TAP CHI CONG THUONG
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TOM TAT:

Hién nay, gia cong xung tia lra dién dugc img dung ngdy cang rong rii trong cic co s& san xuat va
nha mdy cong nghi¢p ¢ Viét Nam, dac bi¢t trong ché tao khudén mau va dung cu co bé mit dinh hinh
phirc tap. Thuc té cho thay phuong phép nay chu yéu dugc sir dung dé gia cong cac dang hdc, 16m, 156
sudt nhu khudn dot dap, khuon chai lg, khuon san phém nhya. Trong khi d6, cac chi tiét dang chay, nhu
chay dép dai 6c dinh hinh, van cha yéu gia c6ng bang phuong phap ngudi véi ning suat chua cao. Vi
vdy, can nghién ctru mot phuong phap gia cong c6 kha ning nang cao ning suat, bao dam chat luong va
dap tmg yéu cau tao hinh phirc tap. Xuét phat tir thuc té chay cdi dap dai i thuong lam bang thép hop
kim dung cu 9XC c¢ gia thanh cao, viéc nghién ctru anh hudng cua dién cuc déng d6 dén do nham bé
mit khi gia cong 16 phoi dai dc bang thép C45 t6i luyén 1a can thiét.

Tir khéa: dién cyc dong, gia cong dai dc bang thép C45, gia cong phoi dai ¢, xung tia lira dién.

1. Pat van dé

Trong nira dau thé ky 20 nhu cau vé cac vét lidu
lau mon tang 1én khong ngung ¢ cac nudc cong
nghiép phat trién. Nhung van dé 1a gia cong nhing
vt liéu d6 bang cong nghé thong thuong thi rat kho
khin, nhiéu khi khong thyc hién dugc.

Phuong phép gia cong tia lra dién (Electric
Discharge Machining EDM) duoc phat trién vao nim
1943. Cho dén nay, gia cong EDM da duogc phat trién
kha rong rii ¢ cac nude phat trién. Nhiéu loai may
hoat dong trong Iinh vue EDM da duoc san Xuét véi
nhiéu kiéu khac nhau dé phyc vu nhimg muc dich
khac nhau.
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Xuit phat tir nhitng thyc t& do, tac gia da dua ra
cac dinh huéng dé nghién ctru, xac dinh quy trinh
thuc nghiém dé tir 46 c6 thé dua ra duoc cac phuong
phép gia cong t6i wu, hop 1y, ning cao ning suat lao
dong va chat lugng ctia san pham.

2. Co s& ly thuyét vé gia cong tia lira di¢n

2.1. Bdn chit va phin logi gia cong tia liva dién

< Ban chdt vat Iy ciia gia cong tia lira dién la:

- bat mot dién ap giwa dién cuc va phoi.

- Pién cyc (dong vai tro 1a dung cu cét) co do
ctmg thap hon nhiéu so véi vat liéu phoi. Vat lidu
dién cuc thuong 1a dong, graphite, ddng-vonfram,
bacvonfram...
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- Vat liéu phoi thuong 1a nhiing vat liéu cung
va da qua nhi¢t luyén nhu: thép da qua t6i, cac hop
kim ctng...

- Vit lidu dung cu cit va vat lidu phoi déu phai co
tinh dan dién tot.

- Méi truong gia cong 1a mot chét 1ong dién moi.
Pay la dung dich khong dan dién ¢ diéu kién lam viéc
binh thuong. Dung dich dién méi thuong 1a: nude cat,
nudc may, dau bién thé, dau hoa c6 thém bt nhom. ..

% Phan logi gia cong tia lva dién:

Cho dén nay, gia cong tia lira dién da dugc phat
trién pho bién ¢ cac nudc phat trién. Nhidu may hoat
dong trong linh vuc EDM da dugc san xuét v6i nhiéu
kiéu khac nhau dé phuc vu nhimg muc dich khéc
nhau va dugc dua vé hai loai chinh sau:

- Gia cong tia Itra dién dung dién cuc dinh hinh:
goi tit 1a phuong phap “xung dinh hinh”. Dién cyc 1a
mdt khdi hinh hoc bt ky, dién cuc s& chép hinh cua
chinh no 1€n phoi tao ra long khudn. Cong nghé nay
thuong duge dung dé tao hinh khuén mau.

- Gia cong tia Itra dién béng cét day: dién cyc la
mot sgi day kim loai manh (d =0,1 + 0,3 mm), day
duoc quén lién tuc va chay dao theo mdt contour
(cong tua) xac dinh. (Hinh 1)

2.2. Nguyén ly gia cong tia lira dién

So d6 nguyén 1y cua gia cong tia lia dién duoc
mo ta trén Hinh 2. Mot dién 4p mot chiéu 80V +
200V) duogc dat vao vao gilra dién cuc va phdi
ngam trong dung dich cach dién (dung dich dién
moi). Khi dua dién cuc va phoi tién lai gn nhau
dén mot khoang cach du nho thi xuat hién sy phong
tia Itra di€n. Nhi€t d¢ cta vung nay ting lén rt 16n
(khoang 10.000°C) lam nong chdy va bay hoi vat
liéu cua ca dién cyc va phoi. biéu nay duoc giai
thich qua hia budec.

Budc 1: Giai doan danh thung dung dich dién
moi. O giai doan nay do dién truong trong khe ho di
16n (khoang 104 V/mm) lam ion héa dung dich dién
mdi va bién né thanh dung dich dan dién. (Hinh 3).

Budc 2: Khi nang lugng tap trung da 16n mot
dong dién hinh thanh do sy chuyén dich cta cac ion,
dién tir trong dung dich dién. Dung dich lanh tir ngoai
tran vao kénh dan dién do su chénh léch 4p suét tao ra
tiéng n6 nho va lam héa ran hoi vét liéu thanh cac oxit
kim loai. Sau dé nguén nhiét dugc cung cép lai va cac
tia ltra dién lai xuat hién. (Hinh 4)

Hinh 1. So dé nguyén Iy mdy cdt day

Hinh 3. Qua trinh ion héa dung dich
dién méi (Guo va cdac céng su.1997)

Hinh 4. Qua trinh phong tia lta dién
(Guo va cdac céng su. 1997)
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3. Poi twong, pham vi va phwrong phap nghién
ciu

Xéc dinh vat li¢u dién cuc thich hop dé gia cong
khuén dai dc luc giac bang phuong phéap xung tia lira
dién nham dam bao dugc chit luvong gia cong.

3.1. Poi twong nghién ciru

May: May st dung cho viéc nghién ctru la may
xung dién CM 323C, dat tai Trung Viét Nhat, Dai hoc
Cong nghiép Ha N6i (Hinh 7).

Théng s6 may: May xung dién CM 323C
(Bang 1).

Vat ligu: Thép C45, kich thude... dugc nhiét
luyén dat @ cimg 52 + 54 HRC

- Thanh phan hoa hoc ctia thép C45 (Bang 2).

- Pién cuc gia cong: Pong do 20mm (Hinh 5)

- Thiét bi do: Méay do do nham bé mat Mitutoyo
SJ-301 (Hinh 6)

3.2. Pham vi nghién ciru

+ Xac dinh mic d6 anh huong cia viéc st dung
vat liéu dién cuc la déng d6 dén d6 nham bé mat gia
cong 13 phoi dai dc 1am bang thép C45 qua toi.

3.3. Phwong phdp nghién ciru

Nghién ctru qua trinh trén bang phuong phap 1y
thuyét twong dbi kho khan, vi vay tac gia da dé xuat
phuong phap nghién ciru bang thuc nghiém. Phai
xdy dung cac bai thi nghiém xac dinh cac thong sd
cong nghé, toi wu hoa. Sau d6 lam thi nghiém va
tién hanh xir Iy sé liéu thyc nghiém bang cac
phuong phap quy hoach thuc nghiém. Cubi cing
dua ra cac nhan xét va két luan déi voi cac phuong
phéap trén.

Hinh 5. Dién cuc gia céng

Bang 1. Théng sd ki thuat may Xung dién CM323C

1T Dic tinh ki thuat Pon vij do Thong s6
1 Kich thwéc may (WxDxH) mm 1200 x 1350 x 2250
2 Kich thwéc ban tiy (WxD) mm 500 x 350
3 Pham vilam viéc (X,Y) mm 300 x 200
4 Pham vilam viéc Z mm 300
5 Trong lwong 16N nhét cta dién cuc kg 60
6 Trong lwong 16N nhét ctia phoi kg 500
7 Trong lwgng clia may kg 1000
8 Téc d6 I6n nhat ctia may mm/ph 350
9 D06 nham Ra c6 thé gia cong u 0,25
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Bdang 2. Thanh phan cdu tao thép C45

i i Ham lwo'ng nguyen to (%)
Mac thép
C Si Mg P S Cr N
Khong I&n hon
C45 042+050 | 0.17+0.37 | 0.50+0.80
0.040 0.040 0.25 0.25

4. Két qua nghién ciru

Thuc nghiém dugc thiét ké theo nhimg gia
thiét sau:

- Trong tat ca cac thuc nghiém, do on dinh cua
dung méi va chét dién moéi 1a nhu nhau.

- Téng hop cac nhidu anh hudng t6i do chinh xac
kich thu6c 1a 6n dinh va khong thay ddi trong sudt
qua trinh thyc hién thi nghiém.

- Nhiét d6 méi truong gia cong luén luon on dinh.

Thuc nghiém nay dugc thiét ké véi cac thong sb
¢6 anh huong 16n téi d6 nham va nang suat gia cong,
do la: vat liéu dién cuc, cuong do dong dién va hi¢u
dién thé phong dién (U). Qua qua trinh tim hiéu may
xung dién CM 323C, tac gia lya chon khao sat diéu
kién gia cong trén may 1a S36 va hai bién: U va I
thay doi.

- Téc gia chon I theo 2 mirc véi céc tri s la:

Imin =4A, gy =8A
- Téc gia chon U theo 2 mtc véi céc tri s6 1a:
, qmin =40V, Umax =50V

SO diém thi nghiém N theo quy hoach thuc
nghiém la[1]: N=k2

Trong d6: N - S thi nghiém.

k - S6 bién dau vao.

Vi bién dau vao k=2, ta ¢ s thi nghiém N =4.

Hinh 8. Cdc bién ddu vao thi nghiém

4.1. Anh hwéng cia dién dp dinh liva (U)
va cwong dj dong dién I, t6i nham bé mdt gia
cong (R,

Phan mém Minitab duoc chon dé xay dung Kké
hoach thi nghiém va phan tich s lidu.

Dé x4c dinh anh hudng cua dién ap danh Iua toi
d6 nham bé mat chi tiét gia cong, tac gia phai lam 4
thi nghiém tng v&i 4 mau thir co th tu 1 + 4; trong
qua trinh thi nghiém.

Két qua do duoc sy anh huong cua U, I t6i R,
duoc thé hién (Bang 3).

Bang 3. Kich thuéc dién cuc trudc va sau
khi gia cong trén cing mét toa do

Dién cwc Cu
TT le
odc ¢dc sau xung Adc
1 4 7.02 7.014 0.004
2 5 7.05 7.023 0,007
3 6 7.03 7.019 0.009
4 7 7.06 7.028 0.012

4.2. Mon dién cwc trong quad trinh xung tia
lira di¢én
b0 tang kich thudce dién cuc:

|5} File Edit Data Calc Stat Graph Editor Tools Window Help Assistant
FE & e =B 1t 1 ALZOCTH | CRAEOE%
| =R g+ B2 A X|Q||xT
| s B = | = | S | = i [ | [ = 8 =
| StdOrder RunOrder PtType @ Blocks Ton Tof | U I
1 7 1 2 1 35 20 40 8
2 19 2 2 1 30 20 50 6
3 23 3 2 1 35 15 45 8
4 5 4 2 1 35 20 40 4
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Hinh 9. Két qué dé nham R, khi si dung dién cuc déng (Cu)

G0 8 xne -

Bt AE

|@ File Edit Data Calc Stat Graph Editor Tools Window Help Assistant

IR ORI

I F| ket P2

J1%]a] » TOON

4 C1 C2 C3 C4 C5 Cé C7 C8 C9
StdOrder| RunOrder| PtType = Blocks Ton Tof U | Y (Ra)
1 7 1 2 1 35 20 40 8 733
2] 19 2 2 1 30 20 50 6 404
3 23 3 2 1 35 15 45 8 3.90
4 5 4 2 1 35 20 40 4 4.31

- Adc = @dc sau xung - @ dc trudc xung

- Adc: d6 tang kich thudc dién cuc (mm)

- Odc truoc xung: duong kinh dién cuc trudc
xung (mm)

- ¢dc sau xung: duong kinh dién cuc sau
xung (mm)

5. Két luan

Tir quan hé giita Ra vai cac thong sd, U, I ta thiy
cuong d6 dong dién va hiéu dién thé anh huong nhidu
nhét dén do nham bé mat khi gia cong b?mg dién cuc
dong trén vat lidu 1a thép C45. Thoi gian ngit xung va
thoi gian bat xung ¢6 murc do anh hudng it hon.

Do d6 tac gia da thé hién dd thi tmg voi hai bién c6
anh huong nhiéu nhat t6i ham muc tiéu R, 1a bién U
va I nhu trén (Hinh 8).

Tir d6 thi ¢6 thé tim thay diém co6 gia tri Ra nho
nhat R, =2,2943. (Hinh 9)

Khi cuong do dong dién I, tang thi luong mon trén
dién cuc Cu 16n hon nhiéu so véi khi st dung céc
dién cuc khac. (Hinh 10) m
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EFFECT OF COPPER ELECTRODE
MATERIAL ON SURFACE QUALITY IN EDM
OF HEAT-TREATED C45 STEELNUT BLANKS
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'Hanoi University of Industry

ABSTRACT:

Electrical discharge machining (EDM) has been increasingly adopted in manufacturing facilities
and industrial plants in Vietnam, particularly in the production of molds and tooling with complex
geometries. In practice, EDM is predominantly applied to the machining of recessed, concave, and
through-hole features, such as stamping dies, bottle molds, and plastic injection molds. In contrast,
punch-type components, such as punches used in nut forming, are still largely produced by
conventional cold machining methods, which are characterized by relatively low productivity. This
study addresses the need for more efficient machining approaches capable of ensuring both
productivity and quality in complex shaping applications. Focusing on punches typically fabricated
from high-cost 9XC tool alloy steel, the research investigates the influence of copper electrodes on
surface roughness during the EDM process applied to nut blanks made of hardened C45 steel.

Keywords: copper electrode, processing nut billet made of C45 steel, processing nut billet, the
spark pulse method.

$6 7/2026 337



