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TOM TAT

Bai bao trinh bay vé m6t nghién ctru anh huéng cua ché d6 cong nghé sira da khi
mai phéng thép Hardox 500. Mdt hé théng thiét bi thi nghiém duogc xay dung két hop
tmg dung phuong phap quy hoach thuc nghiém Taguchi, 16 thi nghiém dugc thiét ké.
Anh huong cua ché do sira da toi chat luong bé mat duge khao sat. Mot bo thong sb ché
do stra da toi vu duge dé xuat dam bao tri s nhdm bé mat dat gia tri nhd nhét (Ramin =
0,436 pm). Két qua cia nghién ctru cho thay ro ché d6 stra da c6 anh huong rit 16n t6i
chat lugng bé mat cla qua trinh mai. Ché do stra d4 toi wu duoc tim ra gilp nang cao chat
lwong bé mit clia san pham, gop phan nang cao hiéu qua cta qué trinh mai.

Tir khéa: Thép Hardox 500, Sira da, Mai phang, Phuong phap Taguchi
ABSTRACT

The paper presents a study on the influence of dressing parameters when grinding
Hardox 500 steel. A system of experimental equipment was built in combination with
the application of the Taguchi experimental planning method, and 16 experiments were
performeddesign. The influence of dressing parameters on surface quality was investigated.
A set of optimal dressing parameters is proposed to ensure the minimum value of surface
roughness. The results of the study clearly show that the dressing parameters mode has
a great influence on the surface quality of the grinding process. The optimal dressing
parameters were found to improve the surface quality of the product, contributing to the
efficiency of the grinding process.

Keywords: Hardox 500 Steel, Dressing, Grinding, Taguchi method

1. GIOI THIEU phirc tap va né phu thudc vao cic thong sb

Mai 1a phuong phap gia cong dwge cuada n}éi, cac thong s6 cua ché do cit khi
dﬁng phé blén dé nang cao do chinh xac mai, ché do boi tron lam mat va cac théng
va do bong bé mit [1-4]. Qua trinh mai rat s cua ché do stra da. Trong qué trinh mai,
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bé mit ctia d4 bi mon dan do: hat mai b v&,
phoi bam dinh khe giira hat mai. Piéu nay
lam giam d6 chinh xé4c, giam chat luong bé
mat gia cong. Dé dat duogc do chinh x4c gia
cong va d nham bé mat can thiét, can phai
dd séc cua hat mai, bién dang ctuia d4 mai
trong subt qua trinh mai. Néi cach khac da
mai can phai duoc stra béng dung cu stra
da sau mot khoang thoi gian lam viéc nhat
dinh. Nho qua trinh stra da, cac hat déa bi
cuin s& bi boc di dé tao ra cac hat dd méi co
canh sic dé chiing dé dang boc tach vat liéu
gia cong. Ché do sira da khac nhau, s& cho
bién dang cua da mai va hinh dang hat mai
khac nhau dan dén anh hudng t6i két qua
cua qua trinh mai.

Cho dén nay da c6 kha nhiéu nghién
ctru vé& anh hudng cua cac thong sb stra da
dén kha ning cit ciia d4 va dén chit luong
bé mit gia cong. Chang han nhu, trong [53,
6], anh huong cua ché d6 sura da dén nham
bé mat, luc mai duge nghién ctiu. Chiéu
sau sira da, so luot stra da, luong chay dao
khi stra d4 1a nhimng thong s6 dugc khao
sat va dé xudt gia trj t6i vu da duoc tdi vu
héa nham xéac dinh tudi bén tdi vu cua da,
kha ning cit 16n nhét cua da, va d6 nham
nho nhéit cua bé mit gia cong [6, 7]. Cac
phuong phap khac nhau nhu phuong phap
notron network, phuong phap Taguchi va
phuong phép quan hé xam [8-11]. Dén nay,
cac nghién ciu vé mai thép Hardox 500
con rat han ché.

Thép Hardox 1a thép c6 kha nang chiu
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va dap tdt, do cung cao, ham lugng crom,
niken trong thép gitip né c¢6 tinh chéng mai
mon cao. Thép Hardox 500 dugc ting dung
nhiéu trong linh vuc cong nghiép nhu lam
dung cu cat, banh rang, may dap, thiét bi
khai thac mo, tim 16t bang tai [12]. Viéc
mai loai thép Hardox 500 van chua dugc
nghién ctru sdu. Ché d6 cong nghé cho qua
trinh mai thép Hardox 500 van con nhiéu
huong con bo ngd. Do vay, nghién ciu
nham anh huéng cia cac thong sé dau vao
dén két qua qua trinh mai, hay xac dinh
cac bo thong sb t6i wu cho qua trinh mai
phang thép Hardox 500 la cép thiét. Bai
bao nay trinh bay két qua nghién ctru thuc
nghiém anh hudng ctia ché d6 stra d4 dén
chat lugng bé miat khi mai phang thép
Hardox 500.

2. MO HINH THi NGHIEM NGHIEN
CUU ANH HUONG CHE DPQ SUA PA
PEN CHAT LUQONG BE MAT.

2.1. Mdy méc, thiét bi thi nghi¢m

Heé thdng may, trang thiét bi thi nghiém
duoc xay dung nhu trong Hinh I va Bang
1. P4 mai quay tao chuyén dong cét chinh.
Ban may chay thyuc hién cac chuyén dong
dé gia cong hét luong du theo yéu cau. So
dd stra da mai dugc thé hién nhu Hinh 2.
Miii stra d4 duoc gin trén ban may va thuc
hién cac chuyén dong chay dao khi sira
da va cit bo hét chicu sau sira d4 theo ché
d6 thi nghiém. Ché d¢ cong nghé khi mai
duoc thuc hién theo phén 2.2

Bang 1. Trang thiét bi thi nghiém

TT | Trang thiét bi Xuit sir Ma s, ky hiéu
1 | M4y mai phing bai Loan | PSG-CL3060AH Palamry Machine
2 | bamai Viét Nam | Cn60MV1G V1 350x40x203
3 | Dung cu stra da LB Nga |3908-0088C loai 2
4 | May do do nham Nhat Ban | Mitutoyo 178-923-2A, SJ-201
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Hinh 1. So d6 thi nghiém mai phdng
- Van toc cit: V, = 26,6 m/s

- Lugng chay dao stra da: S = 1,2 m/
phut

2.2. Ché dp cong nghé gia cong mai
phang
- Luwong chay dao doc: S, = 8 m/phut

- Luong chay dao ngang: S = 10 mm/ - Dung dich tuéi ngudi: Emusion, ndng

hanh trinh don dd 5%, Iuu lugng 10 lit/phut
- Chiéu sau mdi luot cét: t = 0,02/hanh - Phoi thép Hardox 500 /13]: dai x
trinh don

rong x day = 60 x 45 x 30 (mm)

STy

Miii sua da

Hinh 2. So dé stra dd mai

2.3. Quy hoach thwc nghiém.

2.3.1. Thiét ké thwe nghiém theo
phwong phap Taguchi

bay la phuong phap quy hoach thuc
nghiém dugc tién si Taguchi dé ra. Muc
tiéu cua phuong phap 1a thiét ké mot qua

trinh hodc san pham it chiu anh hudéng
boi cac yéu t6 gdy ra sy sai léch vé chét
lugng. Phuong phdp nay vdi muc dich la
diéu chinh cac thong sé dén muc t6i wu dé
qua trinh va san pham 6n dinh ¢ murc chat
lwong 1a t6t nhit. Taguchi da sir dung day
truc giao trong quy hoach thuc nghiém va
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str dung t6i thiéu cac thi nghiém can thiét
dé nghién ciru anh hudng cia cac théng sb
1én mot dic tinh can lwa chon cua qua trinh
hodc san pham tir d6 diéu chinh cac thong
s6 tién dén t6i vu nhanh nhét.

St dung phuong phdp quy hoach
Taguchi v6i cac thong s cong nghé va cac
mirc khao sat @ bang 2. Cac thong sb nay
déu 13 nhimg thong sb co ban cho ché do
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cong nghé stra d4. Khai bao bién thi nghiém
theo phuong phéap Taguchi véi 05 bién trong
d6 c6 04 bién v6i 04 mirc va 01 bién véi 02
muirc. Phan mém Minitab 19 duoc sir dung
dé xay dung ma tran thi nghiém theo phuong
phép Taguchi gdm 16 thi nghiém (nhu trong
bang 3). Anh hudng ciia cac thong sb cong
nghé stra d4 t6i nham bé mit gia cong sé
duoc nghién ctru trong bai bao nay.

Bang 2. Cac thong so svra da va cac muc tuwong ung

A £ Pon | Ky Mire
TT Thong so vi | hi é):l 1 > 3 1
1 |Chiéu sdu sira da thd | mm a 0,015 0,02 0,025 0,03
2 |Solugtsttaddthd | Luot| n 1 2 3 4
3 |Chiéusdusiradatinh | mm | a_ | 0,005 | 0,01 - -
4 |Sélugtstadétinh | Lugt | n, 0 1 2 3
5 | Strada khong an dao | Luot | n_ 0 1 2 3
Bdng 3. Bang Taguchi L16 (cdc thong sé dau vao).
a n a n n
S6 thi | Chidusaustra | Chiéusau | Chidusau |S6 lugt stra | Sura da khong

nghiém da tho sia dathd | stadatinh | datinh an dao
(mm) (Luot) (mm) (Luot) (Luot)

1 1 1 1 1 1

2 1 2 2 2 2

3 1 3 3 3 3

4 1 4 4 4 4

5 2 2 2 3 4

6 2 2 1 4 3

7 2 3 4 1 2

8 2 4 3 2 1

9 3 1 3 4 2

10 3 2 4 3 1

11 3 3 1 2 4

12 3 4 2 1 3

13 4 1 4 2 3

14 4 2 3 1 4

15 4 3 2 4 1

16 4 4 1 3 2
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Ty 18 S/N dugc Taguchi phét trién 1a
thuéc do hiéu suit dé chon cac muc do
kiém soat muc do nhidu t6t nhat. Ty 16 S/N
tinh ca gia tri trung binh va ché do bién
thién. O dang don gian nhat ty 1¢ S/N 1a ty
1¢ trung binh (tin hiéu) véi d 1éch chudn
(nhiéu). Phuong trinh S/N phu thudc vao
tiéu chi cho dic tinh chat luong téi uu hoa.
Viéc danh gia ty I¢ S/N giup cac nha cong
nghé biét xu huéng va mirc d6 anh huong
cla timg thong s6 dén d6 nham bé mat, tir
céc nhan biét d6 giup cac nha nghién ciu
nhanh chéng tim ra cac thong s6 cong nghé
va pham vi can tac dong dé tim ra duoc do
nham bé mat sau ra cong 1 tot nhat. Dong
thoi tir do cling danh gid riéng 1€ cac anh
huong cua cac thong sé cong nghé tdi wu
cho d6 nham bé mat chi tiét sau gia cong.

Ngoai ty 1& S/N, cac két qua duoc kiém
tra bang cach str dung phan tich phuong sai
ANOVA véi biéu d6 Pareto dé chi ra céc
tac dong cua cac tham s6 dén d6 nham cua
bé mit gia cong.

- Pic tinh nho hon cho chat lugng tdt
hon:

S/N:—lOlog%(Zyz)

Trong do6: y 1a gid tri trung binh cta dir
ligu, si 1a phuong sai cta y, n 1a sb luong
quan sat, va y la dir liéu quan sat.

Nghién ctru nay muc dich tim céc
thong ) cong nghé cho d§ nham bé mat
1a nho nhét. Do vay chi tiéu nho hon 13 tot
hon dugc str dung cho bai toan.

3. KET QUA VA THAO LUAN

Tién hanh lan lugt 16 thi nghiém theo
trinh tu tai bang 3 voi ché d6 cong nghé
nhu trong muc 2.2. Qua trinh stra da thuc
hién qua 3 budc: stra da tho, stra da tinh
va cudi cung 1a stra da siéu tinh. Mdi thi
nghiém duoc tién hanh 3 1an, tri s6 nham
bé mat 1a trung binh két qua do 3 1an & mdi
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thi nghiém tuong Gmg. Két qua thi nghiém
dugc trinh bay trong Bang 4.
Bdng 4. Bdng thong sé thi nghiém va
ket qua do nham

TT a n a n. |n | Ra

(mm) | (fuot)| (mm) | (luot) | (fuot) | (um)
110,015 1 (0,005 0O 0 10,674
2 10,015 2 10,005] 1 I 10,590
310,015 3 (0,010 2 2 10,594
4 10,015 4 0,010 3 3 10,647
510,020 1 (0,010 1 2 10436
6 (0,020 2 ]0,010f O 3 10,480
7 10,020 3 (0,005 3 0 (0,617
8 {0,020 4 |0,005| 2 1 10,785
910,025 1 [0,005| 2 3 10,452
100,025 2 |0,005| 3 2 10,812
110,025 3 0,010 0 1 (1,216
120,025 4 |(0,010] 1 0 10,875
130,030 1 (0,010 3 1 10,943
140,030 2 (0,010 2 0 (0,693
150,030 3 |0,005| 1 3 (1,384
160,030| 4 [0,005| 0 2 10,774

3.1. Mirc dp anh huwong ciia cdc thong
sé dén nhdm bé mdt Ra.

Thong qua phan tich ANOVA tri s6
ciia nham bé mit trung binh (Ra) duoc
thé hién nhu Bang 4 Error! Referencce
souree not founr, Bang 5 va Hinh 3. Theo
ty 16 phan trim dong gép anh huong (ty 16
C%). Chiéu sau sira da thd co dong gop
anh hudng 16n nhit dén Ra (34,54%), tiép
dén 1 s6 1an stra d4 tho (34,14%), s lan
stra da tinh (13,43%), s6 lan sira siéu tinh
(12,83%) va cudi cung la chiéu sau stra d4
tinh (0,03%). Nhu vy, sb lan stra d4 tinh,
sO 1an stra d4 siéu tinh va chiéu sau sira da
tinh anh huong khong déng ké téi nham bé
mat gia cong. Cac chi s6 Seq SS, Adj SS,
Adj MS, F va P la cac gia tri toan hoc duogc
phan mém Minitab tinh todn mot cach tu
dong va la cac tham sd trung gian (SS 1a
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tong binh phuong cua cac két qua ty sd
S/N, MS la gia tri trung binh cta céac gia tri
binh phuong két qua Ra, F va P 1a cac gia
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tri thé hién anh hudng cd ¥ nghia ctia cac
nhan t6 thi nghiém téi két qua dau ra (nham
bé mat).

Bang 5. ANOVA gia tri khi sua da.

Nhin t6 | Bac twdo| Seq SS | AdjSS | AdjMS | F P | C%
a 3 0,35395 | 0,353948 | 0,117983 | 4,58 | 0,184 |34,54
n 3 0,34987 | 0,349865 | 0,116622 | 4,53 | 0,186 |34,14
n, 3 0,13766 | 0,137662 | 0,045887 | 1,78 | 0,379 |13,43
n_ 3 0,13153 | 0,131533 | 0,043844 | 1,70 | 0,391 [12,83
a, 1 0,00031 | 0,000312 | 0,000312 | 0,01 | 0,922 | 0,03
Sai s6 2 0,05153 | 0,051532 | 0,025766 5,03
Tong 15 1,02485
T Hinh 3 cho thidy xu huéng anh Chiéu sdu stra dé tinh a_ting thi nhdm

hudng cla cac nhan td téi nham bé mat:
Chiéu sau stra da tho a_tang thi nham bé
mat gidm sau do tdng va dat tri s6 nhé nhat
tai mutrc 2 (0,02 mm). Diéu nay co thé ly
giai nhu sau: Ban dau khi ting chiéu siu
sira da lam ting chiéu cao nhap nhé ban
dau ctia da mai, chidu cao nhap nho ban
dau cua da tiép tuc tang. Mat khac chi tiét
gia cong c6 do ctrng va kha nang chiu mai
mon cao nén cac ludi cat s& bi vd dé trd vé
trang thai c6 chidu cao nhap nho ban dau
ctia d4 nho, chiéu cao cta ludi cat giam lam
s6 ludi cit dong tang dan dén nham bé mit
giam. Néu van tang chiu sau stra da tho,
su v& ngau nhién cua cac hat mai 1am cho
nham bé mit kho kiém soat, c6 thé ting
hodc giam. Tuy nhién, khi tiép tuc ting
chidu sau sira d4 tho, chidu cao nhdp nho
ban dau cta da tiép tuc tang.

S6 1an stra da tho n_tang thi nham bé
mat tdng sau do gidm va dat tri s6 nhé nhat
tai mirc 1 (twong Gmg v&i stra d4 tho 1 1an).
Diéu nay duoc 1y giai 1a do khi s6 1an sira
cang tang thi chidu cao nhap nhé ban dau
cua d& mai tang, mat d§ hat mai giam lam
nham bé mit ting.

bé mit giam va dat tri s6 nho nhét & muc 2
(0,01 mm). Ly do 1a khi tang chiéu sdu sira
d4 tinh thi chiéu cao nhap nhé ban dau cua
da ting 1am phoi thoat d& dang hon dan dén
nham bé mat giam. S 1an sira tinh n, tang
thi nham bé mat giam sau do6 tang va dat
gia tri nho nhat tai mirc 3 (twong ung véi
sura da tinh hai lugt). RG rang, khi c6 stra da
tinh thi s6 ludi cit dong ting so voi khong
sira d4 tinh, 1am ting kha ning cat cua da
mai dan dén nham bé mit giam. Tuy vay,
cang ting s6 lan sira da tinh thi chiéu cao
nhip nho ban dau ctia d4 va chiéu cao ban
dau cua d4 giam, khong gian chira phoi nho
nén nhanh chong bi lap dy.

Céc thong s anh huéng dén d nham bé mat cia d4 mai

ar Nr Nf
\/ J ‘ \/
‘).,’Q\'L‘bb-e'\'b‘bo'\"b‘b@‘oé\ﬁ

RS
RN IS

Nnon af

Ao

4 s

1.04

Gia tri nham bé mit trung binh Ra

0.9

08

N

0.74

0.6

Hinh 3. Biéu dé cdc anh hudng chinh cta cdc yéu té6
dén Ra khisia dd
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Do d6 tinh ning cat cia d4 mai giam.
Thém vao d6 do cung va kha nang chiu
mon cua vat li¢u gia cong cao, ma sat gilra
chat két dinh v6i bé mat gia cong ting nén
nham bé mit ting.

S6 ‘lén stra da si€u tinh n  tang th:l
nham bé mat tang sau d6 giam va dat tri sO
nho nhat & mic 4 (twong tng véi 3 luot).
Piéu nay duoc 1y giai 1a do s6 lan chay
khong an dao cang tiang thi s ludi cit dong
ting, nghia 1a d4 cang min, dan dén nham
bé mat giam.

3.2. Xdc dinh by thong sé ché dp sira
dd hop ly

Theo Bang 3, thi nghiém s 5 v6i ché
do stra da: Stra d4 tho mot 1an véi chiéu sau
a_= 0,02 mm, stra tinh hai 1an véi chiéu siu
a,= 0,01 mm, chay stra da siéu tinh hai lan,
lu:(.mg chay dao sura daS = 1,2 m/phut cho
két qua nhdm bé mat nho nhat Ra = 0,436
pm. Nghia 1a tac dong cua thi nghiém nay
dén nham bé mat la 16n nhat va chiu anh
huéng cia nhiéu 1a nho nhat. Pay chua
phai muc hop 1y cua cac théng s6 nham dat
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nham bé mit nho nhét.

4. KET LUAN

Bai bao da trinh bay vé nghién ctru anh
huong ctia ché d6 stra da khi mai phang thép
Hardox 500. Loai thép nay thuong dugc str
dung dé ché tao cac chi tiét may lam vi¢c
trong diéu kién chéng mai mon cao. Thong
qua phan tich ANOVA va st dung phuong
phép quy hoach thuc nghi¢m Taguchi, anh
hudng cua cac nhan té cia ché do sira da
(chiéu sau stra d4 tho, tinh; sb luot stra da
tho, tinh; s6 luot stra d4 siéu tinh) téi nham
bé mat da duoc khao sat. Chiéu sau va sd
lugt stra d4 thd c6 anh hudng manh mé
nhit ¢én nham bé mit gia cong (Ian luot
13 34,54% va 34,14%), chiéu sdu stra da
tinh c6 anh hudng rat nho toi cht luong bé
mat (0,03%). Thong qua nghién ctru thuc
nghiém, bai bao ciing dua ra 16i khuyén vé
ché d6 sira da hop 1y khi mai thép Hardox
500 (Stra d4 tho mot 1an voéi chiéu sau a =
0,02 mm, stra tinh hai 1an v6i chiéu sdu a,
= 0,01 mm, chay stra d4 si€u tinh hai lan,
luong chay dao stra da S, = 1,2 m/phut)

TAI LIEU THAM KHAO

[1] FKlocke (2009); “Manufacturing processes 2 — Grinding, honing, lapping”, Springer
[2] M C Shaw (1996); “Principles of Abrasive Processing”, Oxford University Press.
[3] S Malkin (1989); “Grinding technology: Theory and Applications of Machining with

abrasives”, Ellis Horwood Limited.

[4] P Walke, and N K Kamble (2017); “A review on dressing and grinding operation”,
International Research Journal of Engineering and Technology, Vol 04, Issue 07, pp

2573-2575.

[5] M Novak, N Naprstkova, and H Kasuga (2016) “Influence of Grinding Wheel Dressing
on the Roughness of Final Surface and Cutting Force during GGG60 Grinding”, Key
Engineering Materials, Vol 686, pp 218-223.

[6] Tran Thi Hong, Nguyen Thanh Tu, Nguyen Anh Tuan, Tran Ngoc Giang, Nguyen
Thi Quoc Dung, Le Xuan Hung, Bui Thanh Danh, and Luu Anh Tung, (2020);
“Optimization of Dressing Parameters in Surface Grinding SKD11 Tool Steel by Using
Taguchi Method”, Lecture Notes in Networks and Systems, Vol 178, pp 636 — 647.

TAP CHi KHOA HOG | +1ing:5202:



JOUPnGI ol( Science - V L U T E ISSN 261 5-9945

[7] Le Xuan Hung, Tran Ngoc Giang, Tran Quoc Hoang, Nguyen Hong Linh, Nguyen
Dinh Ngoc, and Vu Ngoc Pi, (2021); “Determining the Optimum Set of Dressing
Parameters Satisfying Minimum Surface Roughness when Conducting the Internal
Grinding of Hardened SKD11 Steel”, Solid State Phenomena, Vol 324, pp 58-65.

[8] Tran Thi Hong, Ngo Ngoc Vu, Nguyen Huu Phan, Tran Ngoc Giang, Nguyen Thanh
Tu, Le Xuan Hung, Bui Thanh Danh, and Luu Anh Tung (2020); “Multi Response
Optimization of Dressing Conditions for Surface Grinding SKD11 Steel by HaiDuong
Grinding Wheel Using Grey Relational Analysis in Taguchi Method”, Lecture Notes
in Networks and Systems, Vol 178, pp 560 — 571.

[91 S P Sanjay, and J B Yogesh (2017); “Selection of levels of dressing process
parameters by using TOPSIS technique for surface roughness of En-31 workpiece in
CNC cylindrical grinding machine”, IOP Conference Series: Materials Science and
Engineering, Vol 178, Issue 1, pp 12 — 33.

[10] D Dadaso, Mohite, N Tiwari, and S Sontakke, Udayshankar Mishra (2017);
“Modelling and Optimization of Dressing Parameters of CNC Cylindrical Grinding
Wheel for Minimum Surface Roughness”, International Journal of Engineering
Research and General Science”, Vol 5, Issue 4.

[11] I Aleksandrova (2016); “Optimization of the dressing parameters in cylindrical
grinding based on a generalized utility function”, Chinese Journal of Mechanical
Engineering, Vol, 29, Issue 1, pp 63-73.

[12] https://www.ssab.com/vi-vn/brands-and-products/hardox (Truy cap ngay 18/7/2023).
[13] https://thepmaigia.vn/thep-tam-hardox-500/ (Truy cdp ngay 18/7/2023).

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG




