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Chwong 1: GIOI THIEU —

1.1 Lich si¥ Xuit hién cia EDM

~ Cach day gAn 200 nam, nhd nghién ctu ty nhién ngudt Anh-— ——

~—Joseph Priestley (1733 =1809); trong c4c thi nghiém-cta-minh-dé nhén-— —————— |

7 “ihly 66 mot hidu qoa Sn mon VAt lidu gAyTabsi suphongdign-Mai dén - - o = =

"~ nEm 1943 thong qua hang Toat cac” nghidncou vé-tudi bén-cia cc thiét-- o e
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“dAn 161 cong nghé gia cong tia la dién. Ho bét ddu st dung tia lira dién

dé:1am mot qua trinh hot kim foat ma khong phy thudc vao dg cung cia

vatliéu-dod
Khl céc tia lra dién duoc phéng ra, vat liéu mit phoi s& bi hot di 3
i |
b01 mdt qua fr mh dién — nh1et théng qua sy néng chay va bbc hoi kim {
loai, né thay cho tac ddng co hoc cta dung cu vao phéi. Qua trinh hot i
Ita dién” — (nguyén gdc tiéng Anh 1a “Electrical Discharge _ T

Machining”), goi tét la gia cong EDM.,
Ba dic diém lon cua cong nghé nay la:

- Dién cuc (dong vai trd dung cu) lai co d§ cling thip hon nhiéu lan

s0 voi do cing cla phdl. Dién cuc la ddng, graphit, con phoi 13 thép

da 5 hoac hop kim cimg.
_ Vit liéu dung cu va vat lidu phdi déu phai dan dign.
- Khi gia céng phai st dung mot chat 16ng dién mor, do 1a mét dung

dich khéng dan dién & dicu kién binh thudng.




Dé tai NCKH cdp truomg.

b T i mhim @6 i Lo Thi Phitong Thao T

C6 hai phuong phép cdng nghé gia cong tia lua dién duogce st dung

- — rongrai trong cdngnghiép la: -

Gia coOng tia [lra dién ding dién cuc dinh hinh, go1 t4t 13 phuong

phép xung dinh hinh. Theo d6, dién cyc 1a mdt hinh khong gian bat ki

ma né in hinh ctia minh 1&n phdi tao thanh mdt 1ong khudn. Thuéif ngﬁ

LDie sinking”
L=

Gia cong tia lia dién bing cit day. O day dién cyc 1a mot ddy manh

(d= 0,1 - 0,3 mm) dugc cuon {ém tye va dugcchay theombt-duwong

vidn cho trude. N6 s& cét phdi theo ding dudng vién d6. Thuat nglt

tiéng Anh ctia phuong phap néy 13 “ EDM-Wire Cutting”.

1.2 Ban chat vat Iy ciia qua trinh phong tia ira dicn

Hiép hodi k§ su Puc dinh nghia sy phéng tia l(ra dién 13 sy tach

[ 2 T

vat liéu nho tia [ra dién.

Mot dién 4p duoc dit gitta dién cuc va phoi. Khong gian gifta hai

r
~

mdi (dielectric). Cho hai dién cuc ap lai pan nhau, dén mot khoang cach
nao dé thi xay ra su phoéng tia liva dién. Mot dong dién xuét hién mot

cach tuc thoi.

Khi phong tia kia dién, cdc dién cuc khong tiep xic vl nhau.

Néu chiing cham védo nhau thi s€khong cotia fradiénmma-s&xayramot- ~—— — - ——
dong ngan mach, c6 hai d6i voi qua trinh gia céng. Néu khe h& qua 1on
thi [ai khong thé xay ra sy phong tia Ira di¢n, lam giam nang suat gia

cOng.

Dién bién cta dién ap va dong dién ¢ mot may xung dinh hinh,

duoe sinh ra boi mdt may phéat tinh, trong nhiing khoang thoi gian xac




dinh ctia mdt chu ky xung. Day Ia dd thi dién hinh cta chu ky xung

-~ trong-gia céng tialta-dién, - - ..

De i 4 NCKH cup tr uohé _  Chi nhiém dé tai: Lé Thi Phuong Thao

1.3 Pic tinh vé dién clia sy phong tia lira dién

. Duya vao cac dic tinh thoi gian cla su phéng tia Itta diéﬂ

__cac thong so dieu.chinh quan trong 1l nhat Cla qua trinh gia cong._

M01 mdy phat-coa thiét-bi gia cong tia- lra-dién - deu cb

—WWW%WMDMl—

ta str dung cac may phat cé tu bu. Nhuge diém ctia loai may nay 12 50%

cua nang mﬁ'ﬁg_tmﬁ”ummap—bl—bleﬁhaﬁh—&hiet#way—‘

“loai may nay chi cé hiéu suét khoang 50%. Ngay nay cac tu bu nay chi

con duge st dung trong cac bd ngat xung dé thyc hién toi tuu viée gia

cong don gian.

May phat hién dai cia mot thiét bi gia cong tia lira dién la

ol WP Rl T

tor nhung khéng co yéu td bl. Nguyén ly tac dung clia may phat xung
tinh thuc hién dugc trudc hét théng qua su phat trién cta transistor
manh va cac san phém dién ti hién dai. Mdy phat xung tinh c6 uu viét

16n & d6 linh hoat ctia cac thdng s6 dicu chinh. Qua do mdi trudng hop

o —gia cbng cé the duge gial quyet dudi quan diém 14 dién cuc phal it mon

nhAt va chit luong bé mit gia cdng 14 t61 uu, Mudn vay tat ca céc thong

s6 clia qua trinh gia cong phai digu chinh cho pht hop.
Céc théng so d6 bao gom:

- Dién ap danh lua U,:
Day la dién ap can thidt dé din toi sy phong tia lGa dién. N6

duoc cung, cAp cho dién cyc 1a phdi khi may phat dugc dong dién, gdy

=N




) _____}éﬂ___.th_i__phéﬁg__d_i_én cang nhanh va cho phép khe h& phong dién cang . . __
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ra sy phong tia lira dién dé dbt chay vat lidu. Dién ap danh Iira U, cang

Ion.

- Thoi gian tré danh lua td '

B¢ la thoi gian { glua luc dong Chen may phat va luc xay ra phongw

Ap quy tri & gid tri cua dlen ap. danh lua Uz, dong dlen van bang khong -

Sau mot thot gian tré ty moi xay ra sy phong fia Ja dién. uong diém tir

zero vot 1&n gia tri le.

Piéna
- )1 .8
J_Jl\'-lll

p]—\r'\n tia lia dign U,

Khi bit dau phong tia [ta dign thi dign ap sut tr U XUOTE g tri

U.. Pay 1a dién ap trung binh trong sudt theri gian phong tia lta dién. Ue

14 mot h%mg s6 vét Iy phu thude véo céf) vat liéu dién. cuc/phoi. Ue d
khong diéu chinh dugc. -s‘\
\ C e “n b

- Dong phong tia ,h,m dl&;n T
i
=

Dong dién I 14 gia trj trung binh cia dong dién tir khi bt dau
phong tia lita dién dén khi ngét dién. Khi bét dau phéng tia lra dién,
dong dién tir zero ting manh 1&n gid tri L, kem theo sy d6t chay. I, anh
huéng 16n nhét dén luong hdt vit liéuy, dén d6 mon dién cuc va dén chat

_luong bé mat gia cong, Nhin chung, l. cang 16n thi lugng hét vit ligu

cang 161, 6 nham gia cdng cang lén, nhung do mon dién cyc giam.

- Thoi gian phong tia lta dién te:
t. 1a khoang thoi gian gilta lae bét déu phong tia lda dién va lic

ngt dién, tic thoi gian c6 dong dién 1. trong mot lan phéng dién.

- Do kéo dai xung t;:
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Day la khoang thoi gian gifra hai 14n dong — ngdt ctia may phat

—-—trong-¢cung moét-chukyphéng-tiatia-dién: Do-kéo-dal xung tpla tbng - -

C hu nhzem”d-c Lai: Le Thr Phuong Thao

ctia thoi gian tré danh 1ta ty va thoi gian phong tia fia dién t..

DJ kéo dai xung anh hudng dén:

. _ATyléhdtvathéw .
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- Khoang cach xung t,

Day 13 khoang thdi gian gifta hai l4n déng ngdt clia may phat gifta

”

hai-chu-ky-xungké-tiép-nhav—t;eon-duoe-goi-la-do-lkéo-datrnghi-cua

xung.
1.4 Co ché tach vit lidu

Cac dic tinh tach vat liéu dAu tién phu thudc vao nang luong tach

We = Ue.le.te (J) (1.1)

Trong dé: Ue, Ie la cac gia tri trung binh cta dién ap va dong
dién dugc iy trong khoang thoi gian phat xung te. Dong dién tdng

cOng trong kénh plasma qua khe hé phong dién la téng clia cac dong

am (ca-t6t). Do khéi luong cta céc ion duong 16n hon trén 100 14n so
véi khdi luong céc dién tir, nén co thé bo qua tdc dd cia cac ion duong
khi xuét phét céc xung dién so voi the do cta dién ti. Mat do dién tr
tap trung toi bé mit cuc duong (anét) cao hon nhiéu 1an so véi mét d6
jon duong tp trung toi bé mat cue am (ca-tbt) trong khi miic do ting

cia dong dién rat lon trong khodnh khic dau tién cua su phong dién.

“dién tir chay 61 cuc duwong (a-ndt) va ddng cac jon duong chay t6i cue™ ~




 Pétai NCKH cdp truong " o phiém dé 108: Lé Thi Phiong Thio” ~
Didu nay la nguyén nhan gdy ra sy néng chay rit manh cuc duong (a-

: —-———nét—)—treng--ehu— ky nay. Dong ion duong chi dat 141 cye Am (ca—t_ét_)_trqng

micro gidy dau tiém. for ; A su nong chay ve

vat lidu ca-tot, Do do co hién tugng dign cyc bi mom. Vat liéudéncue

khi tiép xtic v6i plasma nay & mot pha c6 ap luc cao t6i 1 kbar va nhigt

d6 cyc cao téi 10.000°C trong kénh plasma. Mot Iy do quan ffongecua ™|

" viée thodt ra vat lidu bi chiy 16ng 1a su dot ngot bibn mat clia ¢ta kénh T T

b bing 4p

~ suat xung quanh sau khi ngét dong di¢n. Nhung nhiét d¢ clia dong chét

16ng lai khong ha nhanh nhu thé nén gly ra sy nd va bdc hoi cua chat

léng hién cd. Toc do cat cua dong dién va mic do sut cta xung dong

7’ﬂ1’éﬁsgfquyéf€ﬁﬁ}kté&éé*SL;}t"ép%Hé’\l{f\/%l%lgl'fbé—t—bu@&HM@LLi,éWChéyiffi%7

long. Thoi gian syt cia dong dién la yéu t6 quyét dinh d6i voi @6 nham

Lol ds

bé mat gia cong.

Vi luong vt lidu duge hét di phu thude vao dién ap, cuong do

—dong dién va thoi giarrnéﬁfeéeﬂhérﬂghtefre&wéﬁrngmenfeaumépcéch—, ,
chinh xac tudn tu theo thoi gian cia dién dp va dong dién trong lGc
phéng tia ltra dién, do dién 4p va dong dién & cac khoang thoi gian da
cho tir thoi diém phéng dién (t = 0) dén thdi diém ngit dién (nghia 1a

vao khodng t = 300 us) theo md ta trén hinh 2.4 [1].

.5. Mon dién cue

Mon dién cue la két quﬁ tir su phéng tia loa gitta dign cyc va
phdi gia cong. Khi phong tia lia dién vit ligu duge lay ra tir dién cuc va
phoéi gia cong [73]. Tia lira la dong dién chay qua cdt ion héa cua chit
léng dign moi. Trong cft ion hoa, cdc electron tach ra tir cac nguyén tu
chét long dién moi va chay tir cuc am vé cuc duong. Khi mét electron,

cac nguyén tir chit long dién moéi mang dién duong goi 1a cac ion
O




. _DEai NCKH cdp truomg

duong chay vé cuc Am. Phin cyc dién clia dién cuc va phoi gia céng

- whe dinhudng dong chéy cia electron-va-ion duong.-

. Chii nhigm dé tai: Le Thi Phuong Thio

Mon dién cuc 1a két qua viée bin pha cua dién ti hodc ion 1én

~dién cuc: khi dién cuc 4m, né bj ban phé béi céc jon dwong; khi dién

_cyc duong, né bi ban pha béi cac electron. Khi cac electron hodc ion

~—— duong 101 VA0_be MaT Cla AIET CUT; et simtr e Rmr boe-hoi-vat Hiew

~dién cuc va-mdt lugng nhd vét 1iéu dign cuce bj loai bé véi moi tia lira.

Luong loai bé vat liéu nay la mon dién cuc duoc chia [am bon loal

(hinh 1.1), bao gém: - Mon goc; - Mon canh; - Mon mit bén; - Mon thé

tich.
§.‘\ - e
j . e
Bign cue
. s
Chigu dai R E
nguyén ban
y
G
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T, - Nén
_ S S RNt mat bén_ R
Non the tich

Hinh 1.1 Mot 56 loai mon dién cuc
Béng .1 Thong ké dg mon véi dién cuc co goc 90° trong cdc
dang két hop khdc nhau cia dién cuc va vt liéu phéi. Mon dién cuc

duoe liét kké dua trén do day phdi gia cong la 25 mm.
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Chit nhrénn?é;a_z Lé Thi Phuong Thao

Vit liéu lam Vit liéu phoi Tinh Lugng mén dién cuc
dlién cye cuc Tinh theo ins -j Tinh theo mm —
— ___Hél_lg“ﬁﬁ_.. "_""Tl'iél')"” _ A -}-50 - 38210 - -
Bang thau Cac bil vonfram Am 4.00 101.60
Pdng do Thep Diang 0.10 2.54
g dd Fhép A 1.00 25.40
Pdng do Cac bit vonfram Am 0.60 15.24
: Dong vonfram | Thép U Dwong [ 046 1016 ——
L béng vonfram | Cac bit vonfram Am 0.70 17.78
] Graplute | Thep | Duwong { 001 v B —=
= oo o Graphite Thep. . . K 1016 —
T 16, Cae HﬂT('j"__g_ﬁ'ﬁ'hi_é'lT 'c'['ru'ﬂi“én' hinhtl‘ong‘EBM‘ T I |

— - Gia cong tia lira dién (Electrical Discharge Machining - EDM) la
quy trinh gia céng phi truyén théng dugc st dung rong r&i nhét do kha

ning tao ra mot bién dang phtc tap. Ung dung ctia EDM phd bién nhét

trong cac nganh cong nghié€p ché tao khubn mau, 6 tdva hang khéng vii
tru |1, 2}. Trong nhiing nam gin diy EDM cho théy tAm bao quat cla
minh trong [inh vyc thé thao, y té, nha khoa, dung cu phAu thuat va céc R

nganh cdéng nghiép trang sic [3]. K§ thuat gia cOng truyén théng

—thuong dua trén viéc loai bo vat 1iéu bang cach sirdung vat liéu cong ey y
A J "~ , ~ , . >
ctng hon vat liéu gia céng va khéng thé gia cong chiing mot cach kinh _ 2‘

te.

So vai cae phuong phép‘ gia cdng truyén thong thi EDM c6

nhitng vu diém co ban sau: c6 kba nang gia cdng dugc céc bé mit co
~ “kich thude nho voi hinh dang phiic tap; dé dang tudormg héa do cac — ~— = = =~

chuyén dong khi gia cong kha don gian; bé mit phoi sau EDM khong
¢ cac vét cao xudc ma la tip hop ciia cdc vét 16m nho phén bé ngiu
nhién nén giup luu gilr dAu bbi tron tdt hon va ting do bén moi cia chi
tiét khi 1am viéc; khoéng yéu cau dung cu phai cé do cung cao hon do
cing cua chi tiét gia cong; khdng gay bién dang chi tiét gia céng do

khéng c6 sy tiép xuc gitta dung cy va phdi trong sudt qua trinh gia
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cong, diéu nay tao nén tinh da nang cia phuong phap; nang luong nhiét

—— duoe stt-dung dé boc tach vatlidu phdi nhung lugng nhiét truyen vao

1A

L

" Chii nhiém ¢ 16i: Lé Thi Phuong Thdo

chi tiét gia cong 1a khdng 16n nén it gay bién dang nhi¢tche

cong thap, khl tang nang suat boc tach vat heu th1 do nham bé mit gia

cong cling tang; frong qua trinh gia cong xay ra e tuong qua citva

~ mon dién cuc tam anh hudng khong t&t dén d6 chinh x4c gia cong; kho

xdc dinh chinh xac khe hé phéng dién va céc thong sb cong nghé tbi wu

Phan]

e

A r A 2 bl - o A -m L. :
1.6.1 Nghién ciru vé anh huéng cia vat lieu dign cyc

Gia cong phéng dién thuc chat 1a mdt qué trinh st dyn, hién
p : : .
trong loai bd kim loai dua trén higu ung &n mon cua tia l(ra dién trén ca

hai dién cye, v1 vay Chen cuc dong vai trd rat quan trong, né anh huéng

~—

dén tbe d6 loai bo vat lleu va tdc d6 mon cua dung cu [4]. Vat liéu dan
dién nhu than chi, déng, dc"mg thau, nhém, déng-vonfram ia mot s6 vat

lidu duoc st dung rong rdi nhat 1am cong cu dién cyrc trong EDM [5].

Graphite (than chi) 1a vét liéu dugc su dung phd bién phét cho

khoang 50 nam truéc. Khong gi6ng nhu cie vat lidu dién cyc lam b%mg
kim loai khac, than chi ¢o mot-sd ddc tinh phi hop cho dién cuc EDM
gitp nd duge uu tién lya chon hon nhitng vét 1iéu khac. Nhiét d6 nong
chay cao cua graphite din dén sy mai mon it hon so véi cdc vit liéu
dién cuc khac. Mot uu diém khac clia graphite 1a ¢ thé dit gia cong

trén may toc d@ cao va cit ra cac hinh dang phuc tap ma hoan toan

9

 dién-cue. Graphite di dugc gidi thiéu trong nganh céng nghiégp EDM
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khong xuét hién vét cit sau gia céng [6, 7]. Nhidu nha nghién ctru d4

—-tip-trung khai thic tng dung etia-dién-cwc than-chi trén nhidu loai vat

1éu khac nhau nhu Incone , Incone , 11-5Al-2, , ,

T16A14V, AISI P20, AISI D3, 1S2062...[5, 8-13].

Graphite ¢6 nhiéu loai khac nhau tir ¢& hat l6n (200 pm) dugc st )

 céng thép. Gid thanh ctia than chi khéc nh

| ~dén 1At At d61 v6i ¢6 hat min. Dién cuc graphite cho toc do loai bo vat

1iéu cao va do mon dién cuc thap = tuy thube vao théng so cai dit trong

qué trinh EDM - so véi dién cuc kim loai. Hién tai, ¢6 xu huéng két

hop toan bd cau hinh hinh hoc-clia phdi-vao-mét-dién-cue 1én-duy nhét;

thay vi phén chia dung cu thanh nhiéu ménh nho. Vi vay, trong luong
~cta dién cuc trd nén rat quan trong vi né anh hudng nhiéu dén qua trinh
gia cong va su dung dién cuc. Cung kich thude, trong lugng dién cuc

graphite nhe hon kha nhiéu so véi dién cuc dong [6]. Thém vao do,

-—graphite de gia cong bang céc phuong phéip gia cong théng thudong nhur '

phay, khoan, tién, mai va gia cong siéu am.
Méc du graphite 1a lya chon tot nhat.lam vat liéu dién cuc, nhung
¢o mot sO han ché & cap do phén tir. N6 x0p nén khi ngdm trong chat

long, no6 ¢d the tao ra cac tap chat khong mong muén. Hoi 4m bi ket ¢6

thé tao ra hoi nuéc khi cit lam hong dién cyc [13]. Nhiét do nong chay

clia than chi rdt cao. Khi dat dén diém nong chay né chuyén thing
thanh khi tir trang thdi ran. Day ciing bi xem Ia nhuge diém béi 18 dic
tinh nay 13 nguyén nhan hinh thanh bui min tai noi lam viéc. Bui ¢6 thé
luu lai trén cac mdy cong cu va khi 1an véi dung dich bdi tron s& lam

giam d6 chinh xac cua may.

[0
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125 '-1-4=-1-7-]--~Dé-cétc--d'-i-én-e—ue--déng—- giai-phong cac dién tir trong khe hé,

Pién cuc ddng duge sir dung rat pho bién trong qué trinh EDM

nhiét d6 phai du cao dé cac dién tr ndy hap thur di néng tuong. Két St-qua

14, nhiét do cao ndy co xu huong & chay mgt 56 dién cuc dong. Mom

d1en cuc la thong s& quan trong bgi vi sy mai mon qua mirc “dBn d&n

B e L ST

LY A ~ . -

thoi gian néng dién cuc thudng Xuyén hon.

4 - Tl 7';',1"‘,

Nhlet do nong chfay” ctia hau hét cac kim Toai gia cong t1é ‘chuén duge

14 11
I

éug 1:500-2-C; :_liét_di;ﬁ d em nong chiy clia™

SO LlLIlL UUM EFPMaldh G
g T

"¢kt EDM déu c6 kha ning mang dién tich nhiét dién va c6 nhiét do

dbng (khoang 1. 100 C). Bat ky hat noéng chay nao b1 day ra l(h01 Vét

khong cho phép chﬁng gén vao dién cuc d?)ng. Trong tl'ubng hgp nay,

khong doi, Trong khi-

" hwéng dink vao dung CL_Tcé't, dac bigt nd ¢6 the lam tic da khi mai [t4]. - - - - - - —-

dbng. Tai tbc do gia cong thap, do mon dién cyc cta dong cb thé thap
hon glaphlte Tuy nhién, khi cuong dé dong dién tang 1én, dién cuc

graphite s€ cho tdc d6 gia cong tang Ién tueng Ung vé1 do mon ghn nhu

™

giam, kém theo d6 dién cuc bi &1 mon nhanh hon khi cudng do dong . |

dién tang 1én [18].

Pong duoc st dung rong rai khi bé mat phoi yéu cdu do nhan

bong. Tuy nhién viéc gia cong vit liéu nay gap khé khan do dbng c6 xu

Kich thuée va trong luong cua dién cuc cling cln luu y. Cung kich
thude, trong luong dong s& 16n hon khd nhidu trong lugng graphite [7].
Mdt so loai dién cuc dong duge khuyén ‘cao sir dung gom cé: dong

vang, dong do, dong vonfram. Dong vang san c6, dung lam vat ligu

dién cuc khi gia céng thép cho ti 1¢ hao mon thdp, tuy nhién khi gia

cong vonfram cacbua ti 1& hao mon rat cao. Bién cyc dong do thuong

11




 Dé tai NCKH cdp truomg

duoc ding dé gia cong thép. Pc diém cia loai vét ligu nay 1a khé mai,

—chéng-mon tot-thuong si dung cho cac.miy EDM véi ngudn cung cap .

Cii higm @ ti” L& Thi Phitong Thio ™~

dién R-C. Pong vonfram cd déc tinh chong mom rat tot, thuong duge st

dung dé gia céng hop Kim cing.

1.6.2 Nghién clru t6i wu hoa cac thong sb cong nghé

T _Nghién ctu 11 uu hda cAc thong sb cong nght frong EDM Tar

. __phtic tap, k&t qua nghién ctu phy thudc rat nhiéu vao vat ligu dién cyc,

phoi va may gia cdng. Phuong phap dugce s dung trong cac nghién ciru

13 thyc nghiém nghién ciu véi sy két hop cla nhieu ci@p vat liéu dién

" tyc- phbikhac nhay [44]. Trong cAc nghién ciu gin day, hiu hét anh

=

huong ciia cac thong so cong nghé déu dugc toi uu-theo-cécchi tifu

TWR nhé hon, chit lugng bé mit t6t hon va ning sudt béc tach vat lidu
cao hon [38], . Sanghani C: R. et al. (2014) da gi6i thiéu mdt s
phuong phap va cong cu dugc st dung dé giai quyét cac bai todn tbi wu

hoa cac mdi quan hé gitia thong so cdng nghé va chi tiéu dénh gid chét

PR

1u'c_7):ﬁ7g7trbﬁgEDM . Cac m6 hinh duoc thuc hién thuc nghiém Kiém
ching va da du doan duge cac dic trung chit luong mong muédn [19].

PHAN.

Béang nghién ctu thue nghiém gia cong thép hop kim 718 trén

_may lai xung dién va mai bang ¢4 mai kim cuong, dung dich dién mdi

trdn hat mai, tic gid Deepak Rajendra Unune va cac cfng sy [21] dua
trén phuong phdp phan hoi bé mit dé tdi wu hoa da muc tiéu cho ning
suat boc tach vat liéu dat duge cao nhét [a 13,90 mm3/phat va nhdm bé
mit Ra thdp nhét [4 2,484 pm. Nghién ciu nay cho thiy viéc bd sung
cac hat mai trong chat léng dién mdi gidp ting cuong déng ké hiéu suat
ctia qua trinh. Trong nghién ciu [25] Taguchi két hop véi Topsis dé téi

vu héa khi gia cong EDM, dung dich di¢n moi két hop gitta ddu EDM
12

-
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va dau co, thép mangan dugc chon lam chi tiet gia cong, céc thdng sd

- e —e-dAu-vae-duoe-chon-1a: I; Ton; Toff, .phé“m mém Minitabl7 dugc ding dé

phan tich, két qua toi uu cho hai chi

H

va bd thong s6 cdng nghé tdi uu da

thong s6 dau vao: [ = 13 A, Ton = 100 ps va Toff =350,

~ Strdung k¥ thuét két hop ciia RSM véi Fuzzy va Topéis dé 61 uu

6y Ti6AL-4V,

r

- duoc xac dinh

8L MRR lnhon

|
|
|
I
|i
\
|
I
! .
e ——

va TWR nho hon, day 13 cac Két qua nhan dugc trong bai todm tof wuda—

muc tiéu trong EDM cho silicon nitride - Titanium nitride bang Taguchi

- Topsis va Taguchi - GRA. DAy 1a hai giai phap phu hgp v6i bai toan

da-muec-tiéu-trong finh vyc nay [30]. Ngoai ra t6i uu hoéa da muc tiéu

cho nhém 7075 khi khoan EDM bang 1y thuyét quan hé xam Taguchi,
chét fuong bé mat cling duge phén tich 1a tbt [35]. Bing su két hop
Taguchi - Topsis voi ANOVA dé toi uu hoa, duge thuc hién voi thép

M2, méng truc giao Taguchi L36 dugc dua vao thue nghiém. Két qua

N

7% /f‘\.

~danh gia higu qua gia cong trong%lf}l\fkd%”rémac—e&kth}en%ép%kw,lu

% [36]. Su két hgp cia ANOVA vi Tagul:hi - Topsis dé giai bai toan
tdi vu da muc tiéu trong EDM khoan thép tréing 304, mang tryc giao

127 duge thiét ké, véi cac th(“)ng‘sé dAu vao la: U; I; Ton; Toff. Két qua

_ t6i wu di cho hidu qua tét hon (khoang 37 %). Day co thé 1a giai phéap

ot trong thuc tién san xudt{40]. MRR va Ra duge st dung la cac chi - -

tiéu tbi vu. Su két hop Taguchi - AHP - Topsis dd dugc sir dung trong
bai toan t&i wu da muc tiéu cta céng nghé gia cong khong truyén théng
[43]. Su két hop nay da dan dén vide lua chon trong so clia cac chi tidu
chét luong don gian. |

O trong nudc, mot sé két qua nghién ciu duge cong bd v& qua
trinh gia cdng xung dién. Trong cac nghién clru do, cac tac gia dd danh

13
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gia sy anh huong cua ché db cong nghé khi xung gdm 3 théng s6 chinh

Ja-dién-4p danh-tira U, cudng 40.dong phong tia ltra dién I, thoi gian

+ 19

A — by ~ r

phong xung Ton dén chat [uc : : ,

tao hinh [7]. Trén co s& nghién ciiu sy anh huong cua che d§cong

nghé, céc tac gia [12] da thuc hién bai todn to1 uu hoa v&i ham muc tiéu

14 d0 mon tuong d6i cia dién cuc. Cling bang nghién ciru thyc nghiém, ——

“Tho gia Hoang Vinh Sinh [9] d thyc hién t5i tu héa qua {rinh gia cong

- B - . i T U It Trel eublanl S e A P S N L P

R Vi Quang Ha d& nghién ctru anh huong cua ché d% cong nghé @én nang

suét va chét luong bé mit khi gia cdng béng phuong phap cét day tia

Itta dién [10]. Nguyén Hiru Phén [11] nghién ctru anh hudng cia cuong

***f*—idfrdr‘mgdiénfth&)’iffgi’anjahét%fung&th_cf)'—ifgianfn—gi—x—ngfphétq&ungrvatljélpi%f77
dién cyc va n6ng do bot dén ning suit va chét luong bé mit thép lam

khuén dwoc gia céng bang phwong phap xung dinh hinh c6 tron bdt Ti

trong dung dich di¢n mdi theo céac chi tiéu niing suat boc tach vt lidu,

VT A= Y alkh T ALY

Taguchi thidt k& thuc nghiém, st dyng dién cuc dong va graphit, chi

tiét gia cong SKDI11, SKD61, SKT4; phuong phap Taguchi - GRA

duge st dung d& téi wu hoa véi két luan néng do bdt 10g/1 cho ndng
sudt va chat luong bé mit gia cdng cao.
~ Viée 1o thon céac trongsd clia cac chi tiéu chat lugng tbi vu - - - —

trong EDM rat phiic tap, va trong rAt nhiéu truong hop chi duge lua
chon theo kinh nghiém. Gia trj trong sb cia céc chi tiéu chat Iuong
duoc lua chon théng qua y kién cia cac chuyén gia thuong cho két qua
véi d tin ciy khdng cao, boi vay viéc d& xudt cac giai phap ly thuyét
dé xac dinh két qua ctia bai toan da myc tiéu la rat cin thiét [44]. Tu
cac nghién clu trong va ngoai nudc, cac két qua da dat duge cua cac

14
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nghién ciu trén, két hop voéi yéu cu cap thiét cua thire tien san xuéat

— . EDM trong nudc,.tac. gia.dé xuit chon gidi phap: St dung phuong phip

I3 r r
ry ] " = A ~ i A [ ? A A

~ trong EDM dugc st dung dua vao nghién ctu, cac thong so céng ngheé

__pdm dién 4ap khe hé phéng dién (U); cuong d6 dong dién (1); thoigian =~ -

" phéng dién (Ton); thi gian nglig phong dign (Toff) duge chion lache

) B
>
3

i

I

A [a ol h . r | ceg -

don muyc tiéu; Phuong phap Taguchi - AHP - Deng’s dugc su dyng dé

t6i uu hoa 3 muc tiéu chit luong trong EDM dé gia cong thép 9XC, st

dung dién cuc graphite (than chi).

1.6.3 Nghién ctiru vé anh huwong cia cac thong s6 cong nghg

e
i\
. -~
Kha nang cong nghé cia EDM phu thudc rat nhiéu vao cac -
thong so cong nghé. Do mon dién cuc, chat luong bé mat va ning suat
)
boc tach vat 1iéu cia EDM chiu anh hudng boi rat nhieu thdng s6 cong

" nghé nhu: Dién 4p phéng tia lva dién, cuong d6 dong dién, khe ho
phong dién, thoi gian phat Xung, thdi gian ngung phat xung, su phéan
cuc dién cue, dong va dic trung cla dung dich dién méi, do dan dién
clia dién cuc - phoi, dién tich gia cong,... [24], [34]. Cac két qua khao
sat voi dién cuc Cu va vét liéu gia cong la thép SKD61 da cho thiy:

Khi tang cudng do dong dién da lam MRR, TWR va Ra ting nhanh

nhung khi thoi gian phat xung tang dan dén MRR va Ra tang nhung
TWR giam.  Va anh huéng cua cudng dé dong dién den cac chi tieu
danh gi4 1a manh hon so vdi thoi gian phat xung [35].

Anh hudng clia cac thong sd cua qua trinh xung dén chat lugng
bé mit gia cong ciing duoe khdo sit trong [3] va [4]. Thém vio do,

cong thic dé xac dinh do nham bé mit khi xung trong dé ké dén anh
L5




- glan-XURE V. o ciing dugc dé xuat [4]. Anh huong cha céc thong s6

. Dé tai NCKH cdp truong  Chii nhiém dé tai: Lé Thi Phuong Thao i
“hudng cha cuong d dong dién, dién ap khi xung, chu trinh xung, thoi

~

qua trinh den do mon cua

vao do, cac tac gia da xac dinh duoc cac tham so oI U cla qua trinh

xung dé d6 mon dién cyc la nhd nhat [1]. Viéc nghién clu qua trinh T

xung cfing d dugc thue hien cho nhiéu Toai vat lieu gia cong Khdcnhau

” nhu thép dung cu ATSI D6 [[T, Composite kim Togi Al 7075-B4C[2],  ~ ~ =~ |

SiC, B4C va Si3N4-TiN [6]. ’ |

1o
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Chwong 2: CO SO LY THUYET TO1 UU HOA

-~ —2.1 Khainiém v& t5i wu hoa.

Téi wu hoda qué trinh cit got 1a van dé phuc tap da dugc quan tAm

va trlen khal nghlen cuu tu nhung thap nién 70 cia thé ky trudc ¢ cac

nuge cong ngh1ep phat tr ién [19] Téi wu hoa qua trinh ot got faviee

. :
: 9 ~ v dnno mAi guan hE‘

g1u'a ham muc tleu chat luong val mot sd thong s& cua che do cong

“nghé tuong Ung vl mot he tnong cac g101 trarr ve Tt kit u:, k§-thuat

-va t chire clia doanh nghiép. Qué trinh d6 gdbm.3 bude: -

- Burde 1: X4y dyng ham muye ticu;

- Budc 2: Xac dinh mién gidi han cta bai todn to1. uu (xac dinh

cac diéu kién bién rang budc);
- Budc 3: Giai va bién luan két qua.

2.2. Cic dang bai toan t6i wu hoa

ALY

pé thuc hién bai toan t6i uu, trong thuc & hién nay ton tai hai

dang bai toén toi uu hoa tinh va ti wa hoa ddng.
2.2.1 T6i wu hoéa tinh

Téi yu héa tinh 12 tdi vu hoa trude qué trinh gia cong. La qua

trinh nghién ciru va giai quyét bai todn 101 yu dya trén md&hinh tinh cua

qua trinh gia cong. Pé thyc hién bai todn nay phai dya trén cac gia
thiét:

- Lwong du gia cong trong lat ciit khdng thay dbi;

- Vit liéu gia céng ¢o do bén, dd ciing dong nhét;

- Trong giai doan mon 6n dinh, lugng mon cua dao thay déi theo

thoi gian v6i moi quan hé 1a tuyén tinh.
17
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Sau khi xdy dung bai toan va xac dinh dugc ché do gia cong t6i

- o gpu;-nEUST-ta-tién -hanh-diéu chinh-mdy.lam.vige theo.ché do d6 trong ... ..

r

sudt qua trinh gia cong. Uu diem cu Ap - tot Ayt

gian, dé thyc hign. Tuy nhién phuong phap nay cling co Tt mhicu fam

" ché nhwr khéng cha ¥ dén dong luc hoe clia qua trinh gia cOng, nghfa la

_bo qua céc yéu t6 mang tinh ngau nhién xay ra trong qua frinhgiacong.

x

Hon nita cac gia thiét trén trong thyc € 1a khong ding. Vi vay 66 chinh = =
xéo cua bai toan totuu tinh khéngecao, — +~— —~ — -~ -~ T ¢

—- 222 Téiwuhéadéng s -

Téiuu héa dong 1a toi uu hoa trong qua trinh gia cong, nhim

“Khai Thac to1 da tiém nang cua | 6 thong cong nghé—Qué-trinhnghién- :

clru va gial quyét bai todn dua trén mé hinh dong cua qua trinh cdt, qua
trinh cft ludn git duoc trang thai cdn bang nho k¥ thudt diéu khién
bing cach lién tuc xdc dinh gia tri t6f wu cva céc dai luong theo ham

muc tiéu di dinh theo thoi gian va diéu kién gia cong thuc. Véi hinh

~ thiic t0i vu ndy, ché d6 gia cong 161 uu khong nhiing duoc diéu chinh
trudc ma con tu dong duoc diéu chinh trong khi gia coéng. Pé thuc hién
duoge didu nay thi may phai dugc trang bi cdc thiét bi c6 mic do tu
dong hoa cao nhu thiét bi do nham, do kich thude, h¢ théng xur ly thong

tin [19].

2.3 Phuong phap tdi wu hoa don muc tidu theo Taguchi

©2.3.1 Ty s6 S/N

Taguchi sir dung su thay doi gia tri trung binh cua cac chi tiéu dé
danh gia anh huong cva cdc thong so cong nght dén cac dic trung chat
luong duoc nghién ctu. Dé xac dinh thoéng sb cong nghé to1 uu,

Taguchi str dung ty s& S/N. Tri s cua $/N cang 16n thi két qua clia cac

18
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chi tidu cang gan tri sO toi uu. Vi vy, tri s6 cua S/N la cao nhat s& cho

két-quétoi wu. TFri-sd S/N-duge-xae-dinh-nhu sau [ 76]:

- Cao hon 12 tét hon:
) . 1 L1
o §yNratio () = =10l0g1o(I Ty e . .
. if

15 25 '---n;j: 1,2, .. K. . .
Gia tri nay duge ap dung cho cdc myc tiéu quan tdm ma mong -

'—muérr&m—ltiémﬂﬂ!@*&té—kéa—heéreéc—dé&tim}ehét_lugggﬁ— ;

1S 4

: Péi v6i két quamong mudn Gid tri titu chuin (danh nghtq)la
A A
tot nhit
)
{

(Nominal - the best)

5/N ratio (n) = 10logye(

wsdl

[ = Y1+¥z+¥Ystot¥n
H m

o2 = Nvi-y)
n—1

Trong do:
Diy dugc goi 1a van dé loai danh nghia tot nhat ma nguoi ta cod

péng giam thiéu sai s& binh phuong binh phuong xung quanh gia i

muc tiéu cu thé.
Chudn hoa 1a mdt sy chuyén doi dugce thuc hién trén mot dit lidu

du vao duy nhit dé phan phoi du liéu dong déu va bién né thanh mot

pham vi chip nhan dugc dé phan tich thém.
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D8 1 NCKH cap truong _ ( /ﬂr nhzem dé iz Le Thr Phuong Thao

DPéi véi két qua mong mubn Nhé hown thi tét hon (Smaller - the -

_.__.bette.r)__. e e e

\ . . 1 }
S/N ratio () = —1050910(52?:1 }’fj)

* Phin tich phuong sai ANOVA

do lech cuadu heu thu nghlem tu gla tri tlung bmh coa du heu SST”"

duoc xac dinh theo cong thuc sau:

=Y i —9)°

Trong d6: n 1a so lugng gia tri duoc kiém tra; y 1a gia trj trung

*%fﬁm*c'éﬁlcétquuéfy—i—eﬁlafdéiftlfaﬂgft—htrfi—.—77—7——7— —
- Téng binh phuong cia théng s6 B (SSB)

555 =Tk (i) - 'F;:;

1153

Ny ol oy oaem F M .

-

Trong do: Bi 14 gia trj tai muc i cua thi nghiém; nBi 14 s6 ket qud
khao sat & diéu kién Bi; T la tong céc gia tri kiém tra.
- Téng binh phuong cac 16i (SSe): Phan b6 binh phuong cua cac

gia tri khdo sat tr gid tri trung binh cua trang thai B.

oo S ] 559‘—'2?512”8[(" — ) S _

- Phén tram anh huong cua thong so B:

‘;SB

C% = 100(%)

* Toi wu hoa két qua dau ra




 Dé tai NCKH cdp truomg  Chik nhigm dé téi: Le Thi Phuwong Thdo

Gia trj toi vu (Em) duoc ude tinh bdi céc thong s6 co anh huong

- — manh-va duee-xie dinh-theo cong thirc sau:

Em:y'i'(h—k—y) + (gl_?)‘k(fﬂﬁt_y)

©  Trong d6: v 1a trj s& trung binh ctia dic trung khao sat; Ak, Bl - e

i TAn Tuot 18- gid tri trung binhrtai cacmuctho ki fvam———————————

¥ Khoang phén bb ciia gia fri tsiwn

Khoang phan bd clia mdt tap mau CTm xéc difili bT cong thirc:

oy [ECRre
Cly = & |7

- ”*"7*’**’*'11150131'%(1(1)2——FOtflél—h?&S671‘1é'flfl’llzlicgtillfcéryf(,L:(x),déile"I' DF=1va

DF ciia 15i fe; ve 1a tri s6 thay ddi cua 151.

Ny =

1+DF

[ TN Y I

w A\

binh; N 1a tong s6 thi nghiém khao sat,
- Sir dung phwong phap phin tich quan hé xdm ( GRA)

Phuong phap phén tich quan hé xam (GRA) la mét phuong phap

thdng ké hiéu qua dé do mirc d6 gan ding gifia cée ddi tuong bing cach
- 7 st dung cAp quan hé xam. N6 duge phat tricn boi Deng varcée cong su-
[1] va da duge tung dung thanh cong trong nhiéu Iinh vuc khac nhau [2,

3]. Murc do thdng tin trong phan tich moi quan hé xam gidp qué trinh ra
quyét dinh dugc d& dang hon trong cdc tinh hudng khé khan [4, 5].
Phuong phép nay di dugc céi tién va phat trién thanh phén tich mbi
quan hé mo xam (FGRA). Day la mot phuong phap tiép can dya trén
mot hé théng mo dugce phat trién dua trén cac hé s6 va muic quan hé
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D8 tai NCKH edp trudng

xam. M6 hinh nay xem xét tét ca cac tiéu chi khac nhau, bao gom ca su

-~ khong-chic chén vé trong sé-va tam quan trong cla céc tiéu chi.

Chi nhiém de fcu Le Thr Phuong Thio

Phuong phap phén tich méi quan ﬁé md xdm (FGRA) 1a mdt

~ phuong phap tlep cén dya trén mot hé thong mo du()'c phat tr1en dua

trén cac hé so va muc quan he XA, Mo hmh nay xem xet tat cA cac tidu

'8
Iy

¥ m'
=)y

Cac buoc thuc hlen phan tlch mdi quan he mo

_trong clia cac tiéu ch1

. S —_————

xam duoc su dung dé danh gia tac dgng cua cac yeu t6kitac niaw ten

36 nham bé mit gia cong nhu sau: A

Buéc 1 Xac dinh ma trin tham chidu va ma tran so sanh. Vi ma

or F o

tran tham chicu dugc xac dinh nhu sau:

S v={Y(1) v(2) - Y(n)]

Néu sb phan tir can khdo st la m va céc yéu to cin khao sat

trong cac diéu kién khac nhau 1a n, thi ma trin so sanh dugc hién thi

Y

1

nhursau: ”
X1 “Xl(-]) x\(zl) ) X1(n) h
‘- )(:2 _ -Xllﬂ) XE(Z) >.(2(l1),
,X.m (]] Xm( ) 'xm(n)

Buée 2: Hién thi chudi khéng co t_l'1am_s§ kich thudc gbc. Khi

céc nhén td duoc nghién cau va cac bién tham chiéu c¢6 cac tham s0
khac nhau hay khong tham so dugc xac dinh bodi phuong trinh sau:

XL(k)' ‘ X, (kl fM!n[ (k)]lw
Max[X (k)] Mm[X (k)]

[N
[R]

an & %!




Dé tai NCKH cdp truong - Chu i:i';ll'{?m dé tai: Lé Thi Phuong Thao

Bude 3: Tinh gia trj cosin cua cac tdp mo. Phuong pbap cosine

~gbc-di-duge théng-qua- ma-khong-bi-danh-hudng-boi mdi quan hé cla ty

“1& tuyén tinh ctia dit Tiéu dugc xac dinh bang cong thuc:

1)

DRIGLI .

%ie—smy—phm—the&m&n@w@gen_lam_mec_va_chmgmwg%

~céc he s6 phan tan Ién hay nho c6 thé kKhong phan anh cnmn X&C ot

quan hé gifia cac yéu t6 duge khao sat. Phuong phép xéac dmh hé sb

phan tan dugc trinh thé hién nhu sau:

>
1!
|
2\
=
=
_:X
=
=
.

Trong d6, A [ gié tri trung binh cda sai sb tuyét déi.

Khi dd C=A Apax , hé 50 phén gial duge xac dinh nhu sau:

[C;'LSxC] o C <-;—

Le: 1
4,5 C2C) ;€ :g

Néu C <173, khido L =1,25C; néu C=1/3 ,khido L = 1,75C.
Budce 5: Ap dung khoang cach Euclide dé€ chi ra sy khac biét gitia
ma tran tham chiéu va so sénh dé cai thign dg chinh xac clia cac qua
trinh udc lugng. Do dd, veclo trong sO clia cac yeu to khac nhau trong

ma tran tham chiéu duoc xdce dinh nhu sau:
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. Détai NCKH ¢dp truong _ B Cr.';h_.t?_nhiém dé!c_r;Le_T?u}’;zu(_);'thhao

W=(WIl,W2,...,Wj)véij=1,2,..,n

" Budc 6: Sat d6; cac muc Euclidean R2 niau xdm duge tinh bang:

cOng thirc sau:

2

S R2=1*~2\/_5[W{1i5i(k)}] L

ki

~ Budc 7; Xép hang muc_g0 anfi NUGNg cUa C4C yeu 10 Kao sat

. _trén cos&d moc d6 quan hé xam.

)\, E

o
X -

MiniTab 14 mot phdn mém théng ké tng dung dugc phat trién &

Pai hoc Pennsylvania bdi Barbara F. Ryan, Thomas A. Ryan, Jr. vd

”"’f""*Brianfo:Ioi’nerfnémflf9—7%——M~ini—"l"ﬁbflélfphrirérnfbénfthuﬁggnfcﬁaphﬁn,mém
OMNITAB, phdn mém phan tich théng ké ciia NIST. Phin mém nay
ban dau duge thiét ké d& phuc vu viée giéﬁg day mdn thbng ké, sau d6

da duge phat trién thanh cong cu phén tich dif ligu rt hiéu qua. Trong

4
~

b1

thi nghiém nhu: SAS JMP, S-Plus, Genstat, State-Ease, Design-Expert,
Echip, Statgraphics, Systat, StatSofl... MINITAB a2 mot chuong trinh
kha toan dién va d& sir dung. Phan mém nay cé thé giai nhiing bai toan
tir don gian nhét nhu xac dinh hé sd trong phuong trinh hél quy, t6i cée
- - bai-toan phtre.tap. hon nhu viéc thiét k& thi nghiém, x4c dinh anh hudng A_
tuong tac cua cac yéu t6 bang cdc phuong phap phén tich héi qui,

phuong sal. ..
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Pé tai NCKH edp truong - Cha rrhrem cTe (Gi: L Thz Phuong Thio

Chwong 3
-~ —THUCNGHIEM XACDINH ANHHUONG CUACAC '~ -

INH PEN DO M

YK

N
o

‘Nhu phan tich & phan trén, xung dinh hinh & mét qua trinh gia cong
~ “trong do su phong diém xa‘yfra ngamhrm‘rvaﬂdnrdreu Kkhidn=Po-vay, ——————
- -d& dam-chét luong: cha-chi-tiét: gia-céng-va-nang. -suat-cla-qua trinh-mot =~ - - .
~ céch 6n dinh la dic biét quan trong, Trong phan nay nghién clu &nh ,
hudng cua cac thong 56 cong 11gne Xung dinh hinh nnam duaTa ot uuc- -_ —
do cong nghé hop Iy nhat dé dat duoc lugng mon dién oye [a nho nhat

ma vAn dam bao ning suat va hidu qua.

3.1. Muc dich thi nghiém

—X4e-dinh-duoe-anh-huéng cla cac thong s6-cong nghé xung dén

lugng mon dién cyc khi xung thép 90CrSi qua to1.

cuc nho nhét.

- D& xuit ché do cong nghé xung hop ly nhidm dat lugng mon dién : (
r
)
[

. P
o A " ~ 3 r [ 2 5 '_U
Xay dung mo hinh thi nghi¢m : /

Trong cac nghién ctu da phz"m tich trong chuong II cho
thdy, qué trinh xung dinh hinh xay ra nfjau nhién, tuy vy qua cic
nghién cu thue nghiém da cho 1h'1y mét sb théng sb cong nghé xung
¢6 anh huéng nhit dinh dén ning sufit, chat lugng cua qua trinh nay.

So do thi n_ghi_ém-xu ng dinh hinh duge md ta nhu trong hinh 3.2
* Mdy va thiét bi thi nghiém
Dé tién hanh thi nghiém khao sat. Cac thi nghiém dugc
thue hién tai Doanh nghiép Co khi chinh xdc Thai Ha voi may va thiét
bi do duoc md ta trong bang 3.1. Thanh phén hoa hoc cta thép 9CrSi
duoc mé ta trong bang 3.2. Dién cuc va chi tiét pia cong dé thi nghiém
nhu trong hinh 3.3. Hé théng thi nghiém nhu hinh 3.4.

Q]
L




. Détai NCKH cdp trucng

Chii nhim dé tai; L& Thi Pheong Thio ™~

"
: f - } l 3 2
. T ...... - 1- = *
T e = 77_:_:.—]{___& _ _ 2\ IJ
= -
Hinh 3.1 So do thi nghiém
1) Bé chira; 2) Chi tiét gia cong; 3) Dién cuc; 4) Canh ldméy; 5)
' Nam cham
Béng 3.1. Mdy vé thiét bi thi nghiém ,
y
May va trang thi€t bi. Thong sb ‘
May xung Sodick A30 A
—Pung dichdi¢nmdi- Diuxung HD-1 J
bién cuc xung | Graphite
Chi tiét gia cong Thép 9CrSi qua tdi dat 58 — 60 HRC
Can dién tr chinh xac Jadever - Taiwan

May donham T Mitutoyo 178-923-2A, 83-201

Bang 3.2. Thanh phan héa hoc ciia thép 9XC/9SiCr

Theéwil phan hoa hoc 1hép 9XC

Ngwenid ¢ CCr Si Mn oo T T
Ham luwong 0.85-0.95  0.95-1.25 [.2-1.6 0.3-0.6 0.03-0.55 0.03




_Dé tai NCKH cdp truong o Chu nhiémrdé lc‘;i-.:-ié Tht Phuong Thao

Hinh 3.2 Dién cuc va chi tiét gia cong

SRR

okt R St
IR

by M B0 SNy

"Hinh 3.3 Mdy va hé thong thi nghiém.

3.3. Thiét ké thi nghiém

Trong nghién cliu ndy 5 thong s6 cong nghé cua qué trinh
Xung bé mat tru dinh hinh dugc lya chon dé khao sat bao gém: cudng
' d6 dong dién xung (IP) va dién dp khe hd phong dién (SV), thoi gian
phat xung (Ton), thoi glan ngimg phat xung (Toff), loai dién cuc
Graphite (TOG). Céc thong sb dAu vao va cac mic khao sat duge md ta
nhu trong bang 3.3.
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Pé tai NCKH ¢dp truong

Bdng 3.3. Cdc théng so ddu vao va mirc khao sat

_ ( ‘hu nh_tem- de lc.r; Lé ’ffﬂ Ph.u_(mg Thio

T ThénesddauT TRy LT T T ~Mirc khao sat.
TT hong so dau | .ny Pon vi
vEo et i 3 3 4 Y 6

I Dong dign P A F5 5 75 g5 11.5 13.5

, - Xung

2 Dién ap servo SV A% 4 5 6 - - -
3 Fhiri-gian Ton 1S, g 12 6 - 7 - ‘ -

T pﬁﬁt Xungj el T el T 7‘:—— e mmmmmmm e e = e s mmee e eme e =
o S -~ Thoigian - -~ Toff - ~ps - & - 1 16 s T - _

ngirng phat .
- xung - 7 -
5 Loai diéncuc  TOG HKO HKI5 HK20 - - -
Graphite

Véi s6 Tugng thong 56 dau vao va cac muc khao satton,—
tac gia lya chon phuorng phap quy hoach thuc nghiém Taguchl dé thiét
ké thi nghlem véi thiét k& L18 (116 + 4"3). Phdn mém minitab R19
dugc sira dung dé thiét ké ma tr an thi nghiém vai trinh tu khai bao bién
thi nghiém nhu hinh 3.4. Ma trén thi nghiém, céc két qua do nham bé

T (2T, N

[

mit trung binh va the df)"m0nféﬁe]—r&t}c—t—m—ngub—mnfaug&mo@tm:mng,

bang 3.4.
Hinh 3.4 Phdn mém minitab R19 duoc sira dung dé thiét ké ma trn thi

nghiém voi trink tu khai bdo bién thin ghiém

- Taguchi Design_ . L _ X ! Taguehi Desigr: Design *
Type of Desigh : R s L= .F" - Calumnr Levels # Colurins
.‘ 24 evel Design {210 31 factors} S . g e e
1" 3dlevelDesign {2to 13 fatlors) PioLg 4o R
£ 44 avel Design 120 5 factors) Lo L g1 244
. . Jape = g . L1z 3~ 4
1" ol zyel Desion 12156 Fackarg) s
& Mixed Level Gesign 12 o 26 factors) z 21 3 4
' ) a3y 154
P el m Pl s - “
Iumber of factors: £ 5 . Display & [ L6 t ER d
o !
i
dd 3 signai factor for dynemic characteristics
telp | =14 : Cacel b : Help i Carcel J
e T E e ORI S —

1




Pé tai NCKH cdp. truong  Chii nhiém dé 1ai: Lé Thi Phuong Thio

Taguchi Design

Desicn Summary

Tagucn: Asray L1841 3]

Fachors:

J
 Runz 32

- - i - ~_a, L= BN I L 1 W 14 )
- Coltrns of BT 4378 aray- -2 34-£

-

6~ 374 =18 thimghiém)

nh 3.5 Khai bdo b;n thznéhzem theo phu‘oné phap T aguchz (L]78= T

Bdng 3.4. Ma trdn thi nghiém

TT Bién ma héa Bién thuc nghiém
XT | X2 [ X3 X4 x 1P 5V T-on—-T-off | TypeG
5 1{A) (V) | (us) | (us)
— |1 ] 1 1 1 |35 4 8 8 HKO
2 1 2 |2 |2 2 |35 5 12 12 | HKIS —
3 | 3 13 |3 3 135 |6 16 16 HK20 /
4 2 ] l 2 2 155 4 8 12 HK1S o
5 > 12 1z 13 |3 155 |5 12 |16 | HK20 /
6 2 E 1 1 |55 6 16 g ' | HKO
7 3 n 2 1 EE 4 12 8 HK20 ¢
8 3 2 13 2 EE 5 16 12 HKO \
R To— T3 (3 |13 2 +75 6 8 16— | HIKLS 3
10 4 1 3 3 2 |95 4 16 16 HK15 '
11 4 2 1 | 3 195 5 8 8 HK20
12 4 3 |2 |2 1 |95 6 12 12 HKO
i3 5 1 R THEERE 12 16 HIKO
14 s ]2 I3 | IRNIEIRE 16 8 HK15
15 5 3 l 2 INERE 8 12 HIK20
16 6 | 3 12 3 1135 |4 16 12 HK20
17 6 2 ] 3 b (135 |5 8 16 HIKO ,
5 t6 -3 J2 4= 2 [135 |6 12 8 HK 15 -

3.4. Thi nghiém danh gid dnh huing ctia cac thong s6 cong
ngh¢ dén mon dién cye |
Ttr ma trin thi nghiém & bang 3.4 myc 3.3. Céc thi nghiém
duoc tién hanh, K&t qua do mon dién cuc duge md ta trong bang 3.5.
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_ Dé tai NCKH cdp truong

Bang 3.5. Két qua do mon dién cuc (EWR) va ti 56 SIN

Chii nhiém dé tai: Lé Thi P!’Ju'()w:g_r Thio

] | e e EWR [img/phat)- ... -
TT tip LSV Ta | Tor TOG - - ,
Lin | Lin 2 Lin 3 SN Mean
. 35 [4 |8 (8 |HKO 2.8 2.33 2.69 7.75 243
, 135 5 [ ]12 jHKiS 0.73 0.78 0.93 172 0.82
[ 33 s | reje | HKa - ot 0.38 075 gy 058 | o
S PR S R A B R 1.._757/- Y 129 245 | 166 |
EEEREE 6 [ 1iKa0 0.97 T11 597 ¥y w2
6 |5 |° e 326 3381 295 ~10.10 349 -
- S 75 [4 [ ls |Hxa 1.70 201 1.37 -4.7;579 1.70 " —
s |75 |5 [1e 1z jnKo 5.54 5.19 591 -14.89 5.55
o |75 6 18 16 |HKIS 220 37 2.52 -7.93 248
k o |95 T e |16 HKS — 092 1.05 0.70 0.89 0.89
L 0.60 0.89 0.93 1.74 0.80 .
o o5 e 12 T2 [HKO 2.47 2.21 2.65 7,78 2.44 3
o | s e [2pe [hke 3.55 3.62 3.26 -10.83 3.47 Ij
s s 17(}7 8| TIKIS 1.63 175 1.46 -4.18 1.61 ‘
s | s e [® o [k 0.94 1.04 0.92 0.29 0.97 :
o 1133 4 e 12 |1k 1.69 1.92 1.56 -4.75 172
g B3 |5 |8 | Tk 2.64 4.78 138 “13.26 4.60
IR 2551 230 2.79 -8.14 2.55

Dua vao bang trén, tdc gia ticn hanh 18 thi nghiém voi 18 ché dd

xung khac nhau. Dé ting d chinh xdc cua thuc nghiém, tién hanh ldp 3

1An v&i mdi ché do xung. Toc d6 mon dién cuc duge xac dinh bang

thuong cta lugng mon dién cyc voi thoi gian gia céng. Luong mon

dién cuc duge xdc dinh bang hidu cia khéi huong dién cuc trude va sau

khi xung.
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 Détyi NCKH cdp trwomg —  Chinhiém dé tai: Le Thf Phuong Thao

Phuong phﬁp Taguchi st dung ty s6 tin hiéu/nhiéu (signal-to-

e noise)}-SAN-Ty-s6-S/N: "Eh.1._nghlem ch gid tri tv 50 S/N cao nhat s& cho

T LTI S/N o "10 LO%]O [MSDJ— - ok ,,,,(1,),,

MSD— Téng binh-phuong trung binh clia cac pia trj do.

S 7277_',_ 1!2 1 4 1]2
MSD = JL T 0
Trong motfru 1ong hm‘\ 1V sb S/N C&l’lE lon thi déc tinh

~

nhan dugc cang tot: Phuong phap-thue-nghiém-Taguehi-do-khong

~ 5-1

dung toan bd cac t6 hop thi nghiém nén khong dua ra dugc mot con so

1n

chinh xac Ve anh huong ciia mot th()mD s& diu vao nao d6 dén két qua

dAu ra ma chi mang tinh chat dinh hudng. Mic du vy, bang viéc danh

gia qua ty s6 S/N gitip nhung nha cong nghé biét xu hudng va mic do

3 dno cna tu dng SO ¢oOng n Jhé dén két qua dau ra. TU céac

nhan bidt nay sé glup cc nha nghién ctu nhanh chéng tim ra cdc théng ~ *

s6 cong nghé va pham vi cin tic dong dé nhan duge hiéu qua dAu ra tbt
nhit. Trén co so danh gid anh hudng riéng 1& cic thong s6 ¢o the tim ra
duoc tb hop cac thong so cong nghé (01 uu cho két qua dac tinh dau ra

mong muon.

T cdce két qua thi 'n'ghi'ém—do'-d'u(_)'c-C[é-tién- ‘hanh-danh-gia anh- - - - - —.
huéng cia cac théng 6 dau vao dén mon dién cyc. Phuong phép phén
tich ANOVA ti s6 nhiéu (Slgjnal to Noise Ratio — S/N) clia tling thong
s&. V&i muc tiéu dat ra 1a d¢ mon dién cyc nho nhét. Ti s& S/N ctia muc
tidu duoc tinh todn theo ¢bng thic 3.1. Gia tri tinh toan ti s6 S/N ciing

duoc md ta trong bang 3.5.




Pt NCKH cdp truwong — __ Chunhiém délc‘.ri;_ _Lé_Thj Phuong Thdo

s R'Sq “R-Sq(ad))
0473 57.21 88.13%
0 U

Bang 3.7 va Hinh 3.6 cho thay
%Ciugng do dong dién IP ¢6 anh hudng manh dén toc @6 mon dién

“cuc. Cuong ¢o dong dién ¢ muc gia fri 3.5 A ¢ thc d6 mon thip nhit. o ——
"= - Thoigian phit xang ting thithe do mon-dién-cyc gidm roitingva - - ———e |

_dat tri s6.nho-nhat tai mic 2 (12 us). Nguyén nhén 1 do Thoi glanphat

xung ngan lam gidm thoi gian ion héa dung mbi, di€u nay tao ra qua

“trinh gia cong khéng 6n-dinh va lam gidm sy tic dong cua cacdiénter

" va ion 1én bé mit dién cuc din dén toc d6 mon giam. Khi thoi gian phat

xung dai dan dén nang Tugng cla cac tia Iira dién tang nén EWR Tang.

S Thoi gian ngimg phat xung ting thi tbc d6 mon dién cuc ting va

tri s& nho nhat tai mac 1 (8 us). Didu nay c6 thé 1a do thoi gian nglng
xung ngéin c6 thé lam cua dung dich dién méi phuc hoi khéng hoan o

toan dan dén qua trinh gia céng khong 6n dinh, sy ph(’)ng tia lva dién

chi xay ra trong thot glan rét ngan va diéu nay s& lam EWR giam. Khl

moi nén lam 1ang 56 luong dién tir va ion téc dung len bé mit c’hen cuc
din dén EWR ting.
Cuong do dong phong dién ting thi tdc d6 mon dién cuc ting va

tri s& nho nhidt tal mae 1 (4 A). Nguyén nhén la do Nang luong cua cac
tia lira dién ting khi cuong d§ dong dién ting nén khi cuong dé dong
di¢n tang s€ lam EWR téng theo. _ B

Hiéu dién thé phéng dién ting thi the mon dlen cyc ting roi glam
va tri s& nho nhat tai mie 1 (4 V). Nguyén nhan la do ting hi¢u dién thé
thi ning luong tia lba dién cling tdng thed, lam tang tbc do mon dién
cuc. Tuy nhién, néu tiang hiéu dién thé qud s& lam ndng lugng phén tén
vao cac dién t va lon dan dén luong mon giam.

C6 thé nhin thﬁy, vat 1iéu dién cuc ¢o anh hu'é'ﬂg-rét lén dén toe

do mon dién cue. Dién cyc bang HK20 ¢ toc dd mon thap nhat.
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Nguyén nhan la do HK20 ¢6 kich ¢& hat nho hon, min hon nén tbe do

~mon-thip hon.

Theo Bang 2; thi nghiém s6-3 voiché-doxung: Pién-cwexung o
~ HK20, thot gian phat xung Ten = 16 ps, thoi gian nging phat xung Tog S
e ~= 16 s, cuong do. don&pmng dién IP = 3,5 A, hiéu dlewg sV '

=6 V cho. 1<et qua toc 40 Mo MoM_dIem TuT o hat EWR—=—6;58

__ mg/ph 0 so S/N 4 42 lon nhat N;:,hla la tac dong cua th1 nghlem nay . ‘

ay cmaip ai mud opwryrcﬁa éac h
dlen cuc nhd nhat. Vi vay, cén phén tich phuong sai ti s6 S/N clia EWR
—deﬂm -ra-mire-hop lecilm%;oxungr@odmsm.—

Trong Beng 3-6-vatlinh37-¢cho
Dién cuc HK20 (TOG3), thoi gian phat xung Ton = 12 18 (Tan),
thdi gian ngimg phat xung Tor = 8 ps (Toxl), cudng do dong phong
dién IP = 3,5 A (IP1), hiéu dién thé xung SV = 4 V (SV1) 4 nhiing

mirc va tri $6 cia cac thdng sb stra d4 cho ti sb S/N 16n nhét. Day [a 4

muc va tri s6 hop 1y cia céc thong s& xung nhim dat duge tbc d6 mon ﬁ

- dién cuc 1a nho nhét.” B I
Tink toan die dodn eid iri 16 iy mon 7 ' 7

Tir Bang 3.6 cho thdy: T, Tor v SV c6 anh huéng thip dén
EWR. Do do, tri sb tdc d6 mon trung binh du dodn (FWRp) dugc xéac
dinh boi cdc mic clha cac thong s6 ¢o anh l‘m'(")'ng manh dén S/N ctia tbe
d6.mon theo.céng thikc:

EWRpp = TOGy + 1P, — Tpwr

Trong do, theo Modlel Sy

S R-Sq R-Sq(adj)
0.473 97.21 88.13%
{ O

Bang 3.7:

35




De tai NCKH cdp truong ' Chii nhiém dé tai: Le Thi Phuong Thdo

TOG, 12 the do mon trung binh tng véi TOG ¢ muc 3

FPp-la nang sudt béc tach trung binh Gng voi [P & mu¢ 3

— r
~ A

MRR 4 nan

Z;lgl EVIKI\I*L] 11»’[ ”‘I'Ll! lmnnnf —
TEWR 1 = 2,14 mg/ph

Thay so vao duo‘c

Source DF SeqSS AdjSs AdjMS F

P
1P 5 9.750 9.750 1.9501 10.84 0.001
TOG 2 JU0502 20502 1025085697 €000
Residual Error—10—E799 799 01799 : _
i Tl 17— 32,051 SR
Khoang tin ¢y CI dugc tinh nhu sau: ' ]
_ j
" cIr =1 [E (1.1, e :‘
R T =4 TFEALE R =) : g
Trong d6, fe =10 la bac tu do cua 16i, Ve = 0.1799 la sai 56 trung _ 3

binh cta 151, Fx(1,10) = 3,285 15 g 6 tra bang véi mtc ¥ nghia 90%,

Ne la s6 ian lap hiéu qua, R [a 56 1an 1ip clia mot thi nghiém.

.- oL - Tdng sd thinghigm _ .. b4
N, =

1 + téng bac tir do ¢la tat cd cic théng sd tinh trung bmh 1+4+1

Két qua thue nghiém voi bd thong sb xung: Dién cyc HK20, thoi
gian phat xung Ty, = 12 us, thot gian ngimg phit xung Tor = 8 ps,
cudng do dong phong dién IP = 3,5 A ([Pl) hiéu dién thé xung SV =4
V, tbe mon dién cuc trung binh nhin duge sau 3 lan thyuc nghiém 13
0,478 myg/ph. |
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*Panh gia s0 dw va xac dinh dang phan phdi cita t3p kétqua

Chui mhiém dé 10i: Lé Thi Phuong Thao

(sai 1€ch giita gia tri dwoe nhip va moé hinh)
Probability Plot of MEAN4
Narmal - 95% Ct -
- e 9’,9}';" T L A A T Mean — 2038 - I
: / - SiDev 1373
P 3 N 11
il B - 15 SO oL _ - e - ,,/' e L . 1 SN | - A |-
o0 //,r ’- / . e P-Value 0.064 ) ‘_
. o L S e :
o e
(5 B - R A i
E . < . s
T G0 ) 4 )./ [
S 50 e S
3 40- / o
a Y /.( -’( i
30 / .J/ / I
T L
3/
10 '/./ //' ./
57‘: //- / L !
// < .
v / VAR ; ‘
-2 -1 0 1 2 3 4 5 6. 7 [
| NMEANA "

Hinh 3.7 Biéu do phin phdi chudn cho EWR

Quén' sat biéur dd phﬁn phé'i' Cﬂhﬁénr (Hinﬁ 38),nhﬁnlh:$1yg1a t11 |

p=0,064>0,05. Diéu nay chung té tdp gid tri mon cla toan bd thi

nghiém tuan theo quy luét phan phdi chuan.

3.6. Két luén echwong T11

' _ - Trong phén nghién-ciu-thyc nghiém nay.-da danh gia anh hudng — - - . -

cla céc thong so cong nghé xung dinh hinh c6 tron bt thép 9XC dén

hiéu suit va chat lugng cua qua trinh xung.

- 5 thoéng so cong nghé da duge dua vao khao sat bao gdm: cuong

d6 dong dién xung (IP) va dién ap khe hé phong dién (SV), thoi gian

phat xung (Ton), thoi gian nglng phat xung (Toff), loai dién cuc

Graphite (TOG).




_ Be tai NCKH cdp frucng

Chii nhi¢m dé téi: Lé Thi Phuong Thao

Chuong IV
e - KET LUAN.CHUNG

Qua cac k&t qua nghién ctru da duge phan tich o nhiing phan trém,

da Tt ta duoc nhong ket tudn sau:

- Trong nghién ctu ndy dé tong hop tong quan cac nghién ciru’

e —trude ddy-vé xung dinh-hinh-va xung-dinh-hinh-cé tron-bot, tr d6 xde —

- dinh muc tiéu nghién ctru va cac thong $6 cong nghe xung de dua vao
khao sat. |

-6 thong so cong nghé bao gom cudng do dong dign xung (IP) va

——— ~ dién 4p khe h& phong dién (SV), thoi gian-phdt xung (Ton), thoi gian . I |

nging phat xung (Toff), logi dién cuc Graphite (TOG) véi nhiéu mirc

khac nhau da duoc dua vao nghiénm oo va kitho satanhr huong cla

ching dén cac muc tiéu dau ra.

- Nghién ctu dd khao sat.duge dnh hudng cia cac thong s6 diu vao
va xdy dung dugc bai todn don myc tiéu nhim dat duge d6 mon dién
cyc 1a nho nhat. Anh hudng cu thé cla cac théng sb diu vao dén muc
tiéu nay nhu sau: loai dién cyc xung TOG c6 anh huéng lon nhét dén

’

%), tiep den la cud 0 d¢ 1 y iéu dién thé

)ﬁﬂ_

(1,95%), thoi gian phat xung (0,64%) va cudi cung thoi gian ngling
phat xung (0,23%). Nghién clu ciing dva ra duge bd théng 56 t6i uu
‘nham théa min dd mon dién cuc nho nhét cu thé: 1a dién cuc HK20,
thoi gian phat xung Toy = 12 ps, thoi gian ngling phat xung Torr = 8 ps,
cudng do dong phoéng dién 1P = 3,5 A (IP1), hiéu dién thé xung SV =4
V, the mon dién cuc trung binh nhén dugc sau 3 lan thuc nghiém la
0asmesph. |
- Két qua dyu dodn ti 36 Ry, tng véi bd thong s6 toi uru dd tim duge
cta md hinh thue nghiém da dé xudt la 0.0932218 wum, thép hon so voi
ti $8 Ry trung binh (0.1775), véi muc do tin cdy 1a 95%. |
- Cac md hinh thuc nghiém da dé xuit déu duoc dénh gid qua céc
biéu dd phan b6 va phuong phép Anderson - Darling va cho két qua 12

pht hop voi mic y nghia 95%.
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- Két qua nghién clu cla dé tai co y nghia khoa hoc va thuc tién
_trong viéc ndng cao hiu qud cta qua trith xung cac be mét try dinh

hinh thép 9XC. Ché do cong fghé toi wu dd dé xudt co thé ndng cao

chét lwong cia chi tiét gia cdng va néng sult gia cong, gidm lugng mon

dién cuc. Két quéa nghién ctru dd duge cong b trong 01 bai bao khoa
Wfﬁﬁgiéit'}éﬁ’fe_fﬁ chi uy tin trong danh muc ISSN. -
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5. TONG QUAN TINH HINH NCHIEN CUU THUQC LINH VYC CUA DE

TAL O TRONG VA NGOAI NUOC

Q.1. Trong nwde (phan tich, dédnh gid tinh hinh nghién cira thuge finh vire ctia dé (@i o Viet

N tRr ke danh e cac-cang- trinf nghitn clen: ted: Héw-eod-lien-qran dén dé t&i dige-trich. |- .. -

!
dén khi danh gid tone gumy)

Giia cong xung dign (vidt tit lidng Anh ta EDM) 14 phuong phdp gia cong khong

truyda théng dung rit hidu qua dé gia cong lang khuon dip, khudn dic, cdc chi lict 6 dang |

"CONE. A A PAVGNE PhAp EiA cong KNONg fruyen hong

| thép hop kim khd gia cong, hep kim cimg. EDM khong ticp xdc gid

1 het, do do cde van de veé lieng on, rung dong va wmg §U5 Car e

a dién cue vi bé mit chi

»

1 trinh gia cong. Do vy nén di c6 mt sb nghién etru vé EDM 6 trong nuée nhu nghién eru ve |

mén dién cye [1, 21, Dinh gid dnh budng ciia cac (hdng s8 qué trinh dén nhdm bé mit {3].

Anh hudng cha cac thong sb dau vao dén toe o boc tach val Tigu Rhi gia ¢ong cung {uge

Khao sdt trang [4]._Tuy nhién. gia cong xung di¢n cling e6 mdt b nhuge didm nhu ning suft

‘boe tach vit iéu thip: dién e mon nhanb vi chit lugng bé mit gia cong khang cro... Vi thé
cho nén gidi phip EDM vdi dung dich dién mdi c6 ron bot (t€n tiéng Anh 1a PMEDM) d2
dquc dé xudt. Hién da co mdt s nghidn efu cta cde tic gid trong nude v& PMEDM, Cy thé

nhir ddnh gia anh huong cva cde thang s6 qua trinh PMEDM dén dd nham be mit sau khi gia

PMEDM chi tiét ¢6 bién dang hinh try ngodi cling da duge gidi quyét trong [71, {8] va [9).

Tran Ngoe Giang. Do Thi Tam, Vu Ngoe Pi. Multi-objective Optimization ol Surface

cong [S5], den & ¢6 bae tach khigia coug {6} Bairtoan ot wru-hda-damie ti€u-qud-tri

\.qu
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Influence of Process Factors on Electrode Wear Rate
- when EDM 90CrSi Steel using Graphite Electrodes

—fVinkrfong Umversny O}Te_hno[ogy Education, thonng'Cf{v S50 Vietwami— — —— - — - Toem it Emm e mmm e v
‘2 Thm Nguyen University of Technology Thai Nguyen city 25 1750 V:emam -

Abstract: The findings ofa study on the optlmlzatlon of Electric DlSChﬂl'ge Machmmg (EDM) procedure for processing cylmdrlca].ly
shaped componems with graphite elecirodes are presented in this paper. Tool steel 90CrSi was the material of choice for the study’s -
" workpiece. Additionally, the Electrode Wear Rate {EWR) was chosen as the optimization problem’s objective function. An experiment
using the Taguchi design was conducted to address this issue. Additionally, experiments were created and their outcomes were analyzed
using the Minitab R19 program. The impact of the input process factors on EWR was investigated, including the powder concentration,
'__ﬂﬁﬁlse—omld‘off‘times,—tlTe-sm'vo-currem,—ﬂntl-H'le-servowl-tage.—Afld-i-tiana-l-ly,—th&best—praeess—vmiables—for—a—minimal EWIwere

Key words: EDM, process factor, EWR, 90CrSi.

1. Introduction documented in Refs. [9, 10]. The effects of process
. . . variables on machining time when processing 90CrSi
The most popular non-traditional machining technique . ) R
. i L . . tool steel were discovered in Ref. [11]. Multi-objective
in the mechanical engineering sector is EDM (Electrical N . :

optimization studies of the EDM process are also

reported when machining SKDTT [12; 13T and $0CrSi -
machining materials thal are challenging to machine as {
[14, 15]. _ ) '

The findings

optimization when treating 90CiSi tool steel with

- - — Discharge Machining). This_technique is excellentfor

well as recessed items like forgings and dies. However,
_ i . = .g of a study on EDM process .
this approach is constrained by its low rate of material

- removal and poor surface quality. These restrictions graphite electrodes are presented in this publication.

The EWR was examined in relation to the EDM

process parameters. Furthermore, ideal input process

ar de %

were removed by incorporating conductive powdet into
which changed the EDM

technique into the PMEDM (Powder Mixture Electric variables for the lowest EWR have been suggested.

Discharge-Machining) process. - - - - - - -- - == - - - . -
2. Experimental Work

the dielectric solution,

Numerous study findings on the EDM process

have so far been published. How EDM process varia An experiment was conducted to assess the impact

affected the output parameters was investigated, The
on SR (Surface
Roughness) was presented in Refs. [1-4]. In Refs. [5-8],

influence of input parameters
it was discovered how process vartables affected the
MRR (Material Removal Rate). The effect of input

factors on the EWR (Electlode Wear R'lte) was

Corresponding author: Luu Anh Tung, Ph.D., research

~ fields: optimizatien in mechnical design and manulacluring.-

of input faciors on EWR during the production -of
9GCrSi  tool

parameters and their levels are shown in Table 1.

steel cylindrical pieces. The input

Additionally, the experiment was designed and the data
were analyzed using the Taguchi method in Minitab
R19 software. Furthermore, for this experiment, the

i
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design L18 (6”1 + 3°4) was used. A Sodick A30 EDM,

EDM 90CrSi

" utifized in the eéxperimental setup, which is"depicted i

231

T EDM machine

TFig. 1 LExperimental setup.

~Ey Samiple

and elecrodes.

i

90CTSI tool steel samples, graphite electrodes, 100 mm Fig 1 The experimental-design-and EWR results-are
SiC powder, and Diel MS 7000 dielectric solution were displayed in Table 2.
Table 1 _Input factors and their levels.
. ! Level
- No. liput ,ffr:'?mr? ] 77Code FJI‘II[ ; 2 3 1. 3 3 .
1 Servo current 1P A 3.5 3.5 75 9 115 135 ' |
2. Servo veltage - - - - -8V .- V. AL 5 6L =L - _ o
3 Pulse on time Ton 1S 8 12 16 - - - |
4. . Puscofftime . __ Ty ps 8 12 16 - - -
5 Flectrode type TOG HKO HK1S  HK20 - - - 1
o Table2 Experimental plan, EWR and S/N, |
EWR (mg/min)
No. 1P V. Tw T TOG Run | Run 2 Run 3 SIN Mean
: 33 4 8 8 HKO 228 233 2.69 115 243 !
2 3.5 5 12 12 HK15 0.73 0.78 093 1.72 0.82
3 35 G 16 16 HK20 0.61 0.38 0.75 442 0.58
B § 55 4 8 12 HKT5 164 186 49 —=445— 166
5 5.5 5 12 16 HK20 0.97 1.11 0.97 -0.17 1.02
6 535 6 16 8 HKO 326 3.38 295 -10.10 3.19
7 7.5 4 12 8 HK20 1.70 2.01 1.37 -4.69 1.70 1
8 7.5 5 16 12 HKO 5.54 519 591 -14.89 5.55
9 7.5 6 8 16 HK15 2.20 2.73 2.52 © 2793 248 '
10 9.5 4 16 16 HK 15 0.92 1.05 0.70 0.89 0.89
11 2.5 5 8 8 HK20 0.60 0.89 0.93 1.74 0.80 3
127 93 ] 1z 12 HKO 24T 22t 2.65 =7.78 244 '\7
13 1L.5 4 12 6 HIKO 355 3.62 326 -10.83 347 7
14 11.5 5 16 8 HKI15 .63 1.75 1.46 -4.18 1.61 B i
15 11.5 6 8 12 HK20 0.94 1.04 0.92 0.29 0.97 T
16 13.5 4 16 12 HK20 1.69 1.92 1.56 -4.75 1.72 3]
17 13.5 5 g 16 HKO 4.64 4.78 4.38 -13.26 4.60 v
18 13.5 [ 12 8 HK15 2.55 2.30 279 -8.14 2.55 S’,:
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3. Results and Analysis
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.. EDM 90CrSi

increases. The short Tap shortens the time it takes for

The Minitab R19 softiware and the ANOVA

the solvent to ionize. As a result, there is Iess of an

(Analysis of Variance) method were utilized to assess

the iifpact of the input process factors omr EWR. Given - -

7 tthhe EWR is as small as bettel the subsequent

impact from-ions and electrons on the electrode surface

which lowers EWR and produces an unstable
machmmg process "EWR rises when T, is large
hecause the spark’s energy increases.

prerequisite must be met

in

h

- § f 'N' —lOlog10 (_1 VZ};] — "’(1) - e lowest valie——This— souldbe—because—of the- = — —-— -
A S A ~ short Tom, which prevents the dielectric solution from :
—TEW_FTZWMWM—%W@WUM in unstable machining. " —H

The spark discharge at this point only ‘lasts a very -~

— (EWR) as determined by ANOVA; Theresult W

‘that the electrode type TOG has the biggest Jmpact on

EWR (63.97%), followed by the servo voltage (1.95%),
— servo-eurrent—(30-42%)pulse_on-time (0.64%), and

brief period of time, which causes the EWR to drop..
The dielectric solution is more stable the larger the
7. As'a result, the amount of ions and electrons

o —_pulse off time {0.23%).

acting on the electrode surface increases, raising the

Tt s evident from Table 4 and Fig. 2 that IP has a

EWR.

significant impact on EWR. When 1P is3.5 A, the EWR
is lowest. The EWR drops, grows, and reaches the least
value at level 2 (12 ps) as the pulse production time

Table 3 ANOVA’s results for SAV.

EWR rises with increasing Ip, with level 1 (4 A)
having the lowest value. The sparl’s energy grows as

Ip increases, which is why EWR will also increase. -

Analysis of variance for means

Source DF Seq S8 Adj 88 Adj MS F P C (%)

—Ip— 5 97503 ——97503 - - L9501 g2 0.028 3042 :
sV 2 0.6246 0.6240 0.3123 1.40 0.347 1.95 N
Ton 2 0.2052 0.2052 0.1026 0.46 0.662 (.04 I
Torw 2 0.0746 0.0746 0.0373 0.17 0.352 0.23

TOG 2 20.5016 20.5016 10.2508 45.82 0.002 63.97 ¥
Residual error 4 0.8948 0.8948 0.2237 2.79 é
Total 17 32.0512 ' 100.00 4
Model summary .
5 R-5q R-5q(ad))
0.4730 97.21% B&.13%
Table 4 Effcct order of process faclors on SV
Response table for means
Level P SV Ton Tow TOG
l 1277 1.980 2.159 2.048 3.615 |
2 1.958 2.400 1.998 2.192 1.668 i
3 3.241 2.035 2.258 2.175 1.131 |
4 1.379
5 2.018
6 2.956
Pefts -~ - ——  -E96k - 8420 - —_H239 — . L1ds 2,484 R {
Rank 2 3 4 5 i 1
*1
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Mam Effects Plot for Means |
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Fig.2 Effect of process factors on EWR.

EWR rises with increasing SV, then falis and reaches
its minimum value at level | (4 V). The explanation is
that when SV rises, so does spark energy, which raises

—EWR- But smallest EWR.

split up into ions and electro ons, whlch will lower EWR.

Furthermore, it is evident that the electrode material
significantly affects EWR. The electrode with the
lowest EWR is HK20. The smaller and finer grain size
of HK20 contributes to its decreased wear rate.

+} Determining optimum input factors:

As can be seen in Table 2, experiment number 3
yielded the lowest EWR, EWR = 0.58 my’mm (highest
SIN ratio = 4.42) with the fo]lowms input p“namelels

pulse electrode is HK20; Ton = 16 ps; Torr= 16 us; IP =

3.5 A; SV =6 V. This indicates that noise has the least
effect and this experiment has the greatest impact on
EWR. To get the least EWR, these parameters are not
feasible. Consequently, in order to determine an
appropriate amount of inpul parameters, it is important
to assess the variation of the S/N ratio of EWR.

Erom Table 4 and Fig. 2, it can be seen that electrode

HK20 (TOG3), Ton = 12 15 (Twn2), Tow= 8 s (Tust!), IP

T L)
| e

=3.5 A(IP1), SV =4V (SV |) are the values and levels -

of the input parameters which give the largest S/N ratio.
This is a reascnable level and value of input parameters

+) Predicting EWR value:

Table 4 demonstrates that SV, Ton and 7o have little
effect on EWR. Accordingly, the levels of the
parameters that have a significant impact on the S/N of
the wear rate determine thé anticipated average wear
rate (EWRp) value using the following formula:

EWRgp = TOGs+ TPy —Tewg @
in which, TOG, is the average EWR corresponding to
TOG at level” 3; TP, is the average MRR
corresponding to IP at level 3; Ture 1 the average
MRR of the entire experiment. And we have:

Tewr
_ 1B MRR, + S8 MRR) + Y12 MRRy, 3)

54
=214 mg/min
Substituting the values of the input parameters into
Eq. (2) we have:
EWROP = 027 mg/mm

i

A P )
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'EDM 90CrSi
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" Fig.3 Probability plot of MEAN.

An evaluation experiment was conducted with the
input parameters: electrode HK20, Ton = 12 ps, Tor = 8
us, IP=3.5 A, SV=4V. The results were obtained
_experimen

—-average -EWR—after -
mg/min.

Using Minitab R19 and the Anderson-Darling
approach, the appropriateness of the experimental
mode! with the suggested ideal process parameters was
assessed. The experimental points, represented by the
blue dots in Fig. 3, were found to be within the 95%
significance level of the results. Furthermore, the p-
value —of 0.064 ds_ higher than « .= 0.05. This
demonstrates that the applied empirical model is in line

- with the significance level mentioned above.

4. Conclusions

The optimization study conducted on EDM
cylindrical shaped parts manufactured of 90CrSi tool
steel in order to obtain the lowest EWR is presented in

i this paper. Graphite was the eleclrode material

employe’d’in'thisﬁnvestigaﬁen;-Addﬁmn&l-b#' i . Frve-HpHt—— 191 —Afmad, S, tais, M A Haer Ro B A, Avifi Ac Moo — -0 o

parameters were selected for the study: the servo

Lafo 0 VI LA 11

voltage, setvo current, the pulse on time, the pulse off
time, and the electrode type. These included counting
the powder concentrate. An assessment was conducted

S/N ratio. Electrode type TOG was shown to have the
most effect on EWR (63.97%), with serve voltage
(1.95%), servo current (30.42%), pulse on time
(0.64%), and pulse off time (0.23%) following closely
behind. Furthermore, SV has a negligible effect on
EWR (0.12%). Additionally, the best input values for
obtaining the lowest EWR were suggested.
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