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TOM TAT

Nghién civu ndy phdn tich anh hieong cia cdc thong sé cong nghé U, I va T (P cang day)
dén dé nham bé mat (Ra) khi gia cong thép 9XC bang phwong phdp gia cong tia lira dién sir dung
dién cuwec day. Bang cdch tién hanh thiee nghiém va sir dung phwong phép hoi quy tuyén tinh, mot mé
hinh todn hoc dwoc xdy dung nham dir dodn Ra dya trén cdc thong sé gia cong. Két qua cho thdy
khi ting ca 3 yéu té cuong dp dong dién I, dién dp U va dj cang ddy T (dong nghia véi viéc toc do
cdt ting) thi chiéu cao nhdp nhé té vi bé mdt Ra, Rz tang. Théng qua phén tich thuc nghiém, nghién
cibu dé xudt mét ddi gid tri hop 1y cho cdc thong sé ché dg cdt gitip ndng cao chdt lwong bé mdt va
hiéu sudt san xudt, dong thoi mé ra hwéng nghién civu tiép theo nham toi wu héa quy trinh gia cong
tia lia dién bcing dién cuc day.

T khoa: Thép 9XC; Gia cong tia lira dién bang dién cuc day; P6 nham bé mat; Hoi quy
tuyén tinh; Thong sé gia cong.

ABSTRACT

This study analyzes the effects of technological parameters U, I, and T (wire tension)
on surface roughness (Ra) in the wire electrical discharge machining of 9XC steel. Through
experimental investigation and the application of linear regression analysis, a mathematical model
was developed to predict the value of Ra based on the machining parameters. The results indicate
that when the current intensity I, voltage U, and wire tension T increase simultaneously (which
corresponds to an increase in cutting speed), the surface roughness parameters Ra and Rz also
increase. Based on the experimental analysis, the study proposes a reasonable range of machining
parameters to improve surface quality and production efficiency. In addition, the research provides
a basis for further studies aimed at optimizing the wire electrical discharge machining process.

Keywords: 9XC steel; Wire electrical discharge machining, Surface roughness, Linear
regression; Machining parameter. &
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1. PAT VAN PE

Thép 9XC, hay con duoc biét dén voi
tén goi 9SiCr, 1a mdt loai thép cong cu hop
kim thdp, ndi bat bai ham lwong cac nguyén
t6 Si va Cr. Su két hop nay mang lai cho thép
9SiCr nhitng dac tinh vugt troi nhu do cung
cao va kha nang tham t6i xuét sic. Thép 9XC
thuong duoc str dung rong rii trong san xuat
cac loai khudn c6 tudi tho cao, va cling la vat
liu 1y tuong cho cac miii khoan nho vao kha
nang chong mai mon va do cing vuot troi. Voi
nhtrng dac tinh vu viét, thép 9SiCr khong chi
dap tng tot cac yéu cau khit khe trong nganh
cong nghlep ma con gép phan nang cao hiéu
qua va chit lugng ciia cac san pham thep [1].
Tuy nhién, trong thuc té san xuat, chat luong
bé mit cua san pham gia cong phu thudc vao
nhiéu yeu t6, trong d6 quan trong nhat 1a cac
thong s6 ché do cit. Vi Vay, viéc nghlen ciru
anh huong cua cac thong so nay dén d6 nham
bé mit khi gia cong thép 9XC bang cong nghé
gia cong tia Itra dién béng dién cuc day la rat
can thiét dé t6i wu hoa quy trinh va ning cao
chat luong san pham.

Trong nhitng nim gan diy, nhiéu
nghién ctru di tap trung vao anh hudng cua ché
do cit dén chat luong bé mat cta cac loai thép
dung cu. Chéng han, nghién ctru cia GS.TS.
Tran Van Pich (Pai hoc Bach khoa Ha Noi) va
ThS. Tran Quéc Trinh (Hoc vién K§ thuat quan
su), “Anh huong ctia tham s6 diéu khién dén do
nham bé mit khi gia cong bang phuong phap
dién cuc day”, Tap chi Khoa hoc Cong ngh¢
(Nam 2009) [2]; TS. Nguyén Huy Ninh, ThS.
Nguyén Quang Ping, “Nghién ctru tmg dung
may cat day tia lira dién CNC nam truc, siéu
cao toc FI 440 CC dé gia cong khudn dap cho
san pham c6 bién hinh phtrc tap”, Luén van cao
hoc, Pai hoc Bach khoa Ha N§i (Nam 2010)
[3].

M5 hinh hdi quy thuc nghiém dugc xay
dung trong nghién clru nay gitp du doéan d6
nham bé mat dua trén cac thong s6 gia cong,
tir 46 dua ra cac khuyén nghi dé ning cao chit
lwong bé mit. Nhimg phuwong phap phan tich
nay co thé dugc ap dung cho thép 9XC dé xay
dung mo hinh dy doan tuong tu, gitp téi uu
héa ché dd cét va cai thién hiéu suat gia cong.

Mic du ¢ nhiéu nghién ctru lién quan
dén anh huong cta cac thong sb cong nghé dén
chat lugng bé mat, nhung van chua cé nhiéu
nghién ctru chuyén sau vé thép 9XC. Do do,
nghién ctru nay tap trung vao viéc danh gia anh
huong ciia cac thong sé cong nghé (dong dién,
dién 4p, strc cang day) dén d6 nham bé mit khi
gia cong thép 9XC bang cong nghé gia cong
tia ltra dién bang dién cuc day. Muc tiéu la xac
dinh bo théng s6 hop 1y nham ning cao chét
111:0’ng bé mat, dam bao do chmh xac kich thude
va toi wu hoa quy trinh san xuat trong nganh gia
cong co khi.

2.VATLIEU VA PHUONG PHAPNGHIEN
cuUu

2.1. Vat liéu va thiét bj

- Vat liéu: Thép 9XC (thanh phan héa
hoc: 0.85-0.95% C, 1.2-1.6% Si, 0.3-0.6% Mn)
[4];

- Kich thudc phoi @40 x 50 mm;
- May cit day ddng: Aristech CW30;
- Dung cu cat: Day dong @0.2;
- Thiét bi do d nhdm: Hommel-Etamic W10,
- Dung dich 1am mat: Nudc cat.

2.2. Thong s6 ché dé cat
S6 thi nghiém N can thyc hién khi quy

hoach thuc nghiém duoc tinh theo cong thirc
sau:
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N=2k=23=8 (1)

O day, k (=3) 1a sb yéu té anh hudng:
Cuong do dong dién (I), dién ap (U), stic cang
day (T) [5].

Bdng 1. Bang ma trdn don vi cua thi nghiém mau

thép 9XC
Cac yéu t6 anh huong
STT e

thi Pién cuc g;l"’“g.?‘-’ Sirc ciing
nghigm | apeyr | ORI day e

1 -1 -1 -1

2 +1 -1 -1

3 -1 +1 -1

4 +1 +1 -1

5 -1 -1 +1

6 +1 -1 +1

7 -1 +1 +1

8 +1 +1 +1

e oot

Phdi

B =

Hinh 1. So' do gia céng cdt dady

.

Hinh 2. Mau thép 9XC

2.3. Phan tich, xdy dung mé hinh hdi quy
tuyén tinh

Quy hoach thyc nghiém truc giao cho
phép xay dung mo hinh toan hoc biéu thi quan
hé phu thudc gitta thong s6 dau ra va cac thong
s6 dau vao. M6 hinh toan hoc nay c6 thé dugc
viét dudi dang:

Y=b,+bX +bX+.+bX +b XX, +..+
b(n—l)an—1X3 (2)

Phuong trinh nay goi la phuong trinh
hdi quy [6].

Viéc bd sung cac yéu td twong tac gitta
cuong do dong dién, dién ap va suc cang day
giup nang cao do chinh xac cia moé hinh. Mo
hinh dat d¢ chinh xac cao cho phép du doan
chinh x4c do nham bé mat dya trén thong s gia
cong.

3. KET QUA VA THAO LUAN
3.1. Két qua thye nghié¢m

Bdng 2. Két qud do d¢ nham qua thi nghiém ciia

mau 9XC

STT thi | P0 nham do dwgc Ra (um) Ra

nghi¢ém | Ray Ra2 Ra3 ®
1 1.65 1.583 1.684 1.639
2 1.996 1.795 1.818 1.869
3 2.126 2.111 2.192 2.143
4 2.443 2.349 2311 2.367
5 2.374 2.305 2.781 2.486
6 2.373 2.492 2.793 2.552
7 2.146 2.502 2.265 2.304
8 2.287 2.275 2.379 2.313
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Sau khi tinh toan theo quy hoach thuc
nghiém, ta c6 phuong trinh biéu thi mdi quan
hé giita d6 nham bé mat véi ché do cit ciia mac
thép 9XC:

Ra — e—1.47.IO.07_U0409.T0425 (3)
Tir phuong trinh trén, ta c6 cac do thi

quan hé gitta Ra véi I, U, T ctiia mac thép 9XC
[7].

Hinh 3. D6 thi moi quan hé giita Ra véi U, [
khi T =1000va T = 2000 9XC

Hinh 4. D6 thi moi quan hé gitia Ravoi l, T
khi U =50va U= 1209XC

11

'u w _.::rlmllu
Bak R e b sang 809

Hinh 5. D6 thi moi quan hé giita Ra véi U, T
khil=0,7val=129XC

3.2. Anh huéng ciia cac thong s ché d¢ cat
dén do nham bé mit

Nghién ctru nay da phan tich &nh huong
ctia cac thong s6 ché do cat (cuong do dong
dién, dién 4p va strc cang day) dén chit luong
bé mat khi gia cong thép 9XC bang cong nghé
gia cong tia lira dién. Két qua thyc nghiém cho
thy rang:

+ Stre cing day 1a yéu t6 anh huong
manh nhat dén do nham bé mat (Ra). Khi ting
suc cang day trong pham vi nghién cuu, do
nham bé mit c6 xu hudng ting.

+ Cudng d6 dong dién va dién ap cling
c6 anh hudong, nhung khong nhiéu nhu strc
cang day.

4. KET LUAN

Nghién ctru nay da danh gia anh huong
clia cac thong sb ché do cit dén chat luong bé
mit khi gia cong tia ltra dién bang dién cuc day
v6i thép 9XC, qua d6 cung cip co s khoa hoc
va thuc tién giup cai thién hiéu suit gia cong.
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Két qua cho thiy cudng d6 dong dién, dién ap
va strc cang day déu c6 tac dong dang ké dén
d6 nham bé mit, trong do stic cang day c6 anh
hudng 16n nhit. Viéc diéu chinh stc cing day
trong pham vi hop 1y gitp cai thién dang ké
chét lugng bé mit, giam do nham va nang cao
hiéu suit gia cong. Cudng d6 dong dién va dién
ap cling tac dong dén d6 nham bé mat, do do
can xéac dinh muc cit phi hgp nham t6i wu hoa
giita chat lwong va kha ning gia cong.

Tur nhiing két luan trén, nghién ctru dé
Xuét tiép tuc thyc hién cac nghién ctru nang cao
nham t6i vu hoa hoan toan ché do cit. Viéc ap
dung céc thuat toan tdi wu hoa, chéng han nhu
quy hoach thyc nghiém hodc tri tu¢ nhan tao,
¢6 thé gitip xéc dinh chinh xéc hon bo thong s6
gia cong tdi uu. Nhimng hu:ong nghlen clru nay
sé glup cdi thién dang ké ning sudt va hiéu qua
kinh té trong san xuat cong nghiép. <

Ngay nhan bai: 23/3/2026
Ngay phan bi¢n: 06/4/2026

Tai liéu tham khao:

[1]. Tran Vin Dich (2007), “Sé tay Dung cu cdt va
Dung cu phu”. NXB. Khoa hoc va Ky Thuat.

[2]. GS,TS. Tran Van Dich (Pai hoc Bach khoa
Ha Noi) va ThS. Tran Qudc Trinh (Hoc vién
Ky thuat quan sw), “Anh cia tham sé diéu
khién dén do nham bé mat khi gia cong bang
phuwong phap dién cuc dday”. Tap chi Khoa hoc
cong nghé (Nam 2009).

[3]. TS. Nguyén Huy Ninh, ThS. Nguyén Quang
Ding, “Nghién citu ting dung mdy cdt day tia
lira dién CNC nam truc, siéu cao toc FI 440
CC dé gia cong khudn ddp cho san pham cé
bién hinh phirc tap”. Luan van cao hoc, Dai
hoc Bach khoa Ha Noi (Nam 2010).

[4]. TOCT 1435-99: [Ilpokar copTOBOH W
KaTUOpPOBAaHHBI U3  KOHCTPYKIIMOHHBIX
YIJIIEPOAUCTBIX ~ KAYSCTBCHHBIX  CTaJICH.

Texuunueckue ycinosus (1999), https://auremo.
biz/files/gosts/gost-1435-99.pdf

[5]. Nguyén Hiru Loc (2021), “Gido trinh Quy
hoach va phan tich thuc nghiém”. NXB. Dai
hoc Qudc gia Thanh phd H6 Chi Minh.

[6]. Tran Vian Dich (2006), “Nghién ciru dg chinh
xdc gia cong bang thue nghiém” (Gido trinh
dung cho hoc vién cao hoc). NXB. Khoa hoc
va K§ thuat, Ha Noi.

[7]. Maplesoft, “Maple 17 User
Waterloo, Canada: Maplesoft, 2013.

Manual”,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 eV

cokhivietnam.vn



