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mit nhé hon thi t6t hon trong khi ndng suit boc tach 16m hon thi tot hon: Nr ¢6 dnh
huéng 16n nhit dén muc tiéu chung (35,23%), tiép theo 12 Tr (27,28%), Non (18,17%),
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INFORMATION ON RESEARCH RESULTS
1. General information:
Project title: Multi-Objective Optimization of Dressing Process in Surface Grinding
"~ Hardox 500 by Hai Duong grinding wheel
Code number: 72022-B14

Coordinator: Luu Anh Tung

Ktk

__ Implementing institution: Thai Nguyen University of Technology
Duration: from 4/2022 to 4/2024 e
___2. Objective(s): A study *opti'mi'zati'olﬁ:lressingparameter%whenfgrdingﬂardox 500

= -gt?el:fmurt%rce:grinding—by—Hai—Duon—gfgr-indi;ng wheel 1o surface TUogHmess smmatterthe———-
, better while material remove rate larger the better. =TI
~ 3. Creativeness and inmovativeness: ressi inclide with 3 steps:” -

W@mﬁﬁweﬂ ' e multi-targets are -
the smaller the better surface roughnesswhile the larger the better material remove rate
when surface grinding Hardox 500 steel with Hai Duong grinding wheel.

4. Research results:
-~ QOptimized dressing parameter for multi-targets are the smaller the better surface

roughness while the larger the better material remove rate: Ny effects the largest
(35,23%), next to Tr (27,28%), Nion (18.17%), Nt (13,79%) and T (0,74%). Optimal
dressing parameter mode: Dressing two times with depth of rough dressing cut (0.05

mm); one times with the depth of fine dressing cut (0.02 mm); two times with non-
feeding dressing with same feed rate (1.2 m/min). The average surface roughness

" received after 3 times of the performeckexpem—nents4s¢L25ipm, deviation—of these

values is 11.23% comparing with the predicted values (0.236 pm), materal remove rate
10,02 mm?/s, deviation of these values is 0,35% comparing with the predicted values
(9.985 mm?/s).
5. Products: Published 04 international articles with Scorput index Q4.
Dinh Van Thanh, Le Hong Ky, Nguyen Dang, Tran Huu Danh, Nguyen Duc Anh, Le
~ Xuan Hung, VuNgoc Pi, Luu Anh Tung, “A Study on Multi-Objective Optimization
of Dressing Proceés in Surface Grinding Hardox 500”7 ICERA 2023, Acceptance— - —
letter - ID7073.
6. Transfer alternatives, application institutions, impacts and benefits of research

resulis:
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PHAN MO DAU

L Tinh cap thiét ciia vin d& nghién ciru. -
Trong gla ¢bng cong co khi, mai va mai ‘phing dugc ding rét phd biéit. Ching

thiwdng ding cho cdc nguyén cong gia cong tinh va ban tinh. Ly do vi mai va mai

phéng cho d6 chinh x4c gia cong cao va chit Tugng bé mat gia cong tor. Vithécho

“nén chc nghién cfru v& mai ciing nhw vé mai phang da thu hit sy quan tim cla nhidu-— - - —

= khoa o _cﬂ:ronfg—mrﬁefvaqueefte%an&e&ta;eaeﬁngh{e&emafue@malwphéngf,, 6

== = - - mt sb-nhu sau: Nghién el vé qua trinh sia-d4 Khi mai phang [T, 7]; nghien cuu _— _

xdc dinh céc thong s8 sita ¢4 t6i vu khi mai phéng dé nang cao tubi tho cla da [3];

hay nghién ctru t61 uu hoa nham dat thoi gian mai nho it {4, 5T Cacnghiénciru——
d tién hanh khi mai thép 90CrSi [1-3], mai thép céc bon [5] mai thép khong gi [6],
hay mai thép ASIS 1045 [7].

Cac nha kKhoa hoc quoc t¢ da nghiénciru ve cosdly thuyét-ctia-qué-trinh-mai

va mai phing d4 dugc gidi thiu trong [8] va [9]. Nghién cuu V& sira da mai da o

kh4 nhiéu cong bd. Cac phwong phap sira dd nhu sira da béng miii sira da kim cuong
mot hat [10], stra da bing dia sira d4 kim cuong [11], sira da bing laser [12] hay stta s
d4 bing phuong phéap dién héa [13]. Céc nha nghién ctru con tién hanh mo phong I
topography cha da [14] dénh g1a chit lu'orng bé& mat gia cong sau khi swra [15, 16], ,

S5m [18] va cac bit

vofram [19]... T6i uu hc’)a qua trinh mai phing da dugc néu trong [20] va [21]. Bén
canh d6 cting d& co cac nghién citu vé& qua trinh sira ¢4 khi mai phing nhu trong [22]
va [23].
TU phén tich néu trén ¢ thé thiy ring mic du cho dén nay c6 kha nhiéu nghién
ctru v& mai noi chung cling nhu vé& mai phiing noi riéng nhung vige nghién cru anh
. hudng céc thong sb du vao dén qua trinh mai phang thép HARDOX 500 con chua
duge cha y. Chinh vi vy ma nghién ciru “Anh hudng cac thong s6 déu vao den_qL;a )
rinh mai phing thép TARDOX 500 Ia d& tai c6 tinh cap thiét,
I Muc tidu cia d@ tai.
Xéc dinh cac thong sé du vao t&i wru theo ham da muc tidu khi mai phing thép
HARDOX 500.
II1. Pbi twong nghién ciu.
Téi wu hoa da muc tiéu khi mai phing thép HARDOX 500.
IV. Pham vi nghién ciru.
Nghién ctru ché o sira d4 khi mat phing thép HARDOX 500.
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V. Phwong phap nghién civu.
Nghién citu Iy thuyét va thuc nghiém.
B (
!
N
)




PHAN I: TONG QUAN VE CHE PQ CONG NGHE SUA DA KHI
MAI PHANG.

. Mon da mai va tudi bén cia da mai
| n cua da mal B

. M1
Of 14

~1a-mét-qué trinh co, 1y, hoa rht phu;c tap.. N6 phy thuge vao cac thong sb cia da, ‘

_ topography cila d4, co 1y tinh cila vit ligu gia cdng, ché do cong ngh¢ khi mai .

Ié"'i s

Mon cla da mai anh huong lcm den nh1§:t cat luc cat kh1 mai va tu do anh hu:fmg

S LT

Hinh 1. Cdc dang mon cia dd mai [24]

- Mai modn dinh cdc hat mai, tao ra cac dién tich mon trén bé mét hat mai (Hinh

Clay, o
 Phé hiy t vi hat mai, lam céc phin nh6 ctia hat mai tach khoi hat mai (Hink /b);
- Hat mai bi phd huy; hat bi v& thanh cic mang 16n va bét ra khéi bé mat lam viéc
cha da (Hinh Ic);
- Hat mai bi bat khéi bé mit 1am viéc ciia da (Hinh 1d);
- Hat mai bj pha hay do phan ing héa hoc & ving tiép xic gifta hat mai va vat ligu
gia cdng & nhiét do cao (mon do khuyéch tdn hodc do dinh) (Hinh Ie);
- Phoi bi chén ép vao 16 tréng gitta cdc hat [am mét kha naing cat cta da (Hinh Ig).
Céc dang mon trén xuét hién dbng thoi trong qué trinh mai. Tuy nhién, tuy theo

didu kién gia cong ma s& c6 nhitng dang mon chiém uu thé [24].
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Qua trinh mon ciia d4 mai chia 1am 3 giai doan nhu dugc thé hién trén Hmh 2[25]:

- Giai doan I 12 giai doan mon ban d4u. Trong giai doan nay, thoi gian mon

~ nhé nhung d mon 16n. Nguyén nhan la do sau khi stra d4 cac hat mai c6 dinh séc

nhon va nhiéu hat khéng bam chat vao chét dinh két. Céc hat mai ndy s& bi mai mon

dinh nhon nhanh chéng hofic bi bét khoi d4 mai.

- Giai doan II la giai doan mon 4n dinh. Thoi gian 1am viée (hodc tudi bén)

cua da dliorctmhchuyéutrong giai doan nay. P9 mon cla dé trong giai doan nay

“phuy thudc chil yéu vao tai trong co nhiét.

" ~Giai doan T 1a giai doan mon’] khbc ligt: O giai doanrnay,-cdc hat dd-mai dd- ——

- -bi--mal._mat céc..canh..sac,..cac...lo.tmng_tren bé m3t d4 mai bj phoi va céc sin P__l_l_@l’[_l__ o

cia qua trinh mon 14p diy din dén da mét kha nang cat. Vi vy, phai tién hanh sta

d4 dé khoi phyc kha ning citcia damai. - -

020 !
<0 I} 111 I

|

|

|
[om]
=

]

b
eyt

Qo

012}

' D6 mon cia 44 (In%)

! ] L i
0 0.2 4 0.6 0.8 Lo

Téc d§ béc tach kim loai (In?)

Hinh 2. Qud trinh mon cua dd [25]

1.1.2. Tudi bén cia dd mai

Tudi bén ctia d4 mai 1a khoang thai gian lam viée lién tuc cia da gitta hai 1an sira

d4. Tudi bén cita da 14 mét chi tiéu kinh té — k¥ thudt rit quan trong. Dé xéac dinh
tudi bén ciia d4, co thé ding cac phuong phap sau [24, 26]:

- Kinh nghiém ctia nguoi thy: Theo phwong phép nay, thoi didém sta da duge quyét
dinh boi ngudi tho mai dya trén danh gié chi quan va kinh nghiém khi quan sat cac
hién tuong xay ra khi mai nhu 4m thanh khi mai, cac vét gia cong, vét gin, vét chay
trén bé& mat mai vv... Phuong phap nay tuy khong chinh xdc nhung don gian, ré tidn
nén thudmg dung trong san xut don chiéc, loat nho.

- Gia cong thir nghiém cdc chi tiét: Phuong phéap nay thuc hién bang cach tién hanh

gia cong thir nghiém cac chi tiét va do cdc thong s danh gid chét lugng chi tiét nhu
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db chinh xac, d6 nham bé mat (Ra, Rz) vv... T d6 xac dinh tudi bén cua da cin cit
vio gid tri cho phép cia cic thong s6. Phuong phap nay cho ¢ chinh xac kha cao;

_ viée thyc hign khong qua phvre tap v ton kém. Tuy nhién, thof gian thyc hicn kha

14u.

- Théng qua lyc hudng kinh Py hodc luc tiép tuyén P.: Phuong phép ndy dya trén

sy ting cia luc Py hodc P, khi d4 mon @8 x4c dinh thoi diém stra da. Do d6 cho két

qué kha chinh xac. Tuy nhién n6 doi héi chi ph1 cao va viéc xiy dung quan hé gita

' llrcthoachvélcacthongsokhlmalkhaphuctap T R

_ Théng qua néing sudt -t i g Thoi diénTsira 4 ¢ dooequyét-dinhrbgining— ——

- suét gidi-han-(chiéu sau bée tach kim-loai gidi han.cla hat mai) khi mai..

- Théng qua nhiét cét khi mai: Thoi diém sira d4 s& dugc quyét dinh khi theo d3isw

ting 1én cia nhiét cht khi mai. Phuong phép nay cho két qua kha chinh xéc nhung
kha phirc tap va doi héi chi phi cao.

- Théng qua chi tiéu rung déng trong qud trinh cdt: Theo phuong phap nay can phai

: *"”'mf’ff”ff'fde—mngdén—gcﬁafhéfthéng,cﬁngfnghithe@phu@g,hrﬂ,,,@gyit dinh thoi diém
stra da dua trén anh hudng (ting) cla Py dén rung dong do d4 mon.
1.1.3. Dung cu stra da : : ' e
C6 nhidu phuong phap stra d4 voi dung cu sira da khéc nhau nhu sita da bing dung

r PR R S S

cu sira da kim cu’orng, sita d4 bang chim tia nu6e hat mai, sira da bang laser vv..

d4 tinh voi but sira da kim cuong mbt hat hodc nhiéu hat [20]. Phuong phap stra da \

bing dung cy sira d4 tinh c6 nguyén ly giéng nhu phuong phap tién, trong do dung
cu sira d4 dong vai tro dao tién con d4 mai dong vai trd phoi. Phuong phap stra da
nay thuomg duge str dung vi don gian, do tin cdy cao, nang suit va chit lugng bé
mit stra da tdt.
‘Duyng-cu-sira ¢4 kim-cuong -gém hai-loai 12 loai.mét hat va loai nhiéu hat. _
- Dung cu stra da kim cuong mot hat (Hinh 3) [27): Géc & dinh hat kim cwong
thuong 1a 60° hodc 90°. Loai nay thuong dé sira va tao bién dang dinh hinh cho da.
- Dung cu stra da kim cuong nhiéu hat (Hinh 4) [27]: La loai dung phd bién va
kinh té nhét d8 sira d4 c6 bién dang thing.
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Hinh 4. Dung cu sira ddé kim cuong nhiéu hat [27]

Vi d4 mai Hai Duong (¢4 mai truyén théng), trén thyc té thuong ding d4 SiC
hodc Corindon, chét dinh ket thudng dung 1a Keramit hodc Bakeht VO’l cac loai da
nay, qua trinh tao bién dang ddng thoi 14 qua trinh 1am sic va dugc goi chung la qua
trinh stra d4, chon dung cu stra da kim cuong nhiéu hat.

1.1.4. Téng quan vé t6i wu héa cic thong sb cong nghg sira d4 mai
P4 mai trude khi lam vige va khi bi mon (hét tudi bén) thi phai sira da. Cho dén

nay da co kha nhidu nghién cim vé sira d4 khi mai. Qua trinh stra da théng thuong
bao gdm hai giai doan 12 sira dé va lam sach (nhu Hink 5) [27, 28, 29].

Sita da bao gdm hai qua trinh la tao bién dang va lam shc. Muc tiéu 1a thay thé va
l4m mé&i bé mat da mai. Qua trinh s& ha thép d6 cao cta chét dinh két trén chiéu cao

bién dang d4 d& tao khong gian chira phoi va lam cho cac hat mai nho ra khoi chat
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dinh két va tao cac ludi cét trén cic hat mai [24]. Didu nay rit can thiét cho lan déu
tién str dung dd mai. Mét khac, chét lugng b& mat san pham chi cé thé dugc duy tri
___dong nhat bang céch 13p lai be mit d4 trong. suot qua trlnh mai. Be mét da sau sira

c¢6 anh huéng quyét dinh dén kha nang cit, tudi bén, kha ning cong nghe ciia da

mai, gop phin ning cao d chinh xac va chét lurgng bé miit gia cong dbng thoi ting

~hi¢uqua | kinh té - ky thuat cua qua trinh mai.

Lam sach 4 mai nhim loa1 bé céc vét bin, bdt va cin bam lam tic nghén cic

18 trong trén bé mit d4 mai.

TUTZIDo T L ,'6u§'ﬁnﬁ'sfr_a_d_’_,,j; oo T/ oo TToL T oD T T |

O R S

Tao bién dang Lam sac

Tao cho da mal mét
bién dang chinh xac

Tao cho da mai moét
topography chinh xac

Loal bd sy bam, bit
trong céac khe réng

phirhdp-vaichi-tiét

gla coéng

Hinh 5. Qud trinh sia dd [27, 28, 29]. 7
Trong sudt qua trinh mai, d& mai ludn chiu tac ddng cla co, nhlet va hoa hoc
phirc tap 1am cho d4 bj mon. Sy mon vi mé dugc md t& gbm mon chu vi va mon

canh (Hinh 6). Mon vi md bao gdm mon hat mai, mon chét két dinh va hat mai bi

bat ra (Hinh 7) [27 28, 29]. Chiéu sau stra da t6i thiéu phai hét 16p mon nay.

Chiéu siu siva d4 tdi thidu

;é. &rﬁk 543

Ving mon téng cong

Ving mén chu vi Ving mon canh

Hinh 6. Mon dé mai vimé [28, 29].

Man hat mal Man chit két dinh Hat mél bat ra

Gay

chitkér  chatké
dinh dinh

Pha huy glori
hat mai

Mon cﬂnh mai

Hinh 7. Cdc dang mon dd mai [27, 28, 29].
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Ciing theo [22, 23], cac théng sb ddu vao cua qua trinh stra da phy thudc vao
dung cy sira d4 va quy trinh sitra d4 (Hink 8). Chidu sau cét khi stra d4 aed (trong
nghién ciru nay 1& a) 1a dai lugng dung dé xac dinh chiéu réng cta dung cu stra da i

ba. SO lugng vét tiép xtc clia bé mit d4 mai va dung cu stra d4 duge dic trung bai

hé s6 triing khit Uq (Hink 9) xac dinh béi ti sb giita chiéu rong cht apd voi lugng chay

dao doc sau mdi vong quay cia d4 f.a nhu sau:

e S 7 L, - I VA G o
R PR I )

Trong d6: p« 12 bén kinh

2)

f,<b, =

fad=bdg f

f

* * J
iad>bd Q

Hinh 9. Ché @6 cdt khi sira dd [28, 29].




P4d mai
s - ABOK-8Y
4 N — S =21 | Vit lidu phéi -
1 — i b . Cde théng s sira 4
p 0 Pia slra 84
2 12 8o = 30 um
o fglm"ﬁ 4, I IR D R N ,Efénda_ng,t;,dgn; ]
E o \"‘--.. R | _ cua dung ey
| i Bt s et it pr
—— S — — ,I"_i_ [ty R — — — S 7,,,,,,,,,,7:,05,—‘4[11:,, oo A
g 0 Bum[ S
£ g - . — ... | Cée théng s& mai
: Fom ————{o=tmmmms
£ ¢ A S . V' =400 mmE/mm
,E 5 v 45 mfs
g 0 2 P ST A
H# 56 tring khit Uy =108

""" ) Hinh10-Anh-hedng clia Usdén-két-qué-dau-ra-khi-mai-[28]——

Gia st chidu rong cit apa bing chiéu rdng dung cy sira d4 bp, khi d6 Ug duge xac

dinh theo biéu thirc sau: 3
!
N
Uy = by _ /(8rpddea)
fad fad (4) J
I i aﬁh?uxc?ng manh dén chit luong ddu ra khi mai va dugc thé hién nhu Hinh :

10[28]. Thém vao d6, cac tac gia [29] cling di img dyng céc k§ thudt tién tién (laser)
@& khao sat tryc tiép kha ning cit sau stra d4 ciing nhu d6 mon cla da trong qua
trinh mai. Viée ap dung cac k¥ thuat tién tién dya trén cam bién dong xody dé do

true tiép topography bé mit dd mai WAG0K7V (127x264x25 mm), sta da sir dung

laser cling d4 dwgc nghién clru trong [30]. Theo do, viée quyét dinh thoi gian stia da

dira quan hé giira tai trong cla d4 mai va nham bé& mat gia cong. Chiéu sau stra dé
dwoc quyét dinh dya vao phén tich topography cia da mai.

D6 mon cia d4 mai A465-K5-V30W khi mai vt liéu gang cimg cling nhu ché
d6 stra da tdi wu ciing d& dwoc dé cap dén trong [31]. Nghién ciru vé t6i uu hoa cac
théng b ctia qua trinh sira da gbm: Ti s6 the do ctia banh xe ska dé va tde 4o da
mai, lwong chay dao doc va chidu sau sta da dé giam lyc cit qua trinh mai nhim
dat dd nham bé& mit theo yéu céu d& duge thuc hién cho dd mai A46K6V, vit licu
chi tiét 12 SPK 12080 qua toi sti dung bénh xe sira da [32]. Panh gia tudi bén ciia da

mai WAS0 va WA 100 thong qua ti s& mai, nham b& mdt, s6 chi tiét mai va lyc cat

16




khi mai vat liéu STD2, STD11, SUS304 ciing dd dugc khao sat trong [33]. So sanh

hiéu qué ctia sira d4 mai bing dung cu stra da kim cuong véi sua da bang laser da

~ duogc thye hién trong [34] khi mai vt liéu 100Cr6-qua t6i bing d4 mai SiC.

Fritz Klocke [29] d4 khao sat anh huc"mg-ci.;la- chidu shu stra da va ti sb toc do khi

sira d4 dén hyc mai va dd nham bé mit khi mai khi sira ¢4 bing banh xe sira da (Hinh

11). Tir hinh v& cé thé thay, hrong chay dao sira da ting thi do nham bé mat chi tiét

mai ting va lyc cit khi mai giam. Do véy, véi mdi yéu cau vé do nham bé mit s€cé

’7rﬁ6tgiﬁ1*gf(ﬁ rﬁﬁVelUUHg indackhistadamai. 7

8

Vat lidu phal
N
& ym - 15652 "nf‘
; P = : THONg 56 mal
:g 4 ﬂl‘;/:': :‘:-“ L e | {a =04 mm
I ccanl SR -
E I V= 2000 mm/min
.g 24 Théng s& sira d4
[N [ k I s | PN I =] * Q= -0.8
T \. Lire trGng RNt BV E:, X Gy =04
16 \\T\% gz =+0:4
n—_ 3,
2 12 e S e Y Qy=+0.8 _
'§ ‘T\‘"‘:::-—“- ! .
o B i— g
'as . |
o 4 == . . .
> ‘"--T : = Luc tlép tUVén BV F, |
0 ] J )|
| 02 04 06 08 um 12 \
Hinh 11. Anh hudng ciia lwong chay dao khi sira dd dén lyc mai va dé nhdm bé mdt .
"""" T o khi mai [29] 4
%

Milton C. Shaw [35] da huéng dan ché d cong nghé sira d4 (nhw trén Hink 12)
khi mai ngoai nhu sau; V&i miii sira d4 kim cwong mét hat, goc nghiéng o = 10° +
20°; khi sira d4 tho thi chidu séu sira d4 tw > 25 um va lugng chay dao fas > 500

um/vong; khi stra @4 tinh thi tt < 12,5 pm va fua <125 um/vong.

|
|
|
!

=7
A
Hinh 12. So dé sira dé bang biit stra dd mét hat [35]

Stra d4 khi mai phéng nhim dat dwgc 9 nham bé mat Ra = 0,32+1,25 um da

dugc dé xuit trong [31] véi ché @6 cong nghé nhu sau: Véi mii stra da kim cuong
17




nhiéu hat, lugng chay dao doc S = 1,5 m/ph; sira 4 14n véi chiéu sdu stra da tw = 0,03
mm/HT sau d6 chay khong &n dao 4 1dn. Véi miii sira d4 kim cwong mét hat, lugng
chay dao doc S = 1,0 m/ph; sira 6 14n v6i chiéu sdu stra d4 tw =0,02 mm/HT sau d6

chay khong an dao 4 13n.

S. Malkin [32] da dua ra ché d sira d4 v6i dung cu stra ¢4 kim cwong nhu sau:

Khi st dyng miii sita kim cwong nhidu hatt f.4 < 0,5 mm/vong,

Khi sir dyng mili stta kim cuong mét hat: fua < 0,2mm/vong; 0,01mm <t, <0,03mm

 0,0lmm<t <005mm

L84k IT=Srmarivg g9
7 7 == LUGNE chay dao ]
42 covie ey Hev 1 .
& 161 10mjrmin | .8
w 1.88 "'
-] 2
5 1.1 §
£ 0.9Z| &
e _ R -

0.69% 4
D48 }§ﬁ
0,23 : g e ‘ :&x :E:ir ‘ 5!“!
gt ; s B | gﬂ

5 10 15 =&

Goc g mili stra d4 (dd)

" Hinh 13. Anh ﬁi}é'ng lwong chay dao doc, chiéu sdu sita dé va géc gd mili stea dd
dén dg nhdm bé mdt gia céng [32]

Anh huéng lwong chay dao doc, chiéu siu sira d4 va gc g mili sira da dén a6
nham b& mit chi tiét khi mai ngoai sira d4 béng miii sira kim cuong mot hat (Hink
13) d3 dugce chi ra trong [32]. Trong tai liu ndy ciing néu 18, véi mili sira kim cuong
mét hat, khi sira cén gé nghiéng miii sira mot goc 15° dé dat duoc hiéu qua tot nhat
(Hinh 14).
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Ngoai ra, lugng chay dao khi sira ¢4 phu thuge vao téc dd quay cia da mai va

kich thudc hat mai. Theo d6, lugng chay dao duoc x4c dinh theo cong thire (5):

S = (d*na)/2,5 O -

~ Trong d6: S I lugng chay dao sita d4 [mm/pht]; d 12 dudmg kinh danh nghia cia

hat mai [mm]; ng 12 téc d6 quay cia da [vOng/phut].

- cling dugc dé cap. Tuy anh huong cia chidu sdu sita da dén hiéu sut mai khong

Sau khi sita d4, hat mai c6 dang nhu trén Hink 15. Anh hudng cia chidu sau sira da

~ —bimg ciia Tuong chay dao nhung 6 thé thay ddi trang thiai gy (v6) clia hat mai, do

- - dé-anh-huéng-dén nhamrbé mit sau-mai; Chidu sau srads khéng nhé hom 0,005 mm ——

khi mai tinh. Véi mai thong thuong, chiéu séu cit khoang 0,01 + 0,03 mm dé lam -

gdly (v&) hat mai ding cach. P6i v6i mai thd, chiéu sau stra d4 khoéng 0,04 mm,

mdt phin dé pha v lién két vé6i chét két dinh, m6t phin mé rong khoang cach hat

va 1am ting déng ké lugng béc tich vit lidu. Mit khéc, theo [32], ciing khing dinh: '

Tong chiéu sdu sita d4 co6 the lam thay d6i @6 mon va tic nghén ciia hat mai. Hiéu

‘ b A ;\ 7. - A L) - A A L r -~ kd I: . rt h L "
sudt mai khong the dugc cai thién khi chiéu sdu stra d4 khong dd. P6i véi maithéng |

thwdng, chiéu sdu stra d4 béng khoang 10+30% dudng kinh danh nghta cua hat mai.

Dl.sraicl.lsﬁ"ﬂ}=i Tl’t}*"

% L
N

Hat mai

Hinh 15. Hinh dang cia mét hat mai  Hinh 16. So d6 gd dat khi swa dd bc%ng
sauy stka da [32].. buit stka dd mot hat theo [36]

Céng ty Norton [36] dua ra huéng din ché dd cong nghé stra da khi mai ngoai
dung dung cu sira @4 kim cwong mdt hodc nhidu hat nhu sau: (i) chidu siu sira d4
dugc chon khong dbi; (il) lugng chay dao dugc lwa chon theo nham bé mit coa chi
tiét sau gia céng, Khi sita d4 bing bt sira da kim cuong mot hat, so dd ga dat dugc
thé hién nhu trén Hink 16, ché d¢ sira da dugc thue hién nhu sau:

- Go6c gd mili sira d4 nghiéng so véi duong tAm da 10° + 15°,
- Piém tiép xtic phai ndm phia dudi dwong tam da mot hrong nhé nhu trén hinh.
- Ludn st dung dung dich lam mat khi sita d4.

- Chiéu séu stra d4 14 0,001 inch/lan, téng chiéu sdu stra d4 0,002 + 0,01 (inch),
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- Luogng chay dao sira da duoc chon phu thudc vao nham bé mit nhu trén Badng 1.
Tuy nhién, khi stra d4 bing miii stta d4 kim cuong nhiéu hat, so db ga dat dugc thé
hién nhu trén Hink 17. Ché d6 sira d4 duge khuyén nghi nhu sau:

= T L I Y I N L Y- VA R T U U A W
- Bé mit miii sira d4 phai ti€p xuc hoan toan véi da mai.

- Chidu sau sira d4 0,001 + 0,002 inch/lan.

- Luén str dung dung dich tron ngudi.

- Lugng chay dao chon theo nhim bé mit (Bdng 2).
—————Bang |- Twachon lwgng chay dao-sika-dd phu thugc vaonhdm bé-met khi sirdung———

e e e = o oyl stb A MOERE 36— e e
| Nhéam bé mat (um) | Lwong chay dao vong (inch/vong) | =
i 0,64 0,008 = 0,01 , ]
SRR B X7 -~ 0,005+0,009 - [ -
0,16 0,002 + 0,004

Bang 2. Lira chon lwong chay dao siva dd phu thude vao nhdm bé mdt khi st dung

— it stba-dé nhibu-hat[36]— — -

Nham bé mit (pm) Luong chay dao vong (mm/vdng) /
0,64 0,58 + 0,76
0,32 0,33 + 0,57 \
0,16 0,15+ 0,33 ‘
e — — = ¥
Hinh chiéu bing

Hinh chiéu canh

Hinh 17. So d6 gd ddt khi sira dd bang miii stra dd nhiéu hat [36].

Cong ty Winter [37] cling gi6i thi¢u ché do cong nghé khi sira d4 bing dung cu
sira d4 kim cuong nhidu hat cho trudng hop mai ngoai. Theo tai liéu ndy, luong chay
dao doc ctia dung cu sita da Ssg phy thudc vao do hat cla dd va the d6 da mai
(vong/phut) (Bdng 3). Chidu sau stra d4 tw = 0,01 + 0,03 mm.
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Bang 3. Ché d¢ sika dd khi st dung ddu sira da kim cuong nhiéu hat ciia Winter
[37].
Dohat | fu Tdc dd quay cia da mai (vong/pht)

cada | (mm/v) | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000

150 0,005 | 25 | 50 75 100 } 125 | 150 | 175 | 200 | 225 | 250

100 0,15 75 | 150 | 225 { 300 | 375 | 420 | 525 j 600 | 675 | 730

60 025 | 125] 250 | 375 | 500 | 625 | 750 | 875 | 1000 | 1125 | 1250
6 | 035 | 175] 350 | 525 | 700 | 875 | 1050 | 1225 | 1400 | 1575 | 1750

ST TG 045 | 225 | 450 | 675 | 900 | 1125 [ 1350715757 1800 20252250
- Luong-chay dao khi stra: 84-S-(mm/ph) -

—Nmmwﬂmeﬂmmmw

doc khi ding dung cu sita d4 kim cuong nhidu hat nhim dat d6 nham bé mit gia

cQnglhc&tac_glé,ch&dgwngnghgsu&daﬁxmhamsuaihoiz:ﬂm_ﬂm—

tinh-(1=2-1An) v chay-khéng-in-dae-(1-2-18n)-(Errori-Not-a-valid-bookmark-self-

reference.).

Bdng 4. Ché dp stra dd khi sir dung déu stea dd kim cuong nhiéu hat [38] 4
- T “q
. Chiéu siu stra da (mm/HT) S6 hanh 1
Do nham bé : : ' 1
Khi stra thé Khi stra tinh trinh N\
mat S , , o . )
_ . . | Sdhanh | . | Sohanh | khong &n :
E— Ra(pm) | (mm/ph) [ Chieusdu| | Chiéusau |
trinh trinh dao
0,8 0,15+0,25 0,01 1 lan
0,4 0,08+0,15 | 0,02+0,03 | 2-3 lin 0,01 1-2 1an | 1-2lan
0,2 0,05+0,08 0,005 1-2 lin

Tran Minh Durc [24] da tién hanh nghién citu khao sat anh huéng cta ché do

cong-nghé sira d4 dén topography va tudi bén ctia da khi mai ngoai thép 45 thuong
hoa. Nghién ciru nay cling chi 18, véi chi tiét gia cong thép 45 nhiét luyén nén chon
lwgng chay dao doc Sea va chiéu sdu stra d4 aca nho. Nguoc lai, khi mai thép 45
thuéng hoa thi céc gia tri nay nén chon 1én hon.
Bén canh d6, topography ctia d4 mai va vén @& sira d4 mai cling dugce céc tac gia
trong nudce quan tim. Anh huéng ctia ché ¢ va cong nghé sira da dén chit lugng
chi tiét gia cong cling da dugc chi ra trong nhidu nghién ctu [39, 40]. Phuong phap
danh gi4 topography ctia dd mai dd dwgc phén tich [41] hodc do bing cam bién
khoang céach laser [42].
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Tir céc phén tich & trén c6 thé thdy, c6 nhiéu nghién ctru v&: (i) tudi bén coa d4
va céc thong sb anh huéng dén; (ii) topography clia da va cac thong 50 anh huéng;

(iii) t0i wu hoa cac thong s cdng nghé sira dé clia mot soO loai d4 va vét li¢u gia cong

Trong thyc t& san xudt & nuéc ta, d4 mai Hai Duong dugc st dung rét phd bién.

V6i d4 mai phang Hai Duong, cac cong bd da khuyén céo nén sir dung miii stira da

~ kim cwong nhiéu hat. Tuy vay, cac nghién ciru vé& ché db sia da hop ly khi mai
"]Jhﬁn'g’uﬁng*c‘té*xﬁa’i:nﬁyﬁkhﬁrrg;nhiétrvﬁﬁjhtrerdﬁjfdfﬁbtrdéﬁrongﬁ:huyén’ﬁk——— Y

(oo o= o the-pid-nghién-efu;,-dé-xuadt-ché-dd-cong-nghé-stra- dd-bae-gbm-chiu-sdu- stra-da; s6————

_14n stra d4, lvgng chay dao stra d4, sb 14n chay khong &n dao va dugce chia thanh

- budc sira d4 tho, stra da tinh dugc ap dung s& cho nhidu ru diém, T wu hoa da myc

tiéu ddng thoi c tri s6-d6 nham b mit va dung sai &6 phiing nho nhét duge chon 12

céc chi tiéu danh gia cho ché db stra da.

1.2. Xac dinh muc tieu,
— Trong san xuat co khi, san phém AU tao ra can gam bao yeu cau Ky thuat (dd
chinh xac gia cong) va kinh t& (chi phi thap nhat c6 the). Cac nghién ciru dé ra déu

nhim dl,r‘doén duge két qua qué trinh, tir d6 diéu khién qua trinh va chit lugng gia
cong theo mong mudn. Hau hét cdc nghién ciru d4 tip trung vao yéu cdu k¥ thust
clia qué trinh gia céng d6 1a nang cao d¢ chinh xdc, cdi thi¢n chit lugng bé mit gia

PN e TP

¢Ong, gidm luc, nhiét, rung dong hodc tim cac gidi phap nang cao ning suét gia cong.

— ——— Trong khi tinh kinh t& trong san xult co khi n6i chung va mai phang néi riéng cling -
1a mot chi tiéu cAn quan tAm nghién ciru. D& gidi quyét hai hoa ca hai giai phép ky

thut va kinh té, cAn thiét phai xiy dung mot mé hinh dé nghién ciru ning cao hidu
qua cua qua trinh mai phing.
1.2.1. Se¢ d(:‘i va ¢o s& ciia nghién citu ning €ao hiéu qua qua trinh mai ph%rzg
Cho dén nay, mé hinh nghién ciru nhw thé hién trén Hinh 18 1a md hinh tong
quat va kha phit hop voi qué trinh mai. Tuy nhi€n, mai noi chung va mai phing noi
riéng_lé‘l qua trinh phire tap, nhay cam véi cac diéu kién cu thé, bao gdm mot tap hop
I6n c4c yéu t6 anh hudng va nhiéu chi tiéu danh gia khac nhau. Do vay, dé ap dung
két qua nghién ciru vao thuce tién san xuét cdn ¢6 nhitng nghién cir riéng gin lién
vé&i cac didu kién cu thé. So dd nghién ciru thuc nghiém khi mai phing duge thé
hién nhu Hinh 18.




Cde tham s
diéu khién duge

.

Diuvio | QUM | (giury)
————>1 miiphing

A

e Chothamsblkhdng - o o ]
didu khidn duoc

" Hink 18. So d6 nghién cttu thyc nghiém khi mai phang

-=="=C4c thong s6 ‘dAu vao1a rhifng thong s6-can nghieh-ciruvar camr xay dung ké———- -

hoach nghién. ciu thye nghi¢m. Céc thong s& nay 1a cac bién doc lap, kiém tra dugc

va didu khién dugc; Cac théng sb khong didu khién dugce 1a cac nhidu; K&t qua (dau

———————théng-sé-dhuvaova-diura, tird6-c6-thé-didukhién-duege-qud-trinh-hede-dy-doin
- —dugc kétquirdiwra theo thong s6-déuviodudi-dangcac mé-hinh toan-hoc-Cacmd

ra) 13 céc chi ti€u danh gia d6i tugng nghién ctru.

Muc dich ctia qua trinh nghién ctru thye nghiém 1a xay dung mdi quan hé giita

hinh d6 13 co s& d& giai bai toan xac dinh ché d6 cong nghé t6i vu cho qud trinh mai
twong tmg véi cac diéu kién gia cong cu thé. Ngoai ra, dya vao cdc méd hinh d6 c6
thé Iua chon céc tin hiéu hop Iy dé tién hanh tu d(f)ng héa nhim nang cao hi¢u qua
kinh té trén co s& dam bao chit lugng yéu ciu ctia nguyén cong.

PR\ i Y TN

1.2.2. Lu’a chqn thong sb dau vao

bién dc_)c lap, didu chinh dugc, didu ndy cho phép nhén duge cic ude lwong riéng
biét ciia cac hé sb hdi qui; (2) La cac thong sé dinh lwong; (3) C6 anh hudng dén
cac ham muc tidu 16n hon nhidu so véi mirc d6 anh hudng cia nhiéu.

Viéc lya chon thong s dhu vao dua vao cdc co sé sau: (1) T quan sat hién
twong thuc té hodc tai lidu tham khao; (2) Y kién ctia chuyén gia; (3) Két qua nghién
ciu ly thuyet (4) Tién hanh thyc nghlem tham do, thyc nghiém sang loc dé kiém
tra nhung yéu t5 anh hudng nghi ngo.

Cac théng sb anh hudng dén chi tiéu danh gid nhiam Nghién ciru cac bién phép
ting ning sut va giam chi phi qua trinh mai phing thép SKD11 qua t6i la Ché do
cong nghé stra da: Chiéu siu stra d4 (geq), luong chay dao sta da (S), s6 lan sira da

(n).
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1.2.3. Cic gidi phap niing cao hién qua qué trinh mai phéing

THONG SO BAU VAO MO HINH TOI BAU RA
Uu HOA
chg || Dung || Bung
- == el |-May-—|[—Chi |- Ba- - [} g5 |- ©4- - dich_J| - J. ... ... . ]. e PRI N
mat tiet mai ; stia tron - _ .
| | Bt || 45 || nguei CHE 68O E"a_"i § cad .°ha: 'J":-’nrﬁ gia cong:
I & b b o - G e it
— — = L —Giamdung-said [
Théng s6 k§ thuat, g sei-d6phing
’ ’ * Théng s8 cdng nght (Sa, Ve, o, Do, Wow, Wed, — I o
HRC, Mp, aad, S, n, ND, LL
i WRGMeawSANDLD ) i> _ CHE BO SUA i>
* Thong sd yéu cu k¥ thuat: &, DA " i -
o T T o T T T — s e e e —— : ——— | T [ — p—— — == T@Euﬁjlb,ﬁﬂpémai —
thang 8 kinh t& - Tang néng sut gia cbng B
W - Gi&m chi phi mai
< Chipi o, Gy AN w1 ———— H
g -
* Thdl glan: te, tw, tsp, tdp, lewp :D DA MAI _l>
(THO| PIEM THAY)

Hinh 19. M6 hinh ndng cao hi¢u qud ctia qud trinh mai phing

Tir cic phén tich trén, mdt md hinh nghién ciru ning cao higu qua cia qua trinh

e rﬁ—maifphéngfdﬁ dugc dua ra, dugc thé hién trén Hinh 19Error! Reference sourcenot

found.. Tt md hinh nay, d& néng cao hi¢u qua cua qua trinh mai phéng, c6 thé sir
dung ba giai phap sau: (1) Mai vdi ché dd boi tron 1am mat va ché do cit hop 1y
gitip giam nham bé mit gia cong, giam lyc cdt qua d6 lam ting tudi bén cia da; (2)
Mai voi d4 dugc sira da bing ché do sira da hgp 1y nhim giam nhdm bé mat, ting
tudi bdn d4 mai, ting ning suit gia cong va giam dung sai 36 phéng; (3) Mai véi

N BN

tudi tho cia da toi vu (hay thay da & dudng kinh thay da 151 uu) dé ting ning suft
dAn dén giam chi phi mai. Trong nghién ciru nay chi tdp trung vao sira da khi mai.

Nhdn xét: Tuy da c6 nhitng nghién ciru v& tang nang sudt va gidm chi phi khi
mai nhung chwra nhiéu. Trong nghién ctru nay, tac gia tdp trung vao nghién ctru anh
huéng ciia ché do stra da dén nham bé mdt va nawng sult boc tach vét li¢u clia qua
trinh mai phéng thép Hardox500 bing d4 mai Hai Duong.
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PHAN II: XAY DUNG HE THONG THi NGHIEM.
. Viéc xiy dyung hé thong thi nghiém dam bao cic yéu ciu ky thudt c6 vai trd rét

_ guantrongtrong cOng tac nghién ciu khoa hoc. Mot hé théng thi nghiém phéai dam

bdo cac yéu ciu sau:

- Dép ing dugc yeu chu clia vz‘in dély thuyét can nghién ctu;

- Bém bao dé chlnh Xac, do tin cay va do on dmh

2 oa A

chiém thuan loi:

- - Bam bao tlnhﬂla ‘thl S ———— — R — e

e "Bam'béo tinhkinh té:

- da muc tiéu khi mazphang tkep HARDOX.’J'UO”* S

e SN

Y

Hinh 20. Mdy mai phing MOTO — YOKOHAMA
2.1. Céc gia thiét ciia thi nghiém
Thi nghiém dugc x4y dung theo nhitng gia thiét sau:
- Chét lwong chét dung dich lam mét trong tht ca cac thi nghiém 14 nhu nhau,
- Nhiét d6 mdi trrdng gia cong ludn ludn 6n dinh va bing nhiét d6 phong.
- Téng hop céc nhiéu anh huwéng t6i d6 chinh xac kich thude 1a n dinh va khéng
thay déi trong sudt qué trinh thuc hién thi nghiém.
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Ngny@n, tinh Thai Ngnyen, duai nhi‘rng didu klgn ch dmh sau:

2.2.1. M4y mai, d4 mai va thiét bi do lyc cit

- Méy dé& thyc hién thi nghiém 13 may mai phing PSG-CL3060AH (Hinh 20)—Pai

Loan san, xuat vai nhu’ng thong 56 ky thuat nhu trong Bang 5.

. I~ . . T ang = — |
T psG-cLa0ed
— e
‘ Dmﬁdmﬁamphﬂql‘ﬂnm 300600
‘ Khoé!lg r.‘td'l kiY 1 04 dﬁn malhhn max. o | 500 mm - ‘7 -
!UC dﬁﬂﬂ N 525 M“
Bangmmt - VEFlaT way
Lugng dn t‘fﬂ tﬁi hn méﬂung 0.5 mms ~ 20 mm 7 ;
E‘ Toe ﬁ’;;:.hwafi& b - 900 mm/mn iSﬂHz) _ _ {]
BUtic wéh /- vach chia quay ay toi bui ° B tom 4 vong E
0.02 mm / 1 vzeh
% Tae d5 nhﬂy nhﬂnh Im wing ¢511 mmfmem f

Blrde 1i€n f l.fm:?% i M'P"G 7

© Bust 4En dn da w dunq

Tm: dd quay 1]

 Kich thude ds

: €S dm{; co'liue d2

C¢ bn’m thu;.' T

du:mg cef i Il

cs dn% oo kEn :mong

b O bt dam v

06BN v thiing thiy luc

¢ Trgan fugeg may

Trcmg k;tmg dding gai

© Dign vich san dit may

: Hl’ththué‘t gong gdi
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0,001 mim-~6.995 mmy Time
[ 450 B.PM. (50Hg)
.355;:(33:‘ b7 mm
5HP
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1/5HP
158 HP ioét)
1/3 HP (2ol
Below 7B d3
1,700 kas
k950 ks
2680w 1,500 am
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- B4 thi nghiém 14 d4 mai Hai Duong ky hiéu:
e - CROOMV1G-V1-350x40x127 35 (m/s). ..

’

3 ] . =

an xuat (Hinh 21)

cuong nhidu hat 3908-0088C, kiéu 02 do Nga san xuat, thé hién nhu Hinh 22.

- So @b bd tri va két ndi may mai véi mdy tinh va duge the hién trén Hinh 23. j

7

)

§

1]

T O 3
4 s

Hinh 23. So dé b6 tri thi nghiém.

Vo

I- phéi; 2- ddu do luc Kistler 9257BA; 3- bg chuyén déi; 4- van diéu chinh lu
luong, 5- thiét bi do luu hrong; 6- thimg dung dung dich lam mat; 7- ban ti; 8-

may tinh,

2.2.2. Phoi thi nghiém

Bang 6. Thanh phan hoa hoc cde nguyén t6

Thanh phin héa hge thép Hardox500

Nguyén to C Cr Ni

\'

Si

Mn

Him lwong max | 03 | 1.5 1.5

0.35

0.7

1.6

£0.025

<0.025

27




Phdi thi nghiém 1a thép Hardox500 ¢6 kich thuée 60 x 40 x 30. Thanh phén dugc
- ~thé-hién-trong Bang 6.~ - - = —

cimg 5

Nhe#d&eutng cao, site bén vit lidu cao, kha nang udn cong, dé da.ng, cho han nén

Dac tlnh cla thep tAm Hardox 500

- A TA . b1 o

+B& mat phang, bd mat chong nd va duorc phu khi hoan thién

+ Chju sirc va r'f.'«m cao

—+Tinhluyén- — —

Ung dung;
Xe rac, bing tai, mang trugt, xe 0, thing xe, container, may nghién, may déap,

blia, cong cu mo, may nang,ciu truc... |
2.2.3. Thiét bj d4nh gi4 chit lrong sin pham

- Dung cy do nham 13 may do d6 nham

SJ-201 cua hing Mitutoyo — Nhat Ban,
Trung tAm Thi nghiém trudng Dai hoc
Ky thuit Céng nghiép (Hinh 24).

Hink 24. Méy do di nhdm SJ-201 ciia
héng Mitutoyo — Nhat Ban.
2.3. Xiy dung quy hoach thwe nghiém

2.3.1. Khai quat vé phwong phap Taguchi
Sau khi hoan thién khai niém cla minh nhiing ndm cudi thap nién 1940, Taguchi

giGi thiéu cac phwong phdp cai tién chét luong clia minh cho Hoa Ky nhitng nim

dAu thip nién 1980. Trong tam 13 t&i wu hoa hiéu sudt va thye hién thiét ké manh

m@ bing cach st dung k§ thudt théng ké duge goi 1a thiét ké cac thi nghiém (DOE),

ban ddu dugc gidi thiéu béi R.A. Fisher & Anh vao nhiing ndm 1920. Dé ky thuat

nay hidu qua hon va d& sit dung hon, Taguchi d& dé xuat mot phién ban tiéu chuin
28
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hoa ciia DOE va dura ra cac cach dé iing dung va phén tich két qua thyc té, Pay la

- --mot cOng-cy-nhin duge-nhiéu quan tdm-cia cac-nha-cai ti€n-chat lugng, Cac-t6-chire -

,
2 ~ 'l‘\‘ b 1 r }q\ X
san-xuat de d&ﬂg he.e vaa

4
) » ~ A ~ L4 A
d 1l Nuyone phap p [ 1 Qg - den aung 1 11111 0130

X LA I ’ A A 2 3 £ P ‘ o P ’ - s - P o
_.....4¢e 16 chirc cac théng s6 anh hudng dén qua trinh va cic mirc, ma tai d6 chung s& =

durgc thay ddi, né cho phép dé thu thip cac dit lidu cin thiét nhim xac dinh cac yéu

13 ’ r
A 2 A A A 2 A e A r A z A
AN RL-dan-.g e .0 Amam - 0

- dé tiét kiém thoi gian va ngudn Iyc. Phan tich phurong sai trén cac dit lidu thu théap N
| A A - n ;v l ] ] i_:e A . ) ) ]

2.3.2. Céc budée thiét ké ma trin thi nghiém
- X4c dinh muc ti€u cha qua trinh,

- Xac dinh va lya chon cidc mirc cho cic thong sb.
- Tinh sb bac tu do-cin thiét cho thiét ké thi nghiém.
- Lyra chon bang tiéu chudn truc giao (bang OA).

- Gén céc théng s6 va mic clia nd vao cic cit. o f}
- Tién hanh thi nghigm. i
- Phan tich két qua. ;]
- ———— — -Kiémchingkétquidthinghiém.——— ]
a) Xéc dinh i s6 S/N y

Trong cac thi nghiém duoc tién hanh ciia ma trin thi nghiém, thi nghiém néo c6
t{ s& S/N 16n nhét s& cho két quéa dang tin cdy nhét va it bi &nh hudng bdi nhifu nhét.
Ti sb nay xac dinh mirc diu ra t&i vu va duge tinh nhu sau:

(1) Dbi véi két qua mong mudn Lén hon thi 16t hon (Larger - the - better)

. l n 1
S/N ratio (n) = —10 log,, (H) Z;’f
= (6)
Trong d6: n 12 s6 14n lip & mdi thi nghiém; yij 12 gié tri do duge & ldn do thiri=1,

2,...n;j=12,.. .k
Gia tri nay duge dp dung cho cac muc tiéu quan tim ma mong mudn tim kiém dugce

tbi da hod cac dic tinh chét lwong.

(2) Dbi v6i két qua mong mubn Gid tri tiéu chuiin (danh nghia) 1 t6t nhit
(Nominal - the - best)




S/N ratio (n) = 10 logy, (%)

yl+y2+y3+ ....... +vn

7 gg TU’“J’)

i Pay duoc goi 14 van dé loai danh nghia t5t nhit ma ngu’t‘:r_la c_ﬁrgéng giam thidu sai
56 binh phurorig birth phwong xung quanh gid trimuc tiéu cy thé:-

—Ghuanhoai&mgbswchuyenﬁmﬁummucmmtmnm@d&h@wdamaduymhati
"~ d& phan phéi dir liéu ddng déu va bién né thanh mdt pham vi chip nhin dugc dé '

phén tich thém.

_____ (3)Dbivéikét quia mong mudn Nhé hon thi tét hon (Smaller - the - better)

§/N ratio (n) —l(llogm ( Zyg)
=l (8) o

Gia trj nay dugce ap dung cho cac myc ti€u quan tim ma mong mubn tim kiém duoc

gia trj t8i thidu.

A

-

- Tong cac bmh phuong (SSr): Tong cac binh phucmg la thuorc do do lech cua di
liéu thit nghiém tir gia tri trung binh cda dir liéu. SSt dugce xac dinh theo cong thirc
sau:

§Sr = T, (¥, = ¥)? ©)
Trong d6: n 12 sb lwong gié trj dugc kiém tra; ¥ 1a gié tri trung binh cac két qua Y
ctia d6i teong thit i.
- Téng binh phwong cia théng s6 B (SSg)

B? T?
ssp =i () - % (10)

Trong d6: B; 1a gié tri tai mirc i ciia thi nghiém; ng; 12 s két qua khao sat & didu
kién Bi; T la tng cac gia tri kiém tra.
- Tong binh phwong céc 15i (SS.): Phan b4 binh phwong cla cac gia tri khao sat tur
gia tri trung binh cta trang théi B.

$Se = X2, Lin(Y; — B)? (1)
- Phdn trim anh hudng ciia théng sb B:
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_ S5p
P = SST.100(%) (12)

" ¢) Téi wu hoa két qua ddura

Gia trj t6i vu (Em) dugc wdc tinh bdi cic thong s6 ¢6 anh hudng manh va dugc xic

dinh theo cong thirc sau:

e B =Yy @ D+ B =)+ (G =) a3y o
——— Trong d6:# la-tri-sé-trung binh-ciia diic trung khio-sat; Ay, By, Gy lan luot lagidtep

ik ta1che mirc thirk, Lvam. E——

~d) Khoadng phiin b6 ciia gi4 trj toi wu:

Khoang phén b6 cua mot tap mau Clm X4c djnh bai cong thire:

S - . C L= iﬂFu(l;L};e)-Ve SRR ¢ U ) B

——— Trong 46: F; 13- hé s6 F- o-mtre tinefy- (1 —e) 4divéi DE=1va DFetaldifoveld

fri 5O thay doi ctia 161,

N

e = T4oF (15)
Trong d6: DF 1a bic ty do tbng cta cac thong sb tinh tri s trung binh; N [a téng s6 .
két qua thi nghiém khao sat. E
2.3.3. Cdc buwdc toi wu héa st dung phén tich quan hé mo (Grey Relational {
. Analysis— GRA) P L "
Bude 1: Xac dinh ti s6 S/N cho cac muc tiéu tuong tng theo cac cong thire tir E

(2.24) dén (2.28).

Budc 2: yyj dugce chuén héa nhu Z; (0 < Zi < 1) theo cong thirc sau déy dé tranh
anh huang cia viée sir dung cdc don vi khac nhau va dé giam su bién dbi.

Cén phai chuin hoa dit liéu ban déu truée khi phan tich ching véi ly thuyét
li€n quan dén Quan hé md hodc bét ky phuong phéap ludn nao khac. Mot gia tri thich
hop s& dugc khéu trlr tir céc gid trj trong mang twong ty @& 1am cho gia trj clia ming
ndy xap xi 1. Khuyén nghi nén st dung gia trj ti 6 S/N khi chudn héa dif lidu trong
phén tich Quan h§ mo.

_ yij—min(yij,i=1,2,...,n)
Vo max (yiji=12,.,n)-min(yi;,i=1.2,..n)

(16)

(Str dung cho ti s& S/N v6i mong mudn 16n hon 12 tt hon)

max (y[)-,i=1,2,...,n)—yij
Y el Gy (a7
g max (3’1;',1:1,2 ..... n)-min(yi;i=12,..1n)

(S dyng cho ti s0 $/N vi mong mudn nhé hon 1a tét hon)

7 (yij-Target)-min(|y;;—Target|,i=1.2,..n)

(18)

4 = ‘max yi;—Target|i=1,2,.,n)-min(|y;;~Target|i=12,..n)
j j
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(St dyng cho ti s6 S/N v6i mong mudn gia tr tiéu chudn 14 tbt nhét).
__Bude 3: Tinh todn hé sb twong téc trong quan hé mo dbi véi céc ti s6 SN
chudn hoa:

2o (), (k) = Smantiomar (19)

Boj(K)FEAMaxK
- Trong d6:j =1, 2,...n la s& thi nghi¢m; k = 1, 2, ....m la s6 myc tiéu ddura; ]
_vyo(k)1a gla tri trung binh dau ra cda cdc thi nghu;m yj(k) 1a gla tri trung binh dau ra

2 bl 1
e _ Boj = v EAAS

va yj(k) Amm = rr}ln mm"'yo (k) ¥ (k)” la gla tri nho nhét cia Aoj, Amax =

max max|| volk) —y; (k)]| 13 gié tr{ I6n nhét cta Ag; & 12 he 50 phan biét, dugc xac

dmh trong khoang 0 < & < 1 (gi4 trj ¢6 thé diéu chinh dya trén yéu ciuthycté cia -
hé théng).

Budc 4: Xac dinh mirc do Quan hé& mo theo cong thic:
1

Dy la gia tri trung binh cua cc tuong téc trong quan hé xam 44 xac dinh §
Bude 3.k 1a sb muc tidu can tdi uu.

Bude 5: Xéc dinh muc va gia trj t6i wu ctia céc thong sb khao sat. Moi quan
hé md cao hon ham y chét lu'ong san phém tét hon. Do dé dua trén ml’rc d(") quan
kiém soat.

Budée 6: Thuc hién phin tich phuong sai (ANOVA) d8 xéac dinh cac yéu tb
quan trong. Myc dich 1a 4p dyng mdt phuwong phap théng ké dé xac dinh tic dong

B I Bl e Y |

[

Ehe—"%

ciia timg yéu té. Két qua tir ANOVA ¢6 thé xac dinh rét r3 tac dong clia mi yéu td
dén két qua clia qua trinh. Phuong phép thit nghiém Taguchi khong thé danh gia anh
hudng cia cac thong s riéng 1é trén toan bd qua trinh. Do do, phan tram déng gop
bing cach sit dyng ANOVA dugc sir dung dé b dip cho hiéu img nay. Tbng s cac
@6 16ch binh phwong SSt dugc phén chia thanh hai ngudn: Téng cia do léch binh
phuong do mdi tham s6 qua trinh va tdng ctia cac binh phwong 16i. Ty 1& phan trim
dong gop anh hudng cia mdi thong s6 qud trinh trong tdng s cdc sai léch SSt binh
phuong cé thé duge sir dung dé danh gia tAm quan trong cua viéc thay d6i cac théng
sé qua trinh d4i v6i cac két qua diu ra. Thong thuong, sy thay dbi cia thong sé qua
trinh c6 mét anh hudng déng k& dén dic tinh hoat dong khi gia tri F 16n (F tinh toan
16n hon F tiéu chudn dugc tra bang thi thong s6 do ¢6 anh hudng manh dén két qua
d4u ra, con nhé hon thi tic ddng khong dang ké va dugc goi 12 16i (error).
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__iru_ciia_chc thong sé thiét ké, budc cudi cung 12 du doan va xac minh chat lugng

Buée 7: Tinh toan didu kién tdi uu dugce du doén. Sau khi dé chon mirc 46 tdi

bﬁng céch sir dung mirc ti wru ciia cdc thong sb thiét ké.

Ty sb S/N udc tinh sit dung mirc tbi vu cha cac tham sb thiét ké c6 thé dugc

tmh nhu sau:

A =N+ 2 (T~ ) ey

- Trong @6 ﬁﬁ{'l’?ﬂy"§6 S/Ntrung binh; 7, 14ty 56 SN trung binh twong mg voi ——

yéu t6 déng K& thir i & mirc j; § 14 s6 lugng cAcybu toquan tronig. |
2.4, Két ludn chwong 2

- P4 xdy dung dugc hé théng thi nghiém nham tdi wu héa da myc tiéu ché do cong

) nghc stra-da. T T T T TTT T T T T T T ST TS TS s I S e

- Pd x4c dinh 14p dugce ma trén thi nghiém va phu'ong phép quy hoach thi nghi¢m

nham t61 tru hoa da muc tiéu ché @9 cong nghe stra da.

|
i
|
i
|
|
N =]

L




PHAN IIL: TOI UU HOA PA MUC TIEU CHE PO SUA PA KHI
- _—. . .MAILTHEP.HARDOX500 BANG DA MAI HAI DUONG..

r A A ] 4 ~ r A

Viéc xdy dung ma tran thi nghiém t6i wu héa mot s thong s6 cong nghé sira da

déndénhambémétﬁnho hqn th1 t6th0n trong khl ning sudt boc tach 16n hon thi

t6t hon khi mai thép Hardox500 bing d4 mai Hai Duong duge thyc hién bing
__phwong phép Taghuchi. K& hoach thi nghiém theo Taguchi dugc khéi tao vaphan

tich bing sir dung phan mém Minitab®19 voi 5 thong s6 (2 thong $6 1 mirc va hai

- thdng s6-4-mic). Cac mirc twong tng clia mbi thong s& thi nghiém dugc che trong-

Bang 7

o 'Két qua khéi tao ma trén thi nghiém duogc trinh bay trong Bang 8§ o
Bang ké hoach 9 ¢6 16 hing, tirc 14 cAn thyre hién it nhét 16 thi nghiém theo thi

tyr da liét ké trong cdt TT. Mdi thi nghiém ¢d céc bién T, Ni, Tr, N va Npon duge

e —x4c-18p theo-gi4 tri-d3 ghi trong 6-twong tng clia-cc-¢Ot Tr, Ny, T, Neva Npon trong ————

Bdng 8. Toan bd 16 thi nghiém c6 thé thuc hién trong cling mét ca may, trong diéu

kién gia cdng nhu nhau. ;
Bdéng 7. Cdc mitc thi nghiém t6i wu héa cia cdc thong sé ay, ny, , a nyva S.
TT | Théng s6 Ky hiéu Mirc ;
S S : S - 1 2 3 4 I
1 Chiéu su sira da thé (mm) a 0.015 0.02 0.025 0.03 /
2 | S6 luot sira da thd (luot) e 1 2 3 4 7
3 Chiéu siu sira d4 tinh (mm) ar 0.005 0.01 - -
4 | $6 luot sira d4 tinh (lwgt) ne 0 1 2 3
5 Sira da khéng &n dao ([uot) non 0 1 2 3

LAn luot tién hanh cac thi nghiém. M3 thi nghiém tién hanh mai 3 lan véi cac
tri s6 cia cdc thong sb twong tng véi tde do da khong d61 27 m/s.

Két qua duge xéac dinh Ra bing cach: Ly gia tri trung binh ctia nham bé mat &
3 14n thi nghiém. & m3i thi nghiém do 3 14n rdi 14y két qua trung binh. Nang suét
gia cong duoc xc dinh bing khdi lugng boc tach chia cho tudi bén ciia da mai. Tudi
bén ctia da mai xac dinh théng qua thiét bi do luc cit, 14 thai gian tir khi bit dau mai

dén khi luc cit phap tuyén ting dot ngdt.




Bang 8. Ké hoach thi nghiém t6i wu héa theo Ty, Nv, Ty Nyva Nuon

------ STT | —a “Ne- Nr Naon - Tr - |-
1 0.015 1 0 G 0.005
2 0.015 2 i i 0.005
30015 3 2 2 0.010 .
4 | 0015 | 4 3 3 0.010 _
5 [ 0.020 | 1 2 0.010
6 0.020 2 0 3 0.010
7 0:020 3 3 0 0.005
~ 8 0.020. 4 2 1 0.005 .
9 0.025 1 2 3 0.005
10 0.025 2 3 2 0.005
T [ oes [ 3 [ o | 1 | 000 -
12 0.025 4 1 0 0.010
13 0.030 1 3 1 0.010 -
14 0.030 2 2 0 0.010 \
15 0.030 3 | 3 0.005 i‘
— |16 0.030° 4 02— 0005

Béng 9. K& hoach thi nghiém t6i wu hoa, két qua do, va ty sé S/N ciia chi tiéu nhdm

be mit va ning suat gia cong.

STT

Nham bé mit, Ra (um)

Ning suét gia céng, MMR (mm~3/ph)

TN 1

TN 2

TN3

TB

S/N

TN 1

TN 2

TN 3

TB

S/N

[a—

0.642

0.735

0.645

0.674

3.409

344.81

369.28

317.65

50.68

34391

0.573

0.653

0.545

0.590

4.552

338.30

322.28

367.17

50.66

342.58

0.698

0.554

0.53

0.594

4457

326.14

344.12

320.63

50.37

33029

0.631

0.692

0.618

0.647

3.771

369.47

492.35

295.71

51.18

385.85

0.476

0.409

0.423

0.436

7.191

521.91

526.36

480.73

54.12

509.67

0.469

0.476

0.495

0.480

6.373

309.59

326.98

303.27

4991

313.28

0.647

0.607

0.598

0.617

4.184

200.52

193.46

210.21

46.07

201.40

0.708

0.81

0.837

0.785

2.081

705.19

722.75

691.46

56.98

706.47

W o A | ] & W N

0,44

0.465

0.451

0.452

6.895

337.50

337.50

341.05

50.60

338.68

—
<

0.813

0.819

0.805

0.812

1.805

391.06

401.93

382.26

51.85

391.75
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11 | 1.276 | 1.122 | 1.25 | 1.216 | -1.712 | 232,50 | 253.25 | 229.35 | 47.52 | 238.37
|12 |0.862)0.882 0.88 | 0.875} 1.163 | 37361 | 367.77 | 339.85 [ 51.11 | 36041 |
13 10989 10.938 | 0.902 | 0.943 | 0.504 | 45136 | 448.60 | 432.79 | 52.95 | 44425

14 10733 | 0.681 | 0.666 | 0.693 | 3.174 | 390.93 | 396.47 | 409.60 | 52.01 | 399.00

15 [ 1399 | 1.452 | 1301 | 1.384 | -2.832 | 339,78 | 332.06 | 337.17 | 50.53 | 336.17
16 {0762 0.8 [0.759 | 0.774 [ 2226 | 677.40 | 641.25 | 679.94 | 56.46 | 666.20

3.2 Tm wu hOa da muyc tiéu nham bé mit va ning suat boc tach
8 rdc-thyuc-hién-phén tich: : . e

~ hon”, ti s ndy x4c dinh nhu sau [16]:

o ___ _S/N=-10logioGEL. ) )
- Con véi ning suét béc tach vat liéu mong mudn Ia “Lén hon thi tot hon®, 1
B s nay la:
S/N = _1010910(‘ =1 z) (23)

Trong d6: n la 56 13n 13p & m&i thi nghiém
y; 12 gid tri do dwge & lan do thiri= 1, 2, ....n (n=3)

Wi W R |

Step 2: Ti s& S/N 16n hon s& cho két qua dang tin cay nhét va it bj anh huéng
béi nhidu nhét. Ti sé nay dugc chuin héa bing Z;j (0<Z;<1) theo cong thic
sau ddy dé tranh anh hudng ciia viée st dung cac don vi khéac nhau va dé giam
su bién dbi.

7. = SNl'j—mil‘l(SN,'_j,j=1,2,..k)
U max(SN;jj=1,2,.n)-min(SN;j,j=1,2,.n)

(24)

Trong do: j 1a s6 thi nghiém (j=16).

Ti so SN va gia tri chudn hda Z Gng véi mbi muc tiéu dau ra dugc thé hién
trong Bang 10.
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Béng 10. Ti s6 S/N, ti s6 chuén héa.

e Y N S I N VR
Ra | MRR
TT Ra MRR Tri sé ’tham Ra MRR
chiéu
- - -} f 1000|1000 - | ] . 4
1 | 3409 |15.116| 0.623| 0423 0377| 0.577
———— 45525095 8B F 042 —6:263—0:579
3 | 4457 |14.803| 0.727} 0394 0.273| 0.606 7
T | 377 [ 15612 | 0.659| 0468 | 0.341] 0532
- - I 5 | 7191 [ 18561 1.000| 0.738].0.000| 0262 . |
6 | 6373 | 14343 [ 0.918| 0.352| 0.082| 0.648
7.l 4184 |10503 | 0700 0.000| 0.300 1.000
- — [ g 2081 214150490 1.000 0510 0.000]
o | 6895 [15.033| 0970| 0415| 0.030| 0.585
10 | 1.805 [ 16292 0463| 0.530| 0.537] 0470 i
11 | -1.712 [ 11.957 [ 0.112| 0.133} 0.888 | 0.867 1
e 12| B163 15550 | 0399 0463106011 0537}
13 | 0504 17385 [ 0333[ 0.631] 0.667| 0.369 j
14 | 3174 [ 16451 | 0599] 0.545| 0.401| 0.455
15 | -2.832 | 14.967 | 0.000| 0.409| 1.000| 0.591
16 | 2226 |20.900 | 0.505] 0953 | 0495| 0.047

Buée 3: Tinh todn hé sO twong tac trong quan hé mo doi vai céce ti sO

SN chudn hoa:
__ Amin+{Amax
V(k) - A;(k)+{Amax (25)
Trong do:

+)j5=1,2,..n;k=1,2,...m,nla s thi nghiém, k 14 s6 muc tiéu dAu ra.

A is the deviation sequence (la trt sb sai 18ch cua day tham chiéu),
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Aoj = ||Zo(K) — Z; (k)] 12 gié tri tuyét di cua sai 1éch gitra Zo(k) (tri s6 tham

. chidu) va Z;(k) (tri.s6_Z ctia thi nghiém thit j ciia myc tiéu thi k).

NP S | I | .
+)y Amin = minmin||Z,{k) — £;{K la g1a tr1 nho nhat cua Ag;
) min min||Z, () = Z; ()| 14 gid tri 0

+ - _ . 5 . s 1 A 5 )
_+) Amax = r‘%aglgn\lf%ﬂlzo(k) — Z;(k)|| 1a gid tri 16n nhat cua Ay

—#) ¢ 1a'hé s6 phan bigt, duge x4c dinh trong khoang 0<K<I (gid trico thé duge |

. didu-chinh-dua-trén-yéu-ciu thye-t&-cta-hé théng, £=0.5-duge-sir-dung tinh——— |

toan trong nghién ctru nay).

Buéce 4: Xac dinh mic d6 Quan hé xam theo cong thirc:

VJ Zl 1yu (26)

bay la gia tri trung binh cua cac tuorng tac trong quan hé xam d4 Xac

dinh & buorc 3 i'g la so muc t1eu can t01 u’u

Bang 11 thé hién tri s6 quan hé xdm {mg véi cdc myc tidu va tri s& quan hé
xam trung binh. . § B

Bdng 11. Trj 6 quan he xdm va quan hé xdm trung binh

Grey relational co-efficient _ \

E— — TT N (——— — B

Ra MRR 3

1 0.570 0.464 0.517 v
2 0.655 0.463 0.559
3 0.647 0.452 0.550
4 0.594 0.485 0.539
5 1.000 0.657 0.828
6 0.860 0.435 0.648
7 0.625 0.333 0.479
8 0.495 1.000 0.748
9 0.944 0.461 0.703
10 0.482 0.516 0.499
11 0.360 0.366 0.363
12 0.454 0.482 0.468
13 0.428 0.575 0.502
14 0.555 0.524 0.539
15 0.333 0.458 0.396
16 0.502 0.914 0.708
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Buée 5: Xéc dinh mirc toi vu clla céc yéu to tol uu:

Trr scrquan hé xam cao hon ham y chét luong san pham tot hon:-Po-do; - - -}

r
A ~ Z A A
&
-

WMMMMB&g 11 cho thav tri sb quan he
- xam cho mdi thi nghlem va trj s6 quan hé xdm tuong tac. Theo do, thi nghlem

s 5 sira &4 tho 1 1in véi chidu sdu 0,02 mm, sira d4 tinh 1 14n véi chiéu sdu

0,01 mnmrva stra-dal khongarrdao 2-lan-elng- lu'e‘ng chay-dao- l%m#mmwe;e{r — |

i,—---—------——-_-._saquanlle_xam tuotng f3c Ion nhat (O 828)_t)mu_do_chua1angm1 nghigm 50

5 thu duqc cd t1 5O SN tvro‘ng u’ng gan voi t1 sb SN du’oc chuan hoa vano co

—t@%@u&@acy@ui@iheophu@ngphapwai guc ,
~  "h&xam trung binh cho moi yeu t6 & céc mirc khéc nhau. Tri sb quan hé xam— -
trung binh tai cac muc cia mdi yéu to dwoc x4c dinh trong Bang 12 va Hinh

3.1 (st dung pnan mém Minitab 19 dé pham tich).

oo Bang 12.. Mitc d0-anh. huorng clia chc thd thong sb dén hé sb quan hé mo
(Main effects on grey grades).

Response Table for Means

Level Tr Nr Nf Nnon Tf .

1 0.5413 0.6374 0.5589 0.5009 0.5760 ;

2 0.6756 0.5612 0.5628 0.5429 (0.5546 ;
e —-3—— -..0.50817- 0446906347 0.6462 . __ . . _ _ - 4

4 0.5362 0.6157 05048 05714 .

Delta 0.1675 0.1905 0.1299 0.1453 0.0214

Rank 2 1 4 3 5

7 = 0,565

Tr1 s6 quan hé x4m ctia mdi yéu t6 & mirc nao 12 16n nhat la me ti uu
cua yéu t6 d6. Do d6, theo Bang 12 va Hinh 25, b thong s6 t&i wu clia qué
trinh sira d4 khi mai phing dap u’ng nham bé mat nho hon thi t6t hon trong khi
ning suét gia cong 16n hon thi tot hon 1a: T 2/Nr]./Nf3/Nnon3/Tf1 tuong ung
v6i stta d4 tinh 1 14n véi chidu sau 0,02 mm, stra d4 thd 2 1an véi chidu sdu
0,005mm, stra da khong an dao 2 lin cing lugng chay dao stra da § = 1.2
m/min.

Bude 6: Thuc hién phén tich hdi quy phuong sai (Analysis of Variance
— ANOVA) dé xac dinh céc yéu t6 quan trong (Step 6 Perform ANOVA for
identifying the significant factors).

Phén tich hoi quy phuong sai la ap dung phuong phap théng ké dé xac
dmh anh hudng ctia moi yéu 8. Qua dé x4c dinh dugc tac dong clia timg yeu
t6 dén muc tiu cta qué trinh. Ti 1& dong gop khi sir dung ANOVA s& bu dap
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cho viéc khéng dénh gia duge anh hudng ctia cac thong s6 trén toan bd qua
_ trinh cta phuong phdp Taguchi.

Main Effects Plot for Means
Data Means

Tr Nr N Nnon Tf

e
'y
i

Mean of Means
.c‘ '
o

Hinh 25. D6 thi cdc dnh hucng chinh ciia cde théng 56 (Factor effects

~— __ongradevalues). —

K&t qua phan tich hdi quy phuong sai duge thé hién trong Béang 13.
Bdng 13, Phén tich hdi quy phuong sai tri s6 quan hé xam trung binh

Analysis of Variance for Means

Source DF SeqSS Adj55 AdjMS F P %
T 3 0.067465 0.067465 0.022488 381 0215 27.28
Ny 3 0.087126 0.087126 0.029042 491 0.174 3523
N¢ 3 0.034111 0.034111 0.011370 192 0360 13.79
Nnon 3 0.044924 0.044924 0.014975 253 029 18.17
Te 1 0.001831 0.001831 0001831 031 0.634 0.74
Residual Error 2 0011819 0.011819 0.005910 478

Total 15 0.247276 100 0o

Két qua ANOVA trong Béang 13 cho thy: s6 lan sitra d4 thd N; ¢6 anh
huéng manh nhét den muc tiéu chung (35.23%), tiép theo la chidu siu sira d4
tho T; (27, 28%), s6 14n stra khong #n dao Npon (18,17%), s§ 1an sira d4 tinh Ny
(13.79%), cubi ciing 1a chiéu sau stra da tinh T (0.74%).

Bude 8: Tinh toan tdi wu hoa va kiém nghiém

Xéc dinh tri s& quan hé me tdi wu duge xac dinh:
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= NMm +Z 1(77 nm) "Trz +Nr1 +Nf3 +Nnon3 +Tf1 _4’*7/
e , (3.5
Trong do ¥ 1a tr1 s6 quan he Xam trung bmh ¥ = 0 565 cac tri so Trz, 1,

Nas, Nnons, Tt 12 tri s6 quan hé xam ctia cac théng s§ tmg v6i mirc t&i wu hoa

tuong Gng va duoc 13y tir bang 6. Theo do, yop = 0 91.
" Khoang tin cdy CI dugc tinh nhu sau:

T N A A .
. Cl=F+1F (Vo —F=1==017
\" Ng 1/ =

‘Trong d6: F (1, ) = 8,5263 12 hé sb tra bang voi mirc y nghia a% = 90%; .-

=2 14 bic tu do ctia 181, V. = 0,00591 13 sai sb trung binh ctia 13, N, la sb lan

—e—l +Tﬁngbactwﬂmumyewtcrdua*vavﬁnh¢oan¢m wu

- 13phidu qua, R=3 1a-s6 lan lip clia mot-thi nghiém. —

Tong sO thi nghiém

~1+3+3+3+3+1
Do d6, véi mirc y nghia o= 90% thitri sb quan hé xam dugc dy doén véi mirc
hop 1y ctia c4c thong sb6 dau vao t1/nw2/Nmend/ne1/t2/S1 nhu sau:
(0,91 —0,17) < ¥,p < (0,914 0,17)
Tinh toén dy doén két qua t6i .

o 3

két qua d3u ra Ra va MRR duoc xac dinh theo cong thirc sau:
(Ra, MRR)op = TT'Z + er + Nf3 + NTLOTLB + Tfl — 4 % T
Trong do:
(Ra,MRR),,, la tri s& nham bé mat hodc ning sudt boc tach vat lidu t61 wu

T, 1 tri s6 trung binh nhdm bé mit hoc nang suit béc tach vét liéu khi chidu
sdu stra da tho ¢ murc 2

N, latrl s6 trung binh nhém bé mat hodc ning sut béc tach vat liéu khi sb
l4n stra da thé & mire 1

Ny la tri s trung binh nham bé mit hojc nang suét boc tach vat liu khi 50
1an sira d4 tinh & muc 3

Noons 14 tri s trung binh nhdm bé mit hofic ning suét boc tach vat lidu khi sb
14n sira d4 khong in dao & mirc 3

Tpqy latr s& trung binh nham bé mit hoic nang sudt béc tach vat liéu khi chiéu

sau stra da tinh & muec 1
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T la trj sb trung binh nham bé mét hodc nang suét boc tach vat liéu cua toan
. bothinghiém.

Th

Fa¥al An.
11Reoao.

——— Pédinhgié dd chinh x4c cia vige tinh todn, tién hanh thyc nghig

— (Ra),p = 0.236um
e (MRR) g = 9,985 mm3 /s

chimg v&i-bdthéng s6-sua-datoivu da tim dugc véis6-1an 1ip-3 1an. Bothéng
0,02 mm, stra da tho 2 lan

~ wu dugc thé hién trong Bang 14,

1.
A

Bdng 14. K&t qui so sanh gifta tinh todn va thic nghiém.

"~ Théng so toi i

Déc trung gia cong Tinh toan Thyc nghiém % sai
- T2/N,1I/NB/MNyon3/Tel | T2/NI/NB3MNpon3/Til | léch |~ 7
Nhém bé mit Ra /
(nm) 0,236 0,259 9,32 \
-~ | Ningsudtboctich [ —— —— — — e R e

vét lifu MRR
(mm?/s) 9,985 10.02 0,35
Gia tri quan hé xam 0,91

K&t qua thuc nghiém cho thdy, sai s6 16n nhat so véi tinh todn 1 9,32%
ung vai tinh todn dung sai do phing nén phuong phép tinh todn hoan toan cé
thé duge st dung dé du bao chinh xac ddng thoi hai dic trung 13 nham bé mit
va ning suft gia cong. .

3.3, Két luin chwong 3:
Cac thi nghiém mai dugce tién hanh trén mdt may mai phing trong ciing mot
ca méy trén vat liéu thép Hardox500 st dung d4 mai Hai Duong. Phan tich
quan hé xam dya trén mang truc giao L.16 cua Taguchi dé t&i wu hoa céc thong
sb clia qua trinh sira da, cac két luan rut ra nhur sau:

- Phén tich quan hé xdm trong phuong phap Taguchi @& t6i vu hoa da muc
tiéu 1a mot céng cu rAt hitu ich & du dodn nham bé mit va dung sai do phang
trong qué trinh stra da khi mai phing thép Hardox500 bing d4 mai Hai Duong.
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- Tir phan tich nay, sb 14n sira d4 thd N, c6 anh hudng manh nhit dén muc tigu

__chung (35.23%), tiép theo 1a chidu siu sira d4 thd T, (27,28%), s6 lan swa

khéng an dao Npen (18,17%), s6 14n sira d4 tinh Ny (13.79%), cudi cing 1a

chidu séu stra d4 tinh T (0.74%).

- Ché a6 sira d4 t6i wu khi mai phang thép Hardox500 qua tdi bang da mai Hai

~ Duong nhim dat ca nhdm bé& mit “nho hon thi t6t hon” trong khi néng sudt
—bbée thech-vatlieu “lon-hon-thi tbt hon” & sira d4 tinh-1-14n véichidu sau-0,02——

~mm, sita G4 tho-2 JAn vl chidu sau (,005mim, sita da Khong 4 dao Z [an oiing_

luo‘ng chay dao stra da S=1.2 m/mm

“Két qua thuc nghlem d& chimg minh rang Sy phu hgp cia két qua mo hinh

~tinh tqantmuu v6i yéu cau thyc té stra ¢4 khi mai thép Hardox500 bingdd

mai Hai Duong.

TN
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KET LUAN VA HUONG NGHIEN CUU TIEP THEO

-Kétluan-chung. - — -~ -

D& uing dung phuong phap Taguchi @& toi uu hoa du doan da muc tiéu

Kkhi mai tinh phang thép Hardox500 bang da mai Hai Duong, cu thé:

= S&14n sira d4 thd N, cé anh hudng manh nhét dén muyc tiéu chung
, (3&23%} tle,pptheo la&hleu sawsuaﬂ&thnlr LZLZSA) joJarLsua_

1A chleu sdu stra da tmh Tt (0 74%)
- Ché % sira da t6i-wu khi mai-phing thép Hardox500 qua tdi bang-d4
mai Hai Duong nhim dat ca nham bé mit “nhd hon thi tdt hon” trong -
khi ning sut béc tach vét liéu “lon hon thi tbt hon™ 13: sita d4 tinh 1.
1n véi chidu su 0,02 mm, sira d4 thd 2 1dn véi chiéu sau 0,005mm,
stra-da khong#n- -dao-2 lan-eting luong- chay daosra-dda S=12m/min. —
i e _— Kt -qua thue-nghiém-da ching minh- -ring-sy-phi-hep-etia két-qua-mé-— - — |

hinh tinh toan t8i wu voi yéu cAu thuc t& stra da khi mai thép Hardox500

. bing d4 mai Hai Duong. S )
4.2. Huéng nghién ciru tiép theo )

C a4 A aa ‘ At a £ 3a . 3 , 2 A ‘s !

Xac dinh ché dd tron ngudi va ché do stra d4 nhdm dam bao dong thoi {

1hiéu muc-tiéu: Ly

d4 16n nhét.... Tién dén x4c dinh ddng thoi anh hudng cia ca ché do tron

ngudi va ché d¢ stra da dén céc muyc tiéu trén.
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Abstract. The findings of a multi-objective optimizalion research on the dress-

ing process in surface grinding Hardox 300 are presented in this work. Two ™

and maximal material removal rate (MRR). In addition, five dressing factors
were investigated: rough dressing depth Tr, rough dressing times Ny, fine dress-
ing depth Ty, fine dressing times Ny, and non-feeding dressing Noon. The impact
of these factors on the grinding process's goal was assessed. Furthermore, an
optimal dressing mode was suggested to increase MRR while minimizing SR. [t

- ——- --gingle-objectives-were-chosen-for-this-work:-minimal-surface-roughness (SB)— - -~ - — v v - —

was also stated that the proposed model is usable. K

)

Keywords: Surface grinding, Optimal dressing mode, Multi-Objective Optimi- 1

e - zation, Surface roughness, Material removal rate, Hardox 500. _ - , I i
1 Introduction .

A

Dressing the wheel means removing the current coating of abrasive from the work
surface, exposing a new and sharp surface. 1t aids in the improvement of grinding
accuracy and the reduction of machining time.

There has been a lot of research done on wheel dressing thus far. Various types of
grinding have been studied, including external grinding, surface grinding, and internal
gtinding. Many research on optimal dressing mode have been conducted. [1] investi-
gated the effect of dressing mode on surface texture when external grinding SKD11.
The impact of dressing factors such as coarse dressing depth, number of coarse dress-
ing, fine dressing depth, number of fine dressing, non-feeding dressing, and dressing
feed speed on surface texture was investigated in this study. [2] shows the effect of
dressing conditions on wheel lifetime when external grinding SKDI1I steel. When
external grinding SKD11, optimal dressing settings were discovered to provide max-
imum wheel lifetime [2], maximal MRR [3], or minimal roundness tolerance [4]. For
internal grinding, the effect of dressing parameters on SR [5], MRR , and WL were
specified when machining SKDI11, [6] investigated the impacts of dressing factors




~~ ——— smallest possible flatness tolerance. [7] identified the optimal dressing regimen for . |

when surface grinding SKD11 steel with a HaiDuong grinding wheel to achieve the

reducing normal cutting force. The multi-objective optimization problem of wheel
___ dressing pracess has been solved for external grinding, surface grinding [8, 9], and

internal prinding [10, 11]. These studies were carried out with many single objective ' -

_ functions: the smallest flatness tolerance and the largest MMR [8], the smallest SR

and the maximum MRR [10, 11], the smallest SR and the maximum WL [%,12].
When machining various materials such as SKDI1 [1, 5, 8, 11], 90CrSi [9, 10, 13,

14], heari 151,..., wheel dressing experiments have been performed.

As mentioned before, despite multiple research on refining the dressing process, @
‘multi-objective optimization study to discover the-ideal dressing mode for- surface - -~ - oo
grinding Hardox 500 is still unavailable. This research investigates the cffect of dress-
ing factors on SR and MRR in the Hardox 500 surface grinding process. Additionally,

best dressing mode was suggested toentance MRRand reduee SR—————————

e S ”Experimentalfwork*"""”*'"W "" T T T e e

(Y "Iy LT

—
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Fig. 1. Experimental selup

An experiment was conducted to explore the influence of dressing factors on SR and
MRR when processing Hardox 500, This experiment was designed using the Minitab
R19 program using an L16 (4*x2') design and 16 experimental runs. Table | shows
the input factors and their levels. The experimental setup is illustrated in Figure I,
Surface machine: PSG-CL3060AH (Taiwan); grinding wheel: Cn60MVIG VI
350x40x127 35 (m/s); dressing tool: 3908-0088C type 2 (Russian); and piezoslectric
dynamometer: Kistler 9257BA (Germany) comprise the configuration. The experi-
ment was conducted as follows: Each experiment was carried out three times. The
duration between beginning to grind after dressing and using the normal Py spike
determines the wheel life. $J201 surface roughness meter was used to calculate SR.




MRR is computed by dividing the volume of material removed by WL. The experi-
m o ee o ental plan-and-outcomes (SR-and MRR)-are shown in Table 2.

__Table 1. Input factors and their levels

Ll.v"el

= No——— Parameters —Symbel
———rarafieter: —— —o¥ym = S
1 Roughdressing depth (mm) T, 0015 002 0025  0.03
2 Rough dressing times N, 1 2 3 4
3 " Fine dressing depth (mm) Ty  0.005 0.01 - -

. .. A _ Finedressingtimes N G 1 2 3 o .
5 Non-feeding dressing Nron 0 1 2 3

B “Fable 2 Experimental-plan-and-outpul-results
ToremTrem e T T T T T SR@umy T T MRR{m's) T T T T T T T

T "7”’7"7'7N0;7”'I‘?”""'7'7N’r""7'NE7' "Nﬁoﬁi”:rr"”f 0 T
Teial 1  Trial2 Trial 3 Trial 1  Trial2 Trial 3

_ 1 0015 1 0 0 0.005 0.642 0735 0645 5747 6155 5294
2 0015 2 1 1 0005 0573 0653 0545 568 5371 6119 -
3 0015 3 2 2 0.010  0.698 0.554  0.53 5436 5735  5.344
4 0015 4 33 0.010 0.631 0692 0618 6158 8206 4.929
5 0.020 1 1 2 0.010  0.476 0409 0423 ge¢o8 8773 8012

00202 0 3 0010 0469 0476 04955160 5450 5055
7 0.020

i 3 0 0.005 0.647 0.607 0.598 3342 3224 3503
8 0020 4 2 1 0.005 0.708 0.81 0.837 11.753 12046 11.524
0.025 1 2 3 0.005 0.44 0465 0451 5625 5.625 5.684
10 0025 2 3 2 0.005 03813 0.819 0805 4.518 6.699 6371
11 0025 3 0 1 0.010 1.276 1.122  1.25 3.875 4.221 1.823
12 0025 4 1 0 0.010 0.862 0.882 0.88 6227  6.130  5.664
13 0030 1 3 1 0.010 0.989 0938 0902 7523 7477 1213
14 0030 2 2 0 0.010  0.733 0.681 0.666  §.515 6.608 6.827
15 0030 3 1 3 0.005 1.399 1452 1301 5655 5534  5.620
16 0030 4 0 2 0.005 0.762 0.8 0.759 11290 10688 11.332

3 Multi-Objective optimization

The following steps can be used to solve the multi-objective optimization issue for
/N ratio using Gray Relational Analysis (GRA}:




Step I: Calculate the S/N ratio:

- _ Because "smaller is better" is the intended result for surface texture, the ratio is de-

termined as follows:

_S/N= "1010910(_21 ) ()

" With MRR, the desire is “Bigger is better”, theratiois: 7 7 T

S/N = ~10l0g1C Bit159) ©)

——Whereyrmh&obseweédat&aﬂémﬁh&number of trials.

- -Step-2: A high S/N ratio produces consistent findings. that are more resistant to noise.
To prevent the effect of using different units, this ratio is normalized to Z;; (0<Z;<1)
using the following formula:

. SN”—min(SN”] =1,2,.k)
e — Ei.l_ -max(SNy;j=1.2. ) =min(SNy;,j=1.2, n)_g)__

Table 3 displays the S/N ratio and normalized value Z for each output objective.

Table 3. Vatues of S/N, Zij and-Ajk)

“Where j denotés the number of trials (j=16). - R heeee_—_—_——

S/N Zj Ai(k)

T Ra MRR 3

Ra MRR _ Reference values Ra MRR 3

1.000 1.000 p

B 1 3409  15.116 0623 0423 0377 0577 - - E

2 4.552 15095 0737 0421 0263  0.579 ‘”
3 4.457 14803 0727 0394 0273  0.606

4 3.771 15612 0659 0468 0341 0532 \

5 7.191 18.561  1.000  0.738 0.000  0.262 2
6 6.373 14343 0918 0352 0.082  0.648
7 4,184 10,503 0700  0.000 0300  1.000
B 2.081 21415 0.490 1.000 0.510  0.000
9 6.895 15033 0970 0415 0.030  0.585
10 1.805 16292 0463  0.530 0.537 0470
11 -1712 11957 0112 0.133 0.888  0.867
12 1163 15550 0399  0.463 0.601  0.537
13 0.504 17385 0333 0631 0.667 0369
14 3174 16.451 0599  0.545 0.401  0.455
15 -2.832 14967 0000  0.409 1.000  0.591
6 2226 20900 0505 0953 0.495  0.047




Step 3: Calculate the interaction coefﬂcrent in the fuzzy relatlonshrp for the normal-

o —ized SN ratios:— - -
Amin+{Amax
() = ———
PR TajkyE(Amax T T ) ’(4)” )

—-—Wherej=h2n=nk=1; 2, ——m,-n-is-the pumberof experiments, k is-the number

of output targets; Aq is the deviation sequence; Agy = )|[ is the abso-
lute-value of the difference between ZD(k) (reference value) and ZJ(k) {Z va]ue of the

12000 —Z,(O| is the abso-

'fﬁpeﬂrrrem—of‘tlre—k“‘—ubjecu = inminyZy ini
I value of Amxmm&x"?ﬂd—zﬂc)ﬂ—mﬁcmaxmmvalueo%&q, '

" kis the discriminant coefficient, defined in the range 0<K<1; in this work, =0.5.
Step 4: Determine the degree of gray relationship according to the formula:

Z; =1 Yu €&)]

This is the average value of the gray relation interactions calculated in step 3. k isthe

number of targets to be optimized. Table 4 displays the gray relationship values asso-
ciated with the objectives as well as the average gray relation values.

Table 4. Grey relational co-cfficient and grey grade values

Grey relational co-efficient y; -

Ra MRR 4 3

1 0.570 0.464 0.517 3

o 2= 0855 0463 0.559 1

3 0647 0.452 0.550 f

4 0594 0.485 0.539 e
5 1.000 0.657 0.828
6 0.860 0.435 0.648
7 0.625 0.333 0.479
8 0.495 1.000 0.748
9 0.944 0.461 0.703
10 0482 0.516 0.499
11 0.360 0.366 0.363
12 0454 0.482 0.468
13 0428 0.575 0.502
14 0,555 0.524 0.539
15 0333 0.458 0.396
16 0.502 0.914 0,708




o o - Step- §:-Determine the-optimal level of dressing parameters: - . o
A greater gray relation value indicates a higher level of product quality. As a result,
— .~ the impact and optimality of cach dressing parameter can be estimated based on the
i isplays the gray relation values and interactive
_ oray-relation-values_foreach_experiment._As_a result, experiment 5 has the highest

interaction gray relation value (0.828), as it rough dressing one time with a depth of
0.02 (mm), fine dressing one time with a depth of 0.01 (mm), and non-feeding dress-

ing two times with a feed rate of 1.2 (m/min). It implies that among the 16 trials, ex-

periment 5 has a matching SN ratio-that is close to the_normalized. SN_ratio and_has

many desirable qualities. However, this is hof tlie best comibifiation of factors.

Taguchi's method requires determining the average gray relation value for each factor— -~~~ — - -
at various levels, Table 5 and Figure 2 establish the average value of the gray associa-

tion at each factor level (analysis is performed with Minitab 19 software).

_ __Tahle 5. Response table for means

oo - Response TableforMeans

Level Te Nr Nf Nnon Tf
1 0.5413 0.6374 05589 0.5009 0.5760
T 2 0.6756 05612 05628 0.5429 0.5546_ I
3 0.5081 0.4469 0.6347 0.6462
4 (15362 06157 0.5048 Q5714
Delta 01675 01905 0.1259 01453 0.0214
Rank 2 1 4 3 5
¥ = 0,565

. Main Effects Plot for Means_
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Fig. 2. Main effects plot for means

The gray relation value of each factor at its maximum level will be its optimal level.
As a result of Table 6 and Figure 3.1, the ideal dressing mode for lower SR while
increasing MRR is T:2/N;1/Ni3/Ngn3/TfL. Thus, the best dressing variables are fine
dressing once time at a depth of 0.02 mm, rough dressing twice at a depth of 0.005
mm, and non-feeding dressing twice at a feed rate of § = 1.2 (m/min).




_compensale for the Taguchi methed's_failure to_examine the effect of the parameters-

Step 6: Perform ANOVA for identifying the significant factors: Regression analy-

- ——-sis-of variance is the-application-of statistical methods-to- determine the effect of each -

factor on the goal of the process. The contribution ratio calculated using ANOVA will

on the overall process, Table 7 displays the findings of the regression analysis of vari-

ance

-dANEG—

Table 6, Results of ANOVA on grey grade

Analysis of Variance for Means

B N

SW—DF—SMMWS F P T%

N, 0.087126 0087126 0029042 491 0174 35.23

Mo 0044924 0044924 0014975 253 0296 1817

0.067465-0.067455 -0.022488- 381 -0.215 27.28-— - - - . .

T A-BOEREA— -3

0,001831-0001831-0.001831—031—0:634—0:74
Residual Error

-3
3
Nt 3 0034111 0034111 0011370 1,92 0360 1379
3
I
2 0011819 0011819 0.005910 4,78

T Tt — — cJotal oo R0 AMTRE - — - T 00— o T

strongest effect on the overall goal (35.23%); followed by rough dressing depth T
(27.28%), number of times non-feeding dressing Nyon {(18.17%), number of times fine
dressing N¢ (13.79%), finally fine dressing depth T(0.74%)). ~ -

Step 8: Estimate and test the optimization results

The ideal fuzzy relationship value is obtained as follows:

E =Nm t Zf=1(ﬁ — ) = Trz + er + NJ"S + Nnon?. + Tfl -4y (6)

“TANOVA results (table 6y show that the number of times rough dressing N, hasthe — ~

—Inwhich: ¥ is_the average gray relation value ¥ = 0.365; the values T;2, ™1, N3,
Nien3, Trl are the gray relation values of the parameters corresponding to the optimal
level taken from Table 6. Accordingly, ¥, =0.91. The CI confidence interval is calcu-
lated as follows:

cl = i\/Fu(l.fe).Ve. (Nie+%) = 4017 (7)

Where fe = 2 is the degrees of freedom of error, Ve = 0.00591 is the mean error of
error; F.(1,f.) = 8.5263 is the coeflicient of table lookup with 90% significance
level; Ne is the effective number of iterations, and R is the number of experiment
repeats.

Total number of experiments 48
= . = = 4364 (8)

N, = =
e 1+Averaging the degrees of freedom of all parameters 1+343+3+1

Substituting numbers gets:

cl = iJFa(l.fe).V;.(El; +3) = 2017 (9)

———

B —r—



Therefore, with the significance level a = 90%, the gray relation value is predicted

" —— with the reasonable levet of the input parameters Tral/Nr2/MNnond/Nral/T1a2/51-as fol-

fows:

(091 -017) < ¥, < (0.91+0.17) (10)

- Tthoptimal"value"’of'the’outputsz*S*andfMRR—ls—obtﬁiﬁiib_y?tlﬁf’ﬁlImﬁﬁgfformU'la,tfff""— ==

based on the optimal level of input parameters:

: (R&MRRYop = Trg + Noy Nz + Nyom +Tpy = 44T (n
' ere, T., 14 the average age of the grinding wheet for Trat tovel 2, Nyq 1 N is the grind- —

~ ing wheel's average age equivalent to- Nrat level 1;-Nz3-is the-average-age-of-the— —-

grinding wheel that corresponds to Nf at level 3; N ons is the grinding wheel's aver-
age age equivalent to Nooq at level 2; T is the average SR or MRR of the whele expet-

~ (Ra)ep = 0.236 (um)

iment. Accordingly, we have: ] 7
(e —

(MRR),, = 9,985 (mm®/s)  (13)

To verify the aforementioned optimal set of parameters, an experiment was carried
out using the following parameters with three iterations: Tr = 0.05 (mm}, N, = 2
(times), N¢= 1 (times), Ty = 0.02 (mm}, Nnon=2 and the same 5 = 1.2 (m/min). Table 7
shows the experimental results and their comparison with the optimal calculation
results. According to this data, the highest difference between the experimental and
calculated findings is 9.32% for SR. This means that the computational method can

—predict two features, SR and MRR, at the same time: o

‘Table 7. Comparative results between calculation and experiment

Optimal values

. Calculation Experiment
Machining o dif
- o all-
characteristics T, 2NN/ T2MN N3/ ference
Nnond/ Tel Nron3/Trl
SR (nm) 0.236 0.259 9.32
MRR (mmY/s) ' 9.985 10.02 0.35

4 Conclusions

The results of a multi-objective optimization study on the dressing process in surface
grinding Hardox 500 are provided in this work. In the study, two single objectives
were sclected for investigation: minimal SR and maximum MRR. Furthermore, the

el P g




following dressing parameters were investigated: rough dressing depth T, rough

- ~dressing times N;, fine dressing depth Tr, finc dressing times-Nr, and-non-feeding. -

dressing Noon. The impact of these variables on the goal of the grinding process was

lo
10

—— axinize MRR-white-decreasing-SR;-the-following-optimal dressing mode was_pro-
posed: T, = 0.05 (mm), N; =2 (times), Nr= 1 (times), T¢= 0.02 (mm), Nnen=2 and the

- evaluated—1t-was-noted-that Nrhas the preatest effect on the total aim (35.23%), fol-
0, 0,

9 %), Furthermore, to

_same § = 1.2 (m/min). The proposed model is additionally reported to be usable,

This work was supported by Thai Nguyen University of Technology.
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