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TOM TAT

Bai bao nay gidi thiéu két qua nghién Ciru
nhdp nhé bé mdt ciia thép Iam khudn sau gia cong
thd va gia cong tinh bang PMEDM sir dung bét
titan. Anh huéng ciia nong dé bot titan tron trong
dung dich dién méi dén nhdp nhé bé mdt (Ra) dwoc
khdo sdt trong gia cong thé, dong thoi phirong
trinh hoi quy mé ta moi quan hé ndy va gia tri Ra
t6i wu (Rawiw) Ciing duwoc xdc ldp. Céc théng so
cong nghé: vt liéu dién cuc, vt liéu phoi, sy phdn
Cuc dién cuc, thoi gian phat xung, thoi gian ngung

phdt xung, cuwong dé dong dién va nong dé bot
titan dwoc sir dung trong nghién Ciru vé Ra Ciia qud
trinh gia cong tinh. Bang cong cu Taguchi da dwa
ra danh hieong ciia cdc thong sé cong nghé dén Ra
thong qua hé sé S/N ciia né. Két qua chi ra rang:
cuong do dong dién, vat liéu dién cuc, thoi gian
phat xung, phan cuc dién cuc va sy tuong tac gitia
vdt lieu dién cuc voi néng do bot co anh huong
manh nhdt dén Ra VA tri s6 t6i wu Raoiws = 1.73
#0.39um.

Tir khéa: EDM; PMEDM; Phuong phdp Taguchi; Hé sé S/N.

1. PAT VAN PE

EDM la phuong phap gia cong khdng truyén
thdng dugc str dung phd bién nhét trong gia cong
tao hinh cac bé mit khuén, mau. Phuong phap
nay khong c6 rang budc quan hé vé do cing gitra
phoi va dung cu, cac van dé nhu: rung dong, img
Suit co hoc, tiéng dn khong xuat hién trong sudt
qué trinh gia cong [1]. Tuy nhién, EDM c6 nang
Suit gia cong thip, dién cuc dung cu bi mon va
chat lwong bé mit gia cong khong cao dan dén
gia thanh ché tao cta no tang. SO lwong cac thong

s6 cong nghé 16n, co ché gia cong chua rd rang
va qua trinh téi wu hoa chét luong ludn yéu cau
tri sb ctia cac thong sé cong nghé chinh xac. Va
diéu nay d4 thu hit sy quan tam 16n trong nghién
ctru vé EDM va PMEDM hién nay.

Viéc tron céc loai bot Cu, Si, Al vao dung
dich dién méi 1am giam do bén cach dién cta
dung dich dién méi [9]. Tang nong do bot 1am
tdng nang suit va chit luong bé mat gia cong. Bot
Si tron vao dung dich dién méi cia EDM cho
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nhap nhé bé mit gia cong nho vai dién cuc phan
cuc duong [2-4], [7]. Tuy nhién, dé c6 hiéu qua
cao, qua trinh gia céng can thoi gian phong tia lira
diénn gén va su phan bd déu cua cac hat bot tron g
dung moi. Cac loai bot (Si, Gr, Mo, Al, SiC) duoc
tron vao dung dich dién méi cia EDM cho théy:
bt Al cho d6 bong bé mit cao hon [11]. Bot kich
thudc nho s€ 1am tang mat d6 bot trong dung dich
dién moi dan dén tan suit xuat hién cau nbi phong
dién tang va sy phan bd dong déu hon cua céc tia
lira dién nén chat lwong bé mat gia cong cao hon
[10]. St dung céc phu gia trén cung bot vao dung
dich dién mo6i lam tdng kha nang tach roi cua cac
hat bot gitp ching phan bé dong déu trong dung
dich dién méi [12]. Diéu nay d4 khong nhiing cai
thién nhap nhé bé mat ma con lam giam chiéu day
I6p trang trén bé mat phoi. Pé nhan dugc bé mat
gia cong €6 Ramax = 5um bang EDM can 5 gio,
trong khi chi mat 25 phut khi thyc hién bang
PMEDM st dung bot Al [5]. Nhu vay, bot tron
vao dung dich dién méi 1am cai thién déng ké
topogrphy va tri s6 nhip nhé cta bé mat gia cong.
PMEDM chiu anh hudng cua rat nhiéu cac thong
s cong nghé dan dén gip rat nhidu kho khin
trong md hinh héa va téi wu hoa cong nghé nay.
Do vay sb luong cac nghién ciru theo hudéng nay
con rét it. Sir dung phwong phap Taguchi dé tdi
wu héa cac thong sb cong nghé cia PMEDM cho
thiy: MRR va R, da duoc cai thién dang ké so véi
EDM [13-16]. Tuy nhién, PMEDM la phuong
phap mai nén van can tiép tuc dwoc 1am ré [6].

Nhim danh gia su thay d6i R, cua cac thép
lam khuén trong PMEDM, da sir dung bot titan.
Trong nghién ciru ndy, gié tri toi wu Ra cta thép
SKD61 trong gia cong thd va tinh bang EDM d4
duoc xéac dinh. Két qua cho théy: bot titan tron
vao dung dich dién méi da 1am R, giam dang ké.
Day s& 1a tién dé quan trong trong viéc nang cao
hiéu qua quéa trinh gia céng bang PMEDM sir
dung bot titan trong ché tao cac bé mat khudn
mau.

2. THIET BI THi NGHIEM

Thi nghiém trén mdy xung dién CNC-
AG40L (Hang Sodick, Inc. USA) ctia Trung tdm
thi nghiém Truong Pai hoc K§ thuat Cong nghiép
Thai Nguyén. So do thi nghiém va cac thiét b
trong binh chira dung moi thé hién trén hinh 1.
V6 binh 1am bing thép CT3 (TCVN: CT38) day
3mm, kich thudc (330x180x320)mm véi dung
tich 8,5 lit. Hai canh khuay (®120) quay véi toc
do6 100 vong/phit. Bom A303 véi voi phun (D8)
dung dé cip dung dich dién méi c6 tron bot véi
lwu lwgng 6n dinh (24 1/phut) vao khe hé phong
dién. Nam cham vinh ctru ¢6 nhiém vy hut phoi
gia cong. Ti la kim loai mau c6 khéi luong riéng
nhe hon 40% so vaGi thép va ning hon 60% Al,
dan dién tot va khong nhidm tir va bot Ti véi kich
thude 45um. Pong do, graphit duoc chon 1am
dién cuc va dung dich dién méi 1a dau HD-1. Tri
s nhip nho bé mit gia cong (Ra) duoc do bang
may do bién dang kiéu dau do tiép xuc SJ-301
(Hang MITUTOYO - JAPAN), chiéu dai chuan
do 1a Smm, thuc hién 3 1an do trén m&i mau thi
nghiém va két qua do nhép nhé 1a gia tri trung
binh ciia mdi 1an do.

Hinh 1. So b thi nghiém

1- Nam cham 2- Bom dung méi 3- V0i bom
4- Binh chira dung méi 5- Phéi  6- Dién cuc

7 - Pong co khudy 8- Tam cach tir

3. KET QUA VA THAO LUAN
3.1 Gia c6ng thd
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Bang 1. Két qua R,

Thug nghier

1 (g=0.0832%x+5.624; R*=0.8339
2 (3=0.00851%*2-0.2234"+5 9497, R=0.9765
y3(x)=5.616%"-0.019%; R2=0.8672

Cuong d6 | Thoigian | Thoi gian nging . Ra(um)
TT dong dién | phat xung phat xung meg do Gr
A) (u9) (u9) bot (g/) | Cu(+) | Cu(") *)
1 0 6.03 4.22 7.13
2 4.73 3.74 5.69
3 15 50 85 10 4.38 3.15 4.61
4 15 4.30 2.97 4.25
5 20 4.01 2.54 4.18
7%} Raum) T Fa tum &% Fa (um)

Thgnghiey o o o
———0——4
YI(0=0.1468"6 64 Re=0.9617
V(00008820 5T 1342; Reh) 6565
¥B(0=6.6436°¢"0.027"; RE=0.9064

Thyg nghier

Y100=0.0826%+4.15; Re=0.9768
Y2(0=0.00145 30201 11747+4.2208; Re=0.9875

¥3(0=4.1978%.0.025%; RP=0.9867

1%
Nong do botTi(fly
+ d

Neng do bot Tig/l)
Nong do bot Ti (g/l) ; »

b) Cu(-)

15 20 2

¢) Gr(+)

Hinh 2. Quan hé gitta Ra va ndng d6 bot Ti

Phuong phap binh phwong bé nhét dugc sir
dung dé tim ra cac phuong trinh mo ta cac mdi
quan hé gitra ndng do bot Ti voi Ra. Cac phuong
trinh hoi quy dugc xét 6 cac dang khac nhau: bac
nhét, bac hai hodc ham mii dé tir d6 tim ra phuong
trinh phd hop nhat. Két qua tai hinh 2 chi ra
phuong trinh biéu dién chinh xac nhat quan hé
gitta Ra va ndng do bot trong cac trudng hop :
Dién cuc Cu(+): y2(X) = 0,0065.X% - 0.223.x + 5,9497

V6i tri s t6i uu ctia Raoiy = 4,0329um tai ndng do
bot 17,158g/1; Pién cuc Cu(-): y2(X) = 0,0014.x% —
0,1117.x + 4,222 véi trj s6 tdi tru ctia Reoiuy = 2,57pum
tai nong do bot 20g/l; Pién cuc Gr(+): ya(X) =
0,0098.x2 - 0,344.x + 7,134 Véi trj s6 t6i tru ctia Raoiu
= 4,1327um tai ndng do bot 17,426g/1.

3.2 Gia cong tinh

Bang 2. Két qua R,

Phan | Thoigian | Cuong | Thoi gian | Nong Hé 6

TN ohoi Dién Cuc phat do qc‘mg n/gimg do R, S{N

cuc | dién Xung dién | phatxung | bot (um) Cua

cuc (Hs) (A) (Hs) (g/l) R,
1 SKD61 | Cu - 5 8 38 0 3.35 | -10.50
2 SKD61 | Cu + 10 4 57 10 | 321 |-1015
3 SKD61 | Cu * 20 6 85 20 | 256 | -8.16
4 SKD61 | Cu* + 10 6 85 0 355 | -11.00
5 SKD61 | Cu* | -* 20 8 38 10 | 361 |-11.14
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6 SKD61 | Cu* - 5 4 57 20 1.45 -3.27
7 SKD61 Gr -* 20 4 57 0 4.78 | -13.60
8 SKD61 Gr - 5 6 85 10 3.24 | -10.20
9 SKD61 Gr + 10 8 38 20 435 | -12.78
10 SKD11 | Cu + 20 4 85 0 416 | -12.38
11 SKD11 | Cu -* 5 6 38 10 2.05 -6.24
12 SKD11 | Cu - 10 8 57 20 3.20 | -10.10
13 SKD11 | Cu* -* 5 8 57 0 3.35 | -10.51
14 SKD11 | Cu* - 10 4 85 10 2.04 -6.21
15 SKD11 | Cu* + 20 6 38 20 457 | -13.20
16 SKD11 Gr - 10 6 38 0 457 | -13.20
17 SKD11 Gr + 20 8 57 10 445 | -12.97
18 SKD11 Gr -* 5 4 85 20 2.74 -8.77
19 SKT4 Cu -* 10 6 57 0 2.55 -8.12
20 SKT4 Cu - 20 8 85 10 431 | -12.70
21 SKT4 Cu + 5 4 38 20 2.46 -7.86
22 SKT4 | Cu* - 20 4 38 0 2.26 -7.09
23 SKT4 | Cu* + 5 6 57 10 2.89 -9.23
24 SKT4 | Cu* -* 10 8 85 20 3.50 | -10.89
25 SKT4 Gr + 5 8 85 0 3.23 | -10.19
26 SKT4 Gr -* 10 4 38 10 3.24 | -10.20
27 SKT4 Gr - 20 6 57 20 565 | -15.05
* _ Bién lap
Bang 3. ANOVA R,
Thong s6 DOF S/N cta Re
F P
Vit liéu phoi(A) 2 0.35 -
Vit liéu dién cuc(B) 1 55.47 | 19,8
Phén cuc dién cuc(C) 1 15.10 | 5,09
Thoi gian phat xung(D) 2 35.72 | 25,83
Cuong do dong dién(E) 2 20.97 | 15,29
Thoi gian nging phat xung(F) 2 0.27 -
Nong d6 bot(G) 2 2.73 -
Tuong taic AxB 2 1.21 -
Tuong tac AxG 4 18.12 | 26,31
Tuong tac BxG 2 1.55 -
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Hinh 3. Anh huong cia thong s6 cong nghé dén hé
s6 S/N ctia Ra.

Két qua R, va ANOVA hé s S/N cua R, tai
bang 2 va 3 cho thiy: vat liéu dién cuc (F=55.47),
sy phan cuc dién cuc (F=15.1), thoi gian phat
xung (F=35.72), cuong d6 dong dién (F=20.97)
va tuong tac gitra vat lidu gia cong voi nong do
bot (F=18.12) 1a nhitng théng s6 c6 anh hudng
manh dén hé sb S/N cua R,. Cac thong sb con lai
anh hudng yéu dén hé sb S/N cua R, Vit lidu
dién cyc anh huéng 16n nhat, thoi gian ngimg
phét xung anh huong yéu nhat dén hé sé S/N ctia
Ra. Céac thong sb: thép SKT4 (As), dién cuc Cu
(B1), phén cuc dién cuc am (Cy), thoi gian phat
xung 5us (D1), cuong d dong dién 4A (E,), thoi
gian ngimg phat xung 85us (Fs) va nong do bot
Ti 109/l (G;) s& anh hudng rat tich cuc dén hé s6
S/N cua Ra, Hinh 3. Pay 1a nhitng mirc cua cac
thong sé co R it bi anh huong boi nhidu nhit.
Cac tuong tac: thép SKT4 vai vat liéu dién cuc
Cu (AsxBy), thép SKD61 véindng do bot Ti 20g/I
(A1xGs), vat liéu dién cuc Cu véi ndng do bot Ti
209/l (B1xGs) la nhitng cap twong tic cé anh
huéng manh dén hé sé S/N cua Ra, Hinh 4. R, téi
[8]:

uu duoc xac dinh theo cong thirc

= Ratoiuu
Ratoivu = 3,059 + 3,324 + 3,153 + 2,927 + 2,787 -
4.3,38=1,73 um

uBZvEElevBZXGl

Khoang phan bd tri sb cua Ra: 1,35um
SRatoiuugz,l 1“,m Vé'l CICE = i039 um

Khoang phan bd phd bién cua Ra: 1,64um
<Ratoiun=1,82pum véi Clpop = £0.09 pum
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Hinh 4. Anh huong cia trong tac gitra cac thong s6
dén hé s6 S/N cua Ra.

Thuc nghiém kiém chimg nhan duoc Ra =
1,47um Véi lugng sai léch giita két qua tinh toan
va két qua thuc nghiém chi 13 1.5%.

4. KET LUAN

Bot titan tron vao dung dich dién méi trong
EDM d4 nang cao chét luong bé mit cia ca qua
trinh gia cong thd va gia cong tinh. Diéu nay s&
lam giam thoi gian gia cong ciia cic nguyén cong
gia cong tinh va siéu tinh tiép theo.

Bang céach sir dung nhiéu dang phwong trinh
dé xac dinh dang phwong trinh héi quy phd hop
v6i dit lidu khao sat s& giup loai bd mot sb 16i
trong xay dung phuong trinh hdi quy biéu dién
mbi twong quan thyc nghiém nhu: lya chon sai
dang phuong trinh hdi quy va dudng trung binh
va xac dinh hé s6 tuong quan (R?) ¢6 d6 phl hop
thap.

Tri s6 Raiwu = 1.73+0.39um Vvéi do tin cay
90% dugc xac dinh boi cac thong sé cong nghé:
thép SKD61, dién cyc Cu, phan cuc dién cuc am,
thoi gian phat xung 5us, cuong dé dong dién 4A,
thoi gian ngimg phat xung 85us va nong do bot
10g/1. Kiém chtig thuc nghiém cho thdy mé hinh
tinh toan hoan toan cd thé du doan chinh xéc
dugc Ra. PMEDM cho nhip nhé bé mét nhé hon
so voi EDM va luong giam 16n nhat ~31.7%.
Thép SKD61 s& cho Ramin VOi dién cuc dong phan
cuc am va ndng do bot 10g/1.
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ABSTRACT

This paper introduces the research results of
surface roughness of steel molds after roughing
and fine machining by PMEDM using titanium
powder. The influence of the concentration of
titanium powder mixed dielectric fluid to the
surface roughness (Ra) is surveyed in roughing
machining, and the regression equation to
describe this relationship and the optimal value
Ra (Rawiw) also be established. The process
parameters: electrode material, workpiece
material, electrode polarity, pulse on time, pulse

of time, current and concentration of titanium
powder is used in research on SR of fine
machining. The influence of the process
parameters to R through the average value of R
and its ratio S/N has given By Taguchi method.
Results indicated that: current, electrode
material, pulse on time, electrode polarity and
the interaction between the electrode material
with powder concentration greatest impact to Ra
and the optimal value Ratiu 1S 1.73 £0.39um.

Keywords: EDM; PMEDM; Ra; Taguchi method; S/N ratio.
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