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TOM TAT

Bai bdo trinh bay két qua nghién ciru thue nghiém vé anh hwéng ciia dién dp danh lira (U )
va dong dién phong (1) dén néng sudt gia cong (Q), hay con goi la toéc d boc tach vit liéu (MRR).
Khi gia cong thép 9XC trén may xung dién EDM CM 323C. Su dung phwong phap quy hoach thuc
nghiém truc giao, nhém tdc gid da xdy dung mé hinh toan hoc hoi quy dang ham sé mii @é biéu dién
méi twong quan giita cdc théng sé dau vao va dau ra. Két qua cho thdy cda (U ) va (1) déu 6 tac
dong ti 1¢ thugn den nang sudt, trong do dong dién phong (1) thé hi¢n mirc do anh huong lon hon
ca. Day la co so khoa hoc quan trong giup toi wu hoa ché do cong nghé nham nang cao hiéu qua
sdn xudt khi gia cong cdc logi thép hop kim dung cu.

Tir khéa: Gia cong tia liva dién; Thép 9XC; Nang sudt gia cong; Quy hoach thirc nghiém.
ABSTRACT

This paper presents the results of an experimental study on the influence of ignition voltage
(U) and discharge current (1) on machining productivity (Q), also referred to as the Material
Removal Rate (MRR), during the Electrical Discharge Machining (EDM) of 9XC alloy tool
steel using a CM 323C machine. By employing the orthogonal experimental design method, a
mathematical regression model in the form of an exponential function was developed to represent
the correlation between input parameters and output performance. The findings indicate that both
(U) and (1) are directly proportional to the MRR, with the discharge current (I ) exerting a more
dominant influence. These results provide a significant scientific basis for optimizing technological
parameters to enhance production efficiency when machining alloy tool steels.

Keywords: Electrical Discharge Machining; 9XC alloy steel; Material Removal Rate;
Design of Experiments.
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1. GIOI THIEU

Trong nganh ché tao khuén mau hién
dai, cac vat li¢u c6 do cung cao nhu SKDII,
SKD61 va thép hop kim dung cu 9XC duoc st
dung rong rai nho kha nang chiu mai mon va do
bén nhiét t6t. Tuy nhién, dic tinh co Iy nay gy
kho khan 16n cho cac phuong phap gia cong co
truyén thong. Gia cong tia lira dién (EDM) da
trg thanh giai phap then chét nho kha ning gia
cong khong phu thudc vao do cung vat ligu [1].

Mac du phé bién, viéc lua chon thong
s6 cong nghé tai cac co s san xuat trong nudc
hién nay chu yéu duya trén kinh nghiém hodc tai
liéu hudng dan di kém may, vn thuong mang
tinh chat tong quat va chua t6i wu cho timg loai
vat liéu cu thé. Diéu nay dan dén hiéu suat may
chua duge khai thac triét dé. Do do, viéc nghién
ctru xdy dyng mé hinh toan hoc xac dinh mdi
lién hé giita cac thong sb dién dén ning suat gia
cong (Q) 1a hét sirc can thiét [2].

2. POI TUQNG, PHAM VI VA PHUONG
PHAP NGHIEN CUU

2.1. Pdi twong nghién ciu

- Méy: May str dung cho viéc nghién
cuu la may xung dién CM 323C, dat tai Trung
tam Co khi, Truong Pai hoc Cong nghiép Ha
Noi (Hinh 2-1).

- Thong s6 may: May xung dién CM
323C (Bang 2-1) [3].

- Vat ligu: Thép 9XC, kich thudec 925
x 10mm, dugc nhi¢t luyén dat d¢ cing 52 + 54
HRC (Hinh 2-2).

- Thanh phan héa hoc cua thép 9XC
(Bang 2-2).

- Pién cuc gia cong: Pong do B15mm
(Hinh 2-3).

- Thiét bi do: Panme do siu (Hinh 2-4).

Hinh 2-1. May xung dién CM

Bdng 2-1. Théng s6 ky thudt may xung dién CM 323C

Noi dung Théng sb
Kich thuéc may (W x D x H) 12(;02 S oﬁi 0
Kich thudc ban tu (W x D) 500 x 350mm
Pham vi lam viéc (X, Y) 300 x 200mm
Pham vi lam viéc (Z) 300mm
(";"lrgr?illlcrong 16n nhét cua 60kg
Trong lugng 16n nhat cia phdi 500kg
Trong lugng cia may 1000kg
Téc d6 16n nhit cua may 350mm/p
D6 nhdam R _c6 thé gia cong 0,25 pm

Hinh 2-2. Thép 9XC

Bdng 2-2. Thanh phan héa hoc ciia thép thi

nghiém.
Mac Thanh ph?ln hoa hoc
thép %C %Si | %Mn | %Cr
0,85+ | 12+ 0,3+ | 0,95+
9XC 0,95 1,6 0,6 1,25
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Hinh 2-3. Pién cuc dong, als.

Hinh 2-4. Panme do sdu.

2.2. Pham vi nghién ctru

Thuc nghiém duoc thiét ké dua trén
phuong phap quy hoach thuc nghiém truc giao
v6i 12 méu thir. Hai thong so bién thién chinh
la [3]:

- Dién ap danh lra (U ): Khao sat trong
khoang (40 ~ 70)V.

- Dong dién phong (I ): Khao sat trong
khoang (2 + 8)A.

2.3. Phuwong phap nghién ciru

Nghién ctru dugc thuc hién gia cong
trén 12 mau thi nghiém, vat liéu cat thép 9XC.
Cac miu dugc tién hanh gia cong trén may
xung dién MC 323C véi thong sé dau vao U,

val thay d6i; Str dung phuong phap quy hoach
tru’c giao, xac dinh dugc thong s6 thi nghiém
va tién hanh thuc nghiém. Po, kiém tra danh
gla kich thudc sau khi gia cong, xac dinh duoc
mdi quan hé giita ning sudt gia cong voi dién
ap danh Itra U, va dong phong tia lia I_[4, 5].
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3. THU'C NGHIEM VA PHAN TiCH KET
QUA NGHIEN cUU

3.1. M6 hinh hoéa qua trinh gia cong

Cie logi nhifu

Qui trinh gin cing | xang sudt gia cag
trén méy xung -
dign CM 323C Wim bl mpe

Hal thing si vi difn
U, le

Pifn cwe, chit dign mdi

Churong irimh gia ciing

Hinh 3-1. M6 hinh hoa qua trinh gia cong.

199

Hinh 3-2. Anh mdu thi nghiém sau khi gia céng

Hinh 3-3. Dién cuc sau khi gia cong.

3.2. Lwa chon s6 thwe nghiém

* S6 diém thi nghiém N theo quy hoach thuc
nghiém la [6, 8]:

N=k

(1)
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Trong dé: N - S thi nghiém; k - S6 bién
dau vao.

Véi bién dau vao k = 2, ta ¢6 sb thi
nghiém N = 4. Nhu vay, sau khi kiém tra, tac
gia di xdy dung dugc thong sd thi nghiém
(Bang 3-1).

Bdng 3-1. Bang thong sé thi nghiém

N|U|IL| Y, Y, Y, S?

1 40| 2 90,62 | 90,12 | 90,37 | 0,125
2 /50| 4 31,30 31,50 | 31,40 | 0,020
3160 6 21,70 | 21,30 | 21,50 | 0,080
4170| 8 | 17,50 | 17.84 | 17,67 | 0,060

Trong do: ?1 la gia tri trung binh; S? 1a
phuong sai.

Pé kiém tra tinh dong nhit cua thi
nghiém can xéc dinh ty sb giita phuong sai 16n
nhit va téng cac phuong sai theo cong thirc
(3.1) sau:

_ max §; - 0,125
P =
2 S, (0,125+0,02+0,08+0,06)

= 0,438 @.1)

* Kiém tra tinh dong nhat cua thi
nghiém: Sir dung tiéu chuan Cochran dé kiém
tra tinh 6n dinh cua cac sb liéu thuc nghiém.
Vi gia tri tinh toan G,=0,438 nho hon gia tri
tra bang G, = 0,684 (n =4, m = 1) [3, 4], nhu
vay Gp < G, cép thi nghi¢ém dugc xvéc nhan la
c6 tinh dong nhat va du do tin cdy dé xay dung
mo hinh toan hoc.

3.3. Anh huéng ciia di¢n 4p danh lira U t6i
nang suat gia cong Q

Ning suét gia cong (Q) duoc xac dinh
dua trén thé tich 16p kim loai bi boc tach (V)
trén mot don vi thoi gian (t) [8, 9]:

Q=7 (mm*/phi) ()

Trong do:

Q — Ning suét xung (mm?3/phut).

t — Thoi gian xung (phut).

V — Thé tich 16p kim loai bi tach ra khoi
vat liéu (mm?3).

Thé tich 16p kim loai bi tach ra khoi vat
liéu V duoc xac dinh nhu sau:

V=sxh )

Trong do:
s — Dién tich bé mat xung (mm?).
h — Chiéu sau vét xung (mm).

Déi v6i mau thi nghiém da chon, gia cong
trén dién cuc c6 cung kich thudc. Nhu vay dién
tich, chiéu sau dbi voi timg mau 13 giéng nhau va
bang: s =7,5% x 3,14 (mm?); h = 1,0 (mm).

Viy thé tich 16p kim loai b tach ra khoi
vat lidu V = 176,625 (mm?®).

Pé xac dinh anh huong cta dién ap danh
lira toi ning suét gia cong, ta tién hanh 1am 4 thi
nghiém tmg véi 4 miu thir ¢6 thir tu (1 + 4), trong
qua trinh thi nghiém, cac thong s6 khac duogc giir
¢b dinh, chi c6 dién 4p danh Iira thay di [8-9].

Két qua do duoc sy anh huong cia U,
to1 Q dugce thé hi¢n (Bang 3-2).

Bang 3-2. Anh huéng ciia U_téi Q va R,

MiuTN | U (V)| L (A) | t(phit) | Q (mm*/ph)
1 70 20,17 8,75
2 60 21,50 8,21
3 50 6 22,45 7,86
4 40 24,07 7,33
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Tir Bang 3-2, ta thay duoc sy anh hudng
cua di¢n ap danh Ira U t6i nang suét gia cong
xung Q 14 tuyén tinh vi a ting thi b cling ting.
Do do, ta xay dung cong thtc thuc nghiém
quan hé giita hai théng sb nay dang:

Q=a+b.U, 3)

I S )
)

T ® .
LEiY
Hinh 3-4. Dé thi thuc nghiém biéu dién quan hé
giita Q va U,

Dung phan mém Matlab dé xac dinh
ham quan h¢ gitra nang suat cat va dién ap danh
Itra (Hinh 3-4) [7].

Pong thoi, ta xac dinh dugc phuong
trinh quan h¢ gitra nang suat xung va dién ap
danh lra:

Q=5,5020 +0,0461.U (4)

3.4. Anh huéng cia cwong do dong phéng
tia Itra dién I téi nang suat gia cong Q

Pé xac dinh anh huéng cua thoi gian
phong dién toi ning suit gia cong, ta tién hanh
lam 4 thi nghiém g v&i 4 mau thir c6 thir tur
(5 = 8). Trong qua trinh thi nghiém, cac thong
s6 khac duoc gitr ¢b dinh, chi c6 cudng d6 dong
phong tia lira dién thay doi.
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Két qua do duoc sy anh huong cua I t61
Q dugc thé hi¢n (Bang 3-3).

Bang 3-3. Anh huong ciia I t6i Q va R,

Maiu , Q
m~ | UMW) | L@A) | t(phit) (mm*/ph)
5 8 18,5 9,55
6 6 22,0 8,03
50
7 4 31,4 5,63
8 2 73,2 2,41

Tir Bang 3-3, ta thdy anh huong cia
cuong do dong phong tia lra dién I, t61 do
nham bé mat R, la tuyén tinh vi a ting thi b
cling tdng. Do d6, ta xay dung cong thirc thuc
nghiém quan hé gitra hai thong s6 nay dang:

Q=a+b.l (5)
Dung phian mém Matlab dé xac dinh

ham quan hé gitra ning suit cit va cudng do
dong phong tia ltra dién (Hinh 3-5) [7].

Di{ravn i pisd

F

7Y

Hinh 3-5. Dé6 thi thuc nghiém biéu dién quan hé
gitta Qval,

Pong thoi, ta xac dinh dugc phuong
trinh thé hién moi quan hé gitra ndng suat xung

va cuong do dong phong tia Itra di€n nhu sau:

Q=0,4500+1,1910.1

©
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3.5. Anh huwéng tong hop ciia dién ap danh
Iira U va cuong do dong phong tia lira di¢n
I, t6i nang suit gia cong Q

Dé x4c dinh anh huong téng hop cta
U val toindng suat xung gia cong, ta str dung
phuong phép quy hoach thyc nghiém truc giao.
Do s6 yéu t6 anh huong k = 2, do d6 sb thi
nghiém can thuc hien N=2 x 2 =4,

Ta tién hanh gia céng 4 thi nghiém, voi
cac mau thi nghiém tir (9 + 12). C4c thi nghiém

InQ =Ina +b.InU_+ c.Inl (8)
bat: y =1nQ; x, =InU ; x, = Inl_

Khi d6, phuong trinh tr¢ thanh dang
tuyén tinh bac nhat nhu sau:

y=lna+b.x +cx, 9)

Ta c6 bang cac thong sb thi nghiém
duoc logarit hoa nhu sau (Bang 3-5):

Bdng 3-5. Bang logarit héa cdc théng sé anh

déu duogc tién hanh véi cac gia tri cuc dai va huong toi Q
cuc tiu cua U va I . Qua thi nghiém va do két
qua (Bang 3-4). MauTN | x,=InU, | x,=Inl, | y=InQ
| S , 3.1 4,248 2,079 2,303
Badng 3-4. Anh hu’ang‘f;‘)r;eg hop cua U_va I, t6i Q 39 3.689 2.079 2216
’ 3.3 4,248 0,693 1,065
Miu 34 3,689 0,693 0,668
N | UMW L) ] t@hit) | Q (mm*/ph)
Béang ma tran quy hoach thuc nghiém
9 70 8 17,67 10 truc giao hai y€u to nhu sau (Bang 3-6):
10 40 8 19,25 9,17 Badng 3-6. Bang ma tran quy hoach thyuc nghiém
cho Q
11 70 2 57,72 2,90
12 | 40 2 | 90,37 1,95 Miu
’ ’ TN Zl ZZ X1 X2 y
Dya vao nhiing két qua nghién ctu 3.1 +1 1] 4248 | 2,079 | 2,303
trudc day, ta c6 dang phuong trinh quan hé: 32 -1 +1 3,689 | 2,079 | 2,216
33 +1 -1 4,248 | 0,693 | 1,065
Q=aUlI¢ (7)
34 -1 -1 3,689 | 0,693 | 0,668

Trong do: a, b, ¢ 1a cac hé so can xac dinh.

Pé ap dung phuong phip quy hoach
thuc nghiém tryc giao, ta phai bién phuong
trinh vé dang da thirc bac nhét nhiéu bién. Do
vay, ta str dung phuong phép logarit hoa hai vé
[8, 9]. Ta dugc phuong trinh sau khi logarit hoa
nhu sau:

Theo phuong phap quy hoach truc giao,
phuong trinh sau khi tim dugc s€ c6 dang:

y=a +b.z +c¢’z (10)

Trong d6, cac hé s6 a’, b’, ¢’ dugc tinh
theo cong thirc sau:
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N

N
a= —z y; = (2303 +2.216 +1,065 + 0.668)
i=1
2’ =1,563
N
b’ =%Z zy,y; = 7 (2303 - 2,216 +1.065 -0.668)
) i=1

b’ =0.121

N
¢ = iz zy,y; = 7 (2.303 +2.216 - 1,065 - 0.668)

N

i=1

¢ =0,697
Phuong trinh hoi quy thuc nghiém c6 dang:

y=1,563+0,121z, +0,697.z, (11)
Chuyén phuong trinh héi quy thuc

nghiém veé bién x, va x, theo cong thirc bién doi
nhu sau:

_ Xi—Xi
4= T (12)
Trong do:

X~ Gia tri trung binh céc gia tri cta x;;
Ax, — Khoang chénh l¢ch gia tri ctia x..

Phuong trinh hoi quy chuyén ve bién x|
va x, nhu sau:

0,121.(x1-3,969 0,697 .(x2— 1,386
v =1563 + 2222« ) 4 0.697.( )
- 0,28 0,693

yv=-1546+0,432x; + 1.005.x3

Vay, ta c6 cac h¢ sb a, b, ¢ nhu sau:
Ina=-1,58 =>a=0,213; b=0,432; c = 1,005

Vay phuong trinh thé hién quan hé gitra
nang suat cat va dién ap danh lra U va cudng
d6 dong phong tia Itra dign I_ la:

Q — 0’213.UZO,432.Iel,005 (13)

Lap trinh bang phdn mém Matlab [7] dé

v& dang dd thi cua phuong trinh quan hé giita Q
va U, I v6idoan chuong trinh nhu sau:

U,=40:0.25:70; % khaibao giatriU,
I,=2:0.025:8; % khai bao gia tri I,
[x,y] = meshgrid(U I ) % Tao ma tran gia tri
Q=0.213*(x." 0.432).*(y." 1.005);
surf(x,y,Q);

title('Anh huong cua U val den Q');
xlabel('U_ (V)");

ylabel('T (A)");

zlabel('Q(mm?/phut)");

Do thi 3D (Hinh 3-6) biéu dién quan hé
gitra ndng suat xung Q v6i dién ap danh Ira U,
va cuong d6 dong phong tia lra dién [ nhu sau:

Anh hueng cus Uz va le den O

Crmmdipkt)

Hinh 3-6. Po thi 3D biéu dién quan hé giita O véi
U._va cuong do dong phong tia lia di¢n

3.6. Panh gia dd tin cdy cia ham hdi quy
thue nghiém

Do tin cdy r dugc danh gia bang cong
thire [9]:

7ot
r= -
O-y
o 1 g )
Gy=ﬁ'Z(Yi_y )
Trong d6 : 1 "
V2 —_ ] 2
Gy—ﬁil‘,(Yi—Yi)
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Voi:

y,—Nang suét gia cong (Q) thuc nghiém.

y,— Gia tri trung binh cua gia tri do ndng
suét gia cong thuc nghiém.

y',— Gia tri trung binh cua nang suét gia
cong theo ham hoi quy thuc nghiém.

N — S6 thi nghiém.

Do tin cay cua ham quy hi r la:

12

o, -o" ~0,065855-0,003685
o’ 0,065855

y

=0,944043

=
Vay, d6 tin cay cia ham quy hoi 1a 94%.
4. KET LUAN

Két qua nghién ctru, thuc nghiém va xur
ly s6 liéu thuc nghiém da xac dinh dugc mbi
quan h¢ toan hoc gilta dién ap danh Ira (U)
v6i nang suét xung va Q =5,5020 + 0,0461.U .
Méi quan hé giita cuong do dong phong tia lira
dién (1) t6i ning suat gia cong Q = 0,4500 +
1,1910.1 va mdi quan hé gitra dién ap danh lua
(U,)) va cuong do dong phong tia ltra dién (1)
t6i ndng sut xung Q = 0,213.U 2.1 0%,

Tir két qua nghién ciru nay s& giup cho
nguoi lam cong nghé tinh todn, lya chon duogc
ché do cét hop 1y, nang cao dugc ning suit,
chat lugng bé mat khi cit vat lidu thép 9XC
trén may xung dién xung dién CM 323C noi
riéng va lam co s¢ lya chon ché do cat hop 1y
trén may xung dién nodi chung. %
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