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NGHIEN CU'U ANH HUONG CUA MOT SO THONG SO CONG
NGHE DEN DO CHINH XAC KICH THUO'C KHI GIA CONG THEP
GIO SKH51 TREN MAY CAT DAY VL600Q

STUDY ON THE INFLUENCE OF CERTAIN TECHNOLOGICAL PARAMETERS ON
DIMENSIONAL ACCURACY IN MACHINING SKHS51 HIGH-SPEED STEEL USING
VL600Q WIRE CUT MACHINE

Mac Van Giang
Khoa Co khi, Truong Pai hoc Sao Do

TOM TAT

DPé ddnh gia tic dong ciia mot s6 yéu té cong nghé dén dd chinh xdc kich thuée khi gia
céng thép gié SKHS51 trén may cat day EDM VL600Q, mét phwong trinh hoi quy méi da dwoc dé
xudt dwa trén phwong phdp thiét ké thi nghiém Box-Behnken. Nghién civu nay da xdc dinh céc yéu
16 quan trong dnh huwéng dén do chinh xdc gia céng cia kich thude 16. Két qua ciia phwong phdp
thiét ké thi nghzem v6i ham hoi quy dé xudt (1) cho thdy dg chinh xdc dw dodn ciia phirong trinh hoi
quy (1) dat dén 99,47%. Ngodi ra, dién danh hia (U, ) ¢6 anh huong ZO’n nhat dén dg chinh xdc klch
thudc trong qua trinh gia cong (65,13%), trong khi dnh hwéng ciia yéu t6 cong nghé thoi gian ngit
xung (Tf) la it quan trong nhdt (3 68%). Noi dung cua bai bdo cung da thiét ldgp mét chirong trinh
héi quy dé tinh todn cdc théng sé cong nghé khi biét truée sai so gia cong, dong vai tro lam co so
tham khdo cho viéc xac dinh do chinh xac kich thuoc khi gia cong 16 trén vit liéu SKH5 1 bang may
cat day EDM VL6000Q.

Tir khéa: Gia cong tia lira dién; Dé chinh xdc kich thude; Thong s6 cong nghé.
ABSTRACT

To evaluate the impact of certain technological factors on dimensional accuracy when
machining SKH51 high-speed steel using the VL600Q wire EDM machine, a new regression
equation was proposed based on the Box-Behnken design of experiments method. This study
identified the key factors affecting the machining accuracy of hole dimensions. The results from the
design of experiments method with the proposed regression function (1) showed that the predictive
accuracy of regression equation (1) reached 99.47%. Furthermore, the ignition voltage (U) had the
most significant impact on dimensional accuracy during machining (65.13%), while the influence
of the pulse-off time (T O_f) technological factor was the least significant (3.68%). The content of
the paper also established a regression program to calculate technological parameters given the
machining errvor, serving as a reference for determining dimensional accuracy when machining
holes on SKH5 1 material using the VL600Q wire EDM machine.

Keywords: Electrical Discharge Machining; Dimensional Accuracy; Technological Parameters. &
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1. TONG QUAN

Hién nay, cac quy trinh gia cong doc
do trong linh vuc co khi da thu hat nhiéu sy
cha y nghién ctru nho tinh chinh xac va hiéu
qué cao. Dic biét, phuong phap cat day tia lira
dién (Wire Electrical Discharge Machining —
WEDM) dang tré nén phd bién do kha ning
gia cong vat lidu cimg, bén va phirc tap ma cac
phuong phép truyén thong khoé thyc hién [1, 2].

Trong qua trinh gia cong 16 bang
WEDM, d¢ chinh xac dugc danh gia qua dung
sai kich thudc duong kinh va do khong tron
[3]. Cac yéu té cong nghé nhu thanh phan vat
liéu, loai dién cuc, dién ap danh Iua, thoi gian
phéng tia lira, tinh dan dién va nhiét cua vat
liéu anh huong truc tiép dén hiéu qua gia cong.
Viéc nghién ctru anh hudng ctia cac yéu td nay
1a can thiét dé xac dinh cac thong sd cong nghé
hop 1y [4].

Nhiéu nghién ctru da chi ra cac yéu td
quan trong anh huéng dén do chinh x4c va higu
sut gia cong, nhu nghién ctru cia Muhammad
Umar Farooq vé Ti6Al4V va Tran Qudc Hing
vé SKD11. Tuy nhién, chua c6 nghién ctru day
du vé anh huong cta nhiéu thong s6 cong nghé
dén dung sai kich thudc duong kinh khi gia
cong thép SKH51 trén may cit diy VL600Q
[5, 6].

Trong nghién ctu nay, ching t6i tap
trung vao cac thong sd co ban nhu dién ap
danh lua (U)), thoi gian phong tia lua (T ), thoi
gian tit xung (T, ;) va toc do chay day (W) anh
huéng dén chat lugng kich thudce 16 (Y). Két
qué thi nghiém va phan tich bang Minitab 19
cho thay U, T_va W_déu anh hudng dang ké
dén dung sai kich thudc 18, cung cép co s cho
viéc lya chon cic thong s6 cong nghé hop 1y,
nang cao do chinh xac va hiéu qua gia cong.

Nghién ctru nay gop phan hiéu rd hon vé anh
huong cua cac thong s6 cong nghé khi gia cong
thép SKH51 trén may cit day VL600Q va md
ra hudng phat trién cho cac nghién ctu tiép
theo, cai thién cht lugng san pham va hiéu
sut trong nganh co khi chinh xéc tai Viét Nam.

2. VAT LIEU VA THIET BI
2.1. Thiét bi thi nghiém
Thiét bi phuc vu thuc nghiém la may

cit day tia ltra dién VL600Q tai Cong ty cb
phan Co khi Hung Dao, Chi Linh, Hai Duong.

Hinh 1. May cdt day VL600Q

May cit day tia Itra dién VL600Q co
cac thong s6 lam viéc co ban nhu sau:

- Kich thuéc gia cong toi da: X/Y/Z =
600/400/270;

- D6 chinh xac dat duge tdi da: £0,03mm;

- Dién ap phong tia ltra dign U2 50 +~ 125 V;

- Cuong do dong dién xung 1: 2 + 32 A;

- Thoi gian bat xung T_: 1 +9 ps/s;

- Tl}éyi gian tit xung T 2+ 18 us/s;

- Toc do chay day W : 0 ~ 420 mm/s;

- Lyc cang day W : 490 + 2400 g;

- Ap Iy nude va chat dién moi W, : 0+ 16 kg/em®.
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2.2. Chon dung cu do

Panme do 16 3 chéu, thang do Ipm
Mitutoyo Nhat Ban 368-163 c6 cac thong sb ki
thuat nhu sau: Pham vi do tr 10 + 12mm; Do
chia 12 0,001mm; B¢ chinh xac 14 £2um.

2.3. Vit liéu dién cuc

Vit liéu dién cyc dugc su dung la day
dong co duong kinh 0,2mm ctia Hang Pungkuk
(Han Quéc) c6 ky hiéu CuZn35, d6 bén kéo ciang
co hoc 750 + 790N/mm?. Day 1a loai vat liéu dién
cuc théng dung, dang duoc dung phd bién trong
cong ngh¢ gia cong tia lira dién hién nay.

3. XAY DUNG THi NGHIEM

Mau thi nghiém 1a thép gi6 SKH51, con
duogc biét dén 1a thép M2 theo tiéu chudn AISI
cua Hoa Ky, 1a mot loai thép cong cu tbe do
cao (HSS — High-Speed Steel) c6 ham lugng
molypden va vanadi cao, cho phép n6 gilr duoc
do cung tdt ngay ca khi lam vi¢c ¢ nhiét do cao.
Day la mot trong nhiing loai thép phd bién nhat
trong viéc san xudt cac dung cu cit kim loai
nho vao tinh chit wu viét, duge st dung ché
tao: Dung cu cit kim loai, khudn mau, céc chi
tiét may chiu tai trong ndng, dung cu do, cac chi
tiét trong nganh hang khong, vii tru.
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Hinh 2. Ban vé mdu thi nghiém
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3.1. Tién hanh thye nghiém

- Cac thong sb (bién) sé& thay doi trong
qua trinh thi nghiém bao gom U, T _va W :

+X,=U,=70+80 V;

1
+X, =T, =2+8us;
+X, =T =4+12 ps;
+X, =W, =6+ 10 mm/s.

- Céc thong ¢b dinh chon phu hop véi
may thi nghiém, cu thé:

+ Luc cang day tuong ung muc 10,
twong tmg voi: W = 1390 g;

+ Ap lyc nudc va dung mdi twong tng
v6i mire 4, twong ung voi: W, = 10 kg/cm?;

+ Cuong do dong dién xung tu dong
dicu chinh theo di¢n 4p phong tia Iua dién.

- Theo [6], dé giam chi phi va van dam
bao d6 chinh x4c cia phwong trinh hdi quy, st
dung phuong phap quy hoach Taguchi. Bién
ma hoa dugc trinh bay trong bang 1.

Badng 1. Bien ma hoa cac thong so dau vao

Cac mire thuc
o nghiém
STT Bién so

Mtic | Mtc | Muc

min | gita | max
1 X, =U. (V) 50 60 70
2 X, =T, (us) 2 5 8
3 X, =T, (us) 4 8 12
4 X, = W_(mm/s) 6 8 10
5 Biénmahoa | -1 0 +1
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Theo [6], sit dung phuong phap quy hoach Box-Behnken Design véi tong so thi nghiém la
N =2k +2k+1=25thi nghlem Tién hanh gia cong tai 25 vi tri véi cac thong s6 dau vao duoc
diéu chinh, sau khi gia cong tién hanh do 3 14n tai cac vi tri, do gia tri duong kinh trung binh tai cac
vi tri (D). Tinh todn d¢ chinh xé4c kich thuéc Y =D, —~D, va quy d6i ra don vi do pm, két qua thuc
nghiém duoc trinh bay trong bang 2.

Bdng 2. Két qua thiee nghiém

TT | U(V) | T,(usls) | T, (usls) (m‘;vns/s) D (mm) | D, (mm) | ¥ =(]3;?11 ) D,,
1 60 5 4 6 11,008 11 8
2 60 5 12 6 11,005 11 5
3 60 5 8 10 11,015 1 15
4 60 5 12 10 11,013 11 13
5 50 2 8 8 11,014 11 14
6 70 2 8 8 11,001 11 1
7 50 8 8 8 11,022 11 22
8 70 8 8 8 11,007 1 7
9 50 5 8 6 11,014 i 14
10 70 5 8 6 10,998 1 2
1 50 5 8 10 11,022 11 22
12 70 5 8 10 11,008 11 8
13 60 2 4 8 11,008 11 8
14 60 8 4 8 11,016 1 16
15 60 2 12 8 11,005 1 5
16 60 8 12 8 11,013 1 13
17 60 2 8 6 11,003 1 3
18 60 8 8 6 11,01 11 10
19 60 2 8 10 11,011 11 11
20 60 8 8 10 11,019 11 19
21 50 5 4 8 11,019 1 19
22 70 5 4 8 11,005 1 5
23 50 5 12 8 11,016 11 16
24 70 5 12 8 11,002 11 2
25 60 5 8 8 11,011 11 11
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Chi tiét sau khi gia cong dugc trinh bay

trong hinh 3.

Hinh 3. Céc chi tiét sau khi gia cong

3.2. Phan tich thuc nghiém

Str dung phan mém théng ké Minitab

19 dé phan tich két qua trong bang 4 cho ham
muc tiéu Y, ta duoc két qua nhu trong bang 3, 4.

Bdng 3. Mirc d¢ hoi quy ciia mé hinh thiee nghiém

. R-sq
S R-sq R-sq (adj) (pred)
0,40908 99,67% 99,6% 99,47%

Nhan xét vé bang 3: Vi cac gia tri trén,
chung ta c6 thé thiy rang mo hinh hoéi quy rat
phu hop va ¢6 do chinh xac cao trong viéc giai
thich va du doan d¢ chinh xéc kich thudc (Y).
Céc hé sb R-squared, R-squared diéu chinh va
R-squared du doan déu rét cao, chi ra ring mé
hinh hdi quy 12 manh mé& va déng tin cay.

Bdng 4. Mirc do twong thich cua mé hinh thuc nghiém

Term Coef SE Coef T-Value P-Value VIF
Constant 0=32_.872 0,903 36,41 0
X, A=-0,7074 0,0118 -59,91 0 1
X, B =1,2436 0,0394 31,60 0 1
X, C=-0,3992 0,310 -12,87 0 1
X, D =2,1453 0,593 36,20 0 1
Nhan xét vé bang 4: thuge giam. T va W_co cac h¢ s6 duong, chi

- Y nghia thong ké: Tt ca cac hé s hdi
quy co gia tri p < 0,05, chi ra rang tat ca cac
bién dQc l?lp (U,i’ T.T.W) déu co tac gi(f)ng
dang ké dén bién phu thude (Y). Cac hé s6 cua
céc bién doc 1ap déu co ¥ nghia thong ké cao,
cho thiy rang cac bién nay 1a cac yéu té quan
trong trong viéc duy doan do chinh xac kich
thude.

- H¢ s6 va tac dong: U, ¢6 h¢ s6 am,
chi ra rang khi dién 4p tang, do chinh x4c kich
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ra rang khi thoi gian phong dién va tc do cit
téng,, d0 chinh xéc‘kich thudce cai thién., T co
hé sO am, chi ra rang khi thoi gian ngat xung
tang, do chinh xac kich thudc giam.

- Pa cong tuyén: Khong c6 da cong
tuyén giita cac bién doc 1ap (VIE = 1,0 < 5,0).

- Tu bang 4 xay dung duoc phuong

trinh hdi quy xéac dinh do chinh xac kich thudc
nhu sau:
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Y =32,872 - 0,7074.U, + 1,2436.T, — 0,3992.
T . +2,1453.W. (1)

Nhan xét chung: Phuong trinh héi quy
(1) duoc xay dung la phu hop va c6 y nghia
théng ké cao, va n6 dugc st dung dé du doan
do chinh xac kich thude (Y) dua trén cac thong
s6 dau vao cua quy trinh thye nghiém (U, T_,
T . W).

- Tinh toan mtc d¢ anh huong cua

cac thong s6 cong nghé dén do chinh xéac kich
thudce:

+ Budc diéu chinh trén méay voi AU, =
10V, do d6 mirc d§ anh huéng cua U, 1én Y la:

10.|Al/0.|Al+]|B|+|C|+|D]|)=6513%(2)

+ Budc diéu chinh trén may voi AT =
lus, do d6 mrc 6 anh huéng cia T 1€n'Y 1a:

B/(10.|A|+|B|+|C|+|D])=11,45% (3)

+ Budc diéu chinh trén may voi AT .=
lus, do d6 muc do anh huéng cua T 1én Y la:

c/(10.|A|+|B|+|C|+|D|)=3.68% (4)

+ Budc diéu chinh trén may véi AW =
1m/s, do d6 mre 36 anh hudng cua W 1€n'Y la:

D/(10.|A|+|B|+|C|+|D|)=19,75% (5)

Nhén xét: Di¢n ap danh lva (U) 1a
thong sb diéu chinh quan trong nhat d6i voi do
chinh x4c kich thudc, vi mtrc d§ anh hudng cua
n6 dat dén 65,13%, 1on nhat trong 6 bbn thong
s6 cong nghé duoc dé cap o trén.

3.3. Khio nghiém phwong trinh héi quy (1)

Tir phuong trinh (1), ¢6 thé thiy rang
viéc tinh toan céc gia tri thong s6 dau vao U,
T, T, W) khi biét trude sai s6 kich thude
Y = a (um), gap rat nhiéu kh6 khan. Do do,
dé t6i vu hoa qua trinh tinh toan, mot chuong
trinh Python két hop vé6i cac thu vién numpy
va scipy.optimize dugc st dung. Chuong trinh
duoc xay dung nhu sau:

- So db thuat toan: So d6 thuat toan
duoc trinh bay trong hinh 4.

<>

It CdC thar waln
{Prrgry, SCpy OpEreze]

Eenh rghia phuromg rink b
QU (Megnessesn  squabon)
[

Einh nghla cic
FArg Dl
!
Ennhi mghia gidi han
chio e gl in

Cung ol gid b khdi ddu
chi e T S (xe)

1

Chigdin hda gid in
Y=g

BN
-
4 'I:-Id';.r: I'uén'.h:;l:\“}_
LI e |
I ki s
(L, Toe, Tom, W)

Hinh 4. So do6 thudt todn tinh todn théng sé
dau vao

Sai
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import remgy a3 op
from scipy.optinine leport minbedze

¥ Glven regresslon sqeatios
duf regression spatleals, a):
Wi, Tea, Teff, i = %
retees (30872 - 87074 ° U & 12435 * Ten - @3990  Teff + 3.0453 Wy - @)=

# Deflne the constralety
coratraints = |
{'type’s “ineg”, “fun’
{'type’: “ineg”, “fun'

lombda x: xf8] - 50}, ® W » %
: lambda w: T -:'!”'. B s M

i 'type': “ineg", = lambeds 9 w{1] = 2}, @ Toa 3= 2
{'type': "ineg", “fun'c lamdbda w2 8 - 2[1]}, e Toad=2
{'type': "ineg", "Fen's lambdda x: xf2] - 4],  F Teff 3= 4
{'type's “ineg, “Fen's lambds m: 32 - af2]}, # TefF &= 12
['type': "ineq", “fun': lembds x: xf3] - 6], P a6
{'type':s “Ineg”, “fun': lembds 2z 00 - xf3]} ¥ ax o= 19

o Dafine the bousds
bounds = [{58, 78], (2, B), (4, 12}, (&, 18]

# Jainkal posdi
o 60, 5, 8, 4]

# Deslred value of ¥
a= M i Replace with the specific value of ¥

¥ Perforn the aladeization

ey
sul dtralAtisgonitralats, boundisbicti)

print(“dn #rror ofturred:™, str(e])

Hinh 5. Chirong trinh Python dé tinh todn cdc
théng sé dau vao

Duya trén so do thudt toan trinh bay
trong hinh 4, tao chuong trinh Python dé tinh
toan cac thong sé cong nghé dau vao nhu trinh
bay trong hinh 5.

- Chuong trinh tinh toan trong hinh 5
cung cap cac két qua sau:

+ U, = 54,37749135919918 (V);
+T,_ = 6,6867519757461835 (us);
+T_.=5,750996437308077 (us);
+W_=9,124500200086356 (m/s).

- Chon céc thong sé cong nghé thyc té
trén may:

+U. =50 (V);
+T, =7 (us);
+T 5= 6 (us);
+W_ =9 (m/s).
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- Sai s tinh toan theo phwong trinh hoi
quy (1):
Y=Y

c (50,7, 6,9)

= 32,86 (um)

- Tién hanh gia cong véi tit ca cac diéu
kién twong tu nhu cac diéu kién thuc nghiém
ban dau. Két qua do cho thiy do chinh xac kich
thude véi sai s6 14 Y, = 33 (um).

Nhan xét: Viéc xac thuc cho théy Y. =
Y., do d6 phuong trinh hél quy dam bao do
chinh xac cao trong thuc té.

4. KET LUAN

- Tién hanh gia cong thuc nghiém thép
gi6 SKH51 trén may ciat diy EDM VL600Q
bang dién cuc day dong, két qua nghién ciru da
thiét 1ap phwong trinh héi quy (1) véi mic do
du doan do chinh xac kich thuéc 1a 99,47% tur
cac thong sd cong nghé dau vao.

- Két qua nghién ciru ciing cho thay rang
bdn thong s cong nghé anh huong dang ké dén
d6 chinh xac kich thudc cua chi tiét bao gdbm
dién ap kich 1a thong s6 quan trong nhét (U, -
mirc d6 anh hudng 13 65,13%), tiép theo 1a tdc
do day (W, — mirc d6 anh hudng la 19,75%),
thoi gian phong dién (T — mutrc d anh hudng
13 11,45%), va cudi cung 1a thoi gian ngit xung
(T,;— muac do anh hudng 1a 3,68%).

- NOi dung cua bai bao nay ciling trinh
bay mot chuong trinh Python dé tinh todn bo
bon thong s6 cong nghé¢ (U, T,, T ., W) khi
sai s0 kich thudc gia cong dugc xac dinh.

- Nhitng két qua nghién ctru nay phuc

vu nhu mot tai liéu tham khao cho viéc xac
dinh cac thong so cong nghé¢ khi sit dung may

cit diy EDM. <
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