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Bai bao nay trinh nghién ciru téi wu hoa ché do cat khi mai tron
ngoai thép SKD11 bang da mai Hai Duong theo chi tiéu nham bé mat
(R,). St dung ma tran thyc nghiém dang Box-Behken véi 15 diém
thi nghiém dé xac dinh gia tri ti wu cta cac thong s6 van tdc chi tiét
(v¢e), chidu sau cat (t) va lugng chay dao doc (S;). Két qua xac dinh
dugc gia tri toi wu clia cac thong s vg, t, Sy co gia tri twong Ung
26 ( ) 0,09(mm) va 2(mm/vg). Ung véi gia tri nay cia bd thng

s6 ché do cit, nham bé mat dat gia tri R, = 0,4732 (um).
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This paper presents the research on the optimization of cutting
parameters for minimum surface roughness of SKDI1 steel on
cylindrical grinder using Hai Duong grinding wheel. We used Box-
Behken matrix with 15 runs for selecting optimization value of velocity
of workpiece(v,.), depth of cut (t)and feed rate (S;). The results

showed that optimization value of v, t, Sy are 26 (—) 0.09(mm)
and 2(mm/rev) respectively and R, = 0.4732(um).
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1. GIOI THIEU

Trong g1a cong co khi, mai tron ngoai la phuong phap dugc sir dung phod bién, thu:(mg duoc
sir dung dé gia cong tinh cac bé mit quan trong [1, 2]. Chat lugng bé mat khi mai tron ngoai duoc
danh gia qua nhiéu thong so nhu: do nham, ang suat du 16p bé mat, do cu’ng té vi 16p be mat,..
Trong d6, nham bé mat 1a yéu t6 ¢6 anh huong nhidu dén kha niang lam viéc cta chi tiét may va
thuong dugc sir dung 1a chi tiéu danh gia chat luong cuia vat mai [1, 2]. ‘

Thep SKDI11 1a loai vat dugc sir dung rong rai trong ché tao may dé ché tao khudén dap,
dao cit,...nho nhitng vu diém ndi troi: d6 cimg cao, do chong mai mon cao, (mg suat toi thap. ..
[3]. Nghién ctru khi mai tinh thép SKD11 di dugc thuc hién boi mot s6 nghién ciru: Anh huong
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ctia ché d6 cét dén luc cit khi mai bang ¢4 mai gian doan (d4 mai khong lién tuc) [4]; Nghién
clru vé lyc cat, nham bé mat va chiéu day phoi mai khi sir dung cong nghe boi tron — lam ngudi
t6i thiéu [5]; Anh huong cua ché d6 cit dén do cuang 16p bé mit khi mai bang da CBN [6, 71;
Anh huong ctia ché d6 cit dén nham bé mat khi mai bang d4 CBN [8]; Panh gi4 kha ning cit got
ctia ¢4 mai CBN lién két kim loai bang phuong phap ma dién ché tao tai Viét Nam [9];..

Trong bai bao nay, tién hanh nghién ctru thuc nghiém dé xac dinh gia tri t6i wu héa cta cac
thong s6 ché do cit v, t, S; nhim dam bao nhdm bé mit c6 gid tri nho nhit khi mai thép
SKD11 trén may mai tron ngoai bang da mai Hai Duong

2. HE THONG THi NGHIEM

- May thi nghiém: Str dung méay mai tron ngoai tai Truong Pai hoc Cong nghiép Ha Noi
c6 ky hiéu MEG - 1120, Hang san xuat: MAGNUM CUT (Hinh 1).

Hinh 1. May mai tron ngoai MEG — 1120

Hinh 2. May do d6 nham SJ301

- B4 mai ¢6 ky hi¢u Cn60MV 1x400x50x203mmx30m/s.

- Vit li€u thi nghiém la loai thép SKD11. Trude khi thi nghlem mau duoc gia cong qua
cac buorc tién - nhi¢t luyén dat do ctrng 48 +~ SOHRC - mai ban tinh g1ong nhu trong thyc té san
xuét, mau thi nghiém c6 duong kinh @27. Thanh phan héa hoc mot sé nguyén té chinh ciia thép
SKD11 sau nhiét luyén dugc trinh bay trong bang 1.

- Thiét bi do: May do d6 nham SJ301ctia hing Mitutoyo - Nhat Béan (hinh 2).

- Dung dich tron ngudi: Dung dich Emusil 10%, phuong phép tudi tran, luu luong 25
lit/phut.

- Dung cy stra d4: Dau stra d4 loai da diém c6 ky hiéu 3908-0088C (Lién X0).

Bang 1. Thanh phén héa hoc mét s6 nguyén té chinh cta thép SKD11

Nguyén t6

C

Mn

Si

Cr

Va

Mo

Ni

%

1,5

0,3

0,25

11,5

0,25

0,3

0,35
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3. QUI HOACH THU'C NGHIEM

Thi nghiém dugc tién hanh theo ma tran dang Box-Behnken, day la dang qui hoach thuc
nghiém duoc sir dung pho bién trong thi nghiém t6i wu hoa [10]. Gié tri ctia cac thong sb dau vao
duoc lya chon phu hop cho diéu kién mai tinh loai vat liéu c6 do ciing cao va phu hop véi kha
ning cong nghé ctia may thi nghiém. Gi tri tai cac mirc mi hoa clia cac bién thi nghiém dugc
thé hién trong bang 2.

Bang 2. Gia tri tai cic murc ma hoa cia cac bién thi nghiém

Gia tri tai cac mirc ma héa
Théng s Pon vi Mutc dudi Mtc co so Mtc trén
-1 0 1
Van tdc chi tiét (v,,) m/ph 18 22 26
Chiéu sau cit (t) mm 0,005 0,015 0,025
Luong chay dao doc (S;) mm/vg 2 4 6

Ma tran thi nghiém dang‘ Box-Behnken cho 3 bién thi nghiém (v,,t,S,;) ¢ dang ma hoa cta
cac thong so dugc 1ap bang phan mém Minitab 16 nhu trong bang 3.

Bang 3. Ma tran thi nghiém Bang 4. Két qua thi nghiém
T Gi4 tri ma hoa TT Ve t Sa R,(um)

Vg t Sy 1 -1 -1 0 2,80
1 -1 -1 0 2 1 -1 0 1,11
2 1 -1 0 3 -1 1 1,27
3 -1 1 0 4 1 1 0,66
4 1 1 0 5 -1 0 -1 1,96
5 -1 0 -1 6 1 0 -1 0,88
6 1 0 -1 7 -1 0 1 0,49
7 -1 0 1 8 1 0 1 1,12
8 1 0 1 9 0 -1 -1 2,41
9 0 -1 -1 10 0 1 -1 0,66
10 0 1 -1 11 0 -1 1 0,47
11 0 -1 1 12 0 1 1 1,61
12 0 1 1 13 0 0 0 1,23
13 0 0 0 14 0 0 0 0,96
14 0 0 0 15 0 0 0 0,99
15 0 0 0

4. KET QUA VA THAO LUAN

Tién hanh thi nghiém mai thép SKD11 theo thir ty nhu trong bang 3. Tai mdi diém thi
nghiém duogc tién hanh mai trén 3 mau, v6i mdi mau tién hanh do do nham it nhat 3 1an. Gia tri
dd nham tai mdi diém thi nghiém la gia tri trung binh cua cac lan do lién tiép, duoc thé hién
trong bang 4.
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Tir két qua trong bang 4, sir dung phdn mém Minitab 16 dé xu 1y s lidu, duoc két qua
phan tich m6 hinh hoi qui nhu trong bang 5.

Bang 5. Két qua phan tich mo hinh héi qui

Response Surface Regression: Ra versus vct, t, Sd
The analysis was done using coded units.

Estimated Regression Coefficients for Ra

Term Coef SE Coef T P
Constant 1.00583 0.09633 10.441 0.000
vct 0.27063 0.0584¢ 4.630 0.004
t 0.05938 0.0584¢ 1.016 0.349
Sd 0.58438 0.0584¢ 9.997 0.000
vct*vet 0.10115 0.08692 1.164 0.289
t*t 0.11865 0.08692 1.365 0.221
Sd*Sd 0.09365 0.08692 1.077 0.323
vct*t 0.23626 0.08036 2.940 0.028
vet*Sd 0.37126 0.0803¢ 4.620 0.004
t*Sd 0.15376 0.0803¢ 1.913 0.104

Tir két qua phan tich trong bang 5, quan sat cac gia tri cot P cho thay:

- Trong 3 thong s6 ché do cét: Ve, t, Sq thi gia tri P ctia Sq 1a nho nhét (0,000) sau d6 dén
gia tri P ctia V (0, 004) va cudi cung gia tri P ctia t 1a cao nhét (0,349) do vay, luong chay dao S,
c6 anh huong 16n nhit dén R, tlep theo la dén murc d6 anh huong cta van tdc chi tiét v, va
cudi ciing 13 dén anh huong cta chiéu sau cét t.

- Tuong ty, xét vé sy anh huong twong téc giira céc thong s6 dén Ry,: twong tac gilta van
tdc chi tiét va lrong chay dao (vct * Sd) 6 anh huong 16n nhat, tiép theo la dén muc do anh
huong cta vy * t, t * S, Biéu do thé hién anh hudng tuong tac giita cac thong sb nay dén

R, (hinh 3, hinh 4, hinh 5) s€ lam sang t6 hon nhirng nhan dinh nay.

Hinh 3. Anh hudng tuong tac gitra v, va t &én R, Hinh 4. Anh hudng tuong tac gitra v, va Sy dén R,
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Hinh 5. Anh huéng twong tac giita t va Sy dén R,

Mic du chidu sdu cit t va cac thong sb v, t2, S2, t * S, anh huong khong nhiéu dén R,
(vi c6 gid tri tuong Gng & cdt P trong bang 5 16n hon mic y nghia a = 0,05). Tuy nhién theo
Pham Vin Lang va Bach Qudc Khang [12] ta ciing khong nén loai nhitng théng sé nay ra khoi
md hinh hdi qui, vi khi loai cac thong sd nay ra khoi mo hinh héi qui s& lam yéu di do tuong
thich ciia mé hinh cho du c6 tinh lai cac hé sO ctia phuong trinh héi qui. Can ctr vao gia tri hé sO
h01 quy duoc phan mém dua ra & cot (Coef) trong bang 5 cho hé s6 tir do va hé sd cla cac thong
s6 dau vao, ta c6 duge phuong trinh (1) thé hién mdi quan hé gitra R, v6i cac thong s vy, t, Sj.

R, = 1,00583 + 0,27063v,, + 0,05938¢t + 0,58438S, + 0,10115v%,

(D
+0,11865t2 + 0,0936552 + 0,23626v,,.t + 0,37126v,,.S, + 0,15376t. S,

5.TOI UU HOA

Téi wu hoa qua ché do cat khi mai thép SKDI11 theo chi ti€u nham bé mit dugc thyc hién
trén co 8O mdi quan hé gita R, v6i cac thong O Vg, t VA Sq (cong thuc 1). Viéc gidi bai toan
t6i uu hoa trong gia cong cét got da duoc thuc hién boi nhleu nghién ctru, sit dung nhiéu thuat
toan khac nhau: thuat toan Nead-Mead, thuat toan di truyén (GA - Genetic Algorithm), thuat
toan bay dan (PSO - Particle Swarm Optimization),... Trong nghién ctru nay thuat toan giam
gradient tong quat (GRG - Generalized Reduced Gradient) dugc st dung. St dung thuit toan
GRG c¢6 wu diém la khong phai lap trinh vi GRG dugc tich hop trong Excel cua bat ky bd
office nao [11].

Bai toan t6i wu hoa dudi dang ma hoa ctia cac thong s6 dau vao duogc viét nhu sau:

Ra = f(vctl t, Sd) - min
R, >0

Su dung thuat toan GRG dé giai bai toan (2) thu dugc gid tri tdi wu dang mi hoa cia cic
thong O Ve, t, S €0 gid tri twong tng 13 1,0000; -0,5960 va -1,0000. Gi trj thuc cia cac thong
sO Vg, t, S c0 gia tri twong tng 1a 26(m/ph), 0,09(mm) va 2(mm/vg). Khi d6 nham bé mit
co gia tri R, = 0,4732(um).



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

6. KET LUAN

Thi nghiém t0i uu hoa qué trinh mai tinh thép SKD11 bing da mai Hai Duong da dugc
thuc hién trong nghién ctru ndy. Két qua nghién ctru da xéc dinh dugc gia tri toi uu cta cac thong
s6 ché do cit v, t, Sy c6 gia tri twong tmg 1a 26( ) 0,09(mm) va 2(mm/vg) . Ung v6i bd
gié tri ndy cua cac thong ) Ve, t, Sg, nham bé mat c6 gia tri R, = 0,4732(um).
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