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KHAO SAT DANH GIA ANH HUGNG CUA MOT SO YEU TO
CONG NGHE DEN DO NHAM BE MAT KHI CAT DAY HOP KIM CUNG

INVESTIGATION AND EVALUATION OF THE INFLUENCE OF CERTAIN TECHNOLOGICAL FACTORS

ON SURFACE ROUGHNESS IN WIRE CUTTING OF HARD ALLOYS
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TOM TAT

Bai bado trinh bay két qua khdo sat va danh gia anh hudng clia mgt sd yéu té cong nghé, bao gom
dién ap dong dién (U), cuong do dong dién (1) va tdc do tién day () dén do nham bé mat khi gia cong
thuc nghiém manh hgp kim cting BK6 thudc nhom mat carbide trén may cat ddy EDM CHMER CW 420HS
do Dai Loan san xudt. Pham vi ché dd cat trong thuc nghiém dugc xac dinh nhu sau: dién ap dong dién U
tlr 70V dén 80V, cudng do dong dién | tir 1A dén 2A va lugng tién day khi cat f tir 6 mm/phit dén 7
mm/phit. K&t qua nghién ctu cho thdy, ca ba yéu td trén déu anh hudng ty Ié thuan dén do nham bé
mat, trong do toc d6 tién déy (f) cd tac dong I6n nhat. Nhiing két qua nay la co s& quan trong dé lua chon
ché d cong nghé phu hgp, nham dam bao chat lugng bé mét theo yéu cau.

Tirkhéa: Dién dp dong dién, cuong do dong dién, téc dd tién ddy, dé nhdm bé mdt, mdnh hap kim ciing
BKe.

ABSTRACT

The paper presents the results of a study evaluating the influence of several technological factors,
including discharge voltage (U), current intensity (1), and wire feed rate (f), on surface roughness during
the experimental machining of BK6 hard alloy inserts, a carbide group material, using the CHMER CW
420HS wire-cut EDM machine manufactured in Taiwan. The experimental machining parameters were
set as follows: discharge voltage U from 70V to 80V, current intensity | from 1A to 2A, and wire feed rate
f from 6 mm/min to 7 mm/min. The research results indicate that all three factors have a direct
proportional effect on surface roughness, with wire feed rate (f) exhibiting the most significant influence.
These results serve as an important basis for selecting appropriate machining parameters to ensure the
required surface quality.

Keywords: Discharge voltage, current intensity, wire feed rate, surface roughness, BK6 hard alloy
inserts.
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Hoang Van Diing?

1.DAT VAN PE

Hop kim cling dung lam phan cat
cta dung cu cat thusng dugc ché tao
bang cach sau khi luyén kim bot va
thiéu két thi dugc ép thanh ting
manh cat tiéu chuan cé hinh dang,
gbc d6 theo yéu cau. Tuy nhién trong
thuc tién c6 rat nhiéu manh cat phi
tiéu chudn dung trong gia cong loat
trén cac may gia cdng CNC. Dé tao ra
dugc manh cat phi tiéu chuan do
Ngudi ta phai cat tir cac tam hgp kim
cling c6 san. Do loai hgp kim nay cé
dé clng rat cao (70 - 75HRC) nén
khong thé gia cong bang dung cu cét
thong thudng ma phai gia cong cét
bang tia ltra dién trén may cat day vi
ngoai phuong phap mai thi chi cé
phuong phap gia cong tia Ita dién
mdi co thé cat dugc cac vat lieu co
tinh dan dién va dé cing ratcao [1, 2].
Cac manh cat sau gia cong khong chi
d0oi héi c6 d6 chinh xac vé hinh dang,
kich thudc ma con can ca dé nham bé
mat dap Ung theo yéu cau. Chat
lugng bé mat sau gia cong phu thudc
vao rat nhiéu yéu t6 trong dé anh
huéng chinh la cac théng s6 cong
nghé nhu dién ap dong dién (U),
cudng do dong dién (1), toc do dich
chuyén day dé cat (f), thoi gian phéong
xung (Ton) Va nguing phéng xung
(To). Nghién ctu vé van dé nay, cac
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tdc gia trong va ngoai nudc da cé cac cong trinh nghién
ctiu thuc nghiém va cong bo két qua nhu: Nghién ctu cla
tac gia Nguyén Manh Cudng [3] vé anh hudng cla thong
s6 cong nghé dén chat luong bé mat khi cat day thép
90CrSi ¢6 st dung dung dich dién méi trén bét NaNo Sic.
Két qua cho thdy, ca ba thong thong s6 cong nghé déu cé
tac dong dén nham bé mat trong dé anh huéng clia dién
ap dong dién la nhé nhat. Nghién ctu cla tac gia Luu Duc
Binh [4] vé anh hudng cla thdi gian phdéng va ngling
phéng xung dén do nham bé mat khi gia cong thép C45,
CD70, BK8 cho thay anh hudng dén dé nham khi gia cong
hop kim ciing BK8 la thap nhat. Nghién ctu cla tac gia
Muayad M. Ali [5] khi toc do tién day f = 6mm/phat, dién
ap U =50V thdi gia nguing phéng xung Tos = 30pus Ung vai
thai gian phong xung Ton = 25us cho d6 nham bé mét nho
nhat la 1,56um, Ung vdi thai gian phéng xung Ton = 30us
cho d6 nham bé mat cao nhat la 2,4533um. Nghién ciu
cUa tac gia Nihat ToSun [6] vé anh hudng cua dién ap (U),
cudng do (1), tée do tién cat (f) khi gia cong vat liéu thép va
hop kim thi ca ba yéu té déu c6 anh huédng theo hudng ty
[& thuan véi chiéu cao nham bé mat va anh hudng clia dién
ap la nho nhat.

Nhu vay, cac nghién ctu da dé cap dén anh hudng cua
cacthéng s6 cong nghé dén dé nham bé mat khi gia cong
vat liéu c6 d6 cling cao, viéc di sau vao nghién ciu dnh
hudng khi gia céng hgp kim cling nhém mot carbide con
han ché. D& c6 ca s& danh gia su anh hudng clia ba yéu
té cong nghé do va dua ra giai phap cong nghé can phai
dugc thuc nghiém khao sét cu thé.

2. THUC NGHIEM KHAO SAT SU ANH HUGNG CUA BA
YEU TO CONG NGHE DEN PO NHAM BE MAT

M6 hinh thuc nghiém

Thay déi ba yéu t6 cong nghé cho qua trinh gia cong
(bién sé dau vao), xem xét tac dong dén dd nham bé mat
gia cong (théng s6 dau ra) (hinh 1).

BIEN SO PAU VAO QUA THONG SO
-Diénép dongdien (U) |___| TRINH | | PAURA
- Cutmg dé dong dién (1) GIA P nhém bé
- Lwong tién déy cé(f) CONG mit (Ra)

Hinh 1. M hinh thuc nghiém

Thuc nghiém cat cac manh cat c6 kich thudc va hinh
dang giéng nhau trén may ct day, sau khi cat tién hanh
do d6 nham bé mat cho ting thuc nghiém. Can cl vao
két qua do dé xac dinh ham muc tiéu va danh gia sy anh
hudng clia cac yéu té dén dd nham bé mat.

Thiét bi

- May gia céng: thuc hién trén may cit day EDM
CHMER CW 420HS do DPai Loan san xuat.
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- Thiét bi do nham: Stirdung thiét bi do nham KEYENCE
VHX-E20 ctia Nhat Ban san xuat.

Phéi va vat liéu gia c6ng

SU dung phoi hgp kim ciing nhém 1 carbide BK6 c6
san trén thi trudng, kich thudc phoi dang dia tron dudng
kinh 40mm, bé day 3mm.

Thuc nghiém cat thanh manh cat c6 kich thuéc nhu
hinh 2.

R6

Hinh 2. Ban vé manh cat

Ché dé cdt khi thuc nghiém va bdang quy hoach thuc
nghiém

Can ct vao vat liéu gia cong, vao yéu cau ky thuat, vao
kha nang clia mdy, trén ca s& tim hiéu thuc tién, mién ché
dé cat khi thuc nghiém dugc xac dinh nhu sau:

- Dién ap (U): tir 70(V) dén 80(V).
- Cudng dé dong dién (I): tur 1(A) dén 2(A).
- Lugng tién cat (f): tir 6(mm/phat) dén 8(mm/phut).

Bang quy hoach thuc nghiém dugc thiét ké nhu thé
hién trong bang 1.
Bang 1. Bang quy hoach thyc nghiém

T Bién ma héa Bién thuc nghiém R,
Xi X; X f U I (pm)

(mm/p) V) | (AN

1 -1 -1 -1 6 70 1

2 +1 -1 -1 8 70 1

3 -1 +1 -1 6 80 1

4 +1 +1 -1 8 80 1

5 -1 -1 +1 6 70 2

6 +1 -1 +1 8 70 2

7 -1 +1 +1 6 80 2

8 +1 +1 +1 8 80 2

9 0 0 0 7 75 15

10 0 0 0 7 75 15

n 0 0 0 7 75 15
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3. THU'C NGHIEM KHAO SAT VA PANH GIA KET QUA
Xdc dinh ham héi quy
Nhom téc gia tién hanh thi nghiém véi 11 thi nghiém.
Sau thuc nghiém tién hanh lam sach 11 chi tiét va do
nham bé mat. Két qua do dé nham dugc thé hién trong
bang 2.

Bang 2. Két qua do do nhdm bé mat

T f(mm) u() 1(A) Ra(pm)
1 6 70 1 2,0006
2 70 1 3,2824
3 6 80 1 2,8495
4 8 80 1 3,6256
5 6 70 2 3,7006
6 8 70 2 4,6139
7 6 80 2 3,9139
8 8 80 2 5,181
9 7 75 15 3,5344
10 7 75 15 3,3368
1 7 75 15 3,3496

Ham s6 biéu dién méi quan hé gilra cac yéu té cong
nghé vai d6 nham bé mat thuong la ham phi tuyén. Gia
st méi quan hé gilia cac yéu t6 cong nghé véi d6 nham
bé mat tuan theo quy luat ham sé mi c6 phuong trinh
téng quat 1a: R, = Kga. f2. UP. I€

Trong d06: Kra la hang s6 thuc nghiém; a, b, c la sé ma
ké dén su anh hudng cta f, U, | d&én d6 nham bé mat.

TU phuong trinh téng quat trén, ti€n hanh thuc hién
Logarit ca so e hai vé ctia phuong trinh ta co:

In(Ra) = In(Kga) + a.In(f) + b.In(U) + c.In(l)

DBat ao=In(Kra); a1=a; a2=b; a3 = ¢; y = In(Ra); x1 = In(f);
x2=In(U); x3=In(l)

Ta dugc:y = ap + a1x; +axxz + asxs.

K&t qua tinh toan Logarit cac tham sé nhu thé hién
trong bang 3.

Bang 3. Két qua tinh toan Logarit

7 1,7918 4,382 0,6931 1,3645
8 2,0794 4,382 0,6931 1,645
9 1,9459 43175 0,4055 1,2625
10 1,9459 43175 0,4055 1,205
N 1,9459 43175 0,4055 1,2088

Ap dung phuong phap binh phucng nhé nhat trong
cac tinh toan qui hoach thuc nghiém [3], trén cosG ho tro
cia phan mém Matlab R6.5, Microsoft Excel vao viéc tim
ham héi quy nhu sau:

Ta co: [X].[Y]=T[A]

V6i: [X] |a ma tran bién s6 dau vao thuc nghiém; [Y] la
ma tran cot gia tri do dugc dd nham bé mat; [A] Ia ma tran
hé s6 tuang Uing vdi a,, ai, ay, as.

K&t qua tinh toan ta dugc ma tran hé sé:

z1=-6,0274

z2 = 1,1594
(Al = z3=0,5772

z4 = 1,0646

= Ta c6 dugc ham héi quy:

Ra= ez1 .fZZ.U23.|z4 - 0’00242. f1,1594.U0,5772.|1,0646
Ddnh gid dé tin cdy ctia ham héi qui thuc nghiém
Do tin cay dugc danh gid theo céng thurc [7]:

1 < -
Of, = nT-Z(yi - Y)Z
1

Trong dé:
1 1 5 1
0F=——2 y;-y;)
n=145

Véi: yi: Gia tri @6 nham R, thuc nghiém; ;, :Gid tritrung
binh @6 nham R, thuc nghiém; y; : Gia tri d6 nham R, theo
ham héi qui thuc nghiém; n: S6 thi nghiém.

Lap bang tinh toan ta c6 dé tin cay nhu thé hién trong
bang 4.

Bang 4. Két qua tinh todn dd tin cay

STT In(f) In (V) In(D) In (R.) STT | Ra(um) | Ra(um) | (Ra-Raw)? | (Ra-Ra)
1 1,7918 4,2485 0 0,6934 1 2,0006 | 2,2385 2,4969 0,0566
2 2,079 4,2485 0 1,1886 2 3,084 | 3,0407 0,0890 0,0584
3 1,7918 4,382 0 1,0471 3 2,8495 | 2,6133 0,5347 0,058
4 2,0794 4,382 0 1,288 4 3,6056 | 3,5498 0,0020 0,0057
5 1,7918 4,2485 0,6931 1,3085 5 3,7006 | 3,3398 0,0144 0,1302
6 2,0794 4,2485 0,6931 1,5291 6 46139 | 4,5365 1,0674 0,0060
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7 3,9139 3,8990 0,1110 0,0002
8 51811 5,2961 2,5611 0,0132
9 3,5344 3,6109 0,0021 0,0058
10 3,3368 3,6109 0,0595 0,0751
N 3,3496 3,6109 0,0534 0,0683

Két qua tinh ta dugc: r = 0,932, d6 tin cay 93,2%.

Két qua trén cho thdy mé hinh héi quy c6 d6 tin cay
cao.

Bdnh gid sudnh huéng cia cdc yéu té dén chdt luong
bé mat

Dé danh gia anh huéng cua ting yéu t6, can cu vao
ham héi quy, gia thiét véi hai yéu té con lai khong déi ta
sé c6 dugc méi quan gitta d6 nham bé mat vai tling yéu
t6 nhu thé hién trén hinh 3.

‘Ra
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Hinh 3. Mdi quan giita do nham bé mat vdi ting yéu to

Theo két qua trén hinh 3 cho thay: ca ba yéu té déu co
anh hudng dén chat lugng bé mat theo hudng ty lé
thuan. Khi tang téc dé dich chuyén cta day (f) trong
khodng tir 6mm/phat dén 7mm/phut (dudng 1); tang
dién ap tu 70V dén 75V(dudng 3), tang cudng dé dong
dién tir 1A dén 1,5A (dudng 2) thi chiéu cao nham tang
lén trong d6 anh hudng cla lugng tién cét la 16n nhat
(dudng 1), sau d6 dén anh hudng clia cudng do dong
dién (dudng 3). Dién ap dong phong tia Itra dién c6 dnh
hudng dén chat lugng bé mat nhung su anh huéng so véi
cac yéu to khac la nho nhat (dudng 2). Diéu nay hoan toan
phu hgp véi ly thuyét va két qua cac nghién ctu trudc dé
da dugc cong bo.
4. KET LUAN

Qua nghién ctu thuc nghiém anh hudng ctia moét sé
yéu t6 cong nghé dén d6 nham bé mat khi cat day hap
kim cing cho thay cac yéu t6 cong nghé déu c6 anh
hudng dén chat lugng bé mat trong dé anh huéng cta
lugng tién day khi cat 1a I6n nhat. Ti két qua nay, khi can
gia cong ddm bado d6 nhdn bé mat & muc nao d6 ta co thé
giai quyét theo mot trong cac hudng:
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- M6t la gitt nguyén dién ap U va lugng tién cat f, giam
cudng d6 dong dién |. Phuong éan nay dam bao d6 nhan
bé mat va dam bao dugc nang suat cat.

- Hai la gilt nguyén dién 4p U va cudng do dong dién
, giam lugng tién cét f.. Phuong an nay cho d6 nhan bé
mat tét hon nhung sé anh huéng dén nang suat gia cong

-Balagilrnguyén dién dp U, gidm cuong do dong dién
I va lugng tién cat f. Phuang an nay dam bao chat lugng
bé mat nhung it anh hudng dén nang suat gia céng.
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