néu tiép
tuc tang C, dén 5 va 6% thi Ra lai ting. Kich c& hat cfing ¢ 4nh huéng dang ké toi
Ra v&i xu hudng khi kich c¢& hat tang thi Ra giam tuy nhién khi ting c& hat 500 dén
1000 nm thi Ra giam khong dang k&, Véi tri sb thoi gian phat xung thi v6i Toq cang

g L g

N

tdng 1am cho nham bé mit ting. Po6i vai thai gian nging phong dién Toff thi nham
bé& mit ting khi Tog ting tir 10 dén 20 ps nhung Ra giam khi Toff tiép tyc ting tir 20
dén 30 ps. Véi cudong d6 dong dién cuc dai thi nham bé mit nhod nhét khi IP & mirc
thip 4 (A), TP ting tir 4 dén 8 A 1am Ra ting, tiép tuc ting IP thi Ra gidm nhe. Pién
ap khe ho phong dién SV cho thiy Ra giam khi SV ting tir 3 d¢én 5 V nhung Ra lai
tang khi t1ep tuc tang SV tir 5 dén 7V. Nhu ham muc tidu d3 dé ra & trén, dé dat duoc

16m nhit tne véi time thong sb ddu vao.

Tir bidu dd hinh 3.6 ¢6 thé x4c dinh dugc bd thong sb ché d6 cong nghé gia cong
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xung dinh hinh ngwoc cé tron bot hop ly cho tri s6 Ra nho nhét trong nghién ciru

nay nhu trong bang 3.6.

Bdng 3.6. Ché dg xung PMEDM hop Iy

‘M—-_'I'_-T—-‘if--—_-Thﬁng'séﬂﬁ!ijs‘u_r-'~-' ----~-];Ig;~- ;})o'n_'vi-‘é **Ml'r__c’téi*lr}r"*'W'Gi_éf-tri-téiﬂru" e e
1" | Nong do bot Cp ol 4 4
51 Go hat Sp nm 3 ~ 1000
3 | Thoi gian phat xung Ton ps 1 10
4 | Thoi gian ngig phét xung Tor s 2 200
5 Cudng d§ dong phong dign P A S
6 | Hiéu dién thé Servo sV A% 2 5

Gid tri nham bé mit g vdi bd théng sb coéng nghé hop 1y dugc tinh toan dya

trén phwong phép du dodn bing cach sir dung phan mém Minitab 19. Két qua tinh

toan nhu trong bang 3.7.
Bang 3.7. Két qua dw dodn nhdm bé mdt Ra vmg vGi b6 thong s6 toi wu )3-
3
Settings ‘
Variable Setting /P
Cp 4 ;:
Sp 1000
Ton 10
Toff 20
Ip 4
sV 5
Prediction
Type Fit SEFit CIDF 95%Cl PIDF 95%PI
Conditional 0.593 0.181 290 (0.004, 233 (-0.447,
1.181) 1.632)

Nhu vay qua két qua du doéan trong bang 3.7 cho thay nhiam bé mit Gng véi

bd théng s t6i uu dd tim duge cia md hinh thuc nghiém da dé xuét 13 0.593 pm.

Véi mirc tin ciy 1a 95% thi két qua nham bé mat dat duge cd thé xuat hién trong
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khoéng 0.004 dén 1.181 pm. Do d6, 95% nham bé mat dat duge tng voi bd thong

s6 t6i vu nho hon 1.181 um.

3.5. Danh gia m6 hinh thye nghiém

MB& hinh thyc nghiém duogc d4nh gia qua céc bidu 45 phén bd sai sb nhutrong

hinh 3.7
Conditional Residual Plots for MEAN1
Normal Probability Plot Versus Conditional Fits
99 0.2
/' » [ ]
L - _ -
S 95 . S—o1 — . - _
/ . = . .
'E 1«1: [ —— .'!.v!.v a U
g 50 g . . [ ] [ ] *
a :% 0.1
10 & *
1 : !
02 01 0.0 04 0.2 10 15 20 25 20
Conditional Residual Fitted Value
Histogram Versus Order
s A
' Tg <
0
3.6 @
4 g
5 24 E y
c 3 f
= 3 A
0.0

2 4 € B 10 12 14 1 18
Chbservation Order

. 0.0
Conditional Residual

Hinh 3.7. Cdc biéu d phdn bé ddnh gid sai 56

. .___—"ﬁr_biéu_dé“)_tmng_hjnh3_.7_c_6_thé_théy:_tmng_bjélLdS_phé_rLb_é_sai_sé_phéthéi.

chuén, céc sai sb cia cac didm thi nghiém tGng véi cde diém mau xanh trén bidu db
nim sat véi dudng phan phdi chun (nét 1idn méu dé) ching t6 muwc sai 1éch 1a rat
nhé. Biéu b Histogram bién thi tan sudt xudt hién sai sb cho thy céc sai sb xudt
hién trong khoang -0.1 dén 0.1 chiém ti 1& 16n. O hai biéu d con lai cho thdy su
phan bé ngdu nhién ciia cac sai sé thi nghiém cé nghia 12 md hinh da x4y dung chiu

anh hudng phan 16n béi céc théng sd ddu vao d3 lya chon va khéng bi anh huéng

bithirtw che thinghibm— - — - - oo o oo oo oo o]




Mirc 4 phu hgp cia m6 hinh thyc nghiém va bé thong sb b1 uu nhén duge
kiém tra qua phuong phap Anderson-Darling bing phin mém Minitab 19 trong hinh
3.8.

Probability Plot of MEAN1

L T T T T NG 93 T T T e e T T

Mean 2.000
Sthev  0.6259
N 18
AD 0.425
P-Value 0283

3
hY L4 by I “

Hinh 3.8. D6 thi xdc sudt vé mikc do phi hop ctia mé hinh thuc nghiém doi voi Ra X
. 1

Quan st bidu dd hinh 3.8 cho thy cac dit liéu Gng v6i cac diém thi nghiém ;

(chm miu xanh) d8u nim trong viing giéi han béi 2 duong gidi han trén duéi véi
murc y nghia 95%, ddng thoi gid tri P 12 0.283 16n hon gia tri a = 0.05, diéu ndy chi

ra ring mé hinh thirc nghiém d3 4p dung 14 pht hop véi mire y nghia trén.

3.6. Két luan chwong 3

Chuong nay da nghién ciru thyc nghiém énh hudng cia céc tham sé diu vao

cta qua trinh PMEDM dén d6 nham bé& mit chi tiét gia cong c6 bién dang tru dinh

hinh. Trong nghién ctru nay, su thong s6 ddu vao bao gém néng d6 bot, c& bot, thoi
gian phat xung ding, thoi gian t4t xung, dong dién xung va dién ap xung di duoc
lyra chon cho qua trinh khao sat. Bén canh do, bt silicon carbide véi 3 loai ¢& hat

da dugc dung dé trén vao chét dién moi; thép hop kim dung cu SKD11 qua téi dugc

chon 1am vét liéu phdi. Thi nghiém duge tién hanh voi a i it ké

va tién hanh dya trén thiét ké tryc giao L18 (1"6x5™%). Tir két qua phén tich ANOVA,




mot md hinh t8i vu cho thdi gian xung khi PMEDM d duoc dé xuét va két qua kiém

chiing béi so sanh két qua thi nghiém va tinh toén 12 dam bao.

B% thong s6 t6i vu nhdm giam Ra d&n mirc nhd nhit dugc thé hién trong bang

3.6. D& nham bé mit cua chi tiét gia céng nhan duoc nhod hon thi t6t hon thi ché d6

SV =5 V; Két qua & bang 2.7 cho thdy Ra ting v6i b théng s6 tdi wu da tim duoc

6 the dat dém 07593 [im pim




Chuwong 4

THY'C NGHIEM XAC PINH ANH HUONG CUA CAC THONG SO
CONG NGHE PEN NANG SUAT BOC TACH VAT LIEU KHI XUNG

THEP SKD11 CO TRON BOT TRONG DUNG DICH PIEN MOI

© 4.1. Muyc dich thi nghi¢m

X4c dinh duge anh hudng cla cac thong sé cong khi xung PMEDM dén ning

suét boc tach vat lidu (MRS) khi xung thép SKDI1.

Pé xuét ché 49 cong nghé xung hop 1y khi khi xung vét lidu SKD11 béng dién

,fﬁicu&déngnhémﬂm@gsué{lbér tach cao nhét.

4.2. Setup thi nghi¢m

Gidng nhu chuong 3
4.3. Thiét ké thi nghi¢m

Pé dénh gid anh hudng ctia cac théng sb cdng nghé khi xung chi tiét tru bién
dang dinh hinh vt liéu thép SKD11 c6 tron bot dén téc do boc tach vat 1iéu, 6 thong
s& cong nghé xung cb trdn bdt bao gdm: ndng dd bot (Cp), kich c& hat (S,), thoi gian
phat xung (Ton), thoi gian ngimg phat xung (T.s), cudng d§ dong dién xung (IP) va
dién ap khe hd phong dién (SV), duge dua vao khao sat voi cac mire khao sat duoc

mo ta trong béﬂg 4.1.

Bdng 4.1. Cdc théng s6 dau vao va cde mike khdo sdt

— - Ky Pon Cac mure khio sit

TT Thongsb-dau-vio higu Vi : > > 1 s Z
1  Nbng dd bot Cp g/l 0 2 3 4 5 6
2 Cohat Sp nm 100 500 1000 - -
3 Thoi gian phat xung Ton s 10 20 30 - - -
4 Thdi gian ngimg phat xung Tost us 10 20 30 -
5  Cubng d6 dong phong dién IP A 4 8 12
6  Hitu dién thé Servo Y v 3 5 7

Véi 50 bién dau vao va cadc mirc khao sat nhu trén bang 4.1 thi so béc tu do
cta mé hinh thi nghiém la 15. Ma trén thi nghiém dwgc thiet ké dya trén cac mirc

khao sét cia cdc bién va st dung phuong phép quy hoach thuc nghiém Taguchi véi

thist k& L1 (1"°%5"%) dam bao s6 thi nghiém 16n hon s6 bac tr do. Phan mém minitab —~




R19 dugce stra dung dé thiét k& ma tran thi nghiém. Trinh ty khai bao bién thi nghiém

nhu hinh 1.

Ma trin thi nghiém va két qua do tdc d6 boc tach vat lidu duge md ta trong bang 2.

Bing 4.2. Ma trdn thi nghiém va két qud

5 Exp. Inpﬁt Parameters | | j
"No .Cp Sp Ton | Toff | Ip SV MRS (gl) = Mean SN
{0 100 10 104" 3. 98773 | 98773 . 19.8928
2 0 500 © 20 20 s 50160979 160979 | 24.1354
370 1000 | 30 30 12 7 49.6445 49.6445 - 33.9174
A 5 106 10 20 g 7 67254 . 67254 165544
ST 2 500 200 30 12 3 158857 | 158857 240201
L6 2 1006 30 10 4 5 419831 : 419831 | 324615
TFTU3 0 100 . 200 10 1205 0 7324869 324860 302342
—8——3——500 30— 2047 12.4249 124249 218858
93 1000 10 30 3 118259 11.8259 - 21 4567’"'
0 4 100 30 30 8 .5 28.2703 282703 | 29.0266
14 50 10 10 12 7 8.1986 8.1986 = 182748
120 471000020 0 200743 52888 52888 144672
13775 oo 20 | 30 4 7 5.3288 53288 . 14.3327 Y
) : ol
14 .5 500 . 3 . 10 83 15.1998 15.1998 | 23.6368 3
[ : : [ . r
L1505 1000 0 10 20 125 7.3727 73727 | 17.3525 3
16 6 100 30 120 12 3 30.8676 30.8676 | 29.7901
1706 5000 100 30 405 0 56500 56500 - 15.0409
TI8T6 1000 200 10 |87 5.2931 52931 144741
TaguchiDesign ‘ X
l')'penfDes'gn' ...... R
{24 piel Drsign.. (23] fadars) - - ePasinme s A%
P JiesdDaiin - (2ln 13 factrs) e D
:- :ﬁz:x ::::zf;:z; -Iiul"ls_'j"_;:_Le_a-l_gis:"Cplumn.s.: :Leve'ls:i\c:Ms: _. :
:("Eﬂuvd@ (ZIoBGfacmrs) tig 3:% 5:3 Taguchi Detign: Faztors ;
',!i-mbuoffac 8 v L1g 43 2~ 3 Fedgifedas .
gl TR s

Level Valoés

| Cofumn; Leve] A

Q22456

Hinh-4-L_Trinh-tukhai bdo_bién_thi nghiém._ ..
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4.4. Phan tich va danh gia két qua thi nghi¢m
D& danh gia anh hudng clia cc thong sb diu vao dén tdc dd béc tach vat licu.

Phuong phép phén tich ANOVA duge st dung trén phén m&m Minitab 19, véi ham

muyc tiéu 1a tde d6 boc tach vat lidu 16m nhét 13 tot nhat:

S/N=—1010gm[lzl2)
h

=1 Yi

Két qua phan tich ANOVA dugc mé ta trong bang 4.3 cho thay: Ton c0 anh
huéng 16n nhét dén Ra (49.13%), tiép d6 13 anh huéng cua C, (19.16%), IP

(14.97%), SV (9.40%). To (3.14%) va S, (1.96%). Phén trim anh huéng cla cac

théng sb nay ciing dugc mé ta trong biéu d6 hinh 4.2.

Analysis of Variance for SN ratios

Source DF SeqSS AdjSS AdjMS F P C(%)

Cp 5 139.23 135.23 27.847 3.410.242 19.16 p
Sp 2 1421 1421 7.103 0.870.535 196 73
Ton 2 356.98 356.98 178.488 21.85 0.044 49.13

Toff 2 2280 22.80 11.399 1400417 3.14 \
Ip 2 108.80 108.80 54.402 6.660.131 14.97 3
SV "2 68.27 6827 34136 4.180.193 95.40

Residual 2 16.34 16.34 8.168

Error 2.25

Total 17 726.62

Model Summary

§ R-Sq R-Sq(adj}

2.857997.75%  B0.89%

40




Residual ErrorT
2%

Anh hwéng clia cic théng s8 dau vao dén S/N (%)

EE l t_g_ qﬁ’ i,‘ 7 l l ? ? r EA A zg b i)\' Es £ g:a[ ? ﬂﬂRS Caé!'

Th tw anh hudng cia cdc théng sé diu vao dwoc md ta cu thé trong bang 4.

Bang 4.4 Thit t dnh hudng ciia cde théng s6 dau vao dén SIN

Response Table for Signal to Noise Ratios E
Larger is better
Level Cp Sp  Ton Toff Ip SV C}
1 2598 23.34 1810 2316 19.71 22.21 ;é
2 24.35 21.17 2031 20.70 2155 2471
3 24.53 2235 2845 23.00 25.60 19.94
4 20.59
5 18.51
6 19.77
. Delta 7.47 217 1036 246 5838 477
Rank 2 6 1 5 3 4

Tir bang 4.4 cho thiy thit ty theo mirc d6 anh huéng cla céc thong sé dén S/N
14n lugt 13 Ty, Cp, IP, SV, Togr va S,
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Main Effects Plot for SN ratios
Data Means

4] ip i Ton O A N A . AU

j
28 . : [

Mean of SN ritios

/
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Stgrof-tonoise; targer is tretter

Hinh 4.3. Anh huomg cva cdc théng sé ddu vao dén ti s6 SIN

Biéu dd hinh 4.3 mé t3 anh hudng cta céc thong sd dén trj s6 S/N, véi myc
tiéu MRS cang 16n cang tbt s& tmg véi tri s6 S/N ¢6 gid tri cang 16m. Trong hinh 4.3
cho thay anh hudng cia céc thong s6 ndy qua céc mic, cu thé: Dbi voi ndng do bot
Cp cho thdy viéc thém bot phu gia vao qua trinh xung lam gidm déang ké tdc dd boc
tach vat lidu, & mirc ndng d6 2 dén 3g/1 thi MRS giam it, khi ting C, tir 3 dén 5 g/l
thi MRS tiép tuc giam sdu va ting nhe & ndng d6 6 g/l. Kich ¢& hat cfing ¢6 4nh
huéng khong dang k& téi MRS véi xu huéng khi kich c& hat ting tir 100 dén 500
um thi MRS gidm tuy nhién khi ting c& hat 500 dén 1000 nm thi MRS ting. Véi
thoi gian phéat xung thi véi Ton cang tang lam thi MRS cang ting day cling la thong
$6 c6 anh hudng 16n nhét t6i MRS. D6i vai thoi gian nglmg phong dién Togrthi MRS

M TE LA

=

/in W4

giam Khi T tang tir 10 dém 20 s mhumg MRS ting kin Top tip tuc tamg tir 20 dén
30 us. Véi cuong dé dong dién cuc dai [P cling ¢6 4nh hudng tuong tu nhu Ton, khi
IP ting t muc 1 dén mic 3 ciing 1am cho MRS ting. Pién ap khe hd phong dién
SV cho thdy MRS ting khi SV ting tir 3 dén 5 V nhung MRS lai giam khi tiép tuc
tang SV tir 5 dén 7V. Nhu ham muc tiéu d& & ra 6 trén, dé dat dugce tde do boc tach
16n nhét, thi gi4 trj S/N 16n nhét ting véi timg théng s6 dau vao. Tir biéu ¢ hinh 3

c6 thé x4c dinh duge bd thong s6 ché d6 cong nghé gia cong xung dinh hinh ngugc

¢6 tron bot hop 1y cho tri s6 MRS 1én nhat trong nghién ctru ndy nhu trong bang 4.5.
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Didu ndy c6 nghia 14 tdc d6 boe tach vat lidu & ché do xung khéng tron bot 16n hon
khi trén thém bot phu gia, nguyén nhan c6 thé do bot phu gia 1am phén tan dong dién

xung va gidm nang lugng xung.

Bdng 4.5. Ché dp xung dinh hinh nguoc hop Iy dé dat MRS I6n nhét

1T Thong s8 dau vao higz Pon vi Mirc t8i wu Gia trj ti wu

1 | Ndng d6 bét C g/l 1 0

2 | C&hat Sp nm 1 100

3 -| Thoti-gian phat xung - Ton s -3 30

4 | Th¥igian ngirng phat xung Tott LLS 1 — 16 I
5 | Cudng 86 dong phdong dién P A 3 12

6 Hiéu.dién thé Servo SV V 2 5

Gi4 tri MRS ting véi bo théng sb cong nghé hop Iy dugc tinh toan dua trén phuong
phap dy dodn bing cach sit dung phdn mém Minitab 19. Két qua tinh toén nhu trong

béng 6. =
o
Bing 4.6. Két qua di dodn tée do béc téeh vat liéu MRS ving véi bo thong s6 hop by g
Settings 4 ,
\(
Variable Setting -
Co 0 b
Sp 100
Ton 30
Tof 10
Ip 12
A 5
Prediction
Type Fit SEFit CIDF 95% Cl Pl DF 95% PI

Conditional 38:11 5.29 6.93 (25.56,50.65) 4.52 (11.81, 64.41)

Marginal 17.13 7.49 2.65 (-8.60,42.87) 4.98 (-26.56, 60.83)

Nhu véy qua két qua du dodn trong bang 6 cho thly MRS tmg vdi bd thong

s6 hop 1y d3 tim duoc cta md hinh thue nghiém da dé xuat [a 38.1T (g/h). V&I mic
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tin cdy 13 95% thi t6c d6 boc tach vat lidu Gmg véi bd thong sb trén b thé xuat hién
trong khoang 25.56 (g/h) dén 50.65 (g/h) cao hon nhidu so voi tée do boc tach vat
lidu trung binh ciia quy hoach thuc nghiém dé khéo sat. Do d6, 95% t6c do béc tach

vat 1idu dat dugc vng voi bo thong 6 hop 1y cao hon 25. Sﬂgh)

4.5. Panh gia mo hinh thl_rc nghu;m

M hinh thyc nghiém duoc dénh gia qua céc bidu dd phan bb sai s6 nhu trong

hinh 4.4,

& 10 *
- §
£ p [
) Z _ T ooles_ R N
& 2 . . i
& 9 .
10 . . / . 3 ~ Y [ ]
/ 10
T : - i
20 10 0 1 20 10 20 30 40 B
Conditional Residual Fitted Value _E
(a) (b)
Histogram Versus Order U
' : 8|
T
Y
J

Frequency
Conditional Residual

0 5 10 2 4 6 8 W 12 14 16 8

Conditional Residual Observation Order

diz i

- Hinh 4.4. Cdc biéu do phdn bé danh gid sai s6
Hinh 4.4 biéu dién céc biéu db phén b sai s6 ¢ danh gia mé hinh thue
nghiém. Tir hinh nay cé thé thdy, cac sai s6 clia cac diém thi nghiém (cac diém méu
xanh) trén biéu dd phan b sai s6 phan bd chuén (Ilinh 4.4a) nam gin véi duong
phan phdi chudn (nét lién méu do). Piéu dé cho thay mirc sai 1&ch nhé. Bén canh dé,

biéu db Histogram (Hinh 4.4c) bidu thi tan suét xuét hién sai sé cho thdy céc sai s6

~ xuAthién trong khoang 14n c4n 0 chiém ti 18 16n. O hai biéu dd con lai (Hinh4.4bva |

4.4d) cho sai sb thi nghiém phan b nglu nhién. Nhu thé ¢6 nghia 13 mé hinh thi
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nghiém chiju anh huéng phin 16n béi céc thong sb ddu vao da lua chon va khong bi
anh huong bai thi ty cac thi nghiém.

Probability Plot of MRS
Lognormal - 95% Cl

9
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Hinh 4.5. D6 thi xdc sudt vé mire @6 phit hop ciia mé hinh thwe nghiém doi véi MRS
Mirc d6 phu hgp clia mé hinh thye nghiém véi bo thong s6 tdi vu nhan duoc
kiém tra qua phuong phép Anderson-Darling bdng phan mém Minitab 19 (Hinh 4.5).

Tir hinh 4.5 ¢6 thé thiy ring cic didm sb lidu ting véi cac diém thi nghiém (chdm

= T e~ bYH

mau xanh) déu nam trong vung giéi han boi 2 dudng gidgi han trén dudi véi mic y

nghia 95%. Thém vao dé, gia tri P (0.207) la 16n hon gié trj o = 0.05. Piéu d6 cho

e |

phép cb thé két ludn ring mé hinh thye nghiém d3 4p dung Ia phi hop véi muc y

nghia trén.

4.6. Két ludn chwong 4

Chuong nay tac gid di nghién ciru thye nghi€ém anh hudng ctia cac tham sb
dAu vao clia qua trinh PMEDM dén ning sut boc tach vat 1idu khi PMEDM céc chi
tiét dinh hinh. Trong nghién ctru ndy, séu théng sé dau vao bao gdm thdi gian phat
xung, néng dd bot, cd hat, thdi gian tit xung, dong dién xung va dién &p xung da
dugc lua chon cho qua trinh khéo sat. Bot silicon carbide véi 3 ¢& hat dd dugc dung

& tronvao chit didnmoi; thép hop kim dung cu "quatoi do cung 58-60 HRC |
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duoc chon 1am vat 1iéu phoi. Bén canh do, thi nghiém véi 18 13n chay d& duogc thiét

ké va tién hanh dua trén thiét k& truc giao Lis (1°%x5™3).

Tir két qua phén tich ANOVA, mt théng sb tdi wu cho niing sut béc tach vit

ligu khi PMEDM da dugc dé xust. Cy thé: C,= 0g/l; S, = 100nm; Top = 30 pis; Torr

-~ =10ps; IP=12 A va SV =5V. Vi b thong sb tbi vu dua ra tée dd bée tach vat lidu

c6 thé dat dén 38.11 (g/h). K&t qua kiém chimg béi so sanh két qué thi nghiém va

tinh toan 1a dam bao.

S o == lcil
- -

=)
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Chwong 5
THU'C NGHIEM XAC PINH ANH HUONG CUA CAC THONG SO
CONG NGHE PEN NHAM BE MAT (Ra) VA TOC PQ BOC TACH
VAT LIEU (MRS) KHI XUNG PMEDM THEP SKD11

— 5 Muyc-dich thinghigm———— —— —————— =~ ——

Xac dinh, dénh gia dugc anh hudng cla cic thong sd cong khi xung PMEDM
dén ddng thoi ¢4 tri s6 nham bé mit va tde @6 béc tach khi xung thép SKD11.

Be xuét ché do cong nghe Xung horp ly dé dat dong thoi tri s6 d6 nham bé mit
ha nhi hig s i thch 16 e o en

UUIlg UU .

5.2. Setup thi nghiém

Gibng nhu chuong 3
5.3. Phwong phap quy hoach thye nghi€ém
Pé danh gid anh hudng cha céc thong sb cong nghé xung dinh hinh ngugc c6
tron bt dén nham bé mit (Ra) va tée dd boc tach vat lidu (MRS). ndng d6 bot (C,),
kich c& hat (S;), thoi gian phat xung (Ton), thoi gian nging phat xung (To), cudng

= e o by

do dong dién xung (IP) va dién ap khe hd phong dién (SV), duge dua vao khao sat

[\NAN

véi cac mure khao sat duoc moé ta trong bang 5.1.

Badng 5.1. Cdc théng sé dau vao va cdac mirc khdo sdt

PR Ky Pon Cac mire khio st
TT Théng so dau vao hiéu vi N > 3 1 5 6
- 1—Nong-d6-bét Cp g/l 0 2 3 45 6
2 Cdhat Sp nm 100 500 1000 - -
3 Thei gian phat xung Ton us 10 20 30 - -
4  Thoi gian ngimg phét xung Tote Ms 10 20 30 - - -
5  Cudng d§ dong phéng dign IP A 4 8 12 - - -
6 Hiéu dién thé Servo SV \ 3 5 7

Ma trdn thi nghiém dugc thiét k& dua trén cdc murc khdo sat ciia cac bien va

st dung phuong phéap quy hoach thuc nghiém Taguchi véi thiét k& Lo (3™). Phén

mém minitab R19 dugc stta dung dé thiét k& ma tran thi nghiém véi trinh tu khai
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béo bién thi nghiém nhu hinh 1. Ma trén thi nghiém, cac k&t qua do nham bé mit

trung binh va tdc d3 béc tach vét liéu trung binh duge mé ta trong bang 5.2.

Bdng 5.2. Ma trdn thi nghiém va két qud do

Exp Input Factors . ~Raf{pm) | MRS(gh). _ _|_ _ _ _ __
‘No. ["cp] sp [Ton [ Toff [ Ip" | sV | Mean | SN | Mean | SN
1 0 100 10 10 4 3 1.94000 -5.9226 9.8773 19.8928
2 0 500 20 20 8 5| 2.48467 -7.9305 16,0979 | 24.1354
3 0] 1000 30 30 12 71 3.19400 | -10.1206 | 49.6445 | 33.9174
7 pJ 100 T0 20 3 T 200967 %.0635 67254 | 16.5544
5 2 500 20 30 12 3| 2.20367 -7.0309 15.8857 | 24.0201
6 2| 1000 30 10 4 5 1.23900 -1.8672 | 419831 32.4615
T k) 100 20 10 12 51 230933 |° -7.2817 | 324869 | 30.2342 ~
8 3! 500 30 20 4 71 1125671 -1.0345| 124249 | 21.8858 | ;
9 3| 1000 10 30 8 3| 2.18867 -6.8051 1T1.8259 | 21.4567
10 4 100 30 30 8 51 2.38500 -7.6264 | 282703 | 29.0266
11 4 500 10 10 12 71 1.84367 -5.3302 8.1986 | 18.2748
12 41 1000 20 20 4 3 1.03100 -0.2925 5.2888 | 14.4672
13 5 100 20 30 4 7 1.85033 -5.4196 53288 | 14.5327
14 50 500 30 10 8 3| 233533 -7.4181 15.1998 | 23.6368
15 51 1000 10 20 12 5 1.21067 -1.7023 1.3727 17.3525
16 6 100 30 20 12 3| 2.83400 -9.1074 | 30.8676  29.7901
17 6 500 10 30 4 5 1.23567 -1.8846 5.6500 15.0409
18 6| 1000 20 10 8 71 2.57200 -8.2363 5.2931] 14,4741
2y
Taguchi Design X |t Taguchi Design: Design X | Taguch Desians Foctors % }
: R I Ty e ?mwri_w!__ﬁ:«?@ o >
(3 3 faterd) :;..“::m‘::m:., 7 T
@13 fotosy ST e ; bl
£ A4 gvel Design . . - (2 tp.5 factors) . . LEE T hin s 3 /]
£ BdevelOasign. o (ZWo6fackors). ol i B o o 39
7~ phked Covel Dosin {2 1 26 fahorsy T s L T : TN “
L N !‘:-Wa:;@alfac_tqurdmmkd-anagtgjsm_ : o :
Mumber of factors: {4 v S LT ; R
s mgeslgns o | [t e CLEDD

Hinh 5.1. Trinh ty khai bdo bién thi nghiém

5.4. T6i wu hoa da muc tidu

Pé t4i wu hoa da muc tidu trong nghién ciru nay st dung phuong phap phan

tich quan hé xam két hop véi Taguchi. O trong nghién ciru nay tién hanh t6i vu hoa

hai muc tiéu d6 14 d6 nham bé mit 14 nho nhét va tbe db béc tach vat 1idu 14 16n nhét.

Chi s6 S/N ctia Ra va MRS duge tinh theo cic cong thirc dudi day:




Véi nham b& mat 14 nhé nhét: §IN=-10logo -3 52) (1)
n

i=l

Véi the d0 boc tch vat lidu 1a 16n nhit:  §/N=-10log, (- Y —)  (2)

=1

* Chi s6 S/N tinh toén‘duo‘c“cﬁé"ha-i muc tiéu ddura d_uqcihé" ta trong ;béngn 53,

Bding 5.3. Tri s6 S/N ciia cdc théng s6 ddu ra

Exp. Input Factors Ra (pm}) MRS {g/h}
No. Cp Sp Ton | Toff Ip sV Mean SN Mean S/N
1 ] 0 00| . .10. 13 4] 3| 1.94000 |.. -5.9226.|. 9.8773 | 19.8928. _
— = & 500——26 20 8 248467 9305160979246 13541——"—]
o 3 0 1000 30 30 12 7 3.19400 -10.1206 49 6445 33,9174
4 2 100 10 20 8 71 2.00967 -6.0635 6.7254 | 16.5544
5 2 500 20 30 12 3| 2.20367 -7.0309 | 15.8857 | 24.0201
6 2| 1000 30 10 4 51 1.23900 -1.8672 | 419831 | 324615
7 3 100 20 19 12 51—2:30933 F2817+—3248691—30.2342
8 3 500 30 20 4 71| 1.12567 -1.0345 | 124249 | 21.8858
9 3| 1000 10 30 8 3| 2.18867 -6.8051 11.8259 | 21.4567
10 4 100 30 30 8 5 2.38900 -7.6264 | 28.2703 | 29.0266
11 4 500 10 10 12 7| 1.84367 -5.3302 8.1986 | 18,2748
12 41 1000 20 20 4 3 1.03100 -0.2925 52888 | 144672
13 5 100 20 30 4 7| 1.85033 -5.4196 5.3288 | 14.5327
14 5 500 30 10 8 3| 2.33533 -74181 15.1998 | 23.6368 ]
15 51 1000 10 20 12 5 1.21067 -1.7023 7.3727 | 17.3525 ’1:'
16 6 100 30 20 12 3| 2.83400 -9,1074 | 30.8676 | 29.7901 N
17 6 500 10 30 4 51 1.23567 -1.8846 5.6500 | 15,0409
18 6| 1000 20 10 8 7 2.57200 -8.2363 52931 | 14.4741 7
i
b

Dé ¢6 thé phan tich quan hé xam thi dya trén tri s6 S/N can phai chuyén doi
thanh chudi so sanh véi céc dai lugng khong cé thi nguyén do vay cin phai chuan

héa dit 1idu. O day, cac két qua tinh toan chi sb $/N duoc chuan héa trong khoang

(0=1). Chi s6 S/N dugc chudn héa bang 1t §6 Zi voi 0 Zi < 1. Zi duge xac dinh
theo cong thirc sau nhim tranh sy anh hudng ctia viée sir dung céc thir nguyén khac
nhau va dé giam sy bién doi:

- S/N,-min(S/N,,i=12,..,n)
' max(S/N,,i=1,2,...m}—min(S/N,,i =1,2,...,7) 3)

Trong d6 n 14 s6 thi nghiém, n = 18

Xéc dinh {rf s6 quan h& xam
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Hg s6 quan hé xém y;(k) duoc x4c dinh bing cong thirc:

— Amin (k)+é"Amax (k) L—
y, (k)= oA ® 1,2,...,n (4)

Trong d6:

- n: 14 5§ thi nghiém (n=18); k 12 s& muc tiéu ddu ra (k=2)

- A(Kk) 13 tri s5 tuyét d6i sai 18ch cia diy tham chiéu. Pugc xac dinh theo cong

thire:

O ZO— BN K e tuydt dbi-cia-sai-tich gitta Zoflo (rf s6-1

chiéu Zo(k) = 1) va Zi(k) (trj s6 Z cta thi nghim thtr i ctia muc tiéu thi k).

- Amin(K) 12 gi4 tri nhé nhat cta Ak)

- Amax(K) 18 gid tri 16n nhét cia a(Kk)

-¢13hé sb phéan biét, dugc xac dinh trong khoang 0 < ¢ < 1, trong nghién ctru thye

nghiém ¢ =0.5.

Murc d6 quan hé xam duoc xac dinh qua tri s6 quan hé xam trung binh ctia cac muc

tiéu dau ra:

— 1 k
Y, = EZJ’,-,- (k)
/=0 (5)

Trong do:

oLy

A

- k 1a s6 muc tiéu dau ra.

- y; la tri-sO quan h€ xam cuia cac myc tiéu dau ra thir j & thi nghiém thi 1.

Keét qua tinh toan tri s6 quan hé xm yi va tri s0 quan hé xam trung binh *»* cta cdc

thi nghiém dugc thé hién trong béng 4.
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Bang 5.4. Tri s6 SN, gia tri chuén héa S/N Z,, gia tri tuyét déi ciia sai léch
A; (k) va tri 6 quan hé xdm ¥,

S/N __ Zi A (K) Trj 50 qua.n hé 7,
o Exp. Ra_ | MRs xim yi
No Ra MRS Trj s6 tham chiéu _ —
B 1.900__.__1_'000___ Ra MRS YBEﬁ I!I_R§ S O |
1 | -5.9226 | 10.8928 | 04271 | 02789 | 0573 | 0.721 | 0466 | 0409 | 0438
2 79305 | 24.1354 | 02228 | 04971 | 0.777 | 0503 | 0.391 | 0499 | 0.445
3 | -10.1206 | 339174 | 0.0000 | 1.0000 | 1.000 | 0.000 | 0333 | 1.000 | 0.667
4 -6.U0635 16.5544 U428 U IU/3 U087/ U.8%3 U404 U.30Y AUy
5 77.0309 | 24.020t | 03144 | 04911 | 0.686 | 0.509 | 0.422 | 0496 | 0.459
6- |- -1.8672 | -32.4615 |- 0.8398 | -0.9251- | 0.160 | 0.075 | 0.757 | -0.870- | 0.814. _
T 7 72817 | 302342 | 02880 | 0.8106 | 0.711 | 0.189 | 0413 | 0.725 | 0.569
- 8 10345 | 21.8858 | 09245 | 03814 | 0.075 | 0.619 | 0.869 | 0.447 | 0.658
9 -6.8051 | 21.4567 | 03373 | 03594 | 0.663 | 0.641 | 0430 | 0.438 | 0.434
10 | -7.6264 | 29.0266 | 02538 | 0.7485 | 0.746 | 0.251 | 0401 | 0.665 | 0.533
1 53302 | 182748 | 04874 | 0.1958 | 0513 | 0.804 | 0494 | 0.383 | 0.439
12 | -02925 | 144672 | 1.0000 | 0.0000 | 0.000 | 1.000 | 1.000 | 0333 | 0.667
13 | -5.4196 | 14.5327 | 04783 | 0.0034 | 0522 | 0.997 | 0489 | 0334 | 0412
14 | -74181 | 23.6368 | 02750 | 04714 | 0.725 | 0.529 | 0.408 | 0486 | 0447
15 | -1.7023 | 17.3525 | 0.8566 | 0.1483 | 0.143 | 0.852 | 0.777 | 0370 | 0.573
16 | -9.1074 | 29.7901 | 0.1031 | 0.7878 | 0.897 | 0.212 | 0358 | 0.702 | 0.530
17 | -1.8846 | 15.0400 | 0.8380 | 00295 | 0.162 | 0971 | 0.755 | 0340 | 0.548
18 | -82363 | 144741 | 0.1917 | 0.0004 | 0.808 | 1.000 | 0.382 | 0.333 | 0.358

5.5. Phin tich va danh gia két qua thi nghiém

Pé dam bao hai hoa giira cac thong s6 dau ra thi tri s6 quan hé xam trung binh

cang cao cang tot. Nhu vy ham muyc ti€u cta bai todn da muc tiéu tré thanh bai toan

st dung d& danh gia anh hudng ciia céc thong sé cong nghé xung dinh hinh nguoc

¢d trdn bdt dén tri s6 quan hé xam trung binh.

Véi muc tiéu 1a tri s0 quan hé xam trung binh cang 1én cang tot, tri s6 S/N cua

3, duoc tinh theo cong thic 2.

Két qua tinh toan tri s6 $/N duge phan tich bing phuong phédp ANOVA duge thé

hién trong bang 5.5.
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Bdng 5.5. Anh huéng ciia cdc théng sé dén tri sO quan hé xdm qua ti s6 S/N ciia y,

Analysis of Variance for SN ratios

Source DF SeqSS AdjSs AdjMs F P C (%)
G 5 5027 5027 10053 081 0632 83%
- S, — T 7O 704 35218285 0260 168 T T~
Ton 2 16585 16585 82925 671 0.130 27.49
Tott 2 199 1996 09980 081 0553 331
p 2 18558 18558 9.2790 7.50 0.118 30.77
SV 2 8638 8638 43190 349 0.223 1432
- Residual Error 2 2473 2473 12367 410
Total 17 60.321
Model Summary

$ R-Sq R-Sq(adj)

1.1121 95.90% 65.15%
Tir két qua phan tich &nh hudng ciia cac thong s6 dén trj s6 quan hé xam trung
binh trong bang 5.5 cho thiy: IP c6 anh hudng 1én nhit téi 5, (30.77%), tiép d6 14
anh hudng cta T, (27.49%) va SV (14.32%), S, (11.68%), C;, (8.33%) va Texr c6
anh hudng it nhat (3.31%). Két qua nay cling duoc thé hién trong hinh 5.2.

Anh hwéng cha céc théng s& dén trj s6 quan hé xdm (%)

Residual Error
4%

&Cp

uSp

P TR T N

B Ton
i Toff
#ip
WSV

M Residual Error

Toff
| 3% |

Hinh 5.2. Mikc 36 dnh hudng ciia cde thong s6 dau vao dén y, (%)
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Thit ty anh hudng cia cac thong sb diu vao xép theo mitc d6 anh hudng dén
tri s6 quan hé xam qua phén tich ANOVA dugc mo ta trong bang 5.6.

Bdng 5.6, Thir tw dnh hudng ciia cde théng s6 déu vao dén 'y,

Larger is better

Toff

sv

Response Table for Signal to Noise Ratios =

Level Cp Sp Ton Ip

1 -5910 -6418 -6.566 -6.157 -4.844 -6.203

2 -5439 -6.137 -6476 -5382 -7236 -48/4

3 -5260 -4973 -4486 -5989 -5.449 6451
""" 4 -5.381 - o
: 5 -6.509

6 -6.557

Delta 1.297 1445 2080 0775 2392 1578

‘Rank 5 4 2 6 1 3

Dé xac dinh duoc bd thong so6 toi wu g voi tri s0 quan hé xam trung binh

Average gray relation value: 0.522

16n nhét, dua vao bidu db phan tich 4nh hudng cia cac thong sé dén y .

Main Effects Plot for SN ratios
Data Means

-]

Sp

Ton

Toff

5v

Lo o Gl

Mean of SN ratios
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-

0 2 345 6 100 50 1000 10 20
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Hinh 5.3. Biéu dé anh hudng cia cdc théng s6 dén tri s6 S/N ciia y
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Nhu d3 phén tich & trén bd thong sb img véi gid tri y cao nhat véi mdi théng
s6 du vao 12 bd thong s6 hop 1y nhét. Tir bidu db hinh 5.3 cho thdy xu huéng anh

hudng cua tiing thong s6 dau vao dén y va xéc dinh duge bd théng sé tdi wu da muc

tiéu, cy thé trong bang 5.7.

Bdng 6.7. Bé thong 56 céng“r-z.gh_e-‘- Ixung- d,inh hinh ngtfo’c-z-‘cf»'i wu

TT Thdng s6 dau vao hlgx Don vj Muic téi wu Gi3 trj t8i wu

1 | Ndng do bét Co g/l 1 3

2 [ Cdhat Sp | nm 1 | 1000 —
3 | Thdi gian phat xung Ton ps 3 30

4 | Thoi gian nglrng phat xung Toit Lis 1 20

5 Cudng a6 dong phong dién iP iy 3 4

6 | Hiéu dién thé Servo SV \ 2 5

Vi bd thong s6 t6i vu nhan dugce c6 thé tinh toan dy doan két qua cia cac

ham muc tidu bang céch st dung phin mém Minitab 19 d& phén tich du doan, két

2 ~ 7 a ;
qua dugc mo ta trong bang 5.8. S
Id b r r i
Bang 5.8. Két quad dir dodn nhdm bé mdt va toc dp boc tach wng véi b thong so K
hop ly R
op Ly 32
Settings B
Variable Setting
Cp 3
Sp 1000
Ton 30
~—Toff 20
Ip 4
SV 5
Prediction
Ra Fit SEFit CIDF 95%Cl PIDF  95%PI

Conditional  1.083 0.181 2900 (0495, 1.672) 233 (0.044, 2.123)

Marginal 2 0382 4780 (1003, 2997, 6.07 (0.013, 3.986)

MRS * Fit SEFit CIDF  95%Cl Pl DF 95% PI

Marginal 17.13 7490 2650 (-8.60,42.87) 498 (-26.56, 60.83)
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Tir két qua phan tich du doan cho thdy, v6i bd théng sd cong nghé xung dinh
hinh ngugc ¢6 tron bot thép SKD11 véi bg thong s6 hop 1y nhan dugc s& cho ra két

qua nham bé mit Ra xép xi 1.083 pm. Déi véi tbe d6 boc tach vat lidu MRS xdp xi

2921 g/h. =

5.6. Danh gid mire 36 phii hop ciia md hinh

Pé dénh gid mirc dd phu hgp clia md hinh, dira vao céc biéu do phan bo sai

4

s0 & hinh 5.4.

Tir bidu db trong hinh 5.4 ¢6 thé thdy: trong bidu do

han b sai sb phanbd  —

I A s A ) - + R , * A , re r <A A A A A
chuén, cac sai 56 cua cac diém thi nghiém Gng voi cac diém mau xanh trén bisu d6——

ndm st véi dudng phin phoi chuin (nét lién mau do) ching té muc sai léch 14 rat

nhd. Biéu do Histogram bidu thi fan suat xuét hién sai s0 cho thiy nhiing sai SPEN
cén 0 (-0.04 dén 0.04) xuét hién véi tAn suét cao. O hai bidu dd con lai cho thiy su
phan bb ngiu nhién cla cac sai s6 thi nghiém cé nghia 13 md hinh di xay dung chiu

anh hudng phéan 16n béi cc thong s6 dau vao dé lya chon va khong bi anh hudng

bai thi ty cac thi nghiém. “
-~
_ T
” , 2
Conditional Residual Plots for y 4
Normal Probability Plot Versus Conditional Fits iN
99 010¢
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Hinh 5.4. Céc bidu dé phan bé danh gid sai s6




Probability Plot of y

Normal - 95% CI
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Hinh 5.5, D6 thi xdc sudt vé mikc dp phit hop cua mé hinh thuc nghiém ddi voi y
Anderson-Darling trong hinh 5 cho thdy: cc dif liéu Gng véi cac didm thi nghiém
(chAm mau xanh) déu nam trong viing gidi han bdi 2 dudng gioi han trén duéi véi
d9 18ch chuan gidi han 95%, dong thoi gia tri P 1a 0.075 16n hon gia tri o = 0.05,
diéu nay chi ra ring mé hinh thue nghiém d3 4p dung 1a phu hop.

5.7. Két lndn chwong 5
- D4 nghién ctru anh hudng cla céc thong sé dén tde do boe tach vét lidu va nham
bé mat cha chi tiét khi xung dinh hinh thép SKD11 qua t6i v6i dung dich dién méi

¢o tron bot.

- B3 xéc¢ dinh dugce anh hudng cia céac thong so dau vao dén dong thoi hai myc tiéu

AT A A P M r

= v

=LA

Ui

nham bé mit nhé hon thi t6t hon va tde dd boc tach vat lidu 16n hon thi tét hon.

- DBé dat dong thoi hai muc tiéu nhdm bé mit nhé va tée dd béc tach vat 1idu 16n thi
ché do cong nghé xung 1a : Cp =3¢/]; Sp = 1000nm; Ton=30 ps; Torr = 20 ps; IP =4
A; SV =5 V; Khi d6 két qua nham bé mit Ra~1.083 pum va tbc db boc tach vat ligu
MRS~29.21 g/h.




Chuwong 6

KET LUAN VA PE XUAT
7ff—'£hugtéséngguétngé¥nayijhéLphéLtéLwcéc4;éngrdoanfttongdéychuyém.'Zm—f,
xudt nhu d6 chinh xdc, d6 bén, ning suét, tinh kinh té, chit lugng gia cong... Pidunay

[——

cang ¢6 y nghia thiét thuc khi gia céng cac thép d toi cling nhu cic vat lidu khé gia cong.
Véi su phat trién cta khoa hoc cdng nghé, nhiém vu nay dang ngay cang duge thyc hién
hiéu qua. Pic biét, cic thiét bj gia cong ngdy cang phirc tap va doi hoi phai cé mét ché do

t6i wu hon dé gia cong nhim muc dich ning cao hiéu qua va ha gi4 thanh san phim. Vi
muyc dich d6 tac giad dd tdp trung di sdu nghién ciru va danh gia anh hudng cia cac théng. -

s0 cong nghé dén do nham bé mijt va lugng mon dién cuc trong gia cong xung dién.

Thép SKD11 13 loai thép hién dang dugce sir dung rit nhiu trong ché tao khudn dép,
x4y dung, ban can, dung cu gia cong.... Viéc gia cong SKD11 sau khi t6i 13 gip kho khin

dbi voi cac phuong phap truyén théng do chi phi l6n, niing suft va chét luong khdng cao
va nhiéu khi khéng thé thyc hién dugc. Tuy nhién, véi viée st dung gia céng xung dién da
1am cho ning suét va chit lwong gia céng duoc ning 18n o rét trong nhiéu trudng hop. Do
vdy cAn tién hanh nghién ciru tim ra céc céc tri s ctia cdc thong sb cong nghé t6i vu dé
néng cao tdc d6 boc tach vt lidu va dd nham bé miit khi gia cong SKD11 sau khi t5i bing
PMEDM. Két qua cu thé ciia nghién ciru nay nhu sau:

1. bd xay duyng mdt cich c6 hé théng cac tham s cong nghé don cling nhur két hop céc
yéu tb cong nghé khéac nhau anh hudéng dén d6 nham b mit va tbe dé boc tach vat lidu.

N Rl =N 31!

Nghién ctru da dua ra cdc két ludn vé anh hudng cia céc théng sb cong nghé dén nham bé

TS|

mat va toc dd boc tach vit liéu, diéu d6 14 co s& d€ tya chon ché do gia cong t6i wu nhim
ning cao hi¢u qua clia qua trinh gia céng. Cy thé la:

- Dd nghién ctru &nh hwdng clia cac thong s6 dén tdc dd boc tach vat 1iéu va nhdm

& Tt oA chi tiét Khi XUNE ¢6 (rOn bot chi tiét tru biek dang dinh hinh thép SKDI1 qua
161,
| - ba x4c dinh duge &nh hudng clia cac thong s6 ddu vao dén dong thoi hai muyc tiéu
nhdm bé mat va téc d9 boc tich vat Lidu,
- B théng s6 tbi uru nhim gidm Ra dén mie nho nhét duge thé hién trong bang 3.6.
DE nham bé mit ca chi tiét gia cong nhan dugc nhé hon thi tét hon thi ché d6 cong nghé
khi xung 1a: Cp =4g/l; Sp = 1000nm Ter=10 ps; Torr=20 us; IP =4 A; SV =5 V; Két qua
B nl, 22] I],’\B - ’.]l_‘hﬁn A LA ~ g : ‘ A‘ A |

i e e e |




- Két qua & bang 4.5 cho thdy bo thong sb tdi wu cho ning suét boc tach vat liéu dat

16n nhat khi PMEDM d6 1a; C, = 0g/l; Sp = 100nm; Ton =30 ps; Tor= 10 ps; IP=12 A va

_ SV =5V. V6i b thong sb t6i vu dua ra tbe d boc tach vat 1idu c6 thé dat dén 38.11 (g/h).
~ Kétquakiém chimg béi so sanh két qua thi nghiém va tinh toan 13 dam bao.

- Két qua-& bang 5.7 cho thay, dé dat ddng thoi hai muc fidu nham bé mat nhé hon -
thi t&t hon va tdc d6 boc tach vat 1idu 16n hon thi tt hon thi ché d6 cong nghé xung 12 :
Ton=16 ps; Tofr= 18 ps; IP =3 A; SV =3 V; Khi d6 két qua nham bé mit Ra~2.31067 um

va toc do boc tach vit ligu MRR~2,87847 g/h.
Mt s6 kién nghi : - - . . . . o —

7-Qéniiépig&mﬁé%ién%ﬁ%énhhuéngeﬁa%é&th@ng&éﬁhireéngnghé—nhm—
vit li¢u gia cong, vat liéu dién cue, ...
- [: A n-gh' ~ Ld é ] ] 2 7 a_c é c_t] Fa P} ~ ] -.l il\ 4 | 5 ] - A 1 ] - t

thye hién véi cac vit liéu khéc, cac loai bdt khic nhau.
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9.1. Thng quan tinh hinh nghién ctru thudc linh vuc cia dé tai: (Mikc do dév du, hop Iy trong
viéc ddnh gid tinh hinh nghién ciru trong va ngodi nudc, thanh cong vad han ché ciu cong
trinh lién quan, mitc dé cdp nhdt théng tin moi nhdt vé linh vuc nghién ciru)

~ | Gia cOng xung dién (hay xung bing tia lira dién) la phuong phap gia cong khong truyén théng,

9 TONG QUANTINH HINH NGHIEN CUU THUQC LINH VUC CUA DE TAT G|
TRONG VA NGOAI NUOC !

Phuong phép nay dugc st dung rong réi daé gia cdng cac vét lidu kho gla cong céc chi tiét ¢o

c6 thé gia cong vt liéu sau khi tdi, chi phi dung cu gia cong thap, giam rung dong, tiéng on

mon kha nhanh va chit luorng bé mat g1a cbng khong cao (thudng phéi C(') thém nguyen cony gia

c¢dng tinh). PBé khic phuc cdc nhugce diém ndy, trong nhitng nam gin ddy. nhiéu giai php nghién

hinh dang phirc tap, dac bidt la cic long, 16t cua khubn dap va khudn duc... Gia cong \ung: gdicn |

trong qua trinh g1a cong cung ner khong gay ling suat du tren ch1 tiét gia cong. Tu\ nhién. loat |

ciu dugc dua ra nham cal thien cac chi tieu Kinh &, Ky thudt cua qua trinh. TTong niung grar

phap cho két qué rat kha quan. Bién phap nay da va dang duoc nhidu nha khoa hoc quan tam.
Cho dén nay, bién phap trdn bdt vao dung dich dién méi (PMEDM) da duge nghien clu vai

phap d& duogc dé xudt, gia cong xung dién vl dung dich dién méi ¢é trdn bot dan dién Ta biea |

T

ning cao ning sudt va chit hr(mg bé& mit gia cong nhu trong [1]. (2]. Liew P. .
dad nghién el anh hudng coa ndng do bdt nano cac bon (C) trong dung dich d1¢n Moi o kich
thude khe hé phong didn, tde d6 boc tach, dd mon cia dién cuc va chat lugng bé mat gia cong
khi xung thép khéng gi SUS304 vaoi dién cue W 3], Két qua cho thay: Viée udn bdl nano C viw
dung dich dién m6i d4 lam tidng dang ké kich thuéc khe hé phong dién, ning Sut gia cong. do

1.11).

Kich thude, tinh chit cia bdt va loai dung dich dién mdi dong vai trd quan trong voi
PMEDM [4]. K&t qua nghién ctru ciing cho thiy viée trdn bdt nano C vao dung dich dién mdi da
lam tang déng ké kich thude khe hér phong dién, ning sudt gia cong, dd clng té vi va dé bén mai
mon cla bé mat gia cdng, déng thai luong mon dién cyc giam. Kich thude, dgce trung ctia bot vi

kich thuéc khe hé phéng dién phu thude vao ndng 46 bot, kidu bot va cac-thong s0 cong nghé
khéc. Theo d6, ting ndng db bét lam kich thude khe hd phong dién téng theo. Tuy nhién. nong

céc loai bot khac nhau (nhu bdt Al, Cr, Si, Gr, Cu...) va déd cho két qua rat kha C[Llclﬂ vé kha nang |

. va-cac CQHg S

ctng t& vi va d6 bén mai mdn clia be mit gia ¢Ong, dong thei lwgng mon dién cuc giam (hinh !

loai dung dich dién mdi dong vai trd quan trong trong PMEDM [4]. Két qua cia [3] cho thay |

A

FrA ol el

dd bot ting qua gidi han cho phép s& 1lam kich thudce khe hdr khong tang ma co théE T3 KuAT hien
cac hién twong: Ngan mach, sut ap, dung méi bi qua nhiét... Kich thudce bt 1a thong 56 ¢6 anh
hudng 1én dén qué trinh PMEDM. N6 khéng chi anh hudmg dén tde do boc tach vt lidu. dd mon
dién cuc, dd nham bé mat gia cdng ma con anh hudng dén chiéu day lap hé mal bi thay 61 do
nhiét xung gy ra [2]. Anh huéng cla cac loal bot khic nhau dén qud trinh gia cong cling da

dau xung, nude khir ion, hdn hop khi ga va dau khi PMEDM ciing da duoc khao sat trong [31.
Viéc trén bdt vao dung dich dién méi lam thay ddi dang ké tinh chat co I\

duoc @& clp dén trong [1, 6). Thém vao d6, muc dd sir dung cac loai dung dich di¢n moi nhu !

clia bd mit gia cong [7]. N6 lam ting dd bén mon va kha ning chdng oxi héa do nlml cua chi j
tiét gia gﬁng [8,9]. Gia cong PMEDM véi bt Gr, Si, Al cho 16p bd mit cd dd bén mon cao han |
S0 vGi gla cong bang EDM [10]. 7 777 . R N ] _

(PN




Tirede phé.—n#eh—t—rén—ta—th-éy,—viécrt.rén_b@t_nano vao-dung dich dién moi khi xung cho phep

khic phuc duoc mot sb han ché cha gia cong xung dién, nang cao dugce nidng sudt va ting chat
luong bé mait gia cdng. Chinh vi vdy, cho dén nay nghién ctru vé gia cdng xung dién su dung
dién mdi cé trdn hat nano dd va dang trd thanh muc tiéu cua nhiéu nghién ciru, Tuy nhién. i
nghién ctru v& PMEDM khi xung dinh hinh ngugc (chi tiét gia cong co dang try dinh hinh) hién
con chua cé cdng trinh nao.

—
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9.2. Danh muc c4c cong trinh ¢4 cong bd thuoc linh vuc cua de tal cua chu nhlem va nhung |

thanh vién tham gia nghién ciu (ho va tén tdc gid; bai bao, én pham; cde yéu 1o vé xudl |
ban) ‘

a) Ciia chi nhiém dé tai
1. Tran Thanh Hoang, Tran Anh Duc, Nguyen Manh Cuong, Luu Anh Tung. Le Xuan L

] Hung, Vu Ngoc P1, M odelling Surface Fimish i Blectrical Discharge Machimng tatetr -

Shape Punches using Response Surface Methodology, SSRG International Journal ol
Mechanical Engineering (SSRG-1IME) — volume 4 Issue 9 September 2017, pp. 28-30.
|

2. Vii Ngoc Pi, Nguyén Manh Cwong, Luu Anh Tung, L& Xuan Hung, Tran Thanh |
Hoang, Tran Anh Dirc; Xdc dinh ché do xung 166 wu khi xung chay ddp vién dinh hinh ;
thép 9XC qua t6i; Tap chi Co khi Viét Nam, s6 4 nim 2018 . |

3. Tran Anh Duc, Nguyen Manh Cuong, Luu Anh Tung, Le Xuan Hung, Vu Ngoc Pi. 1
Modelling Surface Finish in Wire Electrical Discharge Machining of 9CrSi Tool Steel; |
International Journal of Engineering Trends and Technology (IJETT) — Volume 61|
Number 2 — July 2018 :

b) Ctia c4c thanh vién tham gia nghién ctiu
(Nhﬁ"ng cong trinh tiéu biéu dwoc cong bé trong 3 nim gén nhdt)
Le Xuan Hung, Tran Thanh Hoang, Vu Ngoc Pi, A study on Modelling Surface Finish in

Electrical Discharge Machining Tablet Shape Punches Using Response Surface
Methodology, Journal of Environmental Science and Engineering B 6 (2017) 387-390.
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— 10 TINH-CAP THIET CUA-PE-TAI

(Tink khoa hoc, cu the, ro rang cia viéc ludn gidi vé tinh cdp thiet doi voi vin dé nghién ciiu
ctia dé tai)
Trén thuc té san xuat & nudc ta cling nhu trén thé gidi, ¢d nhiéu chi tict & dang tru dinh

hinh nhu chay dép thudc vién dinh hinh, chay dot 18 thép dinh hinh vv... C4c chi tiét nay

| thude dang chi tiét khé gia cong, dac bigt khi chung co hmh dang bat k\' ma blen d'mg |

i

khéng 18i (nhu chay dép thubc vién hlnh trai tim, hinh Do—re-mon, hmh khuc xuong. chay
dot 18 thép hinh céc loai vv...). Céc chi tiét ndy cho dén nay trén thé gi6i thuong dugc gia

A : r
- - - A . f\ ’
ba Oac ha}r tcc dr\ S1EH-CAa0 (1111(‘1‘!\ m1]|1ncr\ ﬂ \/ e Nnm Cl‘l_u g hnn‘no' (:hlﬁ(‘
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gia cong béng phuong phap ngudi nén ning suét thap va chéat lugng gia cong khéng cao.

o
h‘—|1‘3n Y f-l-\n Aa I-]-\nt: «xmﬁ an loaateoht tié‘\f PET. L)

ﬂ.ﬂxj’ﬂﬁ R eo—the—acnay— 1E—b..\p—uda CH=EH

phéap xung dinh hinh nguoc (xung tao ra chi tiét gia cong c6 dang tru dinh hinh - nhu trén da

néu). Nang suét va chét lwgng gia cong loai chi tiét nay co thé duoc cai thién dang ké néu s :

dung PMEDM. Tuy nhién, nhu trén da néu, cho dén nay chua cO nghien cuu nao vé

PMEDM khi xung dinh hinh nguoc trong dung mdi cé trdn bot nano. Chinh vi thé. nghién
cttu "Toi 1w héa qud trinh gia cong xung dién chi tiét tru 6 bién dang dinh hinh lam bdng

thép SKD11 v6i dung dich c6 trén bét" 1a chp thiét,

11. MUC TIEU PE TAI

(Mirc dé cu the, ré rang vé mdt khoa hoc, Iy lucn va thiee tién cua muc tiéu cdn dat duoc)

Mugc tidu ctia @& tai [4 nghién ctru tSi uu héa qua trinh gia cong xung dién chi tiét try co bién
dang dinh hinh lam béng thép SKD11 v6i dung dich c6 trdn bdt. Noi each khac, nghién cuu
nhim xéc dinh ché d6 cong nghé t6i wu (hay hop ly) dé ning cao hiéu qua qua trinh xung c6 tron
bt chi tiét dang tru dinh hinh (ning cao ning suft, giam gia thanh gia cdng ma vin dam bdo !
chét lugng bé mat gia cong).
12. POI TUQNG, PHAM VI NGHIEN CUU 3

iat

12.1. D41 tuong nghién ctru

Téi vu héa qué trinh xung dién chi it c6 bién dang dinh hinh bang thép SKDI1 véi dung
dich c6 tron bot. ‘

12.2. Pham vi nghién cliu

Qué trinh xung dién chi tiét ¢6 bién dang dinh hinh bang thép BKD 1T véi dung dlbh ¢d rdn
bot.




13 CACHTIEP CAN, PHUONG PHAP NGHIEN CUU

13.1. Céch tiép cén

Trén co so nghién ciru tdng quan s& tién hanh nghién ctu xac dinh muc tiéu va thiét ké thi
nghiém cho bai toan t6i wu héa qua trinh xung dién chi tiét c6 bién dang dinh hinh bing thép
SKD11 véi dung dich ¢6 trfn bot.

1132, l"nl.l'OTlg pnap ngmcn CUou ~~— T T T T T T e e

Sau do s€ di 1am thyc nghiém va ti két qua ctia thirc nghiém s& x4c dinh chédo xung toiuw.

Thuc nghiém

14. NOI DUNG NGHIEN CUU VA TIEN PQ THUC HIEN

14.1. Noi dung nghién cim (M0 13 chi tiét nhitng ngi dung nghién cttu phu hop voi miyc Tieu
ctia dé tdi, ghi ré noi dung la: bdo cdo cde bai bdo bang tiéng Anh (1a san pham clia dé tai
sau khi dirpe chdp nhin ding) tai héi thdo don vi) e e

| - Nghién ctu tdng quan vé xung dién c6 tron bdt;

- Nghién ctru xédc dinh ché @ xung dién chi tiét co bién dang dmh hinh bang thép SKD11
véi dung dich c6 trdn bot.

—Cong bo{fefquaﬂghwﬁeﬁ%tre&eac—tap%hiﬁueﬂ t8;

- B4o cdo ndi dung cac bai bao tai hi thao chp khoa (bang tiéng Anh);
- Vit bo céo va bao v&.

Y
I
14.2. Tién @5 thuc hién T
Céc ndi dung, cdng viéc Sdn Tho glan B
STT 1 QUi SOMg Vit phém | (bdtdiukét | Nguvithyc hién /
thire hién ; o
thuc) #
1 Xav d I . A pas Thuyét N
y dung thuyét minh de tai minh 7/2019-8/2019 | Nguy&n Manh Cudng
_ . . ) Nguyén Vin Trang
5 | Nghién ciru tong quan vé xung dién | Bao cao 7/2019- L& Thi Phuong Thao
c6 trén bt 8/2019 | Biii Thanh Hién
Tran Ngoc Giang
Nguyén Vin Trang
. Nguyén Manh Cudng
- Xdc dip_h muc tiéu,’ thiét ké thi L& Thj Phwong Thao
nghiém dé xéc dinh che &) xung uu | Béo céo " 2/2019- Nguyen Quang Iung
3 | khi xung chi tiét ¢6 bién dang dinh 9/2019 Tran Thi Hué
hinh bang thép SKD11 qua tdi voi Nguyén Phuong Vian
dung dich cé tron bot. Bii Thanh Hién
Trian Ngoc Giang
Luu Anh Tung
7 Nguyén Vin Trang
- Tién hanh 1am thi nghiém & x4c L& Thj Phuong Thio
dinh ché d9 xung wu khi xung chi tiét | Bdo céo 9/2019- Nguyen Quang Hung
4 {co6 bién dang dinh hinh bing thép 11/2019 Nguyén Phuong Van
SKDI11 qua t6i véi dung dich ¢6 trén Bl Thanh Hién
LAt Tran Ngoc Giang
T _ __ Lwu Anh Ting
Nguyén Van Ting N




B . Ngnygn Manh Curong
, 40 cao . Nguyén Vin Trang
5 | - Phén tich, d4nh gia két qua. 1212019 Lé Thi Phuong Thao
1/2020 A g
bao Lién Tién
Tran Ngoc Giang
212020 Nguyén Manh Cudng
- Vidt b4 A Bdo cao - Nguyén Vian Tran
6 Viét bdo ISI/Scopus 03 bai 412020 Ti nyThi, s g )
Trin Ngoc Giang
| - Béo cdo-két qua-tai héi thao don e 42020 | o o
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|15, SANPHAM T o B
g6 Y&u cau chit luong san pham
ST Férsamn phélll hrer (M6 ta chi tlé’t Chd’r lu'o’ng sdn phcf:m dat
ng,; dwepe nhw ndi dung, hinh thire, cdc chi

tiéu, thong sd ky thudt,...)

1 San phém khoa hoc (Céc cong trinh khoa hoc s& duoc cong bd: sdch, bai bio khoa hoc, ..) 3
Trong danh muc ISI/Scopus f
1.1 Bai bao ISI/Scopus 03 -
02 bai Q2 va 01 bai Q3 P
5 _ S p
Il | San phdm dao tao (cir nhin, thac s, tién si,...)
2.1 ¢
2.2 a
III | San phdm tng dung
3.1 0 -

3.2

16.1. Phuong thttc chuyén giao
16.2. Pia chi ing dyng

16. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI UNG DUNG

17. TAC PONG VA LOI {CH MANG LAI CUA KET QUA NGHIEN CUU

17.1. D1 véi Iinh vue gido duc va dao tao

17.2. D&i véi linh vuc khoa hoc va cong nghd ¢6 lién quan




- 17.3. Di-véiphattrién kinh t8-xa hoi

17.4. Do1 voi td chire chi tri va céc co s6 ung dung két qua nghi€n ciu

17. KINH PHI THU'C HIEN PE TAI
Téug kinh phi: 170.000.000 dong.
B&ng chit: Mot trém bay mueot triéu c'z'é‘ng chgn

Ngay 30 thang 03 ndm 2019
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Tén dé tal T6i vu héa qua trinh gia cong xung dién chi tiét tru co bién dang dinh hinh lam bing

thép SKD11 v&i dung dich co trdn bt
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when Processing SKD11 Steel

Nguyen Huu Quang!, Nguyen Manh Cuong?, Le Thu Quy?, Nguyen Thanh Tu?, Tran

“Trftwence of PMEDM Factors on Surface Roughmess— -~ -~ ——————

Quoc Hoang?, Nguyen Thanh Hoang’, Vu Ngoc Pi?, Hoang Xuan Tu?”’

"University of Economics - Technology for Industries, Vietnam
¥Thai- Nguyen University of Technology; Thai-Nguyen, Vietnam - --— - - - : : -

*National Research Institute of vMechanical ENgineering, vietnam
L - “Nguyen Tat Thanh University, o Chi Minh City, Vietnam

3Bac Kan Colleges, Vietnam
hxt_dhkten@tnut.edu.vn

———

Abstrack, In this paper, the results of a study on the influence of process pa-
rameters on surface roughness (SR} when powder-mixed electrical discharge
_machining (PMEDM) of cylindrical shaped parts of SKDI11 steel are studied.
To conduct this work, an experiment was performed with the use of the Taguchi
method for experimental design and results analysis. In this experiment, six in-
put parameters including the powder concentration, the powder size, the pulse
on time, the pulse off time, the current, and the servo voltage were investigated.
The effect of the input parameters on the SR was evaluated by analysis of vari-
ance (ANOVA). In particular, optimal values of the input parameters to achieve
the minimum SR were found.

Keywords: PMEDM, Electrical discharge machining, Surface roughness, Cy-
lindrical shaped parts.

1 Introduction

Elecirical discharge machining (EDM) is one of the most commonly non-traditional
machining methods for machining electrically conductive materials. It is very popu-
larly used for machining cavity-shaped parts, complex shapes, such as dies, cores of
stamping dies, molds as well as for machining hard materials, etc. This processing
method has many advantages such as it can process metals and alloys after heat

T " treatrn_ent;—l'ow‘cutting"force—and—n'oise,—etc.‘:.—On the-other "hand,_E'DM_also'haS—SOl'ne— e T/

disadvantages including low material removal rate (MRR); the electrode wears out
quite quickly, and the machined surface quality is not high.

Ta overcome the disadvantages of EDM process as mentioned above, a highly ef-
fective solution is EDM with the use of a dielectric solution mixed with conductive
powder (or PMEDM). Therefore, this processing method has been and is being stud-
ied by many scientists.




——————————— Sofar; there-have-beenquitea-few- studies- on- PMEDM-Studies-have-evaluated-the ——— . - -

influence of PMEDM process parameters on SR [1-4], MMR [I 4-7], eléctrode wear
(EWR) [1, 4, 5, 7], etc... Studies on PMEDM have also been conducted when machin-
ing various types of workpiece materials such as 90CrSi [3, 4, 6, 8, 9], AISI D2 die
steel {10, 111, Inconel 718 [12, 13], Ti-6Al-4V [14, 15], etc. Different electrode mate-

rials-have been-investigated during PMEDM such as copper [16-18], brass [19, 20],

Cu-W [1, 16], or graphite [18, 21), etc. The use of different powders for this process
has also been investigated such as machining with SiC [2, 10, 12, 14, 17], Ti [22], Al

-2, 13],-Al,04.[16,.23, 24), silicon powder [1, 25], etc. The powder size is also the

object—of-many—studies—such—as—tungsten—powder-with-the_size_of_10-15 um _[27],

~ chremium powder with size of 45-55 um [5], AI203 with size of 0.51 um [1], 45-50

um [23, 24], etc. Recently, there have been several studies on PMEDM of cylindrical
components [3, 6-9]. However, these studies were carried out with the processing
material being 90CrSi steel.

This paper presents a study on optimization of PMEDM process to achieve the

minimum SR when machining cylindrical parts made of SKD11 steel. The impact of
the input factors on the SR was evaluated. In addition, optimal input parameters to
achieve the minimum SR have been proposed.

2 Experimental setup

To evaluate the influence of the PMEDM factors on the SR, six input parameters
including the powder concentration (Cp), particle size (Sp), time pulse generation time
(Tan), pulse stop time (Ton), pulse current strength (IP) and discharge gap voltage
(SV), were included in the survey. These parameters and their levels were described
in the Table 1. The experimental setup is presented in Figure 1. In the experiment, the
workpiece material was SKD11 steel and the electrode material was copper. Also, a
sinker EDM (Sodick A30) was used for experiment,

Table 1: Inpwt factors and their levels

. Level

Na Parameters Code Unit 1 > 3 2 5 P
1  Powder concentration Cp gl 0 2 3 4 5 6

2 Powder size Sp nm 100 500 1000 - - -

3  Pulse oniime Tan 5 10 20 30 - - -

- —d4- —Pulse-offtime— T 5 .10 20 30 L . _-=
5  Peak current 1P A 4 8 12 - - -

6 Servo voltape SV v 3 5 7 - - -

The experimental matrix is designed based on the survey levels of the variables
with the use of the Taguchi method with the design L.18 (176x5"3). Also, the Minitab
R19 software was used to design the experimental matrix. The experimental matrix
and the SR's results are described in Table 2.




Table 2: Experimental matrix and output SR

Input Parameters

Ra( m)

No

Mean SN

Ll’ bp Ton Lo |14 DY

Imall  I'malZ  Inall

1 ¢ 100 10 10 4 3

2 0 500 30 20 8§ 5°

2.285 2.130 1.405 [.94000 -5.9226

2315 23907 3749 248467 -7.9305

30 10003030 12 7

3321 - 28023459 319400 -101206 . .

4 2 1w 1w 20 8 7

5 2 500 20 30 12 3

2,047 1.972 2.010 2.00967 -6.0635

1.634 2698 2279 220367 -7.0309

6 2 1000 30 10 4 5
7 3 10 20 10 12 5
8 3 500 36 20 4 7
$ 3 foo0 10 30 & 3
10 4 100 30 30 8 5
1 4 500 10 10 12 7
12 4 1000 20 20 4 3
13 5 1060 20 30 4 7
14 5 560 3¢ 10 8 3
15 5 10060 10 20 12 5

16 6 100 30 20 12 3

‘17 6 500 10 30 4 35

18 6 1000 20 10 8& 7

1.180 1.247 1.290 1.2390¢ -1.8672
2437 2345 2146 230933 -7.2817
1.120 1.181 1.076 1.12567 -1.0345
2202 2134 2230  2.18867 -6.8051
2736 2.034 2397 2.38900 -7.6264
2.004 1.776 1.751 1.84367 -5.3302
0.935 1.023 1.135 1.03100 -0.2925
2.193 1.649 1.709 1.85033  -5.4196
2.064 2267 2675 233533 -7.4181
1.121 1.379 1.132 1.21067 -1.7023
3234 2420 2848 2.83400 -9.1074
1.148 1.142 1.417 1.23567 -1.8846

2613 2288  2.815 257200 -B.2363

3  Results and analysis

To evaluate the influence of the input parameters on the SR, the ANOVA method is
used with the support of Minitab 19 software. In addition, the objective function is the

minimum surface texture is the best:




(1)

The results of ANOVA described in Table 3. It was found from the Table that IP
has the greatest influence on the SR (49.99%); followed by the influence of C,
(17.91%), S, (10.02%), Tom (9.89%), T (5.97%) and 8V (4.83%). The percentage
influence of these parameters is also clearly depicted in Figure 2.

The order of influence of input parameters is described in detail in Table 4. From the
Table, the order of influence of parameters on S/N is IP, C,, Tor, Sp, Ton and SV,

Table 3: Analysis of variance for S/N ratios
Analysis of Variance for SN ratios

Source DF SeqSS AdjSS AdjMs F P C (%)
Cp 5 27.087 27087 5417 515 0171 17,91
Sp 2 -15.152 15152 7576 7.20 0.122 10,02
Ton 2 9030 9.030 4515 429 0189 597
Toff 2 14959 14959 7479 7.10 0.123 9,89
Ip 2 75591 75591 37796 3590 0027 49,99
SV 2 7.298 7.298 3.649 347 0.224 483
Residual Error 2 2106 2106 1.053 1,39
~ Total 17 151222

Model Summary

S R-Sq R-Sq(adj)
1.0261 98.61% 38.16%




«Cp aSp «Ton =Toff mip &5y = Resldual Error
Figure 2: Influence of the input parameters on the /N ratio of Ra

Table 4: Order of influence of input parameters on S/N

Smalleris better

- Level - Cp Sp  Ton Toff Ip Y
1 -7.991 -6.904 -4.618 -6.009 -2.737 -6.096
2 -4.987 -5.105 -6.032 -4.355 -7.347 -4.715
3 -5.040 -4.837 -6.196 -6.481 -6.762 -6.034
4 -4.416
5 -4.847
[ -6,40%

Delta 3575 2066 1.578 2126 4.610 1.381
Rank 2 4 5 3 1 6
Main Effects Plot for S5M ratios
Data Means
e e . S S C I e -

% F \ IA\ \‘, ;’\
P SRVARY B EVAR
~e ‘\ \. r}
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Signel-to-noise Smaller it better

Figure 3. Effect of inpﬁt parameters on the S/N ratios

Figure 3 depicts the influence of the parameters on the S/N value. Since the target
surface roughness is as small as possible, the larger the S/N value. From Figure 3, it
can be clearly seen that the influence of these parameters is as foliows: For powder




der is added. When C, increases from 2 to 4%, Ra decreases. However, if we continue
to increase C, to 5 and 6%, Ra will increase again. The powder size also had a signifi-
cant effect on SR. As the powder size increased, Ra decreased, but when the powder
size increased from SQ0 to 1000 nm, Ra decreased insignificantly. When Ton increas-

concentration-Cp-adding-powder-additive-to-the-pulse-process-significan tly—r‘sduc;ss—-mm—_w ———
~surface roughness. SR iy highest when C; = 0 and it will decrease whien additive pow- T ' C

es, SR increases. Besides, SR increased as Toff increased from 10 to 20 s but Ra
decreased as Toff continued to increase from 20 to 30 s. Minimum SR when IP is
low 4 (A). Ra arise when IP move up from 4 to 8A. If the IP continues to increase, Ra

will decrease slightly. Besides, SR decreases when SV increases from3to SV but |

SR increases again when SV increases from 5 to 7 V. As stated above, in order to

achieve the minimum SR, the maximum S/N value corresponding to each input pa-
rameter. Therefore, from Figure 3, it is possible to determine the optimal set of
PMEDM parameters to minimize Ra (Table 5). Using the Minitab 19 software, the SR
value corresponding to the optimum input parameters was found (Table 6). From

Table 6, the SR corresponding to the found optimal input parameters is 0.593 m.
-Also, with a confidence level of 95%, surface roughness results can be obtained in the
range of 0.004 to 1,181 m. Therefore, 95% of the SR is achieved with the optimal
input factors less than 1,181 m.

Table 5. Optimum input factors for minimum SR

Parameter Code Unit Level Value
Powder concentration C, g/l 4 4

Powder size Sp nm 3 1000
Pulse on time Teon Hs 1 10
Pulse off time Tore JTH 2 20
Peak current P CA 1 4
Servo voltage sV \i 2 5

Table 6. Predicted optimum SR

Type Fit SEFit CIDF 95%Cl Pl DF 95% PI
Conditional ©.593 0.181  2.90 (0.004, 1.181) 2.33 (-0.447, 1.632)

Evaluation of experimental model:

The experimental model is evaluated through error distribution charts as shown in
Figure 4. From the chart, it can be seen that the errors of the experimental points (the

" blne peiiifs) lying ¢tlose to the iormal distribution line (red Solid line). That meéans the

deviation level is very small. Besides, the frequency of errors (the Histogram chart)
shows that the errors appear in the range -0.1 to 0.1, accounting for a large proportion,
Also, the remaining two graphs-show the random-distribution of experimental errors.
That means that the proposed model is largely influenced by the selected input pa-
rameters and is not affected by the order of the experiments.

The suitability of the experimental model and the optimal input parameters was
checked by Anderson-Darling method using Minitab 19 software (Figure 5). It can be




e found-from-the_chartthat all the experimental_points (the blue_dot) are in the region. . . _ 1]
' " “bounided by 2 upper and lower limits with 95% significance, and P value of 0.283 is
larger than & = 0.05. This indicates that the experimental model is consistent with the

above significance level.

Conditional Residual Plots for Ra

irebabllity-Plet \arsus Londltional Eus.
995 e e e e 02 . .
= .
.
%0~ =
o " - .
E s> LI
_ U — .4f . R . §
g P L)
w ,-" Jd .ea
———— L a7
T ToUTT Y S - T - -
-0z -0l (1] ol az w 13 20 #L 10
Condhloral Ragddus! Fittedd Valuw
Histogram Versus Order

Conditional Resltual

0z rI o T S S S S
Condiional Reyldyal Observation Crder

Figure 4. Residual Plots for SR
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4 _Conclusions

In this paper, the results of a study on the effect of PMEDM's parameters on the SR
when processing cylindrical shaped parts made from SKDi1 tool steel. To solve this
problem, an experiment was designed and implemented using the Taguchi method for




* size, the-powder concentration, the pulse on time, the pulse-off time; the current;-and
the servo voltage were selected for the investigation. The influence of the input pa-
rametets on the SR was evaluated using the ANOVA method. In addition, optimal
input factors have been proposed to achieve the minimum SR.

test design_and result analysis..[n_addition,.six key input factors. mcludmg_the_powdet___ e e

Acknowledgment

" This work was supported by Thai Nguyen University of Techndlogy., "

References

L. Kansal, H., S. Singh, and P. Kumar, Performance paramelters optimization (multi-
characteristics) of powder mixed electric discharge machining (PMEDM) through

Taguchi's method and utility concept_2006

2 Ganachari, V., M. Kavade, and 5. Mohite, Effect of mixture of Al and SiC powder on

- - surface roughness in PMEDM using Taguchi method with GRA optimization. Int. J.
Adv. Engg, Res. Studies, 2013. 2(4): p. 04-07.

3. Hong, T.T., et al. 4 Study on Influence of Input Parameters on Surface Roughness in
PMEDM Cylindrical Shaped Parts. in Materials Science Forum, 2021. Trans Tech
Publ.

4. Hong, T.T., et al. Multi-Objective Optimization of PMEDM input Factors for
Processing Cylindrical Shaped Parts. in Materials Science Forum. 2021. Trans Tech
Publ.

5. Ojha, K., R. Garg, and K. Singh, Experimental investigation and modeling of
PMEDM process with chromium powder suspended dielectric. International Journal
of Applied Science and Engineering, 2011. 9(2): p. 65-81.

6. Nguyen, M.C., et al. Influence of input factors on material removal rate in PMEDM
cylindrical shaped paris with silicon carbide powder suspended dielectric. in Key
Engineering Materials. 2020, Trans Tech Publ.

7. Hong, T.T., et al. Multi-Objective Optimization of PMEDM Process of 90CrSi Alloy
Steel for Minimum Electrode Wear Rate and Maximum Material Removal Rate with
Silicon Carbide Powder. in Materials Science Forum. 2021, Trans Tech Publ.

3. Tran, T.-H,, et al., Electrical discharge machining with SiC powder-mixed dielectric:
an effective application in the machining process of hardened 30CrSi steel,
Machines, 2020, 8(3): p. 36.

9. Hong, T.T., et al. Effect of Process Parameters on Maclﬂmng Time in PMEDM
C y!mdr.!ca[ Shaped Paris with Silicon Carbide Powder Suspended Dielectric. in
Materials Science Forum. 2021. Trans Tech Publ.

10. Al-Khazraji, A., S.A. Amin, and S.M. Ali, The effect of SiC powder mixing electrical

- - “discharge machiningomwhitelayer thickness, heut flux-and fatigue life of A1SI D2

die sieel. Engineering science and technology, an intemational journal, 2016. 19(3):

p. 1400-1415.

11. Hosni, N. and M. Lajis. The influence of Span-20 surfactant and micro-/nano-
Chromium (Cr) Powder Mixed Electrical Dfscharge Machining (PMEDM] on the
surface characteristics of AISI D2 hardened steel. in IOP Conference Series:
Materials Science and Engineering. 2018, JOP Publishing.




Sahu, S.K., et al,, Effect of using SiC powder-added dieleciric media during electro-

3.

14

discharge-machining of Inconel 718.superalioys. Jounal of the Brazilian Society.of
Mechanical Sciences and Engineering, 2018. 40(7): p. 1-19.

Patel, S., D. Thesiya, and A. Rajurkar, Aluminium powder mixed rotary electric
discharge machining (PMEDM) on Inconel 718. Australian Journal of Mechanical
Engineering, 2018. 16(1): p. 21-30.

Yagsar, H. and B, Ekmekei. Ti-641-4V surfaces in SiC powder mixed electrical

15.

~ EDM process: Joumal of Manufacturing-Processes; 2017: 28: p-212-219--- .- -

discharge machining. in Advanced Materials Research. 2014. Trans Tech Publ.
Shabgard, M. and B. Khosrozadeh, Investigation of carbon nanotube added diefeciric
on the surface characteristics and machining performance of Ti—6Ai—4V alloy in

discharge machining (PMEDM) process using neural networks. in Proceedings of the

nmmmrem%mmmmmeﬁfemmﬂT :

17.

18

2ud Tehran International Congress on Manufacturing Engineering (TICME 2007)
Iran University of Science and Technology December. 2007,

Hu, F,, et al., Surface properties of SiCp/Al composite by powder-mixed EDM.
Procedia CIRP, 2013. 6: p. 101-106.

19,

20.

21.

22.

23.

24.

25.

Selvarajan, L., et al., An experimental investigations and optimization of performance

measures in EDM using copper and graphite electrodes. Materials Today:
Proceedings, 2020.

Ahmad, S., et al,, Surfiace roughness and surface topography of Inconel 718 in
powder mixed die[eclric electrical discharge machining (PMEDM). Tnternational
Journal of Integrated Engineeéring, 2018, 10(5).

Surekha, B., et al., Response surface modelling and application of fuzzy grey
relational analysis to optimise the mulli response characteristics of EN-19 machined
using powder mived EDM. Australian Journal of Mechanical Engineering, 2021.
19(1): p. 19-29.

Long, B.T., et al., Machining properties evaluation of copper and graphite electrodes
in PMEDM of SKD61 steel in rough machining. Internationat Journal of Engineering
and advance technology (ITEAT) ISSN, 2015 p. 2249-8958.

Singh, B., J. Kumar, and S. Kumar, Experimental investigation on surface
characteristics in powder-mixed electrodischarge machining of AA6061/10% SiC
composite. Materials and Manufacturing Processes, 2014. 29(3): p. 287-297.
Assarzadeh, S. and M. Ghoreishi, A dual response surface-desirability approach to
process modeling and optimization of Al 2 O 3 powder-mixed electrical discharge
machining (PMEDM) parameters. The International Joumal of Advanced
Manufacturing Technology, 2013. 64(9-12): p. 1459-1477,

Assarzadeh, S., M, Ghoreishi, and M. Shariyyat. Response surface methodology
approach 1o process modeling and optimization of powder mixed electrical discharge
machining (PMEDM). in Proceedings of the 16th International Symposium on
Electromachining (ISEM-XV) April. 2010,

Luzia, C.A.O., et al., Recast laver mechanical properties of ool steel after electrical
discharge machining with stlicon powder in the dielectric. The International Journal
of Advanced Manufacturing Technology; 2019. 103(1): p. ¥5=28.- -~ : T B |




International Conference on Engineering Research and Applications

(ICERA 2021)

— T

TECHMISCHE UNIVERSITAT

ILMENAU

ICERA 63.
Impact of Input Parameters on Material Removal Speed when PMEDM

Paper 1D:

Paper Title:
r

) Springer |

SKD11 Tool Steel

Dear Hoang Anh Le, Xuan Tu Hoang, Thu Quy Le, Duc Lam Pham, Kieu Tuan Trinh, Ngoc
Giang Tran, Manh Cuong Nguyen and Ngoc Pi Vu,

With heartiest congratulations, we are pleased to inform you that based on the recommendations
of the reviewérs and the Technical Program Committees, your paper identified above has been
accepted for publication and oral presentation in the 4% International Conference on
Engineering Research and Applications - ICERA 2021. Please charge the conference fee

within 10 days after receiving the acceptance letter.

ICERA 2021 conference received more than 200 submissions from 17 countries and regions so

far, reviewed by international experts; the acceptance ratio is controlled below 40%. Your paper

will be published in the Conference Proceedings in the series “ Lecture Notes in Networks and]

Systems” by Springer, indexed in Scopus, Q4 after registration.

Herewith, the conference committee sincerely invites you to come to-present your paper at
ICERA 2021 to be held in Thai Nguyen University of Technology, Thai Nguyen, Vietnam, 1-2
December 2021.

For more information of the conference, please check the ICERA 2021 website at:
http://icera2021 tnut.edu.vn

Your sincerely,

ICERA 2021 Organizing Committees




Please Finish the Following Six Steps to Register Your Paper

| 1. Revise your paper according to the Review Comments carefully (attached).

2. Format your paper according to the Template.

(see hitp.//icera202 1 tnut.edu. vi/submit-papers/)

3.Download, complete and title the Registration Form as
ICERA2021 PaperiD registrationform _(attac‘hed).

4. Finish the payment of Registration fee, scan the payment proof and title as
ICERA2021 PaperID paymentproof.

(see http.//icera2021.tnut.edu.vw/registration/)
5. Finish Copyright Form (attached).

Steps: (1) Fill in the blank as requested; (2) Print the FORM; (3) Corresponding's

handwriting signature; (4) Scanning the copyright form as (pdf) file; (8) Title as
ICERA2021 PaperID copyright)

6. Send your final papers (both .doc (.docx) and .pdf format), filled registration form (.doc
format), signed copyright and the scanned payment proof to icera@tnut.edu.vn (Please send

. all above files within 10-days after receiving-the acceptance letter)

If the above requirements are met by the set deadlines, your paper will be published in the
Conference Proceedings by Springer, indexed in Scopus, Q4. The Conference Program will
be available to download from the official website Attp./icera2021 tnut.edu.vn around late
October.




Different types of electrode material such as copper [1, 3, 4, 9, 12], brass [15], graph-

_ite [9, 15, 16], etc. were used for the PMEDM process. In addition, various types of
machining materials were also investigated such as 90CrSi [1, 12], SKD11 [6, 8, 14,
17], EN31 [4], H11 [4, 16], AISI D2 die steel [2], Ti-6Al-4V [10, 18], Inconel 718
[3, 11], ete. In an effort to machine cylindrical parts, recently, there have been some
studies using PMEDM method [1, 12]. However, these studies have only been carried

out whien machining YULr>1 steel.

This paper introduces a study on optimization of PMEDM process to achieve min-

== imumr- MRS when machining cylindrical-shaped parts withr SKD11stesl; lirwhich; the-

influence of input factors on MRS was learned. Also, optlmal process factors to ob-
e e tain the minimum MRS-have been found. - -——- e e

2 Experimental setup

An experiment to investigate the influence of PMEDM factors on MRS was per-
formed. In this experiment, six input parameters including the powder concentration

_ (Cy), the powder size (S,), the pulse on time (T ), the pulse off time (T.r), the current
(IP), and the servo voltage (SV) are investigated. These parameters and their levels
are shown in Table 1. The workpiece material is SKD11 steel and the electrode mate-
rial was copper. Besides, SiC powder was used for mixing into the dielectric fluid.
Also, a Sodick A30 EDM machine was used for testing. The setup of the experiment
was described in Figure 1.

Table 1: Input factors and their levels

. Level

No Parameters Code Unit i 2 3 2 3 6
1 Powder concentration Cp g/l ¢ 2 3 4 5 6
2 Powder size Sp nm 160 500 1000
3 Pulse ontime Ton [T 10 20 30 - - -
4  Pulse offtime Toff T 10 20 30 - - -
5  Peak current IP A 4 8 {2 - - -
6  Servo voltage SV \J 3 3 7 - - -

Figure 1: Experimenta setup




Taguchi method with design Lz (1"%%3"™) was used to design the experiment with the

help.of Minitab. R19.software. Table 2 describes the experimental plan. and results of .

the MRS.

Table 2: Experimental plan and the MRS

Input Parameters

T No MRS SN
C Sp Ton Tote lp sV (g/h)

{ 0 100 10 10 4 3 9.8773 19.8928

T S L Y T T —

I 0 1000 30 30 12 7 496445 339174 R

4 2 100 10 20 8 7 6.7254 16.5544

_ 5 2 500 20 30 12 3 15.8857 24.0201
6 -2 1000 30 10 4 5 41,9831 32.4615
7 3 100 20 10 12 5 32,4869 30.2342
8 3 500 30 20 4 7 12.424% 21.8858
9 3 1000 10 30 8 3 11.8259 21.4567
10 4 100 30 20 8 5 28.2703 29.0266
11 4 500 10 10 12 7 8.1986 18.2748
12 4 1000 20 20 4 3 5.2888 14.4672
13 s 100 20 30 4 7 5.3288 14.5327
14 5 500 30 10 8 3 15.1998 23.6368
15 5 1000 10 20 12 5 7.3727 17.3525
16 6 100 30 20 12 - 3 30.8676 29.7901
17 6 500 10 30 4 5 5.6500 15.0409
18

6 1000

20

10

8 7

52931

14.4741




3 Results and analysis

To weigh the impact of the PMEDM factors on the MRS, the ANOVA method in
Minitab 19 software was used. Besides, the target function is the maximum MRS is
the best:

rd Y

S/N:—IOlongiiny (1)
L

___Table 3 shows the results obtained by conducting ANOVA. From this result, it is

easy to see that TP has the greatest influence on MRS (49.99%). The parameters that

affect the MRS following IP are C, (17.91%), S; (10.02%), Torr (9.89%), Ten (53.97%)
and SV (4. 83%). Figure 2 shows the influence level (%) of these parameters on
MRS. Table 4 shows that the order of influence of parameters on S/N is Tan, Cp, IP,
SV, Tor and S, respectively.

Table 3: Analysis of variance for S/N ratios
Analysis of Variance for SN ratios

Saurce DF. 5eqS5_Ad|SS AdiMS F P C(%)

ch- S (3923 13833  a7adT 347 D2 1918
sp 2 1421 1421 703 087 0535 196
ToR 2 35598 35658 179488 21485 0044 29,13
Tofl ? 22,80 2280 17399 T40 (47 3014
Ip 2 10880 106.80 S4402 556 0437 1497
SV 2 6827 6BIT 34036 475 0483 9.4p
Residua Errpr 2 1634 1534 8168 2,35
Total 17 72662
Model Summary

S R-Sgq R-Sqipdj)

28579 97.75%  E0.B9%
Figure 3 depicts the influence of the parameters on the 5/N value. Since the objective
function of MRS, the larger the better, the larger the S/N value, the better. Figure 3
shows the influence of these parameters on the MRS. Specifically as follows: When
the concentration of C, powder increased from 2 to 3g/l, the MRS decreased slightly;
when C, increased from 3 to 5 g/l, the MRS decreased deeply and it increased slightly
at the concentration of 6 g/l. Besides, powder size has no significant influence on

MRS, As the powder size increaséd from 100 t6°500 i, thie MRS decreased. How-"

ever, when increasing the powder size from 500 to 1000 nm, the MRS increased. In
addition, Ty, is the parameter that has the greatest influence on MRS, When To in-
creases, MRS increases sharply: Unlike the effect of Top; as Torr increases-from 10-to
20 ps the MRS decreases, but then the MRS increases again as Tor continues to in-
crease from 20 to 30 ps. IP has the same effect as T o, bul with a lesser degree of in-
fluence. When IP increases from level 1 to level 3, the MRS increases. When SV
increases from 3 to 5 V SV, MRS increases. However, the MRS decreases with fur-




ther—increase of SV_from-5_to_7V..As stated above,_ m_atder_to_achmys_thﬁ_maxlmum_h e
- removal rate; the S/N-value must be the'maximum-for each input-parameter:-From the -

chart in Figure 3, it is easy to determine the reasonable input parameters to achieve

the maximum MRS value (Table 5). From Table 5, we see that the optimal pulse

mode has C,=0. That means the material removal rate in the unmixed pulse mode is

greater than when the powder is mixed. The cause may be that the powder dispetses

the pulse current and reduces the pulse energy.

e
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Figure 2: Influence of the PMEDM factors on the S/N ratio of MRS
Table 4: Order of influence of input parameters on /N
Response Table for Signal to Noise Ratios

Larger s b‘etter
Level Sp Ton Toff 1p SV

1 2593 2334 1810 2316 1971 2220
2 2435 2117 2031 2070 2155 2471
3 2453 2235 2845 23.00 2380 13.94
4 2059
5 18:31
& 19.77

""" o "7 pelte 747 2T 1036 246 588 477 -

Rank 2 6 1 3 ] 4

" The MRS value cortésponding to optimum input factors is calculated based on the
prediction method using Minitab 19 software. The calculated results are as shown
in Table 6. From Table &, it can be seen that the MRS corresponding to the proposed
optimum input parameters is 38.11 (g/h). With a confidence level of 95%, the MRS
corresponding to the optimum parameters may appear in the range of 25.56 (g/h) to




6
50.65 (g/h). These values are much higher than the average MRS of the surveyed 7 -
- experimental- plan.- Therefore, 95% of MRS was -achieved with.the optimum input. . ) _ ]
factors higher than 25.56 (g/h).
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Figure 3. Effect of input parameters on the S/N ratios
Table 5. Optimum input factors for minimum MRS
Parameter Code Unit Level Value
Powder concentration G gl 1 0
Powder size 5 © o onm 1 100
Pulse on time Ton s 3 30
Pulse off time Torr s 1 10
Peak current Ip A 3 12
Servo voltage sV v 2 5

Table 6. Predicted optimum MRS

Settings
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Figure 4 shows error distribution histograms to evaluate the experimental model.

..From this. figure,.it.can_be seen that. the errors_of the experimental points_(the blue.
points) on the normal distribution error distribution chart (Figure 4.a) are close to the
nermal distribution line (the red solid line). That shows that the model has a small
error. Besides, the Histogram chart (Figure 4.c) (for the frequency of errors) shows
that the errors appear in the vicinity of 0 accounting for a large proportion. In the

remaining two charts (Figures 4.b and 4.d), the experimental errors are ranaomly
distributed. This means that the experimental model is largely influenced by the se-
lected input parameters and is not affected by the order of experiments.

~ —  The fit of the experimental model with the optimal imput factors was checked by~~~

o Anderson-Darling method by using Minitab 19 software (see Figure 3). From Figure

s oo ————5jt-can be seen that the data points corresponding to-the experimental points-(the — - -

blue dots) are all within the bounded. area by 2 upper and lower limits with 95% sig-
nificance level, In addition, the P value (0.207) is greater than the a = 0.05 value. That
allows it to be concluded that the applied empirical model is consistent with the above

signifieancelevek
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Figure 5. Probability plot of MRS

This paper reports the results of an optimization study on PMEDM when pro-
cessing cylindrical shaped parts made from SKD11 tool steel to achieve the maximum
MRS. In the study, an experiment was designed and performed. The Taguchi method
was used to design the experiment and analyze the results. In addition, the influence
of six main input factors including the powder size, the powder concentration, the
pulse on time, the pulse off time, the curreni, and the servo voltage on the MRS was
investigated. Furthermore, an optimal set of the input parameters was found to get the

maximum MRS,
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Abstract. This paper introduces a study on multi-objective optimization of
powder-mixed discharge machining (PMEDM) for machining cylindrical parts
made of SKD11 steel fo achieve the minimum surface roughness (SR) simulta-
neously and maximum material removal speed (MRS). In this study, an experi-
ment was conducted with the design and analysis of the results according to the
Taguchi method. Six input parameters including powder concentration, powder
size, pulse generation time, pulse off time, servo current and voltage were se-
lected to study the influence of input factors on SR and MRS. In particular, the
optimal values of the input PMEDM parameters to achieve the minimum SR
" and maximum MRS simultaneously have been proposed.

Keywords: PMEDM, Electrical discharge machining, Material removal speed,
Cylindrical shaped parts, SKD11.

1 Introduction

Non-traditional machining is a machining method where the cutting tool does not

come into direct contact with the work piece during processing. This type of machin-
ing includes laser machining, electrical discharge machining (EDM), electrochemical
_machining, electrochemical grinding, etc. Among these methods, EDM is the most

commonly used method for processing conductive parts. The reason is that this meth-
od has many advantages such as low cutting force and noise when machining; easily
process parts with very complex surfaces; capable machine parts with high hardness

" etc... However, EDM also has some limitations such as low machined surface quality;

the material removal rate (MRR) is not high; fast wear electrodes ete. In order to help
the EDM process overcome these limitations, a solution has been proposed. The solu-
tion is that in the EDM process, metal powders are mixed into dielectric fluid when




Figure 1: Experimental setup

The experiment was built according to the design L18 (1°6x5°3) with the use of the-
Taguchi method of Minitab R19 software. The experimental plan and the obtained

test results (the SR and the MRS) are given in Table 2.

Table 2: Experimental plan and the response (SR and MRS)

No. Input Factors SR{ m) MRS (g/h)
Cp S Tan Tor IP SY Mean SN Mean SN
1 0 100 10 0 4 3 1.94000 -5.9226  9.8773  19.8928
2 0 500 20 20 8 5 248467 -79305 160979 24.1354
3 0 1000 30 30 12 7 319400 -10.1206 49.6445 33.9174
4 2 100 10 20 8 7 20097 -60635 6.7254 16.5544
5 2 500 20 30 12 3 220367 -7.0309 15.8857 24.0201
6 2 1006 30 10 4 5 123900 -1.8672  41.98331 32.40l5
7 3 100 20 10 12 5 230933 -7.2817 32,4869 30.2342
8 3 500 30 20 4 7 1.12567 -1.0345 12.4249 21.8858.
9 3 1000 10 30 8 3 2.18867 -6.8051 11.8259 21.4567
0 4 100 30 30 8 3 238900 -7.6264 282703 29.0266
11 4 00 1 10 12 7 1.84367 -53302 B8.1986  18.2748
12 4 1000 20 20 4 3 1.03100 -0.2925 52888  14.4672
13 5 00 20 30 4 7 1.85033 -5.4196 5.3288 14.5327
4 5 500 3 10 8 3 233533 -7.4181 15.1998 23.6368
] 3 100010 20 12735 1.21067 -1.7023 73727173525
16 6 100 30 20 12 3 283400 -9.1074  30.8676 29.7901
17 6 500 10 30 4 5 1.23567 -1.8846  5.6500  15.0409
18 6 000 20 10 8 7 2.57200 -8.2363 5.2931 14.4741

To optimize multi-objectives, in this study, GRA combined with the Taguchi method

is used. Also, the two objectives are the minimum SR and the maximum MRS.




—  The-ealculated-results-of. GR-value-y;-and-the_mean GR value of the experimentsare .

Tisted in Table 3.
Table 3: S/N, S/N Zi, A; (k) and GR value ¥,

SN Zi GR value
Ai (W) w“

Ra MRS It —
No Y.
Ra MRS Reference value
_ I . S 1.000._ 1.000 .

=T 59226 198928 0427 02789 U573 0721 046604090438 —=——

Fa MRS Ra MRS

10,1206 339174 0.0000 10000 1.000 0.000 0333 1.000 0.667
-6:0635  16.5544 0.4128 0.1073 0587 0.893 0460 0359 0409
70309 24020103144 04911 0686 (509 0422 (.49 0.459

————7 79305 241354 02228 049710777 050303910499 GH45>— —— — —

72817 302342 0.2889 0.8106 0.711 0.18% 0413 0725 0.569

-1.0345 218858 0.9245 03814 0075 0.619 0869 0.447 0.658

68051 214567 03373 03594 0.663 0.641 0430 0438 0434
10 76264 29.0266 02538 0.7485 0.746 0.251 0401 0.665 0.533
11 -5.3302 182748 0.4874 0.1958 0513 0.804 0494 0383 0439
12 02925 144672 1.0000 0.0000 0.000 1.000 1.000 0333 0.667
13 -5.4196 145327 04783 00034 0522 0997 0489 0334 0412
14 -74181 236368 02750 0.4714 0725 0529 0408 0486 0447
15 -1,7023 17.3525 0.8566 0.1483 0143 0852 0777 0370 0.573
16 -9.1074 297501 0.1031 0.787% 0.897 0212 0358 0702 0.530
17 -1.8846  15.0409 0.8380 0.0295 0.162 0971 0755 0340 0.548
18 -82363 144741 0.1917 00004 0808 1.000 0382 0333 0358

3

4

5

6 -1.8672 32.4615 0.8398 0.9251 0.160 0.075 0757 0.870 03814
7

]
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3  Results and analysis

Theoretically, to ensure the harmony between output parameters, the higher the aver-
"age—grayTelationwalue,—the-better.—’r-hus;-the-object—ive—funetien-of—thermulti-objective_._
problem becomes a single-objective problem with the output being the mean gray
relation value. The Taguchi method was used to evaluate the influence of the
PMEDM patameters on the mean GR value. .

With the goal that the mean GR value is as large as possible, the S/N value of is cal-
culated according to formula 2. Calculation results of S/N values analyzed by
ANOVA method are shown in Table 4.




Analysis of Variance for SN ratios

Source DF SeqS55 AdjSS AdjMS F P C{%)
Cp 5 5027 5027 10053 0.81 0632 8.33
Sp 7044 7044  3.5218 2.85 0.260 11.6B

Table 47 Analysis of varianes for S/NTatiogof ;- —— T T T T e e e

2
Ton ? 16585 16505 0.2925 571 0130 2749
Tolf 2 1996 1906 09980 0.81 0553 331
Ip 2 18558 18.558 9.2790 7.50 0.118 30.77
sv . 2 B63B.. BAIA 43190 3490223 1432
Raesidual-Error 2 2473 2473 1.2367 4.10
Total 17 60321 h
Model Summrmary

S R-Sq R-Sqfadj)
11121 95.90% 65.15%

Erom-the—result—in-Table-4,-it -wasnoted-that [P has the greatest-influence on 34 ¥

(30.77 %); followed by the influence of Ton (27.49%) and SV (14.32%), Sp
(11.68%), Cp (8.33%) and Toff having the least influence (3.31%). This result is also
shown in Figure 2.

' Residual Error | o

L% |

wcp
il Sp
#Ton
i Toff
i|p
5V

W Residual Error

Figure 2: Influence of inpht factors on ¥; (%)

The effect order of the input factors on the GR vatue obtained by ANOV A analysis is
shown in Table 5.

As analyzed above, the parameter set with the highest value of y for each input pa-
rameter is the set of optimal parameters. From Figure 3, it can be found the influence
trend of each input parameter on y and it is easy to determine the optimal set of input
parameters for the multi-objective function (as shown in Table 6).

From the obtained optimal parameters, using the Minitab 19 software, it is possible
to calculate the results of the objective functions (Table 7). From the predictive re-
sults, it is known that when processing with the optimal parameters, the output results
are the SR of approximately 1.083 m, and the MRS of approximately 29.21 g/h.
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Figure 3, Effect of input factors on the S/N ratios of ¥,

Table 6, Optimum input factors

- Table 5: Effect order of input factorson SMN. .~ . . -]
o Larger is better : e e - :
Level Cp Sp  Ton  Toff Ip sv
1 -5.910 -6418 -6566 -6.157 -4.844 -6.203
2 -5.439 -6.137 -6476 -5382 -7236 -4874
3 -5.260 -4973 -4486 -5989 -5449 -6451
o 4 -5.381
5 -6.509
6 -6.557
oo - Delta 1297 -1.445- 2080 0775 2392 - 1578
Cm Rarik 5 % 2 &———F 3= — =
. Average gray relation value: 0.522
Main Effects Plot for SN ratios
Data Means
B -~ SR - I S ' DA |1 (A | SUR SRR
i
I ]

Parameter Code Unit Level Value
Powder concentration Gy gl 3 3
Powder size Sy nm 3 . 1000
Pulse on time Ton us 3 30
Pulse off time Torr us 2 20
- Peak current P A 1 4
Servo voltage SV Y 2 5

Figure 4 is used to evaluate the experimental model. Figure 4.a shows the error of
experimental points (the blue points) on the normal distribution error distribution
graph close to the normal distribution line (the red solid line). This result shows that
the maodel has a small error. Figure 4.c (Histogram) shows the error frequency. The
graph shows that the errors appearing in the vicinity of 0 account for a large propor-
tion. Figures 4.b and 4.d show randomly distributed experimental errors. In other




———————words; the-experimental-model-is-largety-influenced-by-the-seleeted-inpui-parameters—— —— —— o e e
and it is not affected by the order of experiments. I ' o o ' -

Table 7. Predicted optimum R, and MRS

Settings
T Variable__seting
Cp 3
sp 1000
Ten 30
- Toft < - - 7o . . . o . ; . _
— i S — -
) sV 5 ,
Prediction -
Ra Fit SEFit CIDF 95%Cl  PIDF  95% Pl
Conditlonal 1083 0181 2900 {0495, 1.672) 233 (0.044, 2.123)
Marginal 2 0382 4780 {1.003,2997) 607 (0.013, 3.986)
MRS Fit—SEFit—€IHDF—95% €l PHOF 95% Pt

Conditional 28321 5290 6.930 (16.67, 41.75) 4,52 (291, 55.51)
Marginal 1713 7490 2,650 (-8.60, 42.87) 4.98 (-26.56, 60.83)
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Figure 4. Conditional Residual Plots for ¥}

The fit of the experimental model was evaluated by the Anderson-Darling method
(Figure 5). The results show that the experimental results (blue dots) are within the
bounded area by two upper and tower limits with a standard deviation of 95%. In
addition, the P-value of 0.075 is greater than the value of & = 0.0, showing that the
applied experimental model is suitable.
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Figure 5. Probability plot for y;

Conclusions .

This paper reports the results of a multi-objective optimization study of the

PMEDM process when machining cylindrical parts made from SKD11 tool steel.
Two single-objective functions, the smallest SR and the largest MRS, were chosen for
the multi-objective optimization problem. To solve this problem, an experiment was
designed and performed using the Taguchi method to design the experiment and ana-
lyze the results. The influence of six input PMEDM factors including the powder size,
the powder concentration, the pulse on time, the pulse off time, the current, and the
servo voltage on the multi-objective function was evaluated. The order of influence of
input parameters on y is IP (30.77 %), Tan (27.49%), SV (14.32%), S, (11.68%), Cp
(8.33%), and Te (3.31%). In addition, optimal input parameters have been proposed
to obtain the minimum SR and maximum MRS simultaneously. These parameters are
Cp=2 (g/1), S;=1000 (nm), To=30 (5), Tor=20 (ns), IP=4 (A), and SV=5 (V).
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