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2. Muc tiéu: Nghién ciru cée bién phép ting ning sudt va gidm chi phi qua trinh
mai phing thép SKD11 qua t6i. .
3. Tfnh -méi- vﬂ4éng-taorBa—xaedlnh duq&che donua da- thong quaﬁ.r glal do n:

nhé nhit, dungsal a6 phang nhd- nhat—,r—nang suét béc tach lén nhat va tudi bén da —
mai 16n nhét khi mai phing thép SKD11 bing d4 mai Hai Duong.
4. Két qué nghién céu:

Pi x4c dinh dugc ché d6 sira ¢4 hep 1y nhim dat nham bé mit nho nhit: Sta -]
dé thé bén 1an véi chiéu sau 0.015 mm, stra d4 tinh mét 1in voi chidu sau 0.01 mm, 1

_ chay khéng in dao 3 1an cung véi lu'o‘ng chay dao 1.6 m/ph. Két qua thuc nghiém Z

— ki ; idgdodn Ra=0187 pmr.

DA xdc dmh duo’c che do stra da hop ly nham dat dung sai d¢ phang nhé nhit:
Stra da thé mét 14n véi chidu sau 0.025 mm, stra d4 tinh hai 13n voi chidu sau 0.005
mm, cung véi lugng chay dao 1.6 m/ph, khéng thuc hién chay khéng #n dao. Két
qua thue nghiém kiém chimg F1 = 4.05 pm, sai lech 11.38% so vdi du doan Fl =
4.57 pm.

Pi xac dinh dwoc ché do sira d4 hop 1y nham dat niing suét béc tach 16n nhit:
Stra d4 thd hai 14n v6i chiéu séu 0.015 mm véi | lugng chay dao 1.6 m/ph, khéng stra_
~ datinh va khéng chay khéng fin dao. Két qua thuc nghiém kiém chu‘ng MRR =2.63
mm?/s, sai léch 3.83% so vé&i dy dodn MRR = 2,532 mm?/s.

D3 xéc dinh dwoc ché @6 sira 34 hop 1y nhim dat tudi bén d4 mai 16n nhét:
Stra d4 tho ba 1dn véi chiéu sdu 0.015 mm véi lugng chay dao 1.6 m/ph, khdng thuc
hién sira d4 tinh va khéng chay khéng #n dao. Két qua thye nghiém kidm chimg Tw
= 28.9 ph, sai 1éch 3.6% so v6i du dodn Tw = 29.98 ph,

D1 xdc dinh dugc ché d6 sira d4 hop 1y nh¥m nham bé mit nhé nhit trong khi
niing sudt béc tach vat liéu 12 16n nhét: tu=0.015 mm, na= 2 14n, npen = 4 lin, S =
1.6 m/ph, khéng thyc hién sira d4 tinh.




 Paxéc dinh dugc ché d sira 34 hop 1y nhim dung sai 46 phing mjt nhé nhit
* trong khi ning suit béc téch vét liéu 14 16n nhit: sira 34 thd 2 13n véi chiéu sfu t = -
0.025mm,sira d4 thd 2 lan véi chiéu sau ty = 0,005 mm cung vdi lugng chay dao S

= -6 rnmi; mmng-thl;rc-lnén-sua—&a-chay-khﬁrrg-ﬁrdao
- 5. 84n phim: Ba ding duoc 02 bai béo qudc té c6 chi s6 Scorput Q3, 02 bai béo .

quoc té c6 chi s6 Scorput Q4. C o1 R L) Qﬁ -0 Zf)
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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: A stady on measures t0 increase productivity and reduce costs of -

surface grinding process of SKDH steetby Haiduong grinding-wheel.
Code number: 72019-B31 '
Coordinator: Luu Anh Tung

Implementing institution: Thai Nguyen University of Technology

Duration: from 7/2019 to 7/2020 _
2. Objective(s): A study on measures to increase productivity and reduce costs of
surface grinding process of SKD11 steel by Haiduong grinding wheel. |

3. Creativeness and innovativeness: The dressing paramete
rough dressing, fine dressing and non-feeding dressing to ensure the single targets
are the smallest surface roughness, the smallest flatness tolerance, the largest

material remove rate and longest wheel life when surface grinding SKD1 Tsteel with

Hai Duong grinding wheel.
4. Research results:

Optimized dressing parameter for surface roughness minimum: Dressing one
time with depth of rough dressing cut (0.015 mm); three times with the depth of fine
dressing cut (0.005 mm); three times with non-feeding dressing with same feed rate
(1.6 m/min). The average surface r‘oughhéss received after 3 times of the performed

___experiments is 0.208 pm. Deviation of these values is 11.23% comparing with the

predicted values (0.187 pm).

Optimized dressing parameter for flatness tolerance minimum: Dressing one
time with depth of rough dressing cut (0.025 mm); two times with the depth of fine
dressing cut (0.005 mm) with same feed rate (1.6 m/min), the nonfeeding dressing
was not used. The average flatness tolerance received after 3 times of the performed
experiments is 4.05 pm. Deviation of these values is 11.38% comparing with the

predicted values (4.57 um).'

Optimized dressing parameter for material remove rate maximun: Dressing

two times with depth of rough dressing cut (0.015 mm) with feed rate (1.6 m/min),
the fine dressing and the nonfeeding dressing were not used. The average material
remove rate received after 3 times of the performed experiments is 2.63 mm?/s.
Deviation of these values is 3.83% comparing with the predicted values (2.532
mm?®/s).

Optimized dressing parameter for wheel life maximum: Dressing three times
with depth of rough dressing cut (0.015 mm) with feed rate (1.6 m/min), the fine
dressing and the nonfeeding dressing were not used. The average wheel life received




o after 3 times of the performed experiments is 28.9 min. Deviation of these valuesis

3.6% comparing with the predicted values (29.98 min).

Optimized dressing wheel has been determined to minimize surface roughness

__while the matenaLremuvaLcapaml;us the_largesthtrd_ﬂ 15 mm nrd_ZJlmesmnon -

- - =4 times; S=1.6 m/min - -
Optimized d:essmg wheel has been determined to minimize the ﬂatness

, 2 times with a depth of tx = 0.025mm, repair the rough stone 2 times with a
— - dimension. depth tw = 0.005 mm with feed rate S = 1.6 m/min.

5. Products: Publishied 04 initernational articles w1th Scorput index Q3

tolerance while the material removal gapagity is the |a|;ggs];- r_gpaj[ tbg rm]gb stgng .
[ ’ [
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Anh Tung, Nguyen Thanh Tu, Tran Ngoc Giang, Vu Ngoc Pi, “Effect of
Dressing Parameters on Material Removal Rate when Surface Grinding SKD11

Tool Steel”, Materials Science Forum, ISSN: 1662-9752, Vol. 1020, pp 60-67,

2021.
- Tran Thi Hong, Vu Trung Tuyen Luu Anh Tung, Do The Vinh, Nguyen Thi
Quoc Dung, Nguyen Thanh Tu, Tran Ngoc Giang, Vu Ngoc Pi, “Improvement
‘of Wheel Life by Optimization of Dressing Parameters in Surface Grinding of
SKD11 Steel”, Materials Science Forum, ISSN: 1662-9752, Vol. 1020, pp 68-
74, 2021.
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Thanh Tu, Le Xuan Hung, Bui Thanh Danh, and Luu Anh Tung “Multi Response .

Optimization of Dressing Conditions for Surface Grinding SKD11 Steel by
HaiDuong Grinding Wheel Using Grey Relational Analysis in Taguchi Method™:
ICERA 2020, LNNS 178, pp. 560-571, 2021.

- Tran Thi Hong, Do The Vinh, Tran Vinh Hung, Tran Ngoc Giang, Nguyen Thanh
Tu, Le Xuan Hung, Bui Thanh Danh, and Luu Anh Tung “Multi objective
Optimization of Surface Roughness and MRR in Surface Grinding of Hardened

SKD11 Using Grey-Based Taguchi Method” ICERA 2020, LNNS 178, pp. 584—

593, 2021.
6. Transfer alternatives, application institutions, impacts and benefits of
research results:
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L. Tinh cép thiét ciia van d& nghién céu.
Gia cong mai ndl chung va mai phang nl Heng duoc sit dung Kha Tong 1ai dé_ —1
* pia cong tinh va ban tinh trong nganh chié tao co khi. Chiphi cho gia c6ng mai néi -
- - ”chungchiémfkhoéngflL4fchi7ph’Lgia,c_6ng,co,cho,,céc,_sé_n, phdm co khi. Do vdy, cdc |
. Aighieh CUa vé Al 1161 CHUAg VA Vé Tl phing Aot Hieng 4 i et syehdryotrcde |
nha nghién ciru trong nudc va quéc té. N o
: _ . Cho-dén nay @4 ¢6 kha nhidu nghién ciru v& mai ciing nhu v& mai phéng. V& . T |

Nghién ctru v& sira d4 mai d3 c6 kha nhiéu cong bd. Cic phu:dng phéap stra da voi

A

» cic dung cu sira khac nhau 3 ducfc khao st nhir nghién ciru sira d4 bing mii stra
. #4kim cuongmothat [3], sira 44 biing dfa sira &4 kim cuong [4], sita d8 biing laser
[5] va stra d4 dién hoa [6]. Cde nha nghién ciu con tién hanh mé phéng topography
clia 84 [7], d4nh gia cht luong bé mat gia cAng sau khi sira [8, 9], sira 44 ¢ mai céc

vit liéu khac nhau nhu thép F-5229 [10], gbm [11] va céc bit vofram [12]...
Céc t4c gia trong {13] 44 tién hinh mdt nghién ciru vé t6i wu héa on-line qué )

trinh mai 15 & 1an nhim gidm thoi gian gia céng ma vin dim bao chit hugng khi !

~ —— —— mii. Két qué nghién ciru d3 g6p phin gidm thdi gian mai 13 8 40 t 50-70%. Trong |
[14] di trinh bay nghién ciru t6i wru héa cac théng s6 qué trinh mai, thdi gian mai
véi ham muec tiéu luc hudng kinh.

Ngoai ra, di cé khé nhidu cic nghién ciru v& téi wu héa qud trinh mai dé lua
chon cac thong s6 mai téi rru nhu xdc dinh van téc quay cia d4, vin tdc quay clia
phdi, chidu sau sira d4 tdi wru vv... Céc nghién ciru ndy d4 thyc hién cho mai phing
[15], va cho madi tron ngodi [16, 17]. Bén canh dd, vén d& 81 wu héa da muc tidu qud

" trinh mai ciing da dwoc khao sat (17). |

Tir céc phan tich trén c6 thé thdy cho dén nay c6 kha nhiéu nghién cim vé mai

néi chung ciing nhu vé mai ph’éng néi riéng. Tuy nhién nghién cu giai bai toan t61

wru héa khi mai phing nhim néng cao ning sudt va giam chi phi khi mai phing thép -

SKDI11 qua téi con chua duge quan tim. Chinh vi vdy “Nghién cuu cdc bién phdp

tdng niing sudt va gidm gid thanh qua trinh mai phéng thép SKD11 qua 167" 13 cip
_ thiét,




 ILMuc tidu ciia dé tai.

~ Nghién ciru c4c bién phap ting ning suft va gidm chi phi qud trinh mai phing

thép SKD11 qua tdi.

xex = K

ITT. Poi tugng nghién cir.
Céc bién ﬁhéﬁ_tﬁ-ﬁg- ning suét va gidm chi phi qué trinh mai phing thép SKD11
T Tquatéi. - S '

IV. Pham vi nghién ciru.
. _ ~ Céc bién phép ting ning suat va giam chi phi qué trinh mai phing thép SKD11
) 7&‘!13 @. 77 - - - - - Bl ot SR . e —e - . .

V. Phuwong phép nghién ciru.
Nghién ciru ly thuyét va thuc nghiém.

——— R —————




. PHANIJ: TONG QUAN Vi TOI UU HOA CHE PQ BOI TRON LAM
MAT VA CHE PO CONG NGHE SUA PA KHI MAI PHANG. -

, 1.1. Tﬁng quan vé t6i wu hoa ché d9 cong nghé sira d4 khi mai.

L1 Mén-d4- -midi-va-tubi-bén-clia-dd mai
C U LERLL M cia ddmai- - -

Mon 13 qud trinh 1am thay dbi kich thwdc, hinh dang va khé nang cét cla hat

' WWW
12 mét qué trinh co, 1y, hoa rat phirc tap. N6 phy thudc véo cic théng sd cua da,

topogtaphy cua da, ¢o 1y tinh cla vét liéu gia cong, che d6 cong ngh¢ khi mai ... [7].
o 3 iie} iat cit, e cit khi mai va tir 46 anh hudng

16n dén ning sut, chit lugng ctia qua trinh gia cOng.
Cac dang mon co ban khi mai dugc thé hién nhu trén Hinh 1 [7], bao gbm:

4

Hinh 1. Céc dang mon cita dd mai [18]

_ - Mai mon dinh cdc hat mai, tgo ra cac dién thh mon trén be mit hat mai (Hinh

la);

- Phé hity té vi hat mai, am cc phén nhé cia hat mai tch khoéi hat mai (Hinh Ib);

- Hat mai bj ph4 hity; hat bj v& thanh cac méng lérn va bit ra khoi bé mit 1am viéc
cua @4 (Hinh Ic);

- Hat mai bi bat khéi bé mit lam viéc cua da (Hinh 1 d)

- Hat mai bi phé hity do phan {mg héa hoc & ving tiép xic gitta hat mai va vt liéu
gia cong & nhiét 49 cao (mon do khuyéch tan hodc do dinh) (Hinh Ie);

- Phoi bi chén ép vao 13 tréng gitra cdc hat lam mét kha ning cét ciia da (Hinh Ig).

14




Céc dang mon trén xuét hién démg thoi trong qué trinh mai. Tuy nhién, tt‘ly theo

didu kién gia cng ma s& ¢ nhitng dang mon chiém wu thé [18],

Qua trinh mdn ctia d4 mai chia 1am 3 giai doan nhw dugc thé hién trén Hinh 2 [19]:

"hho nhung d¢ mon 1én. Nguyén nhan I3 do sau khi sira 34 céc hat mai c§ dinh séc

~ ~ ~nhon va nhidu hat khéng bamrchit-vao chét dinhkét. Cdc hat maindy sé bimaimon - — —

dinh nhon nhanh chéng hofc bi bt khoi d4 mai.
_ - Giai doan II 13 giai dogn mon on dmh Tht‘.n glan lam viéc (hodc tudi bén)
- cha da duoc tink chiryéutrong; gIarc”foan nay. BQ mon cla-d4 trong g1a1 doan ndy

phu thudc chi yéu vao tai trong co nhigt. ,
- Giai doan I1I 14 giai doan mon khéc liét. O giai doan nay, cc hat ¢4 mai ¢

R Y £ f 1R A A TR o wp oAk R Py e 2
e bimdii-mat caccanh sic, cac 16 trong trén bé miit d4 mai bj phoi va cac san pham

ctia-qud-trinh-mon-lép- déy-dan-dén- da- mét kha- nangcat,_Vl viy, phai: tién hanh sira
d4 d& khoi phyc khi ning g Catclia dAmai.

020+

Ot6-

P6 mon cia di|(In?)

i I i 1
0 Q2 04 06 08 o

Téc do béc tich kim Iogl (In3)

Hinh 2 Qua trmh mon cua d'a [ 1 9]
1.1.1.2. Tudi bén cia da mai
Tudi bén ctia d4 mai 14 khoing théi gian 1am viée lién tuc ca d4 gifta hai 1an stra
d4. Tudi bén cha da 1a rﬁét chi tiéu kinh t& = k¥ thudt rit quan trong. Dé xac dinh
tudi bén ciia d4, cd thé ding cac phuong phép sau [18, 20]:
- Kinh nghiém ciia ngudi thg: Theo phuong phap nay, thoi diém sira ¢4 dugc quyét
. dinh bdi ngudi thy mai dya trén danh gia chi quan va kinh nghi¢m khi quan sat cdc
hién tuong xiy ra khi mai nhu 4m thanh khi mai, cac vét gia cong, vét gin, vét chiy
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 trén b& mat mai vv... Phuong phap nay tuy khong chinh xac nhung don gian, ré ;ién

nén thudng ding trong sin xuét don chiéc, loat nho.

- Gia cong thir nghiém cdc chi tiét: Phuong phip nay thye hién b?mg cach tién hanh

gla cong tnu ngmem cac clmTét—é—do—cécthﬁﬂgso—darﬂrgrrchaﬂuqng—chrtletnhu—- a|

do chinh x4 X4c, do nharn bé mat (Ra Rz) vv... T dé X4c dmh tu01 bén cia d4 cin ctr

~ vio gi4 tri cho phép cua cdc thong s6. Phirong phap nay cho d¢ chinh xdc khé cao;

viéc thwe hién khéng qué phirc tap va tbn kém. Tuy nhién, thdi gian thyc hign kha

- Thdng qua liec Hicong kinki Py Hodc lic tiép tuyén P.: Phuong phép ndy dua trén

su tiang cua lyc Py hoic P khi d4 mdn dé xac dinh thoi diém sira ¢4. Do d6 cho két
qua kh4 chinh x4c. Tuy nhién ndé doi hoi chi phi cae va viéc xay du'ng quan hé gifta
lue-Py-hode P, véi- céc-thong s6 khi mai kha phtrc tap.

=1 nung-quawangsuat—ca-t—kht—m-a-lf—'Phe-l—d—lem—s-uﬂ—da—sédu@rc—quyét—dinh—bér—i—-néng
suat gi6i han (chiéu siu béc tich kim loai giéi han cua hat mai) khi mai, .

- Théng qua nhiét ciit khi mai: Thoi diém sira da s& dugc quyét dinh khi theo ddi su
ting 1én ciia nhiét cét khi mai. Phuong phap ndy cho két qua khé chinh xdc nhung
kha phirc tap va ddi héi chi phi cao.

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

do rung ddng cia hé thong cong nghé theo phwong lirc Py va quyét dinh thoi diém

stra d4 da trén anh hudng (ting) ctia Py dén rung dong do da mon.

1.1.1.3. Dung cu sira da

Cé nhidu phuong phép sita d4 v6i dung cu sira da khic nhau nhr stra da bing dung
cu sira d4 kim cuong, sira d4 bing chiim tia nwéce hat mai, sira da bing laser vv...

Céc d4 mai truyén théng (d4 SiC hoic Corindon) thudng sira da bang dung cu sira

4 tinh véi but stra d4 kim cuong mét hat hozc nhiéu hat [20]. Phuong phép sira da

bing dung cu sira da tinh c6 nguyén Iy gidng nhu phrong phép tién, trong d6 dyng
cu sira d4 dong vai trd dao tién con d4 mai déng vai trd phéi. Phuong phép sira da
ndy thuéng duge sir dung vi don gian, d§ tin cdy cao, nang suit va chit lrong bé
miit sira d4 tbt.
Dung cu sira d4 kim cwong gdm hai loai 12 logi mét hat va loai nhiéu hat.

- Dung cu sira d4 kim cuong mét hat (Hinh 3) [21}: Géc ¢ dinh hat kim cuong
thudng 12 60° hodc 90°. Loai nay thuong dé stra va tao bién dang dinh hinh cho da.

- Dyng cu stra dé kim cwong nhidu hat (Hink 4) [21]: L4 loai ding phé bién va
kinh té nhét dé sira d4 c6 bién dang théng,
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Hinh 4. Dung cu swra dd kim cuong nhiéu hat [21 ]
Vé6i d4 mai Hai Duong (44 mai truyén thdng), trén thyc té thudng ding di SiC
hoc Corindon, chit dinh két thuémg ding 13 Keramit hodc Bakelit. Vi céc loai da

nay, qué trinh tao bién dang ddng théi 12 qué trinh 1am séc va duoc goi chung 14 qua
trinh stra d4, chon dung cu sira d4 kim cwong nhiu hat.

1.1.2. Téng quan vé tbi wu héa céc thing s0 cong nghe sira da mai
D4 mai trude khi 1im viée va khi bj mén (hét tudi bén) thi phai stta ¢4. Cho dén

nay da c6 khé nhiéu nghién ciru vé stra d4 khi mai. Qu4 trinh sra d4 théng thudng
bao gdm hai giai doan 12 sira d4 va 1am sach (nhu Hinh 5) [21, 22, 23].
Stra d4 bao gdm hai qua trinh 13 tgo bién dang va 1am shc. Muc tidu 13 thay thé va

5 s A - r 5 - £ ~ A ~ 5 A P A ~ A
lam méi bé mit 34 mai. Qua trinh s& ha thap d cao ctia chét dinh ket trén chiéu cao
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dmh ket va tao cac l]IOl céit trén céc hat méu [18] Bleu nay v rht cin thiét cho 1n du

tién s dyng d4 mai. Mit khéc, chit lwrgng bé mit sén phém ¢hi ¢c6 thé dugc duy tri

aﬁffg—nl’rﬁrbﬁlrgrach—lap—larbemitﬂaﬁfongfuatﬂquarmnhﬂnal—B dmitddsausita —
c6 anh huéng quyét dinh dén kha ning cit, tudi bén, khd ning cdng nghé cha ¢4
- mai, gép pham nangcao*do*chmh*xacfvé*chat*lu'qm g bé mit glar—eong—dong thoi ting

 hidu qua kinh t& - k¥ thudt cia qu4 trinh mai.

Lam sach d4 mai nham 10a1 bd cic vét ban, bot vi cin bam lam tic nghén céc

lo trong trén be mit 4 mai.

Qua trinh sira da

Hinh 5. Qua trinh stra da [21, 22, 23].

Trong sudt qué trinh mai, d4 mai lu6n chiu tac dong cua co, nhict va héa hoc
phirc tap 1am cho d4 bi mén. Sy moén vi md duge mo ta gérﬁ moén chu vi va mon
canh (Hinh 6). Mon vi md bao gdm mdn hat mai, mon chét két dinh va hat mai bi
bat ra (Hinh 7) [21, 22, 23]. Chiéu sau sira 4 t6i thiéu phéi hét 16p mon ndy.

Chiéu sdu sira d4 161 thi€u

Viag mén chu vi Ving mon canh Ving mon thng cong.

Hinh 6. Mon da mai vimé [22, 23].
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S Monhstmbi________ _Mbnchdtkétdinh Hetmaibitra

dung cu stra 44 va quy trinh sira da (Hinh 8). Chiéu sau cit khi stra d4 aca (trong
nghién cfru nay 13 a) 14 dai luong ding dé x4c dinh chidu rgng clia dung cu sira dd
hd._S.é_luqng vét tiép xiic ctia bé mit 34 mai va dung cy stra da dugc déc trung bai
hé sb trung khit Ua (Hinh 9) xic dinh bdi ti sé giita chiéu rong chit apa vOi luong chay

dao doc sau mbi vong quay cia da fag nhur sau:

U a pd + v (zrpdaed) \

= Fa fad fad (1)

Trong d0: 7pz 12 bén kinh cua dung cu stra da; apg va ba ¢ thé xdc dmh nhu sau.

— = (bg+ [
pd 2 (d+fd) @

bd = (grpdaed) 3)
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Hinh 9. Ché dé cdt khi sira &4 [22, 23].

Hinh 10. Anh huomg ctia Uy dén két qua dau ra khi mai [22].
Gia sir chidu rong ct apd béng chiéu réng dung cu stra da by, khi d6 Ug duge xdc
dinh theo biéu thirc sau:

T Lt /)
d f ad f ad | (4)

Uq 4nh huéng manh dén chit lugng d4u ra khi mai va dugce thé hién nhw Hinh
10[22]. Thém vao do, cac tac gid [23] cling dd ing dung cic k§ thudt tién tién (laser)
dé khao sét truc tiép kha ning cit sau sira d4 ciing nhu d6 mon cia d4 trong qua
trinh mai. Viéc dp-dung cdc k§ thuat tién tién dya trén cam bién dong xody dé do
tryc tiép topography bé mit 44 mai WAG60K7V (127x264x25 mm), sira dd st dung

laser ciing d3 dugc nghién ciru trong [24]. Theo d6, viée quyét dinh thoi gian sia d4
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duge quyét dinh dya vao phén tich topography cia 44 mai.

dua quan hé gita tai trong cia d4 mai va nham be mat gla cong Chleu séu stra da

D6 mon cua d4 mai A465-K5-V30W khi mai vt li¢u gang ctmg ciing nhu ché

' '—'——"————dvsuwdrtmvumgd%dﬂﬁeé&e&p d&n trong [30}. Nghién ctu v& t61wu hda cac

thong s6 clia qué trinh stra da gbm: Ti : s6 t6c @6 clia banh xe st dd va the dd da —

“mai, Tugng chay dao-doc-va chidu sdu sira da-dé giam lyc cit qua trinh mai nhim

b e

| dat 46 nhdm bé mat theo yéu ciu da dugc thye hien cho da mai A46KOV, vat 1téu
chi tlet 1a SPK 12080 qua toi su dyng béanh xe sira da [31]. Panh gia tudi bén cia da

mai WA80 va WA100- thong qua ti s6 mai, nham bé mit, sb chi tiét mai va Iuc cit
WWWW

hiéu qua cua sira da mai béng dung cu sira d4 kim cuong véi sira da bing laser da
duoc_thyrc hién trong [27] khi mai vat li€u 100Cr6 qua t6i bing d4 mai SiC.

FritzKlocke [21] d4 khao.sat anh huéng cia chidu sdu sira d4 v ti sb tbc d6 khi

sita d4 dén Iuc mai va d6 nhém bé mit khi mai khi sira da bing banh xe sira da (Hink
11). Tir hinh v& c6 thé thdy, lugng chay dao sira d4 tang thi d§ nham bé mat chi tiét
mai ting va luc cét khi mai giam. Do viy, vdi mdi yéu ciu vé d6 nham bé miit s& c6

mot gid tri giéi han vé lwgng #n dao khi sira da mai.

_ 8 [ ] [v& Iléu pllﬁL, -
1 e 8 |
,g_ /(- ﬁﬂ : Thong sd mal
s s =20 =
Ea—a s
E ! l : v,= 2000 mmy/min
§ 24 ?\ Thong 8 sira da
A * g,=-08
Nimm N Lisc huémg kinh BVF. T | o o - .04
16 (\\\ '\"\_ = q,=+04
- 2 ]
E 02 \_‘n,______ :: c q,=+0.8
® 8 O\““;:.__'!
o - - - — L: I
- q
% 4l i:é %@E—- 8= Lyc tiép tuydn BV F,
. —7

G 0.8 pm 12
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Hinh 11. Anh huomg cia lu'gmg chay dao khi stra dd dén luc mai va dé nham bé miit
khi mai {21]

Milton C. Shaw [29] dd hudng din ché d6 cong nghé sira da (nhu trén Hinh 12)
khi mai ngodi nhu sau: V&i mili sira d4 kim cuong mét hat, goc nghiéng o = 10° ~+
20°; khi sira d4 thé thi chidu sau sira d4 ta > 25 pm va lugng chay dao fu > 500
pm/vong; khi sira d4 tinh thi t < 12,5 pm va foe <125 pm/vong.
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dugc @& xudt trong [30] véi ché 36 céng nghé nhu sau: Vi i sfra d4 kim cuong
nhiéu hat; hrong chay dao doc S = 1,5 m/ph; sira 4 13n vé6i chiéu sdu stra d4 tn = 0,03

mm/HT sau d6 chay khong &n dao 4 14n. Véi miii sira 4 kim cuong mét hat, lwgng
chay dao doc S = 1,0 m/ph; sira 6 14n véi chidu siu sira d4 tn =0,02 mm/HT sau d6

chay khong an dao 4 lan.
S. Malkin [31] d4 dua ra ché d6 sira da véi dung cu sira dd kim cuong nhw sau:
Khi sir dyng miii sira kim cwong mdt hat: fag < 0,2mm/vong; 0,01mm<t, <0,03mm

i

Khi st dung miii sta kim cuong nhidu hat: fu < 0,5 mm/vong;
o e 0 s S0, 05mm————— o T e T e

{ g‘;"?;‘ . M_‘Ir_u'o'ng chay dao
: 84 - !ISmimm
- ]‘SI > j adetadn Lu'o'ng chay dao P
- : I{er‘min 5
o 1.88¢% F
E 116 3
- = - £ - 0,92 . %!
C 069 ke e o]
Sl 184
Q.48 ™=l —— lgﬁ
i ' h‘*‘h‘:‘ﬂ‘m '“'*M..,A_ i
0.28 - pERE ] DT
0 . e ]Oﬂ
5 10 15 94

Gée gé mili sira d4 (d6)
H‘ nh 13. Anh hwong lugng chay dao doc, chiéu séu stra dd va goc gd mili sira dd

 dén dp nhidm bé mdt gia cong [31]
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Anh hudng lugng chay dao doc, chiéu sau sira d4 va goc g4 miii sira da dén 46

nhém bé mit chi tiét khi mai ngodi sita 34 bing mili sra kim cuong mét hat (Hinh

13) d dugc chi ra trong [31]. Trong tdi ligu nay cling néu rd, véi mii sira kim cuong

Gt hat, Khi s cAn gA ghiéﬁg—mﬁ'rsﬁzrmétﬂgtirlil&éﬁ;tt—&uq&hi-éu—qué—témhéti--- -

EHinh 14).

mili-stra-dd kim-cuwong mot hat [31]

Ngoai ra, hrgng chay dao khi sira da phy thuge vao tbc @6 quay coa d4 mai va -
kich thuéc hat mai. Theo d6, lugng chay dao dugc xdc dinh theo cong thirc (5):

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

Trong d6: S 13 lwong chay dao sira ¢4 [mm/pht]; d 1a dudng kinh danh nghia cta
hat mai [mm]; na 13 tbc dd quay cuia d4 [vong/phut].
=~ gau khi sita 34, hat mai ¢6 dang nhw trén Hink 15. Anh hudng cia chiéu shu sia dd — ——— |
ciing dugc dé cap. Tuy anh hudng cla chiéu sdu stra d4 dén hiéu suit mai khong

bing ciia lugng chay dao nhung c6 thé thay ddi trang thai gdy (v0) ctia hat mai, do
d6 anh huéng dén nham bé mit sau mai. Chidu sdu sira d4 khéng nho hon 0,005 mm- -
«hi méi tinh. Véi mai théng thudmg, chidu séu cit khoang 0,01 + 0,03 mm dé 1am

gy (v3) hat mai ding cich. PSi véi mai thé, chiéu siu sira da khodng 0,04 mm,

va lam tang dang ké Iuong boc tach vit liu. Mait khéc, theo [31], cling khing dinh:
Téng chidu sdu sita d4 c6 thé 1am thay d&i 46 mon va tic nghén ciia hat mai. Higu
suAt mai khong thé dugc cai thién khi chidu sdu sira d4 khéng du. D6i voi mai théng

trmg, chiu sau sira 84 bing khodng 10+30% dudmg kinh danh nghfia clia hat mai.




Hinh 15. Hinh dang ciia mthat mai  Hinh 16. So d6 g ddit khi sira 44 bang -

L]

Cbng ty Norton [34] dua ra hudng din ché d6 cong nghé stra d4 khi mai ngoai
dung dung cu sira da kim curong mét hodc nhiéu hat nhu sau: (i) chiéu su sira d4

duge chon khong dbi: (ii) lugng chay dao dugc lya chon theo nhémlaé_mét cua chi

tiét sau gia cong. Khi sira da béng bt sira 4 kim cuong mdt hat, so dd ga dit duge
tha hién nhu trén Hink 16, ché dd sita d4 dugc thyc hién nhu sau:
- Géc gh mii sita d4 nghiéng so véi dudng tAm d4 10° + 15°,
- Diém tiép xiic phai nim phia dudi dudng tim d4 mét hrong nho nhu trén hinh.
- Lubn st dl_mrg dung dich 1am mat khi sira da. |
iy shwsitaddfa 6,001 inch/lin. téng chidu siu sita 44 0,002+ 0,01 Gnck).
- Lugng chay dao sira d4 dugc chon phy thudc vao nham bé mit niur trén Bang 1.
Tuy nhién, khi sira d4 bang miii stra d4 kim cuong nhiéu hat, so @8 ga dat duge thé
hién nhv trén Hinh 17. Ché d6 stra @4 duoc khuyén nghi nhu sau:
- B4 mit miii sira d4 phai tiép xtc hoan toan véi dd mai.
- Chiu sau stra d4 0,001 + 0,002 inch/lan.
- Luén sir dung dung dich tronngugi.
- Luwong chay dao chon theo nham bé mat (Bcin_g 2)
Béng 1. Lwa chon lwgng chay dao sira dd phy thudc vao nhdm bé mdit khi sir dung
biit sira da mot hat [34]

Nhém bé mat (pm) | Luong chay dao vong (inch/vong)
0,64 0,008 = 0,01
0,32 0,005 + 0,009
0,16 - -0,002 = 6,004
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Bdng 2. Lya chon lugng chay dao sira dd phy thugc vio nham bé mgt khi sie dung

miii sira dd nhiéu hat [34]

Hinh chifu canh \; -

Hinh 17. So d0 gd ddt khi sira dé bing mili sica dd nhiéu hat [34].
Céng ty Winter [35] ciing gidi thiéu ché d6 cOng nghé khi stra da b?mg dung cu
_____ siraddkim cwong nhiéu hat cho truéng hop mai ngoai. Theo tai liéu niy, lugng chay
dao doc cua dl_nig cu sira d4 Ssd phu thudc vao 'd(’j hat cua d4 va téc dﬁ da mé{ |
(vong/phit) (Bang 3). Chiéu séu sira d4 ty = 0,01 + 0,03 mm. -
Bang 3. Ché dj sira dd khi si dyng ddy sita dé kim cwong nhiéu hat ciia Winter

[35].

Nham bé mit (pm) Luong chay dao vong (mm/vong)
0,64 0,58=0,76
B - ~ — H
0,32 0,33 + 0,57
I V5 (- S A ¥ I 0,33 N B |
- - Hinh chién bing - —

L

D4 hat fad Téc d§ quay cia d4 mai (vong/phut)
cuadd | (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 | 600 | 675 | 750
60 0,25 | 125| 250 [ 375 | 500 | 625 [ 750 | 875 | 1000 | 1125 | 1250
46 035 [ 175| 350 | 525 | 700 | 875 | 1050 | 1225 | 1400 | 1575 | 1750
<46 0,45 [225| 450 | 675 | 900 | 1125 1350 | 1575 | 1800 | 2025 | 2250

- Larong chay dao khi sira d4 S (mm/ph)

“Nepman M.C. [33] d& xudt ché 46 cong righé sira ¢4 clio mai phéng chay dao

doc khi dung domg cu sira d4 kim cwong ritiiéu hat ihdm dat d6 nham bé mit gia
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cong. Theo tic gid, ché dd cong nghd sita d4 dwgc phn ra sira thé (2-3 lan), sia da

tinh (1-2 14n) va chay khong in dao (1-2 14n) (Error! Not a valid bookmark self-

reference.).
Bing4—Ché-disira-dilhi-sidung dau-stra-dé-kim-evong rhiu-hat {33]
. " Chitusausvadd (mm/HT) | Séhanh |
D¢ nhém be — — ;
st 1 < | “Khisira thé Khi sira tinh trinh -
o i . S3 hanh | S& hanh | khong &n
Ra (um) (mm/ph) | Chiéu sdu _ - | Chiéusdu ‘ &
| A R trinh | trinh dao _
.08 . ]015+0,25] o001 | 1lan [
0,4 0,08+0,15 | 0,02:0,03 [ 2-314n | 0,01 1214n | 1-214n
0,2 0,05+0,08 0,005 12 1dn

Tran Minh Durc [18] d3 tién hanh nghién ctu khio sat anh huéng cia ché dd

cong nghé stra d4 dén topography va tudi bén cta da khi mai ngoé.i thép 45 thudng

héa. Nghién ctru ndy cling chi 15, véi chi tiét gia cong thép 45 nhiét luyén nén chon

lrong chay dao doc Sed va chidu sau sira d4 aes nhd, Nguoc lai, khi mai thép 45

thudng héa thi cic gia tri ndy nén chon 1én hon.

-~ r + r -1 h Y A’ A " r b ot ’ r ~ 9
Bén canh d6, topography clia da mai va van dé stra d4 mai ciing duge cdc tac gia

trong néc quan tam. Anh huéng cta ché d6 va cong nghé sira d4 dén chét luong

chi tiét gia cong cling d3 duge chi ra trong nhiéu nghién ciru [36, 37]. Phuong j)hé}ﬁ

d4nh gia topography cua d4 mai d3 dugc phan tich [38] hodc do bing cam bién

khoang cach laser [39].

Tir céc phén tich & trén c6 thé thiy, ¢6 nhiéu nghién ciu vé: (i) tudi beén cua da

va céc thong sb anh huéng dén; (ii) topography cua da va cac thong s6 anh hudng;

N el ‘ . r ’ A A ~ Fad L] r k] ~ ”\ M r h1 A A - [a)
(iii) t8i wru héa cdc théng so cong nghé sira da ctia mét s6 loai dé va vat liéu gia cong

cu thé vv...

Trong thuc té san xuét & nude ta, da mai Hai Duong duoc st dung rat phé bién.

Véi d4 mai phing Hai Duong, cdc cdng bd d3 khuyéen cdo nén sir dung miii sira d4

kim cuong nhidu hat. Tuy vdy, cic nghién ciru vé ché do sira d4 hop 1y khi mai

phiing bing d4 mai ndy khéng nhiéu v chua diy dd. Do d6, trong chuyén dé nay,

’ h ] -A L4 A A I'l Fa A ~ A ’ ;\ . f\ A L] ’ A
tac gia nghién ciru, @€ xuat ché d4 cong nghé stra da bao gom chicu sau sira d4, s6

lan stra d4, lwong chay dao stra 44, s6 14n chay khéng in dao va dugc chia thanh

budc sira d4 thd, sira d4 tinh dugc dp dung sé cho nhiéu wu diem. To6i vu hda da muc

26




tiéu dong thdri ca tri so d6 nhdm b bé ° mt va dung sai 49 phang nho nhat duorc chon la

céc chi tiéu dénh gia cho ché &6 stra d4.

1.2. Xdc dinh myc tiéu.

Tron 1, san nam duoc tao 1a can dam bao érmrhu&rfdo—

- chinh-xde gia cong)vé-kinh té (chi-phi-thip- -nhit c6-thé). Céc nghién clrw dé radéu.

nhim dy dodn dugc ket qua qua trmh . do dxeu khlen qué trinh va chat luc;mg g1a

ciia qué trinh gia cﬁng d6 14 néng cao 4§ chinh x4c, cii thién chit lwgng bé mat gia
cong, giam lyc, nhiét, rung dong hofic tim céc gidi phap néng cao ndng suft gia cong. _
“Trong khi tinh kinh t& trong sin xudt co khi n6i chung va mai phing néi riéng ciing

13 mét chi tiéu cAn quan tim nghién ctru. D¢ giai quyét hai hoa c4 hai gidi phip k¥
thuat va kinh té, cin thiét phai x4y dung mdt md hinh & nghién ctru ning cao hiéu

qué ctia qua trinh mai phing

_1.2.1._So-dd.vi co s& ciia nghién civu_nfing cao hidu qua qui_trinh mii phing

Cho dén nay, mo hinh nghién citu nhu thé hién trén Error! Reference source )
not found. 1a mé hhfh téng quat va khd phi hop véi qué trinh mai. Tuy nhi??n, mai : )
néi chung va mai phing néi riéng 1a qua trinh phuc tap, nhay cam véi cdc diéu kién
cu thé, bao gdm mét tap hop 16n cc yéu t§ anh huéng va nhidu chi tiéu dénh gia
khéc nhau. Do vdy, dé 4p dung két qua nghién ciu vao thue tién san xuét cin c6
nhitng nghién ctru riéng gin lién véi cac didu kién cu thé. So d6 nghién ciru thuc

PR STV

nghiém khi mai phing dugc thé hién nhu Error! Reference source not found..

Céc tham s6
didu khidn duge
Kétqua
Piu vio Qui trinh | (43 ra)
——— maiphing T—>
Cée tham s& khéng .

diéu khién dugc
Hinh 18. So d6 nghién ctru thue nghiém khi mai phing
Céc thong sd ddu vao 12 nhimg théng s6 cin nghién ciru va cin x4y dung ké |
hoach nghién ciru thue nghiém. Cac théng sO nay 1a cac bién doc lap, kiém tra dugc
va didu khién dugc; Cac thong sb khéng didu khién dugc 1a cac nhiéu; Két qua (dz"iu
ra) Ia céc chi tiéu ddnh gi4 d5i tuong nghién ciru.
Muc.dich cla qua trinh nghién ciru thue nghi¢m 14 xdy dyung mdi quan hé giita
théng s6 diu vao va déu ra, tir 46 cb thé diéu khién durgc qua trinh hodc dy doén
duge két qua dau ra theo thong s6 diu vao dudi dang cac mé hinh toén hoc. Céc md
27




~ hinh d6 13 co s& dé giai bai toan x4c dinh ché 46 cong nghe t81 wu cho qu4 trinh mai

twong Ung voi cac diéu kién gia cOng cu thé. Ngoax ra, dya vdo cicmd hinh dé c6

thé lya chon céc tin hiéu hop Iy d8 tién hanh ty dong hoa nhim ning cao hidu qui

kinh t& trém‘sﬁ‘dhrbﬁo—chzrrltmrrgyeu‘cau cUa nguyen cong:

--L2.2-Ewa-chon thong 56 d4u Va0 _
Viéc lua chon cdc thong sé dAu vao cin thoa mﬁn céc yéu céu sau: (1) La cac

~ bién d6c¢ 1ap, didu chinh duge, ditu nay cho phép nhan duoc cic wdc lugng riéng

 biét cia cdc hé s& hi qui; (2) La c4c théng sé dinh hegng; (3) C6 dnh hudng dén
c4¢ him muyc tiéu 16n hon nhiéu so véi mic 49 anh huémg cla nhiéu.
"Viéé liga chign thong 56 dﬁu vao dmrvéro céc co s sau: (]) Tir quan sét hlen

tugng thue te hogc tal ligu tham kha

cuu ly thuyet “4) Tién hanh thyc nghu;m thim do, thyre nghlf;m sang loc de kiém

0;

tra nhitng yéu t6 anh huong nghi ngd.

ién cita chuy

A 2 A ) |

Céc thong s6 anh hirémg dén chi tiéu danh gia nhdm Nghién ctru céc bién phap

ting nang sudt va giam chi phi qua trinh mai phing thép SKD11 qua tdi 1a Ché 6
cbng nghé stra da: Chiéu sdu stira dé (aeq), luong chay dao sira d4 (S), s6 1an sira d4

(n).
1.2.3. Cic giai phap ning cao hi¢u qui qua trinh mai phang
THONG SO PAU VAO MO HINH T BAU RA
UU HOA
Chs Duyng || Dung
M L ou dich
Méy Chi Pa dﬁ i o o
mai tigt mai sLﬁl ron -
. . Nang cao chét lugng gia co
ngud CHE B0 BOI Glégm nham bé m’:’lgt gaene
CT T e | | s
' MAT - Gi&m dung sai 6 phing
Thong s5 k¥ thuat -
* Thong 58 cdng nghé (Sq, Ve, fd, Do, Wew, Woa,
HRC, Mp, aed, S, n, ND, LL) # p. . # p.
’ CHE DO SUA.
* Thiing s6 yéu cdu ky thujt: & BA Nang cao hidu qua Kinh &
— - Tang tudi bén d4 mai
Thong s6 kinh 18 - Tang nang suit gia céng
i —_ . _ - Gi&m chi phi mai
* Chi phl (Cmh, Cdm) TUdl THO
* Thdi gian: le, by, tsp, e, towp :D DA MAI rl:
(THOI BIEM THAY)

Hinh 19. Mé hinh néng cao hiéu quad ctia qua trinh mai phing

Tir cdc phan tich trén, mdt md hinh nghién ciru néng cao higu qua cia qué trinh
mai phing d3 dugc dua ra, dugc thé hién trén Error! Reference source not found..
Tir mb hinh ndy, dé ning cao hiéu'qua cia qué trinh mai phéng, c6 thé sir dung ba
gidi phép sau: (1) Mai v6i ché 46 bdi tron lam mt va ché d cit hop 1y gitp giam
nhém bé mit gia céng, gidm lyc cht qua d6 1am ting tudi bén cia da; (2) Mai véi d4
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dugc sira da bang ché d9 sira d4 hgp 1y nham glam nhim bé mit, tang tubi bén da

mai, ting ning suit gia cdng va gidm dung sai d6 phﬁng, (3) Mai véi tubi tho cia

d4 t6i wru (hay thay 34 & dudng kinh thay da t6i wu) d& ting ning suét dén dén gidm -

chi phi mat. Trong nghién ciru may chii tap trung vao stra da ki mat j|

- .-Nhénxét: Tuy 83 c6 nhitng nghién ciru vé ting ning sudt va giam chiphikhi _ = |

‘mai nhung chua nhleu Trong nghlen cliru nay, tac gla tap trung vao nghlen clru anh

h1rm1cr chia ché dg sira da, dc]] nang S].lﬂI vi Qh&t hmg cla gua trinh mai phang thép

SKD qua t6i béing d4 mai Hai Duong.

PRI b TR
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PHAN II: XAY DUNG HE THONG THi NGH]EM
Viéc xdy dymg hé théng thi nghi¢m dim bao cac yéu cdu k¥ thuat c6 vai i trd rat

quan trong trong cong tac nghién ciru khoa hoc. M¢t hé théng thi nghiém phai dam

béo-chc-yéu-cau-sau:
. 7 'Dap \mg duoc yéu cu cha vin d& Iy thuyét can nghién ciru;”
-~~~ DPambao 'dofehmhfxac;dqtm—eay.fvardc;)—enrdmh—, e N

~ Dam bao vide thu thap, Tru i va x Iy thi nghiém thudn Iof;
- Pam béo tinh kha thi;
- Pimbiotinhkinhtd—— - - - | e

cac bten phdp tdng ndng sudt va gidm chi phi qud trinh mai phang thép SKD11 qua
101",
2.1. Céc gia thiét clia thi nghiém

Thi nghiém dugc xay dung theo nhitng gia thiét sau:

- Chét lugng chét dung dich 1am m4t trong tht ¢4 c4c thi nghiém 14 nhu nhau.
- Nhiét 86 mdi truong gia cong ludn ludn én dinh va bang nhiét d6 phong.
- Téng hop cic nhiéu anh hudng téi d6 chinh xac kich thudc 1a 6n dinh va khéng
thay dbi trong sudt qua trinh thyrc hién thi nghlem
— 2.2, Thiét bi thyc hién thi nghiém
Thi nghiém dugc thyc hién tai Doanh nghiép Co khi chinh xac Thai Ha, TP Thai
Nguyén, tinh Thai Nguyén, dudi nhitng diéu kién cé dinh sau:
2.2.1. M4y mai, 4 mai va thiét bi do luc cit
- Méy dé thurc hién thi nghiém 13 mdy mai phing MOTO — YOKOHAMA (0
Hinh 20) — Nhat Ban san xudt v6i nhitng thong s6 ky thudt nhur trong Bdng 5.




Bang 5. Thong 56 ky thudt cia may mai phdng

Kich thirdc ban may 510x250 mm
Hanh trinh X 300 mm
Hanh trinh Y 300 mm
e _1_5'6_;11;1_”
"Puongkinhda ~ 7 [300mm T
Téc 46 ¢4 mai (max) 1700 vng/phit
{ Cong suit déng co truc chinh | 1,5kW )
| Tronglrongmay [ 2tin - o
Kich thudc (DxRxC) 1,8x’1,65x1,35_m -

- D4 thi nghiém la d4 mai Hai Dwong ky hiéu: Cn46TB2GV1.300.32.127.30 m/s

(Hinh 21).

~Dung cu do luc cat I2: Kistler 9257BA do Thyy S¥ san xuat (Hinh 22).

Hinh 23. Biit sira dé kim cwong nhiéu hat
- Dung cu sira da: Pugc lya chen trong nghién ciru thyre nghiém 13 bit stra d4 kim
cuong nhidu hat 3908-0088C, kiéu 02 do Nga san xudt, thé hién nhu
- So 46 bé tri va két ndi mdy mai véi méy tinh va dugc thé hién trén Hink 24.
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Hinh 24. So db b tri thi nghiém.

I- phéi; 2- ddu do lec Kistler 9257BA; 3- by chuyén ddi; 4- van diéu chinh hru

lugng; 5- thiét bi do leu hrong; 6- thing dieng dung dich lam mat; 7- ban tir; 8-
may tinh.
2.2.2. Ph01 thi nghiém
Bing 6. Thanh phan héa hoc cdc nguyén té
Thanh phan héa hoc (%)

. I | Nguyén
C Cr Mo Mn Si Vv Agge
: to khac
P<0,3,
1.4+1.6 11=13 0.8+1.2 0.6 0.35 [0.2+0.5
§<0,03

Bang 7. Ché dp nhiét luyén

Chidu day thanh hibu hiéu (mm) f14c tinh thép khudn | !
ha ning 3 bén Tinh c6 thé cit  [Muc dich s
hluma  phlét dg Tich Pléndang |o sy cong Wdurg chinh
dumal— pREEY Todn  phigtluyén gmay cdng dung

man - - a0 - i ey o _ L
Loai chinh Xac

wa chiu ldicao |

Loal
hép

Lammat  [Lam mat tém mat bling
bing nurdc bing diu Khéngkhi

[SKDH - 510 140 7-8 B 3~4 g~9 3

Phéi thi nghiém 13 thép SKD11 c6 kich thude 70x40x25 qua t61 va ram dat do
cimg 55+58 HRC. Thémh phédn va ché 6 nhiét luyén dugc thé hién trong Bing 6 va
Bang 7. ‘

Thép SKD11 la thep hop kim dung cu dugc str dung rit phé bién. Khi diing thép
SKD11 1am khuén dép, khuén ép, cbi dap thube, dung cu cét got ... thi céc bé mit
cén pha1 ¢6 d6 cting cao dé chéng duge mai mon. Nho o thdm t6i 16m, khi t6i thép
90CrSi ¢6 thé 1am ngudi trong diu nén chi tiét it bj bién dang. C6 su phin b6 cacbit
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 abngdu trén todn tit dién, didu nay cho phép sir dung né dé ché tao chi tiét c6 kich

thudc 16n, cég chi tiét c6 profin khéng mai lai sau nhiét luyén, cdc dung cy gia cong

ren — dic biét 1a ren bude nhd. Do su t hop hop 1y céc nguyén t6 hop kim (chu yéu

-~ asilic, crom, mangan) vA do sy pham b6 ddng déu cachit ném tinh-ben néng edané————— |

ting dén 250°.

2,23, Thiét bi @4nh gia chit ltgng san phdm
- Dung cy do nh4m 1 may do dd nhdm e
SJ-201 ciia hing Mitutoyo — Nhét Ban, _

Trung tam Thi nghiém trudmg Pai hoc |

Ky thuit Cong nghi§p (Error!
Reference source not found.5).

Hinh 25. Mdy do dp nhdm SJ-201 ctia
hdng Mitutoyo — Nhit Ban.

- Thiét bi do dung sai d5 phing 13 méy do toa d3 3 chiéu CMM 544 — hing Mitutoyo
(Error! Reference source not found.6) co cac thong s6 k§ thuat nhur sau.

+ Kich thurde truc: truc X 13 505mm; truc Y 14 405mm; tryc Z 1a 405mm.

+ Chi tiét do: kich thudc cao nhit 13 545 mm; trong lugng t6i da1a 180 kg.

+ Lam viéc trong diéu kién nhiét 46 tiéu chudn 1a (16+26)°C.

+ Giai do: 0,1 pm.

+ Téc dd do (CNC): 1 + 8 mm/s. ]

+ Téc @b didu khién bing Joystick vdi di chuyén nhanh 13 80mmy/s va chim nhét
0,05mm/s.

+Ran do: vit liéu 1a d4 Granite (kich-thude 638 x-860 mm).

+ Diu do TP20 (Error! Reference source not found.7)

+ Phin mém diéu khién: MCOSMOS24.
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2.3. Xay dung quy hoach thyc nghiém
2.3.1. Khdi quit v& phwong phép Taguchi '
Sau khi hoan thién khéi niém ctia minh nhimg nam cudi thip nién 1940, Taguchi

gidi thidu cdc phuong phép céi tién chit luong ciia minh cho Hoa Ky nhiing nam

m& bing cach sk dung k¥ thudt théng ké dugc goi la thiét k& céc thi nghiém (DOE),
ban diu dugc giéi thiéu boi RA. Fisher & Anh vao nhimg nam 1920. D€ ky thudt
ndy hiéu qua hon va dé sir dung hon, Taguchi d& dé xuét mdt phién ban tiéu chuén
hoéa ciia DOE va dua ra céc cach dé img dung v phan tich két qua thuc té. biéy la
mdt céng cu nhan dugce nhiéu quan tim cta cdc nha cai tién chét lugng. Céc tb chirc

sin xu__éE c_lé dang hoc va 4p dung @2 mang lai loi ich khi thiét ké nhidu san phim va

quy trinh. Phuong phap Taguchi lién quan dén vidc st dung cic ma tran truc giao

& t6 chirc c4c théng sb anh huémg dén qud trinh va cdc mic, ma tai 46 ching s&
dugc thay d4i, né cho phép dé thu thép c4c dit liéu cAn thiét nhim xac dinh c4c yéu
t6 anh huong dén hiu hét chit huong san phdm véi 56 lugng thi nghiém it nhét, do
d6 tiét kiém thi gian va nguén luc. Phén tich phuong sai trén cac dit ligu thu thap
duoc tir cdc thiét k& thyc nghiém Taguchi ¢6 thé dugc sir dung @& chon cac gié trj
 théng sé méi nhim t5i wru héa céc ddc tinh higu sudt.
2.3.2. Cic buéc thiét ké ma trin thi nghiém
- Xac dinh muc tiéu cua qud trinh,
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- Xac dinh va hya chon cdc miic cho céc thong so -
- Tinh s béc ty do cin thiét cho thiét ké thi nghlem

- Lua chon bing ti€u chuén tryrc giao (bang OA).
- Uan Cac tnﬁnngmucmn&va&cé&eqt—_ - ]
- Tién hanh thi nghiém. T ]
= _Phintichkétqua— — o oo e -
- Kiém chimg két qua thi nghiém.
a) Xdac dinh ti sé S/N
~ Trong céc thi nghiém duorc tién hanh ctia ma tran thi nghlem thi ng}nem naocé6

£

ti 6 S/N 16n nhat s& cho két qua dang tin cay
Ti s6 nay xac dinh mirc dAu ra t6i wu va dugce tinh nhu sau:
1) Pbivéikét. quwmongmuon.Lanhan thi tot hon ( Larger the - better)

S/N ratio (1) = —10 logm(l) — :
= ©)

Trong d6: n 14 s& 1in 1ap & mdi thi nghi¢m; y; 1 gid tri do dugc & lin do thiri=1,
2,..mj=12, ...k |

Gia tri ndy duc_rc 4p dung cho cdc muc tiéu quan tdm ma mong muén tim kiém dugc

t6i da hod céc dic tinh chét lwong.

(2) Péi véi két qua mong mudn Gid trj tiéu chuén (danh nghia) ld bt nhdt
(Nominal - the - best)

S/N ratio () = 10 logm(%)
- (7N

Trong dé:
L — yvl4y24v34-....... +vn
Ho= n
o ELW'—?)Z

n—1

Py dugc goi la vhn @ loai danh nghia tét nhét ma ngudi ta cb ging gidm thiéu sai
6 binh phuong binh phuong xung quanh gid trj muc tiéu cu thé. |

Chuén héa 13 mdt su chuyén d6i duge thyuc hién trén mét dit liéu diu vio duy nhat
dé phan phéi dfr liéu dbng déu va bién n6 thinh mot pham vi chép nhén dugc dé

han tich thém.
(3) Péi véi két qua mong mudn Nhé hon thi tot hon (Smaller - the - better)
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- b) Phiin tich phwong sai ANOVA

Tdnecic-bink An.o

liéur thir nghiém tir gid tri trung binh cla dir liéu, SSt

S " ' o o i

duoc xac dinh theo cong thirc

S —— R XTI YA § 250 ) ottt () S——

Trong d6: n 1 s lugng gid tri duge kiém tra; ¥ 13 gié tri trung binh céc két qua Y;

ctia d6i tuong thi i.

- Tng binh phrong ciia théng sé B (SSs)

ssp=3pe (2)-Z 10)

np| N
Trong d6: B; 1a gid tri tai mirc i cua thi nghiém; np; 14 sé két qua khao sit & didu
kién'Bi; T 14 tdng cac gid trj kiém tra.
" - Téng binh phrong céc 18i (SSe): Phan b binh phuong ciia cic gié tri khio sat tir
gia tri trung binh cia trang thdi B,

y _ o S
SSe = X8, XiZi(Y; — B)? (11)
- Phén tram aph hudng cia théng sé B: |
| — 58
P= SST._lOO(%) (12)

¢) Téi wu hoéa két qua diu ra
Gi tri t6i 1ru (Em) dirge wéc tinh b cdc théng s6 ¢6 anh huong manh va duge xéc
~dinh theo cong thuc sau: i _ _ _ ) _
En=Y+@A-V)+ B ~7)+(Crn~Y) (13)
Trong d6: ¥ 13 trj s trung binh ciia dic trung khdo sat; A, By, C,,, 14n luot 13 gid tri

trung binh tai cdc mirc thT &, / va m.
d) Khoing phan b6 cia gia tri toi wu:
Khoang phan b ciia mot tip miu Cl x4c dinh bi cong thirc:

Clm — i Fct(Lfe)-Ve (14)

Mg
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Trong &6: F, 1a hé s6 F & murc tin cdy (1 - ) df"n v6i DF = 1 va DF cta 16i fe; ve 12

tri s6 thay d6i cua 15i.

M, =— (15)

14D H
Cma

~Trong d6: DF 12 béc tu do tdng cia cac thong sb tinh trj sb trung binh; N3 tong s6
két qua thi nghiém khdo sét.
' 2.3.3. Cic budc ti wu héa siv dung phén tich quan hé mé (Grey Relational

Analysis — GRA)
Burgce 1: Xac dinh ti so S/N cho cac muc tiéu tuorng img theo céc cbng thire tir

(2- 24) dén (2 23) B

dnh hucmg clia viéc st dung cic don vi khéc nhau va dé giam sy bién dm
Chn phai chuin hoa dit lidu ban ddu truéce khi phén tich chung véi ly thuyet

lién quan dén Quan hé md hojic bét ky phirong phép luin ndo khac. Mt gid trj thich

hop s& dirgc khéu trir tir c4c gid tri trong méng fwong ty dé 1am cho gi4 trj ctia méng
ndy xap xi 1. Khuyén nghi nén sir dung gia triti s6 S/N khi chufn héa dit liéu trong
phén tich Quan hé mo.

= yy—min(y;;i=1.2,..n)
th "~ max (vyi=12.. n)—min(yfj,'-IZ o) (16)

(Su dung cho ti s6 S/N véi mong muén 16n hon 1 t6t hon)

B ’_—m(‘ytfrl‘lrz" n)gyfj—**”' I (17j :

Y™ max (yip.i=12,. n)—mm(y” i=1,2,..n)
(Str dung cho ti sé S/N véi mong mudn nhé hon 13 t6t hon)

_ (yU—Target)—min(lyij--Targetl,i= 1.2,..n) 18
'™ max (|yy-Target|{=1.2,..n)-min(|y;;—Target].i=1.2,..n) (18)

(St dung cho ti s6 S/N véi mong mudn gia trj tiéu chudn 13 15t nht).
Burde 3- Tinh todn hé s tuong tic trong quan hé md déi véi cac ti s6 SN

chuén héa:
T AP \ _ Amin+ébmax . o
Ko 30) = Tt (19)
Trong d6: j = 1, 2,...n 1a s& thi nghiém; k = 1, 2, ....m 1a 6 myc tidu dau ra;
yo(k) 12 gi4 tri trung binh du ra ciia cac thi nghiém; y;(k) 1a gia trj trung binh diu ra
& thi nghiém thit j; Ag; = |lyo(k) — ¥;(k)]| 12 gid tri tuyét déi cia sai Iéch giita yo(k)
va yi(k); Amin = n}in min||y0 (k) — y;(k)|| 12 gi4 tri nho nhat cia Ag; Amax =
max max||y0(k) Vi (k)|| 12 gié tri 16n nhét clia Agj; £ 14 hé s phén biét, duge xdc
je

dinh trong khoang 0 <& <1 {(gia tri ¢0 thé d_leu chinh dua trén yéu ciu thuc té cia

hé théng).
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Biede 4: Xac dinh mirc 6 Quan hé mo th:ror cdng thire:
X, =% i‘:bﬁj (20)

Pdy 1a gia tri trung binh cia cic tuong téc trong quan hé xdm da xac dinh &

Bude 3k tisémmyc tiducim thi o
" “Bude 5 Xac dinh mic vA gid irj 61 tu cia cdc thong s6 khao sat Méi quan T
'hé m¥ cao hon him ¥ chét lrgng sin phim tét hon. Do d6, dya trén mic 4§ quan =~

hg ma, co the woc lwong fﬂ‘——‘“ré‘va‘mﬂmmm&rté'me—C ¢ng cua yeu ' i _ |

kiém soat.
Buoc 6. Thuc h1¢n phén tich phwong sai (ANOVA) d8 x4c dinh cdc yéu tb -
/ hrong phap théng ké dé xéc -dinh tic- dong — -

clia timg yéu t6. Ket qua tir ANOVA cé thé x4c dinh rit 16 tic dong ctia mdi yéu td
dén két qua ciia qua trinh. Phuong phép thir nghiém Taguchi khong thé danh gid anh

tiwomg ciia cc thong soTiéng lé‘tfén_t—ﬁfrbﬁ_qﬁé‘trhﬂrDo—déjjhﬁn‘trﬁm—d'()ng g6p

bang céch st dyng ANOVA dugc sir dyng dé birdip cho. Iné—fﬂ’rg iy Téngsbcic—
d6¢ 1éch binh phuong SSt dugc phén chia thanh hai ngudn: Tong ctia d¢ 1éch binh
phurong do mbi tham sé qué trinh va téng cta cac binh phuong 181, Ty 16 phin trim
déng gbp anh hudng clia mdi théng sé qu4 trinh trong tdng sb céc sai 1éch SSt binh ;
phuong c6 thé duge s dung @ danh gia tim quan trong clia viéc thay dbi céc thong
s6 qué trinh ddi véi céc két qua ddu ra. Théng thudng, sy thay d6i ciia thong sb qua )

- trinh c6 mt anh hudng dang ké dén dic tinh hoat dong khi gid tri Flén (Ftinhtodn |
16m hon F tiéu chudn dugc tra bang thi thong sé d6 c6 anh hudmng manh dén két qua
dau ra, con nho hon thi tic ddng khéng dang ké va duoc goi 14 16i (error).

Bude 7: Tinh toan didu kién t6i wu dugce du dodn. Sau khi da chon mirc d6 tbi
wu clia c4c thong sé thiét ké, budc cudi cing 1 du dodn va xdc minh chit luong
bing céch sit dung mirc t8i wu clia cic thong s6 thiét ké.

Ty s6 S/N wéc tinh sir dung mirc t6i wu cita cac tham sb thiét ké c6 thé dugc

. tinh nphrsau: . o
7l = + Z?=1(ﬁi — m) (21)
Trong d6: Nm 1a ty s8 S/N trung binh; 7, 13 ty s6 S/N trung binh tuong img véi

yéu td déng ké thir i & micj; qla s6 lugng céc yéu t§ quan trong.
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~ PHAN III: TOI UU HOA CHE PO SUA PA KHI MAI THEP SKD11

QUA TOI BANG DA MAI HAI DUONG.

Bdﬂgﬂ?@ﬁmécﬁvtghiém—téiwhéaf#&eé&théngseiarrnr,_,_aﬁ_nf_ui&___i_ _

Mirc

e 1z 3|4 o
Twgng chay dao sia da S [m/ph] 16 | 18 | - -

| Chidu sau sira 04 thé & [mm/HT] 0.015 | 0.02 | 0.025 | 0.03 B
S8 Tin sira tho 0, [130] ——F— 123 |4 ] ——
Chidu sau sta tinh ar [mm/HT] 0.005 [ 001 | - :
S5 Tan stradinb.nr [130] o T 1T 2z [ 3

1S 1an chay Khong n dao T [1411] 0 1 2 3

Bang 9. Ké hoach thi nghiém 161 wu héa theo ar, 0y, af, Ngva S.

TT ar N | Dnon | N0f ar S

1 [o.015( 1 0 0 | 0005 | 16

2 10015} 2 1 1 | 0005 | 18

3 l0.015] 3 2 2 0.01 1.6 B

4 too015s| 4 | 3 | 3 | o001 1.8

5 1002 1 1 2 | 0.01 1.8

6 |o0o2) 2 [ 0] 3 0.01 1.6

7 loo2| 3 | 3| 0 | 0005]| L8

8 |o02] 4 | 2 1 |0005]| 16 |
] 9 Joo25| 1 | 2 | 3 | 0005 | 18

10 {oo25| 2 | 3 | 2 | 0005 | L6

11 o025 3 | 0| 1 | 001 1.8

12 {o025{ 4 | 1 | 0 | 001 1.6

131003 1 | 3 1 0.01 1.6

14 {o03| 2 | 2| 0 | 001 1.8

15 | 003 | 3 1| 3 [0005| L6

16 |003| 4 | 0| 2 | 0005 | 18

Viéc xdy dung ma trén thi nghiém 161 uu héa mot s6 thong s6 cong nghé sira dd

dén 45 nham bé mit, dung sai d6 phing, ning suit béc tach va tudi bén cua d4 khi




mai thép SKD11 qua ti bing d4 mai Hai Duong duoc thuc hlen bﬁng phuong phap

Taghuchi. K& hoach thi nghiém theo Taguch1 dugce khéi tao va phan tich bang sir

dung phin mém Minitab®19 véi 6 thong s6 (2 thong s6 2 mirc va hai thong s6 4

mre)—Céde-mire-trong g cia moi théng s6-thi nghiém dugec chotrong Aang 4. |
" K&t qua Khéi fao ma tran thi nghidm va két qua nhdm bé mat thu duoc tinhbay ~~ — -

trong Bang 9 - —

Bang k& hoach 9 ¢6 16 hang, trc I3 can Thirc Fign It nhat 16 th nightgm theo
tu' dd liét ké trong c6t TT. MB3i thi nghiém cé céc bién LL, ND, Sq, Vs va t dugc
Xac lap theo gid tri da gh1 trong & twong Umg ctia cde c6t LL, ND, Sq, Vs, ttrong - ——
WWW—
‘kién gia c6ng nhu nhau.
Lin luot tién hanh céc thi nghiém. M&i thi nghiém tién hanh mai 3 1dn véi céc
tri s8_cta.cac_théng sb_trong g vdi téc d6 d4 khong d4i 27 mvs.
Két qua dugc xdc dinh Ra bing cach: Ly gid tri trung binh ciia nham bé mit &

3 14n thi nghiém. & mbi thi nghiém do 3 1in rdi ldy két qua trung binh.
3.1. Xdc dinh ché dd cong nghe; sira d4 theo chi tiéu nhim bé mit nhé nhit,
Bang 10. K& hoach thi nghiém t6i wu héa, két qua do, va ty s6 S/N clia chi tiéu nhdm |

bema_t.
L - Ra f
TT| a |nmoo|nel 80 15 e o0 5143 | TB S/N '
1 loois| 1! o |o0]0.005{1.6| 0.661 |0.685]|0.647|0.664 | 3.54986
2 loo1s|2| 1 [1]0005]1.8] 0471 |0485[0.516|0.491| 6.17790
3 100153 2 127001 |1.6] 0433 | 045 |0.413 (0432 7.28501
4 {00154 3 3] o001 |1.8]0.452{0.517]0.516(0.495] 6.09154
s 1o002|1] 1 ]2)001 |1.8]1.225|1.042]1.252|1.173|-1.41334
6 loo2 |2t 0o {31001 |16] 1267|1322 1.35 |1.313] -2.36829
7 loo2 3| 3 [0]0005|1.8] 0.984 |1.104|°1.06 [1.049|-0.42795
g8 00214 2 |1]0005|1.6)0.524|0.4530.52810.502| 5.97126
9 0025]1| 2 [3]0005[1.8]1.286|1.362]1.332|1.327] -2.45765
10 002521 3 [2]0005{1.6]| 073 | 0.74 | 0.767 | 0.746 | 2.54720
t1 loo2s| 3| o [ 1] 001 |18]0.757|0.7310.756|0.748 | 2.52085
‘121002514 1 o001 [16] 051 |0.465]|0.464(0.480} 6.37253
131003 1] 3 |1]o001]16]0.363]0.358!0.462|0.394| 8.01914
) 141003 2| 2 |0] 001 |18 0.591 { 0.613 | 0.609 | 0.604 | 4.37338
151 003 | 3] 1 |30005[1.6]0.841 |0.848]0.833[0.841 | 1.50729
16| 003 |4] o |[2]0.005]|1.8] 0998 |1.027|1.105]1.043 | -0.37660
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~ Két qua thu dugc sau thi nghigm, xir ly so he;u duqc ghl 131 gla tn véo cac cot bo

sung Ra trinh bay trong Bdng 10.

Didu kién Ra t6i wu 12 “nhé hon thi t6t hon”. Theo yéu chu 'nay th1 ti s6 S/N cia

Radugctinhrtheocong thire (8
" Mitre 46 anh hwong cia cAc théng s6 dén nhém bEmitRa. 7 T T

“Nham bé mit mong muén nhé hon thi 16t hon nén ti s6 S/N dugc xac.

dinh theo bidu thire (1). K&t qua tinh todn f s6 S/N tng v3i K&t qua cua moi

) '_ thi nghlem dugc the hién nhu trong bang 10.

ANGVA tﬂ sbcua: + nhém b&mat trungbinh (Ra}duqc thé h1¢n nhuﬁang 11, Error!

Reference source not found. 12 va Hinh 28. Theo phén trim d6ng gép anh hudng,
sb 1in sira d4 tho cé déng gép 16n nhét dén Ra (32,67%), tiép dén 12 s6 1an sira da

finh (5U,bz%),_so‘lﬁh_clra)rkhong'ﬁn—dao-(—l—l—,—2—2—%—),—ltrqng—eh—ay—dao stra-d4-(9,93%),

0,3

s6 14n stra da tho (8,9%) va cudicng lachidusiu-sira-datinh-(0;5%):

Bang 11. ANOVA gia tri Ra khi sia dd.
Analysis of Variance for Means

Ia

e e e e B

Source DF SeqSS AdjSs AdiMS F P %

3 3 049978 049978 0.16659 4.66 0325 32.67

ny 3 0.13705 0.13705 0.04568 1.28 0.558 ~ 8.96

Nnon 3 017158 0.17158 005719 1.60 0513 11.22 -
ne 3 046838 046838 015613 437 03353062 —
as 1 006541 0.06541 0.06541 1.83 0405 428

S 1 015191 0.15191 0.15191 425 0288 993

Residua! Error 1 0.03575 0.03575 003575 7 2.34

Total 15 1.52985 100.00

Model Summary

§ R-Sq R-Sq(adj)
0.1891 97.66% 64.95%

Béng 12. Mikc dp dnh hudmg ciia cdc yéu 16 dén Ra khi sia dd.

Response Table for Means

Level ar nr nnon nf af S
1 0.5205 0.8896 0.9422 0.6994 0.8328 046714
2 1.0092 0.7884 0.7460 0.5337 0.7049 0.8663
3 0.8250 0.7675 0.7162 0.8485

4 . 0.7207 0.6299 0.6711 0.9938

Delta 04888 0.2597 0.2711 0.4602 0.1279 0.1949
Rank - 1 4 3 2 6 5
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Bang Error! Reference source not found.12 va Hinh 28 cho thay

Chidu sdu sira d4 thd a; ting thi nham b& mit ting sau d6 giam va dat tri sonhe

nhét tai mrc 1 (0,015 mm) Diéu nay ¢b thé Iy giai nhr saw: Ban dAu khi ting chidu

SAL1 sifa d4 lam ting chien cao filAp ihé bam daucy oan—dau—cﬁa—da-mm—dan-&en—so—lu‘m-n‘:&t—-

--d6ng- gidgm-ldm nham- bé-mit ting. Tuy nhién, khi tiéptuc ting. chleu sdu sira da thd,

) ,cbl,e,_u cao nhép nhd ban dau ciia d4 tiép tuc ting.

Main-Effeets Plotfor-Means
Data Means
_ _ L. ar nr nnon nf__ _af | 0S5 ~ o
104 % ' el T
a 0.9 ‘
g | !
2 0.8 \
z I N ]
§ \ / .
3 :
$ 0.7 )|
i
0.6 |
i
0'5- T T T T T T T T T T T T T T T T - T T T
o o , - N : |
QM%@M N5 O AN B QO ,,,fm,,g;:q)e,b 0:_?9,,,,4\,.7 N

Hinh 28. Bidu dé céc anh huomg chinh ciia cde yéu t6 dén Ra khi sira dd

S4 14n sira d4 thé ny ting thi nham b mit gidm va dat trj 56 nhé nhét tai mirc
4 (twong (mg véi stra da thé 4 14n). Didu nay duge 1y gidi 12 do khi sb 1an sira cang
tang thi chiéu cao nhép nho ban ddu ciia d4 mai tang, didu kién thodt phoi ting, da
mai cét d& dang hon 1am nhdm bé mt giam manh.

Chidu sau sira d4 tinh ar tang thi nhim bé mat gidm va dat tri sé nho nhit &
mirc 2 (0,01 mm). Ly do 14 khi ting chidu sau sira d4 tinh thi chiéu cao nhép nhd
ban d4u cita d4 ting 1am phoi thoat d& dang hon din dén nham bé mit giam.

S& 14n sira tinh neting thi nhim bé mit gidm sau d6 ting va dat gia trj nhé nhat
tai mitrc 2 (fuong (g véi sita d4 tinh mot 1n). RS ring, khi c6 sira dé tinh thi s6 lu&i
cit dong tang so véi khong sira da tinh, lam ting kha nang cét cia d4 mai din dén
nham bé mit giam. Tuy viy, cang tang s 14n stra d4 tinh thi chidu cao nhap nhé ban
dau cia dé va chidu cao ban dau ctia d4 giam, khéng gian chira phoi nho nén nhanh
chong bi 14p diy. Do d6 tinh nﬁng cét ctia d4 mai gidm. Thém vao d6 &3 cing clia
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vit liéu gia cdng cao, ma sét gilta chét két dinh véi be rnat gla cong tang nén nham

bé mat ting.
$6 14n chay khong &n dao nnen ting thi nhdm bé mat gidm va dat tri s6 nho nhat -

Wﬁm—ﬁmﬁyﬁmﬁﬁwﬁwkhmﬂ—m—-
--dao cang ting thisd- Judicit déng ting, nghia 12 44 cang min, dAn dén nham bé 1 mat
- gidm. -

L mmg_cha_pdao_sna_dms_tﬁng_thl_nlﬁnm va dat tri s6 nho nhat tai

mtzc 1 (1,6 m/ph). Nguyén nhén 14 do khi ting luong chay dao sira d4 1am giam sé
— e _1u51 cht dong nén kha ning cit cia d4 gidm va nhdm bé mat tﬁng 1én.

__ Xédc dinh bé théng so ché & cF‘?’Tma yswaddhoply _ o o

Theo Bang 2, thi nghiém s6 13 véi ché db stra d4: Sua da tho mdot lan v cmeu
S 2egr = 0,03 mm, sira tinh mdt 1dn v&i chidusau aer = 0,01 mm, chay khong &n
daobalin, lugng chay dao stra d4 S = 1,6 m/phut cho két qua nham bé mat nhé nhit
S— Ra=0,394-um, ti-
: dén nhim bé mit 13 16n nbét va chiu anh huong ciia nhifu 12 nhé nht. Dﬁy chua
phai mirc hgp 1y cia cdc théng s6 nhim dat nhdm b& m3t nho nhét. Vi vay, cin phan
tich phuong sai ti s6 S/N ctia Ra dé tim ra mic hop 1y cia céc thong 56 stra d4 duge
khdo sat.

ANOVA tri s6 S/N ctia Ra dugc thé hién trong Bang 13, Bang 14 va Hinh 29. \
Két qua cho thdy: Chiéu sdu sira dé thé 0,015 mm (a:1), s 14n stra d4 thd ba lan ;
(nr4), s6 1an chay khong &n dao ba 14n (fiaond), 56 14n sira tinh mét 13n (n2), chiéu
siu stra tinh 0,01 mm (a2) va luorng chay dao 1,6 m/ph (S1) 1a nhlrng mtrc va tr sb
chia cic thong s6 stra d4 cho ti s6 S/N 16n nhit. Py 1a mirc va tri s6 hop ly clia céc
thong sé sira ¢4 nhim dat dugc nham bé mit nho nhét.
Béng 13. ANOVA ti s6 S/N ctia Ra khi sia dd
Analysis of Variance for SN ratios

=T

Source DF SeqSS AdjSS AdjMS F P
ar 3 50863 59.8632 19.9544 37.34 0.120
nr 3 14493 144930 4.8310 9.04 0239
nnon 3 25878 258780 86260 1674 0.180
nf 3 54613 546128 182043 34.07 0.125.

1

1

i

5

af 12941 129411 129411 2422 0.128
S 21.151 21,1505 21.1505 39.58 0.100
Residual Error 0534 0.5343 05343

Total 15 189473

Model Summary

S__R-Sq_R-Sq(adj)
07310 99.72% 95.77%




Béng 14. Mikc 45 dnh hudng ctia cdc yéu 16 dén ti s6 S/N ciia Ra khi sta dd

Response Table for Signal to Noise Ratios

Smaller is better

Leval ar___nr_nnon___nf  af S

157761 1.9245 08315 34670 20614 41105
2 04404 26825 3.1611 56723 3.8601 1.8110 o T
3 22457 27213 37930 20106 -
4 - 3.3808 4.5147 4.0575 06932 i i -
Delta 5.3357 2.5902 3.2260 4.9791 1.7987 2.2995
Rank 1 4 3 2 6 5
T 77 7 " Main Effects Plot for SNratios - T

- - - Data Means

nnon nf af 3

Mean of SN ratios

Signal-to-noise: Smaller is befter
Hinh 29. Biéu do énh huéng chinh cia cdc yéu té dén ti s6 S/N ctia Ra khi stra da.
Tinh todn dy dodn gid tri nhdm bé mdt

Theo Bdng 13, chidu sau sira d4 thd a,, s6 lin sira d4 tinh 2 va s6 1an chay
khéng n dao 13 ba thong s6 c6 anh huong 16n nhét dén Ra. Trj s6 bé mit trung binh
dur doan (Rayp) duoc xdc dinh béi céc mirc cla cac thong sb ¢6 anh huong manh
dén S/N cua nham bé mit theo cong thirc:
Ragp = Gr1 + finona + Gz — 2% Tpa

Trong d6, theo Bang 3.
@, 12 nhdm bé mit trung binh img vdi ar ¢ mirc 1: &4 = 0,5205 pm
fi,.ons 12 nhdm bé mit trung binh tmg Véi Non & mire 4: flyene = 0,6711 um
7iy, 1 nham bé mit trung binh img v6i ne & mitc 2: iy, = 0,5337 pm
T, 13 nham bé mit trung binh ciia toan thi nghiém.
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= 16 Raj+XiS, Ray+3IiS R '
Tog = L= Rar+X¥i=y Ray+ L=y Ramy =0769uym

498
Thay sé:
Rapp = 0,5205 + 0,711 + 0,5337 — 2+ 0,796 = 0,187 um
Két qua thye nghiém veT b thong 567 e = 0,015 T, iy =4, e = 3 Ay ——————

" =1 130, 2ean = 0.01 mm, S = 1,6 m/phtit, Nhim bé mit trung binh nhn dugc sau3
1n thire nghiét 14 0,208 pm. Gid trj ndy sai khic 11,23% so véi gid tri dy dodn.

Nhdn xét:
S6 lan sira d4 tho anh huéng 16n nhét dén Ra, ti€p dén 12 s6 1on stra dé tinh, s

" 1in chay khéng #n dao, Iwong chay dao sira d4, s6 1n sita d4 tho vA cudi cling 13
3 ng la

chidu siu stra d4 tinh.

Pé dat dugc nham bé mit nhoé nhit cin sira da véi ché d8: Chiéu siu sira da thé

0-015-mm,-sé-1in-sira-dé-thd-ba1An, 5§ 13n-chay khong in-dao-ba lin, sé 1in-stra tinh

mét 1, chiduwsiustra tinh0;01- mmrva- lugng-chay-dao1;6-m/ph
3.2. X4c dinh ché d§ cong nghé sira d4 theo chi tidu dung sai 4§ phing nhé nhit.
Mitc d6 anh hudng cua cde théng sé dén dung sai do phang FlL.

[ TP T |

Bang 15. Ké hoach thi nghiém va két qua thi nghigm sika dd theo cdc théng s6 ddu

VAo ay, Ny, Af; N Nnon VA S

f

“ITT| ar |nelnpon|ne| ar | S T3> lili(m?) — J

N Linl [Lin2 [Lan3 | S/N_| TB 1
1 [0015(1] O [0]0.005]1.6 11.8| 12.7| 13.5| -22.07| 12.67
2 10015(2] 1 | 11000518 24.6 25| 248 -27.89| 24.80
3 10015(3] 2 |2|001]1.6 14.5| 14.8| 14.2| -23.23| 14.50
4 10015(4( 3 |3[0.01 |18 20.8| 21.2| 21.8| -26.56| 21.27
51002111 }{2]001]|18 13.3] 139 14.2| -22.80| 13.80
6 {002]2) 0 [3]001 (1.6 109 103 11.2| -20.67| 10.80
71002 (3|3 |0[0.005|1.8 129 139 135 -22.57| 13.43
g 1002142 |1r|0005 1.6 113 11.5 127 -21.29| 11.60
9 100251} 2 [3]0.005[1.8 10.5| 10.9 11| -20.67} 10.80

1010025(2) 3 |2[0.005(1.6 88| 9 9.5 -19.19} 9.10|

1110025(3| 0 | 1| 001 |18 9.5 10.1| 10.5| -20.04| 10.03
1210025(4| 1 |0 001 |1.6 17.3| 17.6| 17.8| -24.89| 17.57
131003 (1] 3 |1[001 |16 11.8( 11.5| 121 -21.44| 11.80
141003 (2] 2 |0 001 |18 13.5| 13.9| 13.3| -22.65| 13.57
15/ 003 |3 1 [3]0.005(|1.6 19.6 19| 19.5| -25.74| 19.37
16100314} 0 {2[0.005]|1.8 11.8 121 12,5} -21.66| 12.10
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Dung sai d6 phing mong muén nhé hon th tot horn nen t1 so S/N du:qc xac dinh

theo bidu thire (1). Két qua tinh todn ti s§ S/N img véi két qua cia m&i thi nghiém

dugc thé hién nhu trong bang 2.

_ ANOVA trj 50 cua dung sal_d_o phang trung binh (Flyduge tne men*rﬂrrﬁmlg—

16, Béng 17 va Hinh 30. Theo phan trim déng gop ‘anh huong, s6 14n chay khéng
" dndao cé dong gop lént fhAt & FI(45,06%), tiép dénlasé 14n sira-d4-thé (35,49%);

Bang 16. ANOVAgid tri Flkhistadd—— E—

56 14n sira d4 th (8,28%), sb 14n sira & tinh (7,4%), lugng chay dao sira da (3,347%),
va cubi cing 12 chidu sau sira da tinh ( 0,01%).

Analysis of Variance for Means

Source DF SeqSS AdjSS AdiMs _F P C%
101.977 101977 33.9922 2809 0.138 3549

ar

nr 23778 23778 79259 655 0.278 828

11000 9958%  9368%

3

3
nnon 3 129482 129482 43,1607 3567 0.122745.06
nf 31 21263 -21263 70878 586 0293 740
af 1 0018 0018 00178 001 0923 001
S 1 9610 9610 9.6100 794 0217 334
Residual Etror 1 1210 1210 12100 042
Total 15 287338 10.00

Model Summary
' § R-Sq R-Sq(adj)

e < [ amy . g~

Bdng 17. Mitc d§ anh hwéng cila cac yéu tb dén FI khi stra da

Response Table for Means

Level ar nr nnon nf af S
1 1831 12.27 1140 1431 1423 1342
2 1241 1457 18.88 1456 1417 1497
3 11.87 1433 1262 12.38

4 14.21 1563 13.90 15.56

Delta 643 337 748 318 007 155
Rank 2 3 1T 46 5

‘Bang 17 va Hinh 30 cho thiy:

Chidu siu sira d4 thd ting thi F1 giam sau d6 ting va dat tri s6 nho nhat tai
0,025 mm (a:3). Piéu nay cb thé dugc ly gidi nhu sau: Khi chiéu sau sira d4 ting,
chidu cao nhip nhé ban diu cha da tang, khong gian thoat ph01 tang, didu kién cht
got duge cai thién 1am dung sai d§ phing giam. Tuy nhién, néu t1ep tuc tang chiéu
siu sura da thd, chiéu cao nhp nhé ban d4u cha d4 tang, cdc ludi cht d& bi v& thanh

- Tudi cht nho hon khi gia cong, lam gidm khong gian thoat phoi, didu kién cét got bi

han ché 1am dung sai d0 phiing ting 1én.
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S 14n sira d4 tho ting thi FI ting sau 86 glam rbi lai ting va dat tri so nho nhat

tai 4 14n (ne«). Pidu ndy dugc 1y gidi 14 khi ting sé 14n sira d4 tho két hqp véisuan

vio nglu nhién ciia bit sira d4 1am cho chidu cao nhip nh6 ban dau cta da mai ting

FOi g;ém—s&lugycal;dgnggtamnm tﬁngrlucmtglammuang Iam dung sai d§ phing

fﬁng, giam oI ting

Data Means

- Main Effects Plot for Means

ar nr

nhnon

ni

af

|
|
s @

— —
- |
L 1

-—
w
1

L

Mean of Means

—t - —t
N w =
L 1 L

114

2

QQQQ

'66&"$6i¢'6&¢' o
O NV % > §

Q-

Hinh 30. Biéu do cdc anh hi_,t"é’ng chinh cita cdc yéu té dén F1 khi sira dd

C6 chay khong an dao, dung sai 4§ phéng 16n hon so véi khong chay khong
in dao. S6 13n chay khong dn dao téng thi Fl giam sau d6 ting va dat trj s6 nho nhit
tai khong 14n (Ngenl). Khi c6 chay khéng én dao thi bé mit d4 cang phing, bé mit
d4 cang min, diéu ndy 1am kha ning cit ciia d4 giam, dung sai sai d9 phing ting.
Tuy nhién, khi tiép tuc ting s6 14n chay khéng n dao, s6 ludi cit déng ting, dung
sai d6 phéng gidm. Cang ting sb.14n chay khéng in dao, bé mit d4 cang min, kha
nang cit cia d4 mai giam, dung sai d§ phang ting.

C6 sira da tinh 1am dung sai d6 phéng 16n hon khong sira. Téng s6 14n sira da
tirth thi dung sai 46 phing lai nho hon khéng sira. Néu ting hon nita sb 14n sua d4
tinh thi dung sai ¢ phéng lai 16n hon khéng sira d4 tinh. Dung sai g phang dat tri
s& nho nhét tai hai Ian stra d4 tinh (ng3). Khi ting s 13n sira d4 tinh thi s6 hudi cat
dong tang nén dung sai 46 phing gidm. Tuy vy, cang ting s6 1an sira da tinh thi
chidu cao nhéP nhd ban diu ciia d4 giam, kha ning cit ciia d4 gidm nén dung sai 46

pl_lfmg lai ting.
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Chidu sAu sira 3 tinh ting thi FI giam va dat trj 6 nho nhat tai 0,01 mm (ag2).

D6 lado khi ting chiéu séu stra d4 tinh thi chidu cao nhép nhd ban dhuting dindén

kha nang cét ciia ¢4 mai ting 1am cho dung sai 46 phing giam. =

) Luvugfh&ydae%uardarténg_thi Fl Ltangﬂmw
Do higng chay dao tang thi- s Tudi cit dong gidm; khd ndng cht clia d4 gim dan

_dén dung saui&phang ting.

.
- A I3 L [ r

A a an
7

Theo Bang 2, thi nghiém s 10 vé6i ché do sira d4: Sira 4 tho hai 14n véi chidu
 shua; = 0,025 mm, sGa da ti tmh hai 14n véi chidu siu ar= 0, 005 mm, sia da chay
****** “khong #n dao ba lan cing voi luqng,Lcha,y dao sira da S = 1,6 m/phut, ¢ cho kétqud

dung sai dd phing nho nhét F1=9,1 pm, ti 6 S/N = -19,19 16n nhét. Nghfa I3 téc \
dong ciia thi nghiém nay dén nang suit béc tich t1a 1om nhét va chiu dnh hrdng cua

nhidu i nhonhit-Day-ehwa- phal mc-hop-ly- cua_cac_thonz sé nhim dat dung sai

a6 phing nhé- nhat-Vi- vay, ean-phan-tich-phuong sai ti. s6.S/N ciia Fl de tim ra mrc

hop 1y clia cac thdng sb sira d4 duoc khao sat.
Béng 18. ANOVA ti s6 S/N ciia F1 khi stra dd
Analysis of Variance for SN ratios

Source . DF SeqSS AdjSS AdjMS F P

ar 3 321421 321421 10.7140 23.64 0.150

nr 3 70833 7.0833 23611 521 0309
W*i*%ﬁﬂ?&&%%‘k%ﬂ.ﬁ%fiii -
nf 3 63530 63530 21177 467 0325

af 1 00913 00913 00913 020 0731

) 1 24864 24864 24864 549 0257

Residual Error 1 04531 04531 04531

Total 5 88.9030

Model Summary

S R-5q R-Sq(adj)
06732 9949%  9235% o, 3
Bdng 19. Mukc d6 anh hudng cia cdc yéu to dén ti s0 S/N ciia MMR khi sira da

Response Table for Signal to Noise Ratios

Smaller is better

Level - ar nr nnon nf af S
1 -2493 -21.74 -21.11 -23.04 2263 -22.32
2 2183 -22.60 -2533 -22.66 -22.78 -23.10
3 -21.20 -22.89 -21.96 -21.72

4 _22.87 -23.60 -2244 -2341

Delta 374 186 422 16% 0.15 0.79
Rank 2 3 1 4 6 5

ANOVA trj s6 S/N ctia F1 duge th hién trong Bang 18, Bang 19 va Hinh 31
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(a:3), sira da tinh 2 lin (nA3) voi chidu siu ar = 0,005 mm (asl) clng véi lugng chay

S ,,f,f,,,,,ij{et_qua cho thiy: Sira d4 thd 1 14n (nc1) véi chidu sdu sira ¢4 thé 0,025 mm

dao 1,6 m/ph (S1), khong sira d4 chay khong &n dao la nhu'ng mirc va tri s6 cia cac

.,hong—sa stra-d4-cho-tisd-S/MN lon nhnf__ﬂav Ia mirc va ] SO hop lV Clia cac thong SO
T T Sird 4 il dat doge duriy sai 46 phing nho nhit, - -

S '""'Main'Eﬁects-Plot*f.or"SNf-'rat—ios

af S

‘Mean of SN ratios
ro
(4]

e S NTm KO AL BO N 6 ° @
VAV N N
BN C @

Signal-to-noise: Smaller is s better

Hinh 31. Biéu do anh hudng chinh cia cdc yéu to dén ti s6 S/N ciia Ra khi sira dd

Tinh todn die dodn gid tri dung sai &9 phing
Béng 20.. Phin tich phuong sai khi dua ar vao phan tich 16i.

Analysis of Variance for Means

Source DF Seq$S AdjSS AdjMS SeqSs’ F P C%
ar 3 101977 101.977 33.9922 100.135 28.09 0.138 34.85
nf T 3 23778 23778 79259 21836 655 0278 7.63
nnon 3 129482 129482 43.1607 127.640 35.67 0.122 4442
nf 3 21263 21263 70878 19421 586 0293 6.76
(af) (1} (0.018) -Pool- - - - - -
S 1 9610 9610 96100 8996 - 7.94 0217 3.13
Residual Error 2 1228 1210 06139 1.228 043
Total 15 287.338 10.00

Bang 18 cho thiy, chiéu siu stra dé tinh dnh hudng khong dang ké dén dung
_ sai dd phing (0,01%) nén dua a¢ vao phan tich 16i (Residual Error) va tinh todn lai
anh huong. Két qua dua ar vao phén tich 13 va tinh lai % tic dong dén dung sai 46

phing thé hién nhu trong Bdng 20.
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 Trisd dungsaidd phiing trung binh dy doan (Flop) duge xéc dinh boi cic mite
clia céc thong s& ¢6 anh huéng manh dén S/N clia nhém bé mit theo cong thire:
Flgp = @p3 + fipy + flpoma + Tipa + 5, —4+Tp

o , 1rong a6, theo Bang 17. -
@3 la dung sai d6 phang trung binh Umg véi ar 6 mie 3 a3 = 11,87 pm

- -~ fiyg ladungsaidd phang trung binh img véin & mic 1: A,y = 12,27 pm _ -

Ti,ony 12 qung sa1 @0 phang trung IMigen O TOC Ty — 15

Tirs 1a dung sai 49 phing trung binh img véi n¢ & mitc 3: iy = 12,38 pm
$, 14 dung sai 49 phéng trung binh {mg véi S.& mic I: §,=13, 42 pm =

%‘—mwgiﬂﬁfb@cm}rm%an thi nghiém.

= YI% RMRFEIE MR+Y15. RMR;
=1 =1 i=1 I 14,2 um

IS

T
Ft — 48
Thay-so

Flos = 11,87+ 1227+ 114+ 1238 + 1342 — 4+ 14,2 = 4,57

Khoang tin cdy CI dugc tinh nhu sau:

cI = +j;(1,]g).v.(—1—+-1—)

Trong &6, f; =2 13 bic tw do cua 18i, V. = 0,6139 la sai sb trung binh cia 16, |
TR W 8,5263 lahé s tr &bangwefm&efng}na%%&selan lap hiu qua, 7

R 1a s6 14n Iip cha mot thi nghiém.
. Téng sO thi nghiém
€ " 1+ téng bac ty do clia tat ca cac thong s0 tinh trung binh
48
T1+3+3+3+3+1+1"

Thay s6:

11
= Ol =+ + L
CI = + 85263 % 0,6139-» (32 3) 1,84

Theo d6, véi mirc y nghia o = 90% thi dung sai 6 phéng dugc dy dodn véi mirc téi
1y ctia céc thong s dau vao a:3/n:1/nnonl/ne3/asl/S1 nhur sau: '
(4,57 — 1,84) pm < Flap < (4,57 + 1,84) pm
Két qua thyc nghiém véi bd théng b sira d4 véi sira da thd 1 1in véi chidu sau
sira d4 a; = 0,025 mm, sira d4 tinh 2 14n véi chidu sau ar = 0,005 mm clng luong

chay dao S = 1,6 m/phut, khong chay khéng &n dao. Dung sai 49 phéing trung binh
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 nhin duoc sau 3 lin thye nghi¢m 13 4,05 pm. Gid trj nay sai khéc 11,38% so véi gié
tri dyr doan. o

Nhén xeét:

bo lan cnay Knong an dsro—cvanlrhuong}mrnhafdetrﬂ—tte]}de&laﬁe lansyadda |
tho s& 14n stra d4 tho, sb 1An sua dé tinh, lwong chay dao sta d3, va cubi cing 1a

“Chidusaustradatnh 0 o T o e e .

De dat dirgc dung sai 49 phing nho nhét: Sta da thé 1 lan vol chieu sau sua da
~thd 0 025 mm, stra d4 tinh 2 lan véi chidu sdu ar= 0,005 mm cung v&i lugng chay
dao 1,6 m/ph, kliéng sifa d4 chiay khéng &n dao. - '

3.3.X4c dinh ché 46 cong nghé sira da theo chi ficu nang suat béc thch Ionnhit.

Mirc 35 anh heong ctia cdc thong s6  dén ndng s_uat béc tach MMR.

A A ‘ A~ ] A c 4
Ning suat boc tach mong muon 16n hon thitot-honnén-ti-s6-S/AN-dugexde———

dinh theo bidu thirc (2). K&t qua tinh toan ti 56-S/N-{mg voi két-quéa-cia- moi-thi
nghiém dugc thé hién nhw trong Bang 21.

I

Béng 21. Ké hoach thi nghiém va két qua thi nghiém sita dd theo cdc thong so  ddu

vaO edr, Pr, aedﬁ nﬁ RMnon va S

MMR (mm*3/s) ',
TT| a |0c|fwon)\Or| & | S 757 Tn2|Ln3| SN | TB
T 10015111 0 |0|0005|1.6| 244 | 242 | 2.38 [7.656| 2.41
> 10015121 1 |1]0005!1.8] 205 | 200 | 1.94 [5998| 2.00
3 10015131 2 2001 |16 1.92 | 1.89 | 1.88 [5.561] 1.90
2 10015141 3 | 3] 001 |18] 1.83 | 1.82 | 1.85 [5.265| 1.83
5To002 1| 1 (2|00t 18] 1.84 | 1.79 [ 1.80 |5.160| 181
6 10021210 [3]|001 16| 240 | 236 | 237 |7.514| 238
71002131 3 |0|0005|1.8] 206 | 205 [ 2.04 [6.230 | 2.05
8 1002 14| 2 |1]0.005|1.6] 1.93 | 1.90 | 1.64 }5.149| 182
9 Too251 11 2 |3]0005|1.8] 1.87 | 191 | 1.92 5565 1.90 -
1010025121 3 |210005]1.6] 230 | 225 | 227 [7.136] 2.27
1110025131 0 1] 001 |18] 175 | 1.93 | 1.92 [5389| 1.87
210025121 1 |0] 001 |1.6] 1.92 | 1.88 | 1.89 |5.557| 1.90
31003 1113 |1]001 16| 1.98 | 1.92 | 195 [5793] 195
14100312 2 |0] 001 |1.8] 1.89 | 1.86 | 1.87 |5455] 1.87
5100313 1 |3]0005|16| 191 | 1.87 | 1.86 [5.471| 188
16100312 0 |2]0005]|1.8] 1.83 | 1.81 | 179 |5.152] 18I

51




__ ANOVA trj sé cia Niing suft béc tach trung binh (MM. MMR) dugc the hign nhw Bang

22. Bang 23 va Hinh 32. Theo phén trim déng gop anh huong, s6 14n sira d4 thé cé

déng

g6p 16n nhit dén Ra (31,29%), tiép dén la s6 14n chay khéng an dao (26,32%),

—ltri,‘mg_chay—dao—sua—&a 19; 68%);-s6-1an-sira-da the—(Q—Qlﬂ/o)rso_lan_sua_da_tml;
s, 37%), va cubi cung 12 chidu sau stra d4 tinh  4,32%). '

‘Bdng

y22. ANOVA gid tri MMR MR ki sia dd.

Analysis of Variance for Means

. .Source __ DF _SeqSS5 Ad]SS Adj MS F P C%

SE—
Ne

© 30059138 0059138 0019713 3473 0124..992 . . .
- ———3-0.186483 0.186483-0.062161109.50-0.070- 3129 . . .

Nnon 3 0.156856 0.156856 0.052285 92.11 0076 26.32

n¢
a¢
S

3 0.049910 0.049910 0.016637 29.31 0135 837
1 0.025761 0.025761 0.025761 4538 0094 432
1 0117311 0.117311 0117311 206.65 0.044 19.68

Res

idual Error 1 0000568 0.000568 0.000568 .10

Total 15 0.596027 100:00
Model Summary

S R-Sq R-Sq(adj)

0.0238 99.90% 98.57%

Béng 23. Mirc dj anh huo’ng cua cdc yeu t6 dén MMR khi sira dd.

Response Table for Means

Level ar N Npon ne as S

1
2
3
4

2035 2018 2116 2059 2018 2.064
2015 2130 1.896 1909 1938 1.892
1984 1922 1873 1.348
1878 1841 2026 1996

Delta 0.158 0.289 0.243 0.150 0.080 0171

Ran

(arl)
nhép

k 4 1 2 5 6 3

Bdng 23 vaHinh 32 cho thay:

Chiéu séu sira d4 thd tang thi MM MMR giam va dat tri s6 16n nhét tai 0,015 mm
Pidu nay_cé thé duge ly gidi nhu saw: Khi chidu séu sira d4 ting, chiéu €ao
nhé ban dau cia d4 ting, kha ning chira va thodt phot tang din dén ning sudt

bac tach tang. Tuy nhién, chidu cao ban déu ctia ¢4 mai tang, 1am cho cdc ludi cit
d& bj v& dé tr& vé trang théi.co chiéu cao nhap nhé ban dAu ciia 4 nho dac biét khi
gia cong vit liéu c6 d6 clng cao nhu SKD1 1 sau khi t8i, 1am kha ning chira va thodt
phoi giam, lam cho nang sudt béc tich giam. Két qua dén dén ning suat boc tach

gidm.
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___ Main Effects Plot for Means

Data Means

ar nr nnon nf af S

T

R SENEYIE S N B0 N D P
NGY M
QQ Qr QQ 09 Q
Hinh 32. Bidu 38 cdc anh hwdmg chinh ciia cde yéu t6 d@én MMR khi stra dd
S 1in stra d4 thd ting thi MMR ting sau d6 giam va dat tri s6 lon nhét tai 2
14n (n). RG rang, cang sira da thd nhiéu 14n thi ning suit béc tach cang gidm do sy

ngau nhién cta qua trinh sira da.

Wmaﬁéﬂm—nw boctacirgr&nrscrvo‘rkheﬂgfhue hiép. ——

S8 14n chay khéng in dao tang thi MMR giam sau d6 ting va dat tri 56 16n nhét khi
khéng thuc hién chay khéng &n dao (Dinonl). S$6 1an chay khong an dao tang thi bé
mit d4 cang min, diéu nay 1am kha ning cit ciia d4 gidm, ning suiit gia cong giam.
Tiép tuc ting s6 14n chay khong &n dao thi sé ludi cat dong cang nhidu, ning suat
béc tach ting.

C6 stra d4 tinh 1am nang suit béc tich nhéd hon so véi khdng sira da tinh va

" pang suit boc tach dat 17 86 160 nhét khi khdng thuc hién-sira d4-tinh (0- [4n — Anonl).

Tang s& 13n sira d4 tinh thi ning sudt béc tach tang. Khi c6 sua da tinh, chiéu cao
ban diu clia d4 mai va hat mai gidm so véi chi stra da thd, khong gian chita va thoat
ph01 giam, kha nang cét ciia d4 mai giam dan dén nang sudt béc tach giam. Néu ting
54 1An sira d4 tinh, s6 ludi cit dong ting 1én, 1m ning suit boc tich ting. Tuy nhién,
sb 14n sira d4 tinh cang ting, chidu cao ban diu ciia hat mai va d4 mai cang gidm so
véi chi stra da thd, lam cho nang sudt bée tach giam. Tdng hop lai, nidng suit boc
tach ting khi s6 1in sira d4 tinh ting nbung vin thip hon so véi khong sira da tinh.
Chidu sdu sira d4 tinh ting thi MMR gidm va dat tri s6 nho nhét tai 0,005 mm
(al). D6 1a do khi téng chidu sdu stra da tinh thi chidu cao nhip nhd ban dau tang

53

I

4



dan dén kha nang cét cia d4 mai tang 1am cho nﬁng suht béc tach tang ‘Tuy nhién,

khi gia cong vét liéu c6 do cimg cao thi cac hrdi cit d& bj v& dé trd vé trang thai c6

chiéu cao nhap 1h6 ban d4u chia d4 nho 1am kha ning chira va thoat phoi giam, 1am

cho ning SUAT boe Tach glam. K&t qMMgL

_dAn dén ning sudt boc tachgiim

— -Eugng-chay dacrﬁfa-&é—tang-th-t M MR——g—tamva—-dat t-n-somho—nhat—-tar 1,6 m/ph
_(S1). Do lueng chay dao tang thi sb ludi cat déng gidm, kha ning cit coa d4 giam

_ 88U 8ear = 0,015 mm vé&i hrong chay dao sira d4 S = 1,6 m/phat, khéng thuc hién sira

Xde dinh b théng s6 ché 3¢ sira dd hop Iy |
. Theo.Bdng 21, thi nghiém s6.1 v&i ché d¢.sira d4: Stra 4 thé mét 1in véi chidu

d4 tinh va chay khéng #in dao, cho két qua niing suit béc tich 16n nhit MMR = 2,41

mm?/s, ti s6 S/N = 7,656 16n nhit. Nghia 1a tic dong ctia thi nghiém ndy d&én ning

suét béc téch t 13 1ém nhét va chiu dnh huéng cia nhifu 13 nho nhit. Pay chua phai

mirc hgp 1y cia céc théng s6-nhim dat ning sudt béc tich 16n nhét. Vi vdy, cin phén
tich phuong sai ti s6 S/N-cia RMR dé tim ra mirc hop 1y cta chc théog s sira dé
dugc khao sat,

ANOVA trj s6 S/N cia MMR dugc thé hién trong Bang 24,Bang 25 va Hinh
33.

K&t qua cho thdy: St d4 thé 2 1in (n:2) véi chidu sdu sira da thd 0,015 mm
(arl), lvong chay dao 1,6 m/ph (S1), khéng sira da tinh va chay khéng dn dao 1a

AN

Source DF SeqSS AdjSS AdjMS F P

a 3 09850 098496 032832 11.06 0.217

ne 3 3.3998 3.39981 1.13327 38.19 0.118

Mg 3 26496 264958 0B8319 2976 0134 L

ng 3 09757 091568 030523 10.29 0.224

as 1 04431 0.44313 044313 1493 0.161

s 1 1.9757 1.97568 197568 66.57 0.078

Residual Error 1 0.0297 002968 0.02968

Total 15 10.3985

nhitng mtrc va trj s6 cia cdc thong sb sira d4 cho ti sé S/N 1én nhét. Pay 13 mitc va

tri s6 hop 1y cia cac thong sb sira da nhim dat dwoc ning suét bée tich 16n nhét.
Bdng 24. ANOVA ti s§ S/N ciia MMR khi stra da

Analysis of Variance for SN ratios

Model Summary

$ R-Sq_R-Sq(adj)
01723 9971%  95.72%




— Bdng 25. Mirc d9 dnh huéng cia cdc yéu t6 dén ti s6 S/N ciia MMR khi sira da

Response Table for Signal to Noise ‘Ratios

Larger is better

. Level ar Ar_Nnon nf af S ‘

P e - 6120 6:044— 64286225 6:045- 6.230 |
2 6013 6526 5547 5582 5712 5527 |

3-— 5912- 5.663--5433-5.753. —. . . - |

4 -4 8—5-281 B 106 5 6583 B |

Delta 0.652 1.245 0995 0.642 0333 0.703

Rank 4 1 2 5

6 3

DataMeans —

" Main Effects Plot for SN ratios

nnon nf

_af_

Mean of SN ratios

Signal-to-noise: Larger is better

Hinh 33. Bidu 36 anh huéng chinh ctia cdc yéu

Tinh todn du dodn gid tri ndng sudt boc tach

Trong do, theo Bang 23:

5% TRMR

18 dén ti sé S/N ciia Ra khi stea dd

Tri sé.ning suit béc tach trung binh dy doén (M1 MRO p) dugce xac dmh béi céc
muc cla cac thong sb ¢6 anh hudng manh dén S/N clia nham bé mat theo cong thirc:

MMRyp = @y + Tz + flnona + e + gy + 5 —

Gy laning suét béc tach trung binh émg vdi a- ¢ mirc 1: @q = 2, 035 mm3/s
i, 12 ndng suit boc tach trung binh (mg véi nr & mic 2: 1, = 2,13 mm3/s
Mony 14 NANE sudt béc tach trung binh {mg véi finon & mMUC 1: Mpony =

2,116 mm3/s

7ipq la nang suit béc tach t trung binh img vdi ne & muc 1: iy = 2, 059 mm?/s
gy 12 ndng sut boc tach trung binh (mg véi ag§ mic 1: @py = 2,018 mm3/s
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§, 12 ning suft boc tach trung binh img v6i S dmurc 1 .5'1 = 2 064 mm /
T, lanang suit béc tach trung binh ctia toan thi ﬁghu;m o

= RMR;+¥3} MR+ RMR
Tntun = Z =1 ! z‘ Jil_i 1,978 mm3/$

1]

L T_h_ay_sg;. o
MMRyp = 2035+213+2116+2059+2018+2064 5x1,978
R

32 mm?/s -

- Khoang tin cay CI dugc tinh nhu sau:

- - 1 - r*rI. - - - - . . - ,,,,' -
pm,r N e = S ——

X FE7 € -.Ne H

Trong 46, f. =1 1a bic ty do cia 16i, Ve = 0,000568 1 sai 6 trung binh ciia 15i,
E.(1,1)=39,864la h&sg tra bang v&i mic y nghia 90%, Ne la s6 1an lap hidu qua,

R sélan Iap clia mot thi nghiém.

Téng s6 thi nghtem
1+ téng bac tw do cla tt ca cac thong s6 tinh trung binh

48
= =32
1+3+4+3+34+3+1+1 3

e".:

Thay sb:

1 1
Cl = £ [39,864 +0, 000568 ( 37 + E) = 10,129

Theo 46, véi mirc § nghia o = 90% thi wudi bn d4 mai dugc du dodn voi mirc toi
wru ctia cac thong sb diu vao ar1/n2/mnonl/nel/al/S1 nhur sau:
(2,532 — 0,129) mm?/s < MMR,, < (2,532 + 0,129) mm 3/s
Két qua thue nghiém véi b théng sb sira d4 voi sira da thd 2 13n véi chiéu sdu
stra d4 ar= 0,015 mm, luong chay dao S = 1,6 m/phiit, khong sira dé tinh va khong
 chay khong &n dao. Niang suat béc tach trung binh nhén duge sau 3 l4n thue nghiém

132,63 mm3/s Gi4 tri nay sai  khic 3,87% so véi gia tri du doéan.

Nhén xét:

S6 13n stra 34 tho ¢d anh hudng lon nhat dén MRR, tiép dén 12 s6 14n chay khong
sn dao, hrong chay dao stra d4, 56 14n sira d4 tho, s6 l4n sira d4 tinh, va cudi cling 1a
chidu séu sira dé tinh.

Pé dat dugc ning suit boc tach 1a ldn nhit thi ché d6 sira da 1a: Sira dé tho 2 lan
v&i chidu sau sira d4 a, = 0,015 mm, lugng chay dao S = 1,6 m/phut, khong stra da
tinh va khong chay khong &n dao.
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3.4. Xdc dinh ché d¢ cong nghé sira dé theo chi tiéu tudi bén d4 mai I6n nhit.

Bang 26. Ké hoach thi nghiém va két qua thi nghiém sira dd theo cdc thong sé dau

VAo dedr, Wr, Aedf, 1f; Nnon
dr, Nr, Qedfy Nf; va S mrm
1L TIINIIY
. O TT. ___j.r......_llr. _nnon..nf _. ar ‘S'Lﬁril L."ﬁTZ w\m‘ !..g{_».S/N_ T8 ~---—
1 (0015] 1| o [olo005]16] 222] 225] 22.9]27.05]22.53
2 loo1sl2 1t J1looos|ig] 1971 193 20125871967
3 10015[3[ 2 |2]o001|16] 268| 273 26.6|28.59]|26.90
4 100154 3 [3] o001 18] 251| 264 24.8|28.10|2543
Fstoezfrl1-|2]eorfrs| 17.6] 173} 163]24.63]|17.07|
6 1002121 0 [3]001 |1.6] 224 229 237272312300
7 100213 3 1ofo.005|1.8] 239 245 25.3|27.80]|24.57
8 o024 2 [1lo0005|1.6] 247 245 24.6|27.82]24.60
9—-0.0251-|2—| 310005 1.8 —13.7|—14:5]13.4 22.83 [ 13.87
10-1-0.025 213 2}0.005| 1.6 182 | 187 17.5]/25.16]18.13
1100253 0 [ 1] 001 [1.8] 238| 23.7| 22.5]27.35(23.33
12100254 1 [0] 001 |1.6] 213 209 21.6[2655]|21.27
131003 1] 3 [1]o001]|16] 176]| 172 18.8(25.02|17.87
141003 2] 2 [0o] 001 |1.8] 214 219]| 22.7]|26.84]22.00
151003 [3]| 1 |3[0005|1.6] 235 23| 24.3127.45]23.60
16003 (4| 0 [2]|0005[1.8] 197 19 18.825.65](19.17

- — Mitc dp dnh hwong cila cdc thong s6 dén ndng twoi bénddmai T

Tudi bén d4 mai mong muén 16n hon thi t&t hon nén ti s6 S/N duoc xéc dinh
theo biéu thirc (2). K&t qua tinh toan ti s6 S/N tmg véi két qua ctia méi thi nghiém
duge thé hidn nhu trong Bang 26.

Bang 27. ANOVA gid tri T,, khi stra dd.
Analysis of Variance for Means

Source DF SeqSS AdjSS AdjMS F_ P €%
ar 3 45679 45679 15226 225 0447 54 53

3 99703 99703 33.234 492 0317 §3 53
nnen 3 6278 6278 2093 031 0830 3.37
nf 3 10379 10379 3460 051 0743 5.57

1

1

1

nr

af 7200 7200 7200 107 049 3 87
s 10.240 10240 10240 151 0434 5§ 50
Residual Error 6760 6760 6760 3.63
Total 15 186.240 100.00
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ANOVA tri sé ciia tudi bén ¢4 mai trung binh (T,,) duoc thé hién nhu Bdng 27,

Béng 28 vi Hinh 34. Theo phin trdm déng gop anh huéng, sé 1An sira 84 thé cb

dong gdp lém nhit dén T, (53,53%), tlcp dén 12 chidu sdu sta da thd (24,43%), 56

lan sua_da41nh_(5,531a)rluong_chay_dao_sua da (5,50%), cmé—sau—stra—da—tlrm—-

TCREL

~(3,87%) vicubicing 13 s6 tan chay khong-dn dao (3,37%). - e e
- Bing 28. Mitc'd anh-huwong ciia cdc yéu 16 dénT,, khisiradd. .

Response Table for Means

) . Level ar __nr_nnon_ nf af S
o1 7363 17.83 2201 2259 2077 2224° —
53 9331 20702040 2137 2211 2064 .
3 19.15 2460 21.84 2032 . ——
4 2066 22.62 21.50 21.48
Delta 448 677 161 227 134 160
Rank 2 1 4 3 6 -5

Main Effects Plot for Means

Data-Means

nnon nf af S

i,

wvi
c
P
: AN oY W N
Q
0 ' N
g 20_
2 ,
191
18
17- T II T T T T T T T T T T 0 T T T T T T
HRALASNTH BOALHYOG N 7} &) © >
N N N N
= QQQ:QP_QQ QQP Q‘Q_

- Hinh 34. Bidu db cac anh hudng chinh clia céc yéu & dén T, khi sira dé
Bang 28 va Hinh 34 cho théy:
- Chiéu séu sira d4 thd tang thi tudi bén giam sau d6 ting va dat trj sé 16n nhit

| V‘Ital 0 (15 mm (aedrl) Diéu ndy c6 thé dugc ly giai nhu sau: Khi ting chiéu sau sira
} ‘da tho, chidu cao ban dhu clia d4 ting, 36 sic nhon cua ludi cit tang 18n (bén kinh

‘e lum cat glam) 13m cho d4 dé dang cit got hon. Cang tang chidu sdu stra &4 thd, cac

T chit 58 bi vy &8 trdr v& trang thai c6 chiéu cao nhdp nhé ban diu ctia d4 nho (dic

} 7'-"_'1)1@.15 13 khi mai vt ligu SKD11 co 46 cirng cao), chidu cao clia ludi cit giam, phoi
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mai nhanh didn diy vio khoing tréng gilta cac hat mai hon, din dén tudi bén glam

Néu tlep tuc tang chidu sdu sira d4 thé, do sy v& ngau nhién ciia hat mai, “tudi bén

ciing c6 thé ting hojc gidm médt cich ngau nhién.

St 1an summmmmbmdﬁmmmﬁfwm

-3 |én (nm)-Vie ting- 56 1in sira d4 tho két hop véi sy 3n vio ngau nhién cia bat stra
- dd 1am cho chleu 1 cao 7nhap nho ban déu cuia dd mai ting hodc glam 56 ludi cét dcng ,

o R ZT
t ne 1am tudi | ben cla &4 ting r&i gidgm.

Viéc cé sira d4 tinh 1am gidm tudi bén d4 mai dang ké so v6i khong thuc hién
sira &4 tinh v tudi bén dat tri s6 1n nhét khi khong sira tinh (nn). Téng 56 ]an sua

" dh tinh thi tudi bén d3 mai gidm i tang, "Diéu nay dugc Iy giai do khi thye hign sira-

d4 tinh, chiéu cao nhip nhd ban d4u cia da mai giam so voi sau khi sira d4 tho, bé
mit dd-mai min horn, khoéng gian chira phoi gidm lam tudi bén d4 mai gidm: Tuy
nhién, cang ting s6 1in stra d4 tinh, sd ludi cét dong ting 1arn tang kha ning cit clia

da. mal,_tuOLberLtang

- Chidu siu sira d4 tinh ting thi tubi bén d4 mai ting va tudi bén dat irj 6 16m
nhét tai mitc 2 (ng). Khi chidu siu stra d4 tinh ting 1am chidu cao nhép nhé ban diu
clha d4 mai ting, khong gian thoét phoi ting din dén tudi bén ting.

Viéc thuc hién sira d4 khéng &n dao lam tudi bén d4 mai gidm dang ké so véi
khéng thyc hién chay khéng an dao va tudi bén dat trj s 1on nhat khi s6 1an chay
khéng n dao & mirc 1 (Drent — khong 14n). Ting s6 14n chay khéng #n dao thi tudi

B Do e

bén gidm déing ké rdi tang it. Diéu ndy dugc 1y giai khi cang chay khéng dn dao
nhidu 14n sau sira @4 tinh thi bé mit da cing min hon, khéng gian chira phoi bj thu
hep hon lam tudi bén giam.

Luong chay dao sira d4 ting thi tudi bén d4a mai gidm va tudi bén dat tri s6 lém
nhét khi lrong chay dao ¢ mirc 1 (S1). Pidu nay dgc ly gidi do ting luong chay
dao stra d4, khong gian chira phoi gidm lam tudi bén gidm.

Xac dinh b thong s6 ché dg sira da hop Iy

Theo Béng 26, thi nghiém s& 3 véi ché 46 stra da: Sira d4 th ba 12n véi chidu
siu ar = 0,015 mm, stra d4 tinh hai 14n véi chidu sdu sira d4 tinh ar= 0,01 mm, stra
khong an dao hai lan ciing v6i hrgng chay dao sira dd S = 1,6 m/phit, cho két qua
tudi bdn d4 mai 16n nhit Tw = 26,9 pht, ti s6 S/N = 28,59 Ién nhét. Nghia 13 tac
dong cua thi nghiém ndy dén tdi bdn a4 mai Tw 12 16n nhit va chiu anh huong cha
nhidu 12 nhoé nhét. DAy chua phéi muc hop 1y clia céc thong s& nhim dat tudi bén d4
mai 16n nhét. Vi vay, cén phén tich phuong sai ti s& S/N clia Ty dé tim ra mitc hop
ty ctia cac thong so stra da duoc khao sat.

— -ANOVA trj 56-S/N ctia Tw duge thé hién trong Bdng 29,Bdng 30 va Hinh 35.
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Két qua cho thiy: Sir d4 thd 3 14n (n.3) véi chiéu sdu sira d4 thd 0,015 mm

(al), lugng chay dac 1,6 m/ph (Sl) khong sira da tinh va chay khong &n dao 1a

nhirng murc va tri so cta cac thong 56 stra @4 cho ti s6 S/N 16n nhat. Py 1a mirc va -
Wuﬁ#ﬂmﬂa@a&ﬂeﬁm&é—mﬂ%& '
_Béng 29.ANOVA ti s6.SIN cia T, khisvadd ... . . .. S

Analy5|s of Variance for SN ratlos '

Saune———DF—Saqss_Ad}.SS.—.A.:ljjﬂ E -]
ar 83146 83146 27715 1.87 0482
ar 18.5319 185319 61773 4.17 0342

T3 2Z7AE 227447 07581 OS5V OyA3 T T o ' T
_ 13732 13732 13732 093 0512 -

3
3 .
-ANGnN ...~ .3-09713 09713 03238 022 0878 o ' g .
Ty
.
1

23155 21155 21155 143 0443
Residual Error 1 14798 14798 14798
Total 15 35.0606
——————————Bang 30-Mucdjdanh-huing-cuacdc yeu 16- den -t1-56-S/N-etia- ’Rvkh: suea-da

Response Table for Signal to Noise Ratios

‘Larger is better

Level ar -nr nnon nf af S y
1 2740 2488 2682 27.06 2620 26.86 3
2 26.87 2628 26.13 2652 2679 26.13 !
3 2547 27.80 2652 26.01 ’
4 26.24 2703 2652 2640

Delta - 193 292 069 105 059 073
S Rank 21— 5 3 5 4 .
Tri s6 tudi bén dd mai trung binh dy doan (Tw op) dugc xdc dinh bdi cac mirc

cua cac thong sd ¢ anh huong_mz_mh dén S/N ctia nham bé mit theo cong thirc:

Twop = Gy + g + flpony + Gz + gy + S, —5%Tpy

Trong d6, theo Bdng 28:

a@,, 12 tudi bén d4 mai trung binh Umg véi a & mic 1: @, = 23,63 min

fi,5 12 tudi bén d4 mai trung binh img véi n; & mirc 3: fi,; = 24,6 min

Tingna 18 tudi bén ddmai trung binh tng véi Moen & mitc 1: fyopy = 22,01 min
iz 12 tudi bén d4 mai trung binh émg véi ng & muc 1: 7y = 22,59 min

@, 12 tudi bén d4 mai trung binh {mg véi ar & mire 2: A, = 22,11 min

S, 14 tudi bén d4 mai trung binh &mg véi S & mic 1: §; = 22,24 min

T, 12 ning sudt béc tach trung binh cta toan thi nghiém.

TTW _ T8 RMR;+X4S ZP:R"‘EI-—lRMRIH = 21,44 min

Thay sb:

Twor = 23,63 + 24,6 + 22,01 + 22,59 + 22,11 + 22,24 — 5% 21,44
= 29,98 min
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Main Effects PlotforSNratios

Data Means
r nr n nf f S :
28.0- a __nnon_ a |
_ o2 1.5 ;
" B
R | |
-~ - 270 \ : |
ol -
> e 1N |
o 2657 \/"\// """"" N
)
,:?FE;Q;' R R S ) ) f;
. _ = _ I . _ N
25.54 ‘
|
25.01 |
Q@,@(\,@,,}Q\q,a,hg\mo,g\q,n,&c,'ﬁg\g NN
QT QOO O A

-~ -Signal-to-noise: Larger is better
Hinh 35. Biéu 6 anh huong chinh cia cdc yéu t6.dén ti s6 S/N ctia Ra khi sira dd
Tinh todn diw dodn gid tri tudi bén dd mai
K&t qua thwe nghiém véi by théng sé sita dé vdi sira d thd 3 14n véi chiu sau
sita d4 a; = 0,015 mm, lugng chay dao S = 1,6 m/phit, khong sira da tinh va khong

~———chay khéng &n dao. Tubi bén d4 mdi trung binh nhin dwgc sau 3 lan thyc nghiémla |

28,9 min. Gié trj ndy sai khdc 3,6% so v&i gia tri dyr doan.

Nhdn xét:

S6 13 sira 4 thd c6 dong gop 16n nhat dén tudi bén ciia @4 mai, tiép dén 1a chidu
siu sira d4 thé, sb 14n stra d4 tinh, lugng chay dao sira d4, chiéu sdu sira dé tinh va
cudi clng 12 sb 1an chay khéng an dao.

Dé tudi bén ciia d4 mai 16n nhét thi cin sira dé véi ché d6: Sira da thé 3 1an véi
chidu sdu sira d4 a, = 0,015 mm, huong chay dao S = 1,6 m/phut, khong sira d4 tinh
va khéng chay khong &n dao.

3.5 T6i wru héa da muc tiéu nhdm b& miit va niing suit béc tach

Thue hién céc bude thye hién phén tich:

Budc 1: Xac dinh ti s6 S/N: Trong céc thi nghiém dugc tién hanh cia ma tran thi
nghiém, Két qui mong mudn d8i véi nham bé mat 1a “Nhé hon thi bt hon”, ti s6
-ndy xéc dinh theo cbng thuc (8)
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Con vai nang suit boc tach vit liéu mong “!!{éﬂlé “L én hon thi t5t hon”, ti s6 nay
x4c dinh theo cbng thirc (6) 7 o

Bude 2: Tis6 S/N 1ém hon s& cho két qua déng tin cy nhét va it bj anh hudng bdi

trénh-anh-hudng che viée sir dung céc don vi khéc nhau va dé gidm sy bién doi.

nhiéu-nhat-Tis6 nayduqachuan.hoahangi,, (0=Zi= Iy theo cangﬂ-m'c-szu—&ay-&e—

Ti 56 SN va gia tri chudn héa Z g voi mdi myc t1eu,,dau__ra dugce thé hién trong

Bang 3 1 SN ratio values normahzed SN ratio values and the absolute value.

It e 1 |
Bang 1

e * SN b E Ayl T
Ra MRR | I
TT| pa | Mgr | TFSOtham Ra | MRR
chiéu
1-000-—1-000 ‘
——=-55——+66—|—0-57-—1.00-|—0.43-| 0.00
2 | 618 | 600 | 082| 034] 018 0.66
3 | 720 | 556 | 093 016| 0.07| 0.84 :
4 | 6.09 | 527 082 005| 0.18] 095 :
5 | -1.41 | 5.16 0.10] 0.00] 090( 1.00
6 | 237 | 7.51 001| 094] 099| 0.06 \
7 | 043 | 623 0.19| 043] 0.81| 0.57 :
g | 597 | 5.15 0.80 ] 000} 020[ 1.00 ‘
9 | 246 | 557 | 0.00]| 0.16| 100| 0.84
10 1 255 | 7.14 | 048]  079] 0.52| 0.21
i1 | 252 | 539 048] 0.09| 0.52] 091
12| 637 | 556 | 084] 016 0.16] 084
13 | 8.02 | 579 1.00| 026] 0.00| 0.74
14| 437 | 546 | 065 0.12| 035} 0.88
151 151 | 547 | 038] 0.13] 062 087
— — e[ F6F 038 515 020 —0.00 | 0.80|_1.00 -

Bude 3- Tinh toan hé sb hrong téc trong quan hé mo 451 véi cac ti sb SN
chuén héa, két qua thé hién nhur trong Bdng 32 '

Budc 4: Xac dinh mitc 36 Quan hé m& trung binh theo cong thirc (20), két
qua thé hién trong Bdng 32.

Budce 5: Xac dinh mic téi wu clia cic yeu t6 t61 wru:

Tri s§ quan hé xdm cao hon ham y chét lwong sin pham t8t hon. Do d6, dua
trén mirc 4o quan hé xam, co thé udc lugng tac djng cua yéu t6 va mirc @6 téi vu
cho mdi yéu t6 c6 thé kiém soét. Bang 5 cho thiy tri s8 quan hé xam cho mbi thi
nghiém va tri s6 quan hé x4m tuong tac. Theo do, thi nghiém 6 1 (tl, Teal, Daonl,
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nsl, tal, S1) chi sira da the 1 1dn véi chidu sdu 0,015 mm, lugng chay dao 1,6
m/min, khéng thwe hién sira 44 tinh va khéng thye hién sira d4 khéng &n dao, c6 tri

sb quan hé xam tuong thc 16n nhét (0,770). Pidu d6 chi ra ring thi nghiém s6 1 thu

—dﬁUC_CtTtl s6-SN-twong-img-gan-véi-ti s6 SN-dugc ChmAn héa vimo co nhitudic——————{

tinh t5t trong s6 16 thi nghigm. Tay nhIen, déy chua-phai 14 mic 6 tfivuctacic . .. . __
yéu t6.-Theo phuongphap cia nguchl can Xac dmh trj so quan h§ xam trung bmh

Chom()lyeu Al o A ““:.::-~ m-trung hinh 13
mbi yéu t6 dugc x4c dmh trong Bang 33 va Hinh 36 (st dung phén mém Minitab
_19-aépham tich). :

’7**BJ7123"2*'Tn sé-quan h&me—eua—tuﬁgﬂwngso vatr smtrung bmh

Tri sb quan hé m& vi -
B Ra MRR |
1 0:540 1-.000—{0:-770
2 0-740 0.430—| 0.585
: 3 | 0877 | 0374 |0.626|
4 0.731 0.344 | 0.537 7
5 0.357 0.334 |0.346
6 0.335 0.898 |0.617
7 0.383 0.468 | 0.425 7 f
8 0.719 0.333 0.526 ' :
9 0333 0.375 10354 S i
10 0.489 0.707 |0.598
11 0.488 0.356 [0.422
12 0.761 0.374 |0.567
13 1.000 0.402 |0.701
14 0.590 0.363 | 0.476
15 0.446 0.364 | 0.405
16 0.384 0.333 | 0.359

— Bang 33 Mitcdd anh-hudng-cla- che thong sb-dén hé s6_quan. he mo (Main
effects on grey grades).

Response Table for Means

Level tnl Ned  Mnen Ned ta S
1 . 0.6294 0.5426 0.5418 0.5596 0.5027 0.6011
2 0.4784 0.5689 04757 0.5584 0.5364 0.4380
3 0.4852 0.4694 04954 0.4819

4 0.4852 0.4973 0.5653 0.4783

Delta 0.1511 0.0995 0.0896 0.0813 0.0337 0.1631
Rank 2 3 4 5 6 1

’ ¥ =0520 ‘
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Trj s8 quan hé xém clia mdi yéu t& & mirc ndo 14 16n nhét 12 mitc t6i wu cua
yéu td d6. Do 46, theo bang 6 va hinh 3.1, b§ théng s6 t5i wu cia qua trinh stra da
khi mai phing dap tmg cé nhim bé mit va dung sai d0 phang nho nhit 1a:

- trt /D2 Dinond/Ba H/t502/S 1 tlmngrung_umjragl._bmm fid —rr&n—n—}lan—s-ﬂ—-

" 1.6 m/imin, ktidng thuc hién sia dé tinh. _ o
 Buoc 6 Thuc h1¢n phan tlch h01 quy phucmg sai (Analy31s of Variance —
ANOVA for

1dent1fy1ng the s1gmﬁcant factors)

R o - - Main Effects Plot for Means

o B ~~_ 'DataMeans ~—  ~ "~~~ S

trd nrd nnon nfd tfd S

0.60+

~ dm AR

Mean of Mbans
o
(1) ]

Hinh 36. Db thi cdc anh huéng chinh cla cac thong s6 (Factor effects on
grade values).

Bang 34. Results of ANOVA on grey grade

Analysis of Variance for Means

Source DF SeqS5 AdjSS AdiMS F P C% =
ted 3 0.064517 0064517 0.021506 1456 0.120 26.20
N 3 0.023906 0023906 0.007969 540 0304 9.71
Pnon 3 0.020368 0020368 0006789 4.60 0327 827
3
1
1

Nt 0.024940 0.024940 0.008313 5.63 0298 10.13

tra 0.004540 0.004540 0,004540 3.07 0330 184
S 0106470 0.106470 0.106470¢ 72.10 0.075 43.24
Residual Error 1 0.001477 0.001477 0001477 0.60
Total 15 0.246217 100.00

Model Summary

S R-59 R-Sqfadi)
0.0384 99.40% 91.00%
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Phanilchhmqny ph ong sai 14 ap dung phuong phdp thor théng ké dé xéc dinh

anh hudng ciia mbi yéu td. Qua d6 xac dinh dugc tic dfng cua fimg yeu t6 dén muc

tidu ctia qua trinh. Ti 1& déng gép khi st dyng ANOVA s& bu dap cho viéc khong

danhgia duq&anh hueng—cua eé&thenﬁo trén- marpboqua,mnhsuapjmgng lean
" Taguchi, ™ :
- Kct qué phamt{ch hﬁLquy phucmg sai duqc thé hién trong Bang 34.

S E.n anh

hudéng manh nhét &én muc tiéu chung (43, 24%), tiép theo 151 chiéu sau sira d4 thd t
- (26,20%), so 1anrsira-da tinh nra(10;13%);- sb1an sira da thé ne (9,71%), sb lan sua .
- ’*7kh0ngﬁmiacrnnon 6&27%), cubi-cting 14 chiéu sdu sira d4 tinh te (1, 84%).

Bude 7: Tinh toan t6i wu héa va kiém nghiém
Xac dinh trj sé quan hé mo td1 wu dwge x4c dinh:

=+ Br=r (=)= trar +Araz+ nﬂon4—+—nfd1—+—tfd" +S5; —5x

T (3.5)

-~ —-—Trong d6:-T 1a tri so quan hé xdm trung binh. T = 0 520, cdc trj 6 tws, Nz,
Inond, N1, traz, St 1a tri ) quan hé xdm cilia cic thong sb ung voi murc tbi wu héa
tuong tng va dugc lay tir bang 6. Theo d6, Yo, = 0.863.

Khoang tin c&y CI dugc tinh nhir sau:

N L

)

Trong d6: F (1, f,) = 39,864 la hé s6 tra bang voi mirc y nghla 0% = 90%, fe=11a
béac tu do cia 101 Ve = 0,001477 13 sai sé trung binh cia 101 Ne 12 s6 14n l3p hiéu
qua,R=31a sb 14n l3p cia mot thi nghlem
_ Téng s6 thi nghiém
Ne = 1 + t&ng bac tw do ciia cac yéu t6 dwa vao tinh todn tdi wu
48 _32
B 1+3+3+3+3+1+1

Do do vai mirc y nghla = 90% thitrj s6 quan hé xam duoc dy dodn v6i miac hop

ly cla céc thong s6 du vao tal/nu2/Mnond/nra1/t2/S1 nhur sau:
’ (0,863 — 0,195) < ¥,, < (0,863 +0,195)

Tinh todn dyu doan két qué i uu.
Ciin cit vao mirc t6i uu ciia cic thong 56 ddu vao, gid tri t6i wu clia céc két qua
dAu ra Ra va Fl duge xéc dinh theo cong thirc sau: :
(Ra,MRR)p = tra1 + Tiraz + Mnona T Mran + E-c; +85 —54+T
Trong do: '
(Ra MRR),, la tri s& nham bé mat hodc ning suét béc téch vét liéu t6i wu
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Toay 12 tri 56 trung binh nhdm bé mt hogc ning sult béc tach vat lidu khi chidu séu

sira da thdé & mue 1

725 14 tri 56 trung binh nhém bé m3t hozc néing suit béc tach vat liéu khi s6 14n sira

d4-thé-&-mire2

“Fimos 12 trj s trung binh nham bé mit hogc ning skt boc tach vat ligu khi s61an

chay khéng #n dao-o-mic 4

Terqr 14 tri s trung binh nhim bé mat hodc nang suat boc tach vat T T I - S——

dé tinh & muc 1

R st mg@gh"@{;fﬁb‘é:@ﬁf@@cjggﬁng'suﬁtbéﬂééh'Vﬁt*l'iéﬂ‘khi"ehiéﬁ' sdu -

stra d4 tinh & mirc 2
Sy latri sd trung binh nham bé mit hoic ning suit béc tach vat liéu khi luwong chay
dao-stra-da d-mirc 1 : _

T 12 tri s6 trung binh nham bé mit-hoic ning-suit-boctich-vatlidu-cua-toan bo-thi

nghiém.

Theo do:

(Ra)op = 0.211 pm
(MRR),, = 2,362 mm®/s

D4 dénh gia 6 chinh x4c clia viéc tinh toan, tién hanh thyc nghiém kiém chimg

- .

Théng s6 t6i wru
== -—--— - — - Tinhtodn- _|_Thycnghiém | _ . __
Pic trung gia cong % sai
tral, Nra2, Noond, | tral, Nra2, Do, léch
nal, tra2, S1 nal, ta2, S1
Nham bé mit Ra (pm) 0,211 0,231 9,48
Nang suat béc tich _
vat liéu MRR (mm?®/s) 2,362 2,17 8,13
Gia tri quan bé mo& 0,863

véi b6 thong sb sira dé ti wu da tim duoc v6i 50 lan 1dp 2 lan. B thong s6 thuc
nghigém 1a: ty=0.015 mm, nqg=2 14n, finon = 4 14n v6i lugng chay dao S = 1.6 m/ph
va khong thyc hién stra da tinh. Két qua thirc nghiém va so sanh voi két qua tinh
toan t&i wu dugc thé hién trong Bang 35.

Bang 35. Két qua so sénh giita tinh todn va thuc nghiém.
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S Két qua thyc nghlem cho thiy, sai s& 16n nhit so vdi tinh todn 1a 8,13% tng
véi tinh todn dung sai 4§ phﬁng nén phuong phép tinh todn hodn toan co thé duge

str dung dé du bdo chinh xac ddng thoi hai ddc trung 1a nham™ bé mitvidung sai dé

PlldllE

_ Nhdn xét:

- Phén tich quan h¢ xam trong phuong phép TaguchJ de tcn m hoa da muyc ctidu

" 1a mdt cong cy Fat hifu ich & dir d64n nhidm bé mijt va dung sai d§ phang trong:

qué trinh sira d4 khi mai phang thép SKDI11 bang da mai Hai Duong.

.= Tir phén tich nay, Luong chay dao strada s c6 anh huéng manh nhét den muc

tiéu chung 43, 24‘%)*trep-theo 1&0h1cu séu-sira- da tho trd (26 ,20%), 6. 14n sira
56 1an sira khong &n dao

fd ) 3

Noon (8,27%), cubi cling 1a chieu sdu sira d4 tmh tra (1,84%).
- Ché &b sita da tdi vu khi mai phéng thép SKDll qua 61 bang d4 mai Hal

Duong nham dat ca nham bé mit “nhé hon thi 16t hom’™” trong Knl Hang SuAt

@Each vat liéu “Idn hon thi t6t hom'” 147 ta= 0.015 7o, 1ig= 2 1405 nmon=
1in, S = 1.6 m/ph, khéng thuc hi¢n sira datinh, '

-Két qua thuc nghiém da chimg minh ring sy phit hop cia két qui mo hinh tinh
todn ti wru véi yéu ciu thue té sira ¢4 khi mai thép SKD11 bang d4 mai Hai

Duong.

3.6. T6i wu hoa da muyc tiéu dung sai dd phﬁng va ning suit béc tich

— "'if’*iﬁmvwmgeﬁmﬂghimtmmmmLﬁ*

nghlem Két qua mong mudn d6i véi dung sai dd phiing 13 “Nho hon thi tot hon™, ti
s6 ndy xéac dinhtheo cong thirc (8).
Con véi ning suat béc tich vit lifu mong muén 12 “Lén hon thi tét hon”, ti sb pay
xé4c dinh theo cong thirc s6 (6).
Bude 2: Ti s& S/N 16n hon s& cho két qua dang tin cy nhét va it bi anh hudéng béi
nhidu nhét. Ti s§ ndy duoc chudn héa bing Z; (0<Z;<1) theo cdng thirc sau day aé
— —---- &nh-anhhudng cia-viéc-si-dung-edc don-vi khéc nhau va dé giam sy bién d6i.

Ti s6 SN va gid tri chudn héa Z vmg véi mdi muc tiéu diu ra dugc thé hién trong
Bdng 36.

Bude 3: Tinh todn hé sé tuong tic trong quan hé mé déi véi cac ti s6 SN
chuén héa xéc dinh theo céng thie (19). Két qué thé hién trong Bang 37.
Bude 4: Xac dinh mirc 40 Quan hé xém theo cbng thie (20). Két qua thé hién trong
Bang 37.

Py la g1a tri trung binh cia cac twong tic trong quan hé xém da xac dinh &

buédc 3.k 1a s6 muc tiéu cin t6i .
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. Béang5thé hién trj s6 quan hé x4m éng véi cdc muyc tidu va trj s6 quan hé xédm trung

binh
Bdng 36. SN ratlo values, normalized SN ratio values and the absolute value.
SN Z;j AR
o — 1 ["MRR .
< T lop | MRR | T“ sotham | g | MRR
chiéu ‘
- 1.000 | 1.000
"1 | 2207] 766 | 067] 1.00( 033 0.00
o [ 2789 6:00-| 0.00]-0.34| 100 066} T
3 -23.23 1 5.56 0541 0.16| 0461 0.84 -
4 -26.56 | 5.27 0.15| 005 085| 0.95
5 2281 5.16 0.59 0.00] 0.41]. 1.00
6 =20.67-—7-51 083 094 0.171 0.06
7 2257 623 0.61 043 039| 0.57
o 8- -21-29 | -5.15 0.76 0.00| 024! 1.00
9 -20.67 | 5.57 0.83 0.16| 0.17| 0.84 ,
10 | -19.19| 7.14 1.00 0.79| 0.00| 0.21 ]
11 | -20.04| 5.39 0.90 0.09| 0.10| 0091 .
12 | -24.89| 5.56 034 0.16| 0.66| 0.84 '
31 2144 579 | 0.74| 026| 026] 074 !
14 | -22.65| 546 | 060 0.12] 040| 0.88 - )
15 | -25.74| 5.47 0.25 0.13| 0.75 0.87 )
16 | -21.66| 5.15 0.72 0.00| 0.28]| 1.00

Bude 5: Xac dinh mic t8i wru cia céc yéu 18 t6i wu:

Tri s6 quan hé xdm cao hon ham y chét hrgng san pharn t6t hon. Do d6, dua
trén mirc &6 quan hé xam, co thé udc luong tac dong cua yéu t§ va mic db 81 wu
cho mbi yéu tb co thé kiém soat. Bang 5 cho thay trj sb quan hé xam cho mbi thi
- nghiém-va tri. sb_quan hé xam twong tac. Theo do, thi nghiém s s6 10 (tra3, 1162, Noond,
nw3, tial, S1) chi sira d4 tho 2 13n voi chifu sau 0,025 mm, sira da t1nh 2 lén véi
chiéu sdu 0,005 mm, stra ¢4 khdng &n dao 3 1an cing lugng chay dao 1,6 m/min, 6
tri s6 quan hé x4m twong tc lén nhét (0, 853) Pidu d6 chi ra ring thi nghiém s6 10
thu dugce c6 ti s6 SN tuong {mg gén véi ti s& SN duge chuin héa va né cé nhiéu dic
tinh tét trong s8 16 thi nghlem Tuy nhién, ddy chua pha1 1a mirc d6 t6i wu ciia cac
yéu t6. Theo phuorng phép cia Taguchi, cin x4c dinh tri s6 quan hé xam trung binh
cho méi yeu t& & cac mirc khic nhau. Tri s6 quan hé x4m trung binh tai cac muc ctia
mdi yéu tb duge xéc dinh trong bang 6 va hinh 3.1 (st dung phin mém Minitab 19
~ dé phan tich).
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e Bang 37. Tri s6 quan h§ mo cia timg thong sdvitrungbinh

Grey relational co
TT efficient yi ¥
—Fl MRR , ,
T “ 711 0602 1.000(0801( - SRR
. 2|  0333) 0430]0382
3 0518 — 03740446
4. 0.371 0.344 | 0.357
5. 0.546|  0.334]0.440
—6 1~ 0746 - - 0898|0822 S
7 0.563 | 0468|0515 —
8 0.674 0.333 | 0.504
9 0.746 | 0.3750.560
10 1600 0:707-1-0:853
I 0-837 0.356-1-0.596
. * 12 0433 0.374 | 0.403
13 0.659| . 0.402|0.531
14 0.557 0.363 | 0.460
15 0.399 0.364 | 0.382
- 16 "~ 0.638 0.333 | 0.486
Béng 38. Mirc 35 anh huong cua céc thong sb dén hé s6 quan hé m& (Main effects
- —————ongrey grades})————————— —
Response Table for Means
Level ted MNrd  Foon n fra 5
1 0.4965 0.5830 0.6763 0.5450 0.5603 0.5927
2 0.5702 0.6292 0.4016 0.5030 0.5070 0.4746
3 0.6035 0.4849 049235 0.5563 -
4 04644 04375 0.5642 0.5304
: ______ _Delta 01391 07917 02746 0.0533 0.0533 0.1181
Rank 3 2 1 6 s 4 - -
¥ =0.534

Tri s6 quan hé x4m cia mdi yéu t6 & mic nio 1a 16n nhét 13 mirc t6i wu ciia
yéu t d9. Do d6, theo bang 6 va hinh 3.1, bd théng s6 t6i wru cha qué trinh sira da
khi mai phiing dp (g c4 ning suét boc thch vat lidu “16n hon thi t5t hon” trong khi
va dung sai d6 phing “nho hon thi t&t hon” 13: tra3/Mra3/Mnon1/na3/tal/S1 tuong tmg
Vi sita 44 thé 2 1an véi chidu siu ta = 0.025mm,stra d4 thé 2 l4n véi chibu siu t =
0,005 mm ciing vdi luong chay dao S = 1.6 my/min, khong thuc hién stra d4 chay
khéng 4n dao.
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Main Effects Plot for Means . e

Data Means

7 r )

L]

trd rrd non nfd tfd

E aasl” v R R R T -
_ i/ I R o
- i : _
U.4UA &
GOODNULBERONLHONL Y 5 O b &
Do $ .3
NPEHAN & &

Hinh 37. D6 thi cac dnh huéng chinh cia céc théng sb (Factor effects on grade

values)

Budc 6: Thuc hién phan t1ch h01 quy phucrng sai (Analy31s of Variance - ANOVA)
dé x4c dinh cc yéu t6 quan trong (Step 6 Perform ANOVA for identifying the

-significant factors).

Phén tich hdi quy phuong sai 1a 4p dung phuong phép théng ké dé x4c dinh
anh huéng cita mdi yéu t6. Qua d6 xédc dinh duge tic dong cua ting yéu té dén muc

| — -

tiéu-ctia-qua trinh. Ti 1€ dong gép khi sit dung ANOVA s& bi diip cho viéc khéng
danh gié dugc dnh huéng ciia cic théng s6 trén toan b qud trinh ctia phuong phap
Taguchi.

Két qua phan tich héi quy phuong sai duge thé hién trong Bang 39.
Bang 39. Results of ANOVA on grey grade

Analysis of Variance for Means

_ . Source. DE SeqSS _AdjSS AdjMS - -F P C%
td 3 0049591 0.049591 0.016530 4,28 0338 13.01
Nird 0.052794 0.092794 0030931 48.01 0.253 24.34

3
Mnon 3 0.161580 0.161580 0.053860 13.96 0.194 42.38
Mt 3 0.006359 0.006359 0.002120 0.55 0730 1.67
1
1

tre 0.011369 0.011369 0.011369 295 0336 2.98

s 0.055755 0.055755 0.055755 14.45 0.164 14.62

Residual Error 1 0.003860 0.003860 0.003860 1.01

Total 15 0.381208 100.00
Model Summary

S R-Sq R-Sq(adj)
00621 98.99%  84.82%

AT
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Két qua ANOVA trong Bdng 39 cho thiy: S8 1in sira khéng in dao noen ¢6 dnh

hudng manh nhit dén muc tiéu chung (42,38%), tiép theo 13 s6 14n sira d4 thd n.

(24,34%), Lugng chay dao sira d4 S (14,62%), chidu siu sira d4 thd t4 (13,01%),

ﬂhleuﬂsausuadartmluf&@—%%o), cudi- cung—laﬁscylan$u&dwtmh D (l 67%)-
~ Buéc 7-Tinh toén t6i ou héa va kiém nghidm - '

- Xae dmhf—tn:sefquan-—hefmo téi-vu duge xac dinh:

Yop =Nm T Zf:ﬂﬂ —Mm) = lrgs THra2 + Mnont T TNrgy Tlpgn To1— 0 %
T (3.5)
Trong-46: T-1a tri s quan hé xdm trung binh- T = 0.534, cdc tri s6- tr3, Nrd2,

— " Dinont, Ne3, tes, S1 14 tri s6 quan hé x4m ciia cac théng s6 ing véi mirc tdivu héa |

twong tmg va duoc lay tir bang 6. Theo d6, ¥,, = 0.950.

Khoang tin cdy CI duge tinh nhu sau:

T= +JF AGH AN (N %) = 0,315

Trong d6: F, (1 £.)=739,864 14 hé sb tra bang v&i mic y nghia a% =90%,fe=11a
bic tirdo cua 16i, Vi = 0,00386 12 sai s trung binh ctia 18i, N 12 56 14n 1ip hidu qua,
R=31asé ldn 13p cia mét thi nghiém.

Tong s8 thi nghiém

¢ 7 1 4 t8ng bic ty do clia cac yéu t6 dwa vio tinh toan t&i wu

o S LT

b A -

FYIr o |

T ) 48
1+3+3+3+3+1+1
Do d6, véi mirc ¥ nghia o= 90% thitri s6 quan hé x4m duoc dur doan véi mirc hop
1y ciia cac thong s6 ddu vA0 tra3/1a2/Mnonl/nga3/tea1/S 1 nhur sau:
0,6 <¥p <10

= 3,2

Tinh todn dyu doan két qua t6i wu.
Can cir vao murc t8i tru ciia céc thong sb ddu vio, gié tri t5i wu cua cdc két qua
~d4ura MRR-va Fl-dugc xdc dinh theo -¢Ong thic sau:- -
(FL MRR)op = Lrd3 tras + Nyraz + Nponi + Nras +.tf: + Sl —5%T
Trong do:
(F1,MRR),,, 1a tri s& dung sai d§ phing ho#c ning suét béc téch vat liéu t6i uu

t- a3 latri s6 trung binh dung sai &6 phing hodc ning suit béc tach vit liéu khi chiéu
siu sira d4 thé & mirc 3

Tirgz 14 tri s6 trung binh dung sai d6 phing hoic ning sudt béc tach vat lidu khi sé
lan stra da thé & mirc 2

Rnont 14 tri s6 trung binh dung sai 46 phing holic ning suit béc tach vat liéu khi s8
lin chay khéng &n dao & mirc 1
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_nfaTlé—t—ri{é—t—rungfbinhfdungsaifdéwphﬁng,hoéc,nﬁng,suét,béc tach vét lidu khi sb

— }insha d4 tinh-& mitc 3

'th 1a tri s6 trung binh dung sai d% phiing hodic ning sut béc tach vét liu khi chiéu

~ shu sira d4 tinh & murc 1

S, 12 trj s6 trung binh dung sai 46 phang hoiic ndng suit béc tach vit lidu khi lugng
"'cliay_ﬂaosﬁadaomucl - N . L

T 1a tri s6 trung binh dung sai 46 phing hojc ning sudt boc tach vat ligu cua foan

b{ thi nghiém.
Thecrd S o | - s
(Fl)op = 5,37 m e
(MRR),, = 2,37 mm 3/s _
Bang 40. Két qua so sanh giita tinh todn v. huc ngh1em
Tbongso_tOI uu

. : Tinh todn Thyc nghiém .
o o a 0/ ot :
Bac trlmg gla Cong trd3, nrdz, nnonl, trd3, nrdz, nnon]., {oészl :
n@3, tul, S1- na3, tal, S1 j E
Dung sai d¢ phing Fl (um) 6,87 6,15 10,48 |
Ning suét béc téch vat liéu |
MRR (mm®/s) 2,37 2,12 10,54 ‘
Gia tri quan hé mo -~ 0,950 B

Dé danh gla 4o chmh x4c cta viée tinh toan, ’uen hanh thyc nghiém kiém chung
véi bd théng s6 stra d4 t8i wru da tim dugc véi sé 1an lgp 2 lin. B6 thong s6 thuc
nghiém la: sira da tho 2 Tin vé&i chidu sdu ta = 0.025mm,stra da tho 2 1in véi chiéu
sau tw = 0,005 mm cung véi legng chay dao S = 1.6 m/min, khong thirc hién stra da
chay khong in dao. Két qua thyc nghiém va so sanh véi két qua tinh todn tbi wru
dugc thé hién trong Bang 40.

Két qua thyc nghiém cho thdy, sai 56 16n ‘nhét $6 voi tinh todn 13 10,54% g véi
tinh todn dung sai 4§ phang nén phrong phdp tinh todn hoan toan c6 thé duoc sit
dung d& dy bdo chinh xac dbng th&i hai dic trLrng 12 ning sudt béc tach vét lidu va
dung sai @ phing,

Nhén xeét:

- Tt phén tich nay, S6 lan sura khong an dao Ninon c6 anh hudng manh nhé4t #én muc
tiéu chung (42,38%), t1ep theo 12 56 14n sira d4 thd nw (24, 34%) Lugng chay dao
suada S (14 62%), chJeu siu stra da tho ta (13,01%), chiéu sdu stra d4 tinh tr
(2,98%), cudi cung 1a s Iin sira d4 tinh na (1,67%)..

72




-Bé thﬁngjfi,téLuufcﬁa—quéftrln}rsfra“dé’kﬁl mai phang ddp g c4 ning suit béc

N tach vat liéu “I6n hon thi ¢4 ~trong khi-vi-dung saj d8 phing “nhé hon th
— thon™ 14: t3/nea3/taon 1 /ngs3/tey /S twong ving véi sita 44 the-2 Hn-ve; chidy

lan véiehidusay tra = 0,005 mm cling véi 10, 7- S

chay dao § = | -6 m/min, kchéng thye-hidn-sir a4 chay khéng in dao.

- Ket qua thye nghigm da chimg minh.réng.sy-phi-hop cila két qud mé hinh tinn

T T YOI 61wy iy chy thige 4o T"thép SKDIT bang d4 mai Haj
Duong. _
Kétlun chwong3; - .. . ... .. ... e ]
L héa cée don muyc ti€u va 4p dung ]

[— %Bﬁﬁp-dung phuonig phip Taguchi trong visc
a & Xam trong phuong phép Taguchi dé té; uu héa da muc tjgy, bay

12 mt cong ey £t hiru foh 4 dy dodn céc myc tiéu trong qud trinh sirg g4 khi mai —]
phing thép SKD1} bang d4 mai Hai Duong, Cu thé 1. \ '

- DE dat nhdm b2 mit nhe nhdt: Stra d4-thé-bén i ve; chiu sau 0,015 mm, sira -
_ 44 tinh mét 14n voi chidy sau 0.01 mm, chay khéng 3n'dao 3 1in cung véi lugng

Fri

chay dao 1.6 m/ph. Két qué thue nghiém kiém ching Ra = 0.208 um, saj léch

11.23% 50 véi dir dosn Ra = 0,187 i 1

- Dé dat dung sai dg phiéing nhé nhit: Sira d4 ths mét 1an véi chidu sau 0,025 mm, {
S d4 tinh hai lin voi chidu s4u 0.005 mm, cing v lrong chay dao 1.6 m/ph, —
—khéng thuc hign chay khéng an dao, K&t qua thyc nghiém kidm chimng Fl = 4,05 O

Hm, sai lech 11.38% so v6i du doan F] = 4.57 um. -
- D& dat ning sudt béc tach 16n nht: Stra 4 thé hai 1ig véi chidu sau 0.015 nym
V61 luong chay dao 1.6 m/ph, khéng sira d4 tinh va khéng chay khéng in dao,
Két qua thyc nghigm kiém chimg MRR = 7 63 mm’/s, sai léch 3.83% so vei dur
dodn MRR = 2.532 mm?/s. o

- Dé dat tudi bén d4_ mai 1ém nhét- -ﬁa—dé—tha-berl'éﬁ"va?h?éu_s571 0.015 mm véi

doén Tw = 29,93 ph.
- Pé nhim bé mét nhd nhit trong khi ning suit bée tach vt lidu 12 16p nhit; ty=
0.015 mm, neg= 2 IAn, nyo, = 4 lan, $ = 1.6 m/ph, khéng thuc hién sira d4 tinh,




. PHANIV:KET LUAN VA HUONG NGHIEN CUU TIEP THEO

S 4.1. Kétlufin chung. -

- P& ing dung phwong phip Taguchi dé t1 wu hoa dur doan cac do’n muc tiéu

~ khimiitinh phang thép SKDl I qua to1 bang déd mai Hai Duong.
- D4 x4c dinh dugc ché do sira d4 hqp ly nhim dat nham bé mﬁt nhd nhét: Sira

- da1h6 b6n TAnvoi chiiéa san0:015 o, strad4 tinh'mot 14n voi chidusau0:.01- -~ - —

mm, chay khéng n dao 3 1dn cling v4i huong chay dao 1.6 m/ph. Két qua thuc
- nghiém. kiém.chimg Ra.= 0.208 um, sai 1éch 11.23% so vdi dy_dodn Ra =

— 3 Y. T — e ——

- D& xéc dinh duge ché d6 sira d4 hop 1y nhim dat dung sai 46 phéng nhé nhit:
Stra d4 thd mot 1in véi chidu sau 0.025 mm, sira d4 tinh hai l3n voi chiéu sdu

0.005 mm, cting vdi lugng chay dao 1.6 m/ph, khong thye hién chay khong an

___dao. Két qua thuc nghiém kidm chimg Fl = 4.05 pm, sai lech 11.38% so véi

du doédn F1 = 4.57 pm.

- Da xéc dinh dugc ché 48 sira 44 hop 1y nhim dat ning suit bée tach 16n nhat:
Stra 44 tho hai 14n véi chidu sdu 0.015 mm véi lugng chay dao 1.6 m/ph, khéng
sita d4 tinh va khong chay khéng %n dao. Két qua thyc nghiém kiém chimg

- Pa xéc dinh duoc ché d6 sita d4 hop 1y nhim dat tudi bén d4 mai 16n nhét: Sira
d4 tho ba 1dn véi chidu sdu 0.015 mm véi lwgng chay dao 1.6 m/ph, khéng -
thue hién sira @4 tinh va khong chay khéng &n dao. Két qua thue nghiém kiém
chimg Tw = 28.9 ph, sai léch 3.6% so vdi du dodn Tw = 29.98 ph.

- Pi xéc dinh dugc ché @6 sira da hop 1y nhim nham bé mat nho nhét trong khi
nang suat béc tach vat liéu 14 16n nhét: ta= 0. 015 mm, ned =2 1an, Npon = 4 14n,

=16 m/ph khéng thue hién sira da tmh
- Da x4c dinh duge ché d9 sira da hop 1y nhim dung sai 49 phing mit nhd nhit

trong khi nang suit béc tach vét lidu 12 16n nhét: sita d4 thd 2 1an véi chiéu sdu
ta = 0.025mm,stra d4 thd 2 1n véi chiéu séu tw = 0,005 mm cing véi luong
chay dao S = 1.6 m/min, khéng thyrc hién sira d4 chay khéng an dao.

- Két qua thuc nghiém dé chimg minh ring su phi hop cla két qué tinh toan téi
wu véi yéu ciu thue t& sira 44 khi mai thép SKD11 qua téi bing d4 mai Hai

Duong.
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o 4> Huéngnghiéncéutiéptheo

uucrdmh4herdc»trcngnguoutajhcjgsua d4 nhim dam bao dbng thcn nhidu
muc tiéu: Tyrc cht nhé nhét, nhdm nho nhét, tudi bén ciia d4 16n nhét... Tién dén xac

"~ dinh ddng thoi anh hudng ciia ca ché &6 fron ngudi va che d¢ sira ¢4 dénrcac myc

tiéu trén.

75




TAILIEU THAMKHAO

[1]S. J. Pande, S.N. Halder, G.K. Lal, Evaluations of Griding wheel performance,
~ Wear, 58 (1980), p. 237-24%.
[2] E. 1. Suzdal’tsev, A. S. Khamitsaev, A. G. FEpov, andD. V. Khantonov Regimes
-~ of Mechanical Grinding-of Pyroceramic Components. in. the System Machine — . . .
- Workpiece — Tool — Scheme, Refractonies and lnaustﬁal Leranucyws——m |
' No.1, 2004.
[ ﬁh[;ﬂ I—Bomborx Cearsolo,fJ A. Sénchez,l Cabanes Exnenmental and numencal B -

tools Journal of Manufacturing Processes, Volume 27, June 2017, Pages 145-
157.

. [4] Jack Palmer, Hassan Ghadbeigi, Donka Novovic, David Cuftis, Anexperimentai
~ study of the effects of dressing parameters on the topography of grinding wheels
during roller dressing, Journal of Manufacturing Processes, Volume 31, January
- 2018, Pages 348-355.
[5] J. Pfaff, M. Warhanek, S. Huber, T. Komischke, K. Wegener, Laser Touch
Dressing of Electropléted CBN Grinding Tools, Procedia CIRP, Volume 46,
2016, Pages 272-275.
~ [6] Tingzhang Wang, Jian Cheng, Henan Liu, Mingjun Chen, Bo Yu, Bffects of

kinematic parameters on electric discharge truing of small ball-end diamond

——

% —

wheels for small concave surfaces grinding, Precision Engineering, Volume 51,
January 2018, Pages 117-127. '

[7]1 I.L. Jiang, P.Q. Ge, W.B. Bi, L. Zhang, Y. Zhang, 2D/3D ground surface
topography modeling considering dressing and wear effects in grinding process,
International Journal of Machine Tools and Manufacture, Volume 74,

-~ -— -November 2013, Pages 29-40. - - - | — _ _

[8] Yanzhong Wang, Yang Liu, Xiaomeng Chu, Yuemmg He, Wei Zhang,
Calculation model for surface roughness of face gears by disc wheel grinding,
International Journal of Machine Tools and Manufacture, Volume 123, .
December 2017, Pages 76-88.

[9] Yanzhong Wang, Yang L1u Xiaomeng Chu, Yueming He, Wei Zhang,
Calculation model for surface roughness of face gears by disc wheel grinding,
International Journal of -Machine Tools and Manufacture, Volume 123,
De_c_:ember 2017, Pages 76-88.

76




________ [10].P. Puertoa, R. Fernandez, J. Madariaga, J. Arana, 1. Gallego, Evolution of

surface roughness in grinding and its relationship with the dressing parameters

and the radial wear, Procedia Engineering 63 (2013) 174-182.

[+1]-AlbertJ-Shih;-An-experimental mvestigaiion of Totary diamond truing-and

"~ diessing of vitreous bord wheels for-ceramic grinding, International Journal.of .
____ Machine Tools and Manufacture, Volume 40, Issue 12, September 2000, Pages

1 o= 1= 4
7551774

- ---machining-of *water-drop’-surface by single point diamond grinding, Precision

[12] Quanli Zhang, Qingliang Zhao, Suet To, Bing Guo, Zhimin Rao, Precision -

 Engineering, Volume 51, January 2018, Pages 190-197. :

[13] G. Xiao, S. Malkin (1996), On-Line Optimization for Internal Plunge Grinding, 7
CIRP Annals - Manufacturing Technology, Volume 45, Issue 1, Pp. 287-292.

[H4THK: Ténshoff,—].—Peters,—I.—I-nasaki,_TrEauL(lQQZLModelling’ and Simulation

of Grinding-Processes,—GIRP—AnnalsLManufacturinglcghn_ok)gv. Volume 41, -

Issue 2, Pp. 677-688. :

[15] XM. Wen, A.AO. Tay, AY.C. Nee (1992), Micro-computer-based
optimization of the surface grinding process, Journal of Materials Processing
Technology, Volume 29, Issues 1-3, Pp. 75-90.

[16] N.B. Fredj, H. Sidhom, C. Braham (2006), “Ground surface improvement of
the austenitic stainless stee]l AISI304 using cryogenic cooling”, Surface &

N N . L S A Y

Coatings Technology, pp. 4846-4860.

[17] S. Malkin, Y. Koren, A. Ber (1980), Off-Line Grinding Optimization with a
Micro-Computer, CIRP Annals - Manufacturing Technology, Volume 29, Issue
1, Pp. 213-216.

[18] Trin Minh Ditc (2002), Nghién citu dnh hudng ciia cdc théng s6 céng nghé khi

_ stra dd t6i Topography ctia dd mdi, Ludn 4n Tién s§ k¥ thudt, Dai hoc Bach

s Hine. T T T T oo

[19] E. J. Krabacher (1959), Factors influencing the performance of grinding wheel,
Journal of Engineering for Industry, Vol. 81, pp. 187-192. |

[20] JL.H. ®unHMOHOB, Cmouxocms waugeanshblx kpyzo8, “MallHHOCTPOCHHE
Jlenunrpan”, 1978.

[21] E. Brinksmeier, F. Wemer (1992), Monitoring of Grinding Wheel Wear, CIRP
Annals - Manufacturing Technology, Volume 41, Issue 1, Pages 373-376.

[22] Banh Tién Long, Trin Thé Luc, Trin S§ Thy (2013), Nguyén Iy gia cong vdt
liéu, NXB Khoa hoc va ky thudt, Ha Ndi.

77




[23] Fritz Klocke, Manufacturing processes 2 (2009), Grinding, honing, lapping.

_ Springer.

[24] SunHo Kim, Jung Hwan Ahn (1999), Decision of dressing interw;zl and depth

Processing Technology 88, Pages 190 — 194.
~ "7 [25] X. Chen; D. R."Allanson, W- B. Rowe (1998), Life cycle model of the grinding .

by the direct measu?Wm—ofthrgrindingwh—eel—surfaee,—lgu-mal_ of Materials

- process, Computers in Industry, Volume 36, issues 1-2, 30 April, pp. o-11.
. .[26] Hamid Baseri (2012), __Sjmqlqtr_e_q_annealing based optimization of dressing

T ***méﬁmtﬁgg?rﬁfdmmrfo@ancé}"IﬂtﬁJffAdvfManufrIec'hl'ldl,_‘ﬁ B

No. 59, pp. 531-538. ‘ —
[27] Jae-Seob Kwak, Man-Kyung Ha (2002), Evaluation of Wheel Life by Grinding
Rati04&nd—Static—Ferce,_KSME_InternatianaLJm,M,w

£ op=.

1077-

[28] Mohammad Rabiey, Christian Walter, Friedrich Kuster, Josef Stirnirmann,
Frank Pude, Konrad Wegener (2012), Dressing of Hybrid Bond CBN Wheels
Using Short-Pulse Fiber Laser, Journal of Mechanical Engineering 58, 7-8, pp.

462-469.
[29] Milton C. Shaw (1996), Principles of Abrasive Processing; Oxford University

Press.

[30] LM. Kozuro, A.A: Panov, El. Remizovski, P.S. Tristosepdov (1981),
Handbook of Grinding (in Russian), Publish Housing of High-education,
Minsk.

[31]S. Malkin (1989), Grinding technology: Theory and Applications of Machining
with abrasives, Ellis Horwood Limited, Endland. _

. [32)  _ NORITAKE CO., LIMITED,  Dressing and  Truing,

http://www.noritake.co.jp/eng/products/abrasive/support/suﬁpoi'tm_gin&ing/dre
ssing.htmi (truy cip 08/03/2019).

[33] Haepman M.C., Cripap4HHK MOJIONIOTO wmdosimyka, M. Beiciad mko:a,
1985.(https://docviewer.yandex.com/?ur1=ya-disk-
| public'%3A%2F%2qudddXKLUxtLbsaPJ AzZ%2FzKOUDPDpE0%2Fy%2B
DzE6x3FP8%3D&name=Spravochnik—molodogo-shlifovschika— '
1985.djvu&e=5710bcfe7d46&page=53 )

78

FaLY

Raray % =



[34] Norton Catalog, Diamond tools, http ;/[\yvyw.nortonabrasives.com/ (truy cép
8/10/2015). "
[15] Winter Sain-Gobain (2015), Catalogue No.5 Dressing Tools: WINTER
~ diamond tools for dressmg gnndmg wheels, Fall-Line Industrial Market—
[36] Tran Minh Dirc (2010), Anh hudng cia ché a6 cong nghé khi stra da ‘dén tinh
" At ciia 44 mai, Tap chi Khoa hoc va Cong nghé; Pai hoc Thainguyén, Tép- 64, - . —
$6 2, Trang 75-78.
- [37] Nguyén Trong Binh, Trin Minh Ptrc (1998), Nghién ciru dnh hudng cla cac
e _thdng s6 céng nghé cia d4 mai tdi Topography cu”aTTfTapThrGU khi ngéy -
nay, Sé 21-8, Trang 35. —
(38] Nguyén Thi Phuong Giang (2008), Nghién ciru tinh nang cit cia d4 mai cao
f6c chatdinlrkét Ceramic-sn- xuat-tai nha may-d4d-mai Hai- Duong,JnarL\@,ntml—

st
[39] Tang Huy, Nguyén Huy Ninh, Trin Pirc Quy (2005), Mot phurong phap do
Topography clia @4 mai bing cdm bién khoang céch Laser, Hoi nghi Po ludng

oa

toan qudc, Ha ndi, trang 159-164.

79




— -Materials-Science-Forum— - ——-- — —— e me = —Submifteds 2020-0%53] - -

ISSN. 1662-9752, Vol. 1020, pp.60-67 Revised: 2020-08-0G5
©@2024-Trans-Tech-Publications Ltd-Swiizerland — Accepted:-2020-08-05

Online: 2021-02-01

Effect of Dressing Parameters on Material Removal Rate when Surface
Grinding SKD11 Tool Steel

Tran Thi Hong'?, Bui Thanh Danh?®, Nguyen Anh Tuan®c, Vu Trung Tuyen®d,
-~ Lou Anh Tang®*®, Nguyen Thanh Tu®f, Tran Ngoc Giang®9, Vu Ngoc Pi** ]

*Nguyen Tat Thanh University, Vietrnam [ |

- 2University.of Transport and Communications; Vietnam
73University of Economic andr Techpiqal Vlrndustries, Vietnam

_National Research Institute of Mechanical Engineering, Vietnam_—

¥Thai Nguyen University of Technology, Vietnam _ _
*tranthihong@gmail.com, "buithanhdanh@gmail.com, “Natuan.ck@uneti.edu.vn,

"tuyen:narime@gmaiI:comr"Iuuanht'ung@tnutnedu:vr’nthanhtu:cnvl@gmaﬂ@m',

- o - “tranngocglang@inut.edu vn

*Correspondence: vungocpi@tnut.edu.vn; Tel.: +84-974905578

: _.__Key.words:_Grinding_wheeIrDressing-parametels,-MéteﬁaI-remogzal—rat&Taguehi-methéd;—SKD11 ;

Abstract: Nowadays, surface grinding is one of the most common in mietal finishing methods. The
efficiency of this process is affected by the so-called process parameters such as dressing feed rate (S),
rough dressing depth (a;), rough dressing times (ny), fine dressing depth (ay), fine dressing times (n¢), and
non-feeding dressing (nnos). etc. In this paper, the optimization of dressing parameters in surface grinding
SKD11 tool steel is studied. The aim of the study is to find the most appropriate value set of dressing
parameters to maximize the material removal rate (MRR). In order to solve the problem, the Taguchi
method is used. Based on an orthogonal array Lig(4*x22), sixteen experiments have been conducted. By
analyzing the experimental results, an optimal solution of such optimization problem has been solved,

Nk O
Kl Lo

presenting the most appropriate dressing parameters as follows: a; = 0.015 mm, n, = 2 times, a; = 0.005
mm, ne={ times, Npon = 0 times, S = 1.6 m/min. The discovered technology mode has been applied to the
real machining process and the outcome shows out a much better result in comparison with default setting
modes, that the difference between the model values and the real values of the roughness average is
controlled within 3.87% of the ranges.

1. Introduction

Improving the efficiency of the grinding process has been increasingly demanded. However,

the typical.elements.of the grinding process-are-influenced-by-many- factors such as-the-work-piece;-

the grinding machine, the grinding wheel, and process parameters settings [1-8]. These factors not
only affect directly on the cutting capacity of grinding wheel, but also impact on-the process

performance, the accuracy and the quality of ground parts.
A number of studies were already reported that emphasize in increasing the efficiency of

dressing process [9-13]. Hoang Xuan Tu et al. [9] studied on the optimization of dressing parameters

in cylindrical grinding 9CrSi steel. They showed that minimum surface roughness was found with
the rough dressing depth of 0.07 mm, the fine dressing depth of 0.02 mm and the number of non-
feeding dressing times is 3. In the same study, Vu Ngoc Pi et al. [10] presented an experimental study
on the impacts of the dressing parameters including the dressing depth, the dressing feed rate and the
speed of grinding wheel on the surface roughness when grinding tablet shape punches by CBN wheel
on CNC milling machine. They noticed that the dressing depth is the most influential parameter on
part’s surface roughness among all considered. Jack Palmer et al. [11] investigated the topographical
changes of grinding wheels, with different grit morphologies and dressing parameters. Their results
indicated that the infeed rate is the most influential parameter on the fracturing of the wheel grits.
Davide Matarazzoa et al. [12] developed the artificial neural network models to detect and prediet the
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best time for the dressing operation, in order to enhance the efficiency of grinding operation. Also, P.
Puertoa et al. [13] analyzed the relationship between surface roughness and the dressing parameters.

-They-concluded that aggressive dressing conditions make coarse topographies of grinding wheel,so ;

initial roughness tends to be high and reduces gradually in the grinding process.

From the extensive review of the above studies; it is evident that there 1s a keen interest among

anmm@emwm process. To the best of author’s

knowledge, although any published Tesearches are available-to—improve-the—efficiency-of-the
dressing process, the probtem of optimizing dressingparameters for grinding SKD11 steel work- —
piece on a surface grmdmg machine has not been reported till date. Therefore, this paper proposes a

‘mettiod To optimizé six dfessing paramieters inm sutface grinding SKD11 tool ‘steel: The- dressmg e

—and find the optimal dressing parameters in surface grindin

paramefers including the dressing feed rate{S), the rough dressing aeptii (ar), %),
fine dressing depth (), fine dressing times (n), and non-feeding dressing (nnon) were selected as input
process parameters.in this study. Sixteen experiments have been conducted. The experimental data

- ~would" bethebaststcranalyzefhe-mﬂucnc&of-pfeees&pafameter%emh&materml removal rate(MRR)%W f

2. Methodology

T2 l—Exp?rmrental—machme—and—eqmpment'—A surfaee—gﬂndmg—mach—me—equlpped—wnth—a

Cn46TB2GV1.300.32.127. 30_gnndmg_whchwaulsg¢er_t_e_gnndm2 tests as shown in Figure 1.
The grinding wheel is dressed using a smgle-pomt diamond pen dresser. The work—pleces made of

SKDI11 steel were used as the test specimen and subjected to a heat treatment prior to the grinding
tests. The dimensions of the specimen are 70 x 40 x 25 mm. The processing equipment is shown in
Table 1.

2

1Y

AL -

pag= Dressing tool B

o -/ T 7 T _FTg_l Slll'faC'C'gl'iI]diIlg'pI'OCCSS_' T o T S |

Table 1. Experimental machine and equipment

Machine and Equipment Specifications

Machine for grinding MOTO - YOKOHAMA (Japan)

Dressing tool 3908-0088C (type 2, Russia) :

Grinding wheel _ Cn46TB2GV1.300.32.127.30 m/s (Hai Duong,
Vietnam) )

Work-piece material . SKD11

Work-piece dimensions 70x40x25 mm’

Roughnéss measurement machine SJ201 — Mitutoyo (Japan)

2.2. Design experiment: The experiments were carried out with the following grinding parameters:
The velocity of the grinding wheel was set at 26.5 m/sec. The depth of cut was set at 0.01 mm. The
velocity of work- plece was set at 8 m/mm The feed rate of the machme table was set at 8 mm/pass
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Also, six dressing parameters (S, ar, 0, af, Nf, Tnon) are selected as input process parameters in this

study to study their effect on material removal rate. The assigned values of input parameters at

'*fdifferentflevelsuand—theirfdesi—gnat—ienfareftabulatedfin,T,able,Z.,ThQ,,Ta'guchi method is used for the

design of the experiment. An orthogonal array Li6(4*x2?) with fractional parametrical designs was
selected and sixteen experiments have been conducted as shown in seven first columns in Table 3. —
*%MWMM&IWM%
as in four last columns in Table 3.

Table 2. Dré-ssing pafaméters and levels

“Experimental levels -
Dressing parameters Unit — —
1 2 3
- S | m/min _ 1.6 g -\ - - - :
] > | mm | 0015 | 002 | 0025 | _ 003 o

fr Times 1 2 3 4
ar mm 0.005 0.01 - -
nf Times 0 1 2 3
Tinon Times 0 1 2 3

3. Results and Discussion ' S

To evaluate the influence of six dressing parameters on the material removal rate and to
determine the optimal value of these parameters, the analysis of variance (ANOVA) was used. With
the goal of the experiment, the larger the material removal rate is, the better the result is achieved.
Therefore, according to Taguchi method, the signal-to-noise ratios (S/N) for this target is calculated
by formula (1) [14, 15]. The obtained material removal rate results of the conducted experiments and
corresponding signal-to-noise ratios (S/N) are also presented in Table 3.

S/N =-10 Log10 [MSD] 1)

_—wr W i

With:

1 1 1

t—+ot—

Tz 2
MSD= y] y2 yn
n | @)

Where:
—- 1 igthe mumber of experiments-under the same-input parameters; .

yi is material removal rate value for the im experiment (i=1, 2, 3).
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Table 3. Lis Orthogonal array with factors and responses

No. ar Nir | Dpon | If ar S MRR (mm’/s) T
Tral 1 | Trial2 | Trial 3 | Mean S/N
1 |0015[1] o Jo]o0o005]16]| 244 242 | 238 | 241 | 7656
2 T 0015 2 I 0005 1138 2.05 2.00 194 2.00 5998
3. 0001531 2_[2] 00t | 16| 192 | 18 | 1.8 | 190 [ 5561
4 o015 4| 3 [3] 001 [1.8] 183 1.82 1.85 | 1.83 5.265
s5Foor T F rt200r 1181 184 | 179 {|~180 { 18| 5160 |- -
61002 [2] 0 |37 001 [1.6] 240 2.36 237 | 238 T31d
7 o002 3] 3 |[0]0005]|18]| 206 2.05 204 | 205 | 6230
g ooz T4 T2 10005 | 1.6 193 | 1.90 1.64 | 1.82 | 5149
—+o [ 0025|112 |3 }0005| 18} 187|191 |-192 | 1.90 | 5565 ,
10002521 3 |2]0005]16[ 230 2.25 227 | 227 7.136
1106253 0 |1] 001 18] 175 193 | 192 | 187 5.389
1210025 (4] 1 (0] 001 |1.6] 192 1.88 1.89 | 1.90 5.557
13003 { 1| 3 |1] 001 |16]| 198 1.92 1.95 | 1.95 5.793
14| 003 |2 2 |0] 001 |[18] 1.89 1.86 1.87 | 1.87 5455
5] 003 [ 3] 1 [3]0005]|1.6] 191 1.87 186 | 1.88 | 5471
16| 003 4] o [2]0005}18]| 183 1.81 179 | 1.81 5.152

3.1, Determination the influence of dressing parameters: The ANOVA values of medium material
removal rate (MRR) are shown in Table 4, Table 5 and Figure 2. The analysis results show the
influence level of dressing parameters on part’s medium material removal rate as follows: the impact
level of rough dressing times (n;) on the material removal rate is 31.29%; the impact level of non-

7 feeding dressing times (fnon) 0N the material remov is 26.32%; the impact level of dressing fee

rate (S) on the material removal rate is 19.68%; the impact level of rough dressing depth (ar) on
material removal rate is 9.92%; the impact level of fine dressing times (nf) on the material removal
rate is 9.92%. the impact level of fine dressing depth (as) on the material removal rate is 4.32%. Thus,
the influence of rough dressing times (ny) on the material removal rate is the greatest, and the effect
of fine dressing depth (as) on the material removal rate is the smallest.

According to Figure 2, in the beginning the material removal rate (MRR) increases, but when

the number of rough dressing times (nr) increases, it decreases. It reaches the largest value at the-

rough dressing times of 2 (equivalent to the rough dressing times value at the second level). In

“Contract, the material Tenioval Taté initially decfeases but rises when-the number -of fine-dressing-

times (n¢) or the non-feeding dressing times (nnon) grows. It is maximum at the fine dressing times
of 0 (equivalent to the fine dressing times value at the first level). It reaches the largest value at the
‘non-feeding dressing times (nnon) of 0 (equivalent to the value of non-feeding dressing times at the
first level). In addition, the material removal rate decreases when the rough dressing depth (ar) and
the fine dressing depth (a) or the dressing feed rate (S) increases. Its value is maximum at the rough
dressing depth (a;) of 0.015 mm (equivalent to the value of rough dressing depth. at the first level).
1t reaches the largest value at the fine dressing depth (ag) of 0.005 mm (equivalent to the value of
fine dressing depth at the first level). It is maximum at the dressing feed rate (S) of 1.6 m/min
(equivalent to dressing feed rate value at the first level). '
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Table 4. The ANOVA values of medium material removal rate (MRR)

Source DF | SeqSS | AdjSS | AdjmMs | F P | C%
a 3| 0059138 | 0.059138 | 0.019713 | 3473 | 0.124 | 9.92

— a3 1 0186483 | 0:186483 | 0.062161 | 109:50 | 0.070-| ~31:20
Tpon 3 | 0156856 | 0.156856 | 0.052285 | 92.11 | 0.076 | 2632

- iy 3—-0:049910—|—0:049910—|— 0:016637 | 2931 —0.135| - 837
& | 1" | 0025761 | 0025761 | 6.025761- | 4538 | 0.094 | 4.32

s [ 1 [ o1i7311 | 0117311 | 0.117311 | 20665 | 0.044 | 19.68 |

~Residual Brror | L | 0.000568 | 0.000568 | 0.000568 [ [ | 010 |- -
Total 15 | 0.596027 _ 100.00

- Table-5-The-influence level of dressing parameters on medium material removal rate (MRR). . .

T '77"[,2\"&1 1 737- nrﬁi 'llnon - _ 'n'rﬁ I af;ﬂ I S —_—
1 2.035 2.018 2.116 2.059 2.018 2.064
-2 2.015 2.130 1.896 1.909 1.938 1.892
_ 3 1.984 1.922 1.873 1.948
4 1.878 1.841 2.026 1.996
Delta 0.158 - .289 (0.243 0.150 0.080 0171
Rank | 4 | 1 [ 2 5 6 3
Main Effects Plot for Means
Data Means
215 ar nr nnon nf af S m

2.10

2.05-

2.00+

1.95 1

Mean of Means

1.901

1.85-

1.80 -

VTQTRTR N o

Fig. 2. Main effect plots of dressing parameters for means of material removal rate

3.2. Determination of optimal dressing parameters: For determination of optimal dressing:
parameters, the ANOVA values for signal-to-noise ratios {(S/N) are determined (as shown in Table 6

and Figure 3).

Table 6 and Figure 3 indicate that the signal-to-noise ratio (S/N) reaches the greatest value with
the following dressing parameters: a, = 0.015 mm, n, = 2 times, Npon = 0 times, ne= 0 times, ar= 0.005
mm, S = 1.6 m/min. That means the optimum dressing parameters will not have the fine dressing
times (Npon = O times), and non-feeding dressing (nr = 0 times). These values of the dressing
parameters are optimum, which would help to get the best material removal rate.

—._-_l_u_n_n-_in\_n -_l_l_ln_i_l .__'_“'_'L__'_'_ _'_ T T
Q,{.,Q@@-,?,,’e F Y W WY W N, K ML N PR 90% D - - —




Table 6. The ANOVA values for signal-to-noise ratios (S/N)

~ Source DF Seq SS Adj SS Adj MS F P
ar 3 0.9850 098496 | 0.32832 | 11.06 | 0217 |
e — =3 |- 3:3998—|=—3:39981+— 113327 |- 3819 0.118
Taop 3 2.6496 . 2.64958 0.88319 29.76 0.134
— Bt T3 1 069157 091568 | 030523 | 1029 | 0224 | |
T T | 04431 | 044313 | 044313 | 1493 | 0161 | - |
S 1 1.9757 1.97568 1.97568 66.57 0.078
Residual Error | 1 | 00297 | 002968 |” 002968 [~ ~ 2 IO
Total 15 10.3985
. Main Effects Plot for SN ratios
_ 3 ool dNAtos
- - 3 _ar or. nnon ! nf — Jf s -
6.4
/
£ ]
% \ ®
_ 4. ) \ j
=
13
Q
] r
QQH\:.Q’I%Q'{’;?’,P N0 AT 0 NS a,QcPc,, 09@ KN

Signal-to-noise: Larger is better
Fig. 3. Main effect plots of dressing parameters for signal-to-noise ratios (5/N}

3.3. Determination of optimal material removal rate value: The optimal material removal rate
value MRR,, is determined by the levels of the dressing parameters that strongly affect the signal-to-

noise ratio (S/N) as follows:

MMRgp = @py + Mg + Tipona + @1+ 0 + S, — 5 Taur : (3)

‘Where:

‘@, is the mean material removal rate value correspouding to-the rough-dressing-depth-value-at-
the first level (&, = 2.035 mm?/s);

fl,, is the mean material removal rate value corresponding to the rough dressing times value (nr)
at the first level (fi,, = 2.13 mm?/s);

finony 18 the mean material removal rate value corresponding to the non-feeding dressing times
value at the first level (ipgny = 2.116 mm?/s);

fig is the mean material removal rate value corresponding to the fine dressing times value at the
first level (fipy = 2.059 mm3/s);

Gy is the mean material removal rate value corresponding to the fine dressing depth value at the
first level (@, = 2.018 mm3/s);

S, is the mean material removal rate value corresponding to the dressing feed rate value at the
first level (§; = 2.064 mm3/s);
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T, , is the mean material removal rate value of the total experiment;

e 316 o 16 py 15 '
L R'”’“‘E{gﬂ* R R 1978 mm3fs

~-—= ————--Therefore: — _ _ —
- MMRgp= 2:.035+2.13 + 2.116 + 2.059 + 2.018 + 2.064 — 5% 1,978 = 2532 mm?®/s
Finally, the confirmation experiment which takes the parameters found above as the dressing
-~mode have conducted to-compare experimental values.of the material removal rate to those whichare
calculated by the mathenati . i i nted in Table _"
7, indicates that the difference between experimental values and mathematical model values of the
~ material removal rate is within 3.87% of the range. This indicates that the models which are proposed
- in the study-are reliable. L T IR PP PR R h

) WWM* ' ueand experimental value ]

Optimum parameters :

Prediction value | Experimental value

at, D2, Dnonl, | @rl, N2, Nnont, B, | Error (%)

1, 811, S1 art, SI
The material removal rate - MRR (mm®/s) 2.532 2.63 3.87

Output responses

We propose herein a method based on Taguchi techniqueé to optimize the dressing parameters in
surface grinding operation for SKD11 steel. Based on the experimental investigation, the following
points can be concluded:

. Among the six dressing parameters, the most influential parameter on material removal rate is
: the rough dressing times. The second influential parameter on material removal rate is the non-feeding
dressing times. The third influential parameter on material removal rate is the dressing feed rate. The
fourth influential parameter on material removal rate is the rough dressing depth. The fifth influential
parameter on material removal rate is the fine dressing times. The smallest influential parameter on

* material removal rate is fine dressing depth.

- By applying Taguchi technique and analysis of variance (ANOVA), with the proposed target
function of the material removal rate, the optimum dressing parameters for the maximum material
removal rate have been found as follows: a; = 0.015 mm, 0y = 2 times, inon = 0 times, nr = 0 times, ar

= 0.005omm, S = 1.6 m/min. ;

_ The difference between experimental values and mathematical model values of the material
removal rate is within 3.87% of the range. This proves that the models which are proposed in the
study are reliable.

4, Conclusion | ‘ ;I
b
\
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Abstract. This article describes an optimization of dressing parameters to improve the wheel life in
surface grinding of hardened SKD 11 steel by using the Taguchi method. Dressing parameters
including dressing feed rate, coarse dressing depth, coarse dressing times, fine dressing depth, fine
dressing times, and non-feeding dressing were investigated to determine their influence on the wheel
life. The DOE method developed by G. Taguchi was selected to design the experiments. An analysis
of the signal-to-noise (S/N) response and ANOVA were conducted to obtain the optimal values of
dressing parameters for maximizing the wheel life. In the results section, the coarse dressing times
and the coarse dressing depth are determined to be the most influential factors which give a

s

PRI o

statistically significant effect on wheel life. Also, a predictive value of the average wheel life is given
with a 3.6% deviation from the verification experiment.

Introduction

Grinding is a widely'use-d machining process for material removal roughing operations as well as
high-quality finishing processes. In the grinding process, the dressing plays an important role in wheel
preparation. It is applied to sharpen abrasive particles as well as remove loads and built-up workpiece

material deposited on the surface of the grinding wheel [1, 2]. During working, the grinding wheel is .
- — —wom-continuously-and-that-affects-the-quality-and-pro ductivity of the process. Therefore, the dressing

process is required to ensure the original specification of the grinding wheel. The profile, topography,
and the wear behavior of the grinding wheel are affected by the dressing process. Thus, the dressing
significantly affects the grinding whee! performance [3-5]. Despite its importance in the grinding
process, the dressing is usually conducted empirically or based on practical knowledge. In literature,
there are many attempts made to optimize the dressing process as well as determine the influence of
dressing parameters on machining quality or grinding wheel [2-11]. X-T Hoang et al. studied the
influence of dressing parameters on roughness in 9XC tool steel grinding [6]. The authors presented
an optimization of dressing parameters such as rough dressing, final dressing, and dressing without
the depth of cut for improving the surface roughness. In another study [4], D. D. Mohite and S. Jadhav
investigated the effects of parameters of dressing operation using blade type multi-point diamond
such as dressing depth of cut, dressing cross feed rate, drag angle of dresser and number of passes on
surface roughness. They concluded that dressing cross feed rate is the most influencing factor in
roughness. A-T Luu et al. presented an optimization of dressing parameters of the grinding wheel of
9CISi tool steel to minimize roughness average and flatness tolerance by using the Taguchi method

and Grey Relational Analysis[S]. The conclusion was presented that the dressing regime with coarse

Al ights reserved. No part of contants of this aper'may'b'e'rebrodt{ped'orflransmitledrinrariy—.form_—urfb -any-means without the_wrilen permission of Trans . __

Tech Publications Ltd, www.sclentific.nel. (# 7078477, Thal Nguyen University of Technology, Thei jguyen-Vielnam-07/12/20,15:10:37).
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dressing depth of 0.025 mm, coarse dressing times of 3 times, fine dressing depth of 0.005 mm, fine
dressing times of 2 times, non-feeding dressing of 3 times and dressing feed rate of 1.6 m/min lead
****** ttrthesma}lestroughnessfaverag&and—minimumfﬂatnessftolerance.,The,impac,tnf "dressing parameters

of hybrid bond CBN grinding wheels to the roughness, the grinding forces, and the wheel wear was

“given in a study of Rabiey M et al.[12]. Aleksandrova proposed 2 simulation fodel fof the wheel life, |

inding process[13]. Based on

"7 7 Tinke's dressing model, a matheimnatic model for the imitial-wear-of vitrified-bonded-grinding- wheels
was presented by Fritz Klocke et al[3]. T ' - : e
The grinding wheel life is an important index that reflects the physical aspects of grinding as well

“as the economic and technical factors. It demonstrates one of the basic -characteristics of a-grinding -

wheel[14]. In the research of Tianyu Yu[l5], 2 predictive model for the totat-wheettife-that-is
consistent with experimental observations has been proposed. In two studies of Hwang(16, 17], the
_ author suggested that grinding wheel life was strongly influenced by continued grit dulling and

K hasestab he'g

p:ogess@ﬁgﬁnding—fmcevan&speciﬁcrenefgyﬂn—researeh‘[71-8k'K\ﬁék,JfS',,:&'H?;M.,,;;;;
stablished a relation ¢ Hation eel file wi rinding ratio-and static grinding — ————

force.In a sthdS} on the grinding using CBN wheels[19], Chen, X. et al, conclude that a decrease in
the dressing depth increases the wheel life.
'~ Surface grinding is the most common of the grinding process. Thus, surface grinding is very much

interested in scientists as well as manufacturers [20-25]. The study on the effectof dressing

parameters on wheel life i surface grinding; however;-is-still- epen: :

This study shows the optimization of dressing parameters to improve the wheel life in surface

_grinding of hardened SKD 11 steel. The Taguchi method and ANOVA were used to design the
experiment and find the optimal value of the dressing process for maximizing the wheel life.

Experimental Design

_In this study, the grinding and dressing processes are implemented by using a surface grinding
- machine as shown in Figure 1. The work-pieces are made by SKD11 steel with dimensions of 60 mm

Ny W WY

x 35 mm x 25 mm and hardness of 58-62 HRC. The lubricant used in the grinding process 1s Laniext
Aquatex 3810 with a concentration of 3% and a flow of 10 Umin. Experimental machines and
equipment are listed in Table 1. All the tests were conducted under a grinding condition fixed as
cutting velocity of 26.7 m/s, depth of cut of 0.01 mm, longitudinal feed rate of 8 mm/stroke, table
speed of 8 m/min. The data of wheel life was collected by using a Kistler 9257BA piezoelectric
dynamometer. The wheel life is defined as the amount of time the grinding wheel begins to contact
the workpiece surface until the radial force (Py) increases sharply.

Figure 1. Surface grinding process
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Tablel. Experimental machine and equipment

Machine and Equipment Specifications
i} Machine for grinding MOTO — YOKOHAMA (Japan)
Dressing tool 3908-0088C (type 2, Russia) -
- *%GﬁﬁﬂirrWh_eéi_ff_%%fen%TBiG\HﬂOOé%l%HO—mIS—(—HaifDuong, Vietnam)
Work-piece material SKD11
—— Work-piccedimensions________6ImmX JommX 2 mm N

___The Taguchi approach is selected because of its simplicity and robustness used to optimize the
process parameters involving a significant reduction in cost and processing time-{26,27]: In- the—

_Dynamometer . .. _ .. Kistler 9257BA piezoelectric dynamometer

experimental design of the Taguchi method, the orthogonal artay 1 ulilized 1o obtain the bestresults

_ with a minimum number of experiments. An S/N ratio is opted for measuring the performance
_ characteristics-and calculating the percent contribution of each parameter of the process by using the

analysis of variance. In the Tig’trchhnethcdrthere'are-threcfypesfofS#N—rati&ineludingithefbigé'er;;,, '

r”, “the smaller is the better”, and “the nominal is the better”. Therefore, the appropriate —

type is applied to each specific case. To get the maximum wheel life, “the bigger is the better” type
was selected as shown in the following equation: ’

S 0] 11 '
N EnLuy? M
Where: i is the observed data, n is the number of experiments that are repeated. 4
The input factors with levels are shown in Table 2. The experiment was designed by using Y
orthogonal array Lis of the Taguchi method. To reduce experimental errors, each experiment was
repeated threc times. ]
Table 2. Factors and levels .
' Levels N
Factors 1 3 3 4 g
Coarse dressing depth a, {mm/stroke) 0.015 0.02 0.025  0.03
Coarse dressing times n; (time) 1 2 3 4
Non-feeding dressing naon (time) 0 1 2 3
Fine dressing times nf (time} 0 1 2 3
Fine dressing depth ar(mm/stroke) 0.005 0.01 - -
Dressing feed rate S (mm/min) 1.6 1.8 - -

Results and Discussions

Table 3 shows the experimental Tesults and-S/N-ratios—The-input-factors-include-coarse-dressing—— -
depth (a;), coarse dressing times (ni), non-feeding dressing (mnon), fine dressing times (ny), fine’

dressing depth (as), and dressing feed rate (S). Tw is wheel life with three trials for each test. S/N is
signal to noise ratio obtained by using Minitab software 17. As shown in Table 3, the measured wheel
life values range from 17.5 min to 27.3 min.

Table 4 shows the response table for S/N ratios. The ranked highest of each level of parameters is
the first level for coarse dressing depth, the third level for coarse dressing times, the first level for
non-feeding dressing, the first level for fine dressing times, the second level for fine dressing depth,
and the first level for dressing feed rate. Thus, the optimal parameters of the experiment will be (1-3-
1-1-2-1). The rank of coarse dressing times as “1” shown in Table 4 means that the coarse dressing
times is the most influential factor in the wheel life. The second factor affecting the wheel life is the

coarse dressing depth.
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Table 3. The result of experiments the S/N ratios

« Wheel life Tw (min)
e r | Pr| Moon |07 ® | Trial 1 | Trial 2 | Trial 3 AveragEW”S[Ni" T
11001517 0 |0[0.005|16] 22.2 2251229 22.53—27.05 —— ——
- > 0-015-1|-2 1 0005} 1.8} 197 19.3 20 19.67 | 25.87
3 too1s|3] 2 |21 001 [161 268 773 266 | 26902859 | ———
4 10015 | 4 3 31 001 |18 25.1 264 | 24.8 2543 | 28.10° |
s ooz 11l 1 |2}-001 18] 176 | 173 | 163 | 17.07 }24.63 ,
§ T 002 121 0 {300 16224220237 —323.00.4 2723 _
7 002 | 3 3 0] 0005 | 18] 239 24.5 253 24.57 | 27.80
& 0024211000516 247 | 245 | 246 | 2460 12782
T 9o Toos i1l 2 30005 18] 137 | 145 | 134 | 13:87 [2283 -
10 | 0.025 | 2 3 2 0005 |1.6] 182 187 175 18.13 | 25.16 —
11 | 0025 | 3 0 1| 001 | 18] 238 23.7 22.5 23.33 | 27.35
12 10025 | 4 1 0| 001 |16]| 213 20.9 21.6 21.27 | 26.55 P
13 003 |1 3 1] 001 [16] 176 172 188 17872502
14 0.03 | 2 2 0| 0.01 [ 1.8 214 219 227 22-00—26-84
15 | 003 | 3] 1 [3[0005 16| 235 | 23 | 243 | 23.60 |27.45 3
16 003 | 4 0 210005 18] 197 19 18.8 19.17 | 25.65 | 3
Table 4. Response table for S/N ratios
Level ar Ny Daon ng ar S ¢
- 1 2740 24.88 26.82 27.06 2620 26.86 E
— 2687 2628 2613 2652 2679 2613 — 3
3 25.47 27.80 26.52 26.01 - -
4 26.24 27.03 2652 2640 - -
Delta 193 292 069 105 059 073
Rank 2 1 5 3 6 4
Main Effects Plot for SN ratios
Data Means
ZBIO__-__L nr nRan of _af S
_____-__,.;“"_' -— e e _—
'.% 27.04
r
§ 2607
p-
25.5+
250
ﬁ¢290 o @

Signal-to-noise: Larger is belter

Figure 2. The S/N response analysis

As shown in Figure 2, the S/N response analysis indicates that the optimal parameters of dressing
process were coarse dressing depth of 0.015 (mm/stroke), coarse dressing times of 3 (time), non-
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feeding dressing of 0.0 (time), fine dressing times of 0.0 (time), fine dressing depth of 0.01
(mmn/stroke), and dressing feed rate of 1.6 (mm/min). The result shows that dressing mode consisting

of 3 times the coarse dressing with a depth of 0.015 mm/stroke, and feed rate of 1.6 mm/min without
fine dressing and non-feeding dressing is the optimal dressing process to get the maximum grinding
wheel life. ~~ — =~ ~ T ' ‘

The result can be explained that, when applying the optimal dressing, the appropriate chip space

~and protrusion height along with @ targe number -of-dynamic-cutting-edges-were-generated-on-the — ——
‘wheel sutface. The protrusion height; the chip space, and the number of dynamic cutting edges. -
indicate the material rémoval capability of the grinding wheel. With large coarse dressing times, more

o 'p}'dtfu_siai'lréi’gﬁt,_chip‘"ﬁ:a_cé,‘_an'_d‘irfaﬁy'dynami'c—’cutting-edges—-were---generated——-resu-lt—ing—--in the- - - - — |

improved cutting capability of the wheel. lins results 1
wheel life. However, larger protrusion height means less entrapment of the bonding material onto the
. grit that results in the low bonding force. This affects the wheel jife. On the other hand, the fine
- essingan&mrr—feedingdrcssing;iﬁhi&e&se,—areappliedfthatmreduc&thaprdix:&s&idrﬂiéiéhihﬁﬂ,chiii ,,,,, S

-— space. This reduce grinding wheel life. Similarly, the increase in dressing feed rate reduces the
chip space that leads to reduced wheel life. B '
Table 5 shows the analysis of variance for SN ratios. As shown in the ANOVA table, the coarse
dressing times is the most influential factor in wheel life followed by the coarse dressing depth. Their
influence accounts for 52.86% and 23.71% of the total effect, ively. The-influence-of other
——factorsis-lessthan10%-of the-total-effeet: -

TableSAnalysm of variance for SN ratios

Source |DF| SeqSS |AdjSS| AdjMS | F P %% T
ar 3 | 83146 | 8.3146 | 2.7715 | 1.87 [0.482] 23.71 )
I, 3 118.5319(18.5319| 6.1773 | 4.17 [0.342] 52.86 1
Ttnon 3109713 | 09713 | 03238 | 0.22 [0.878] 2.77 - 1
ne 3 | 2.2744 | 22744 | 0.7581 | 0.51 [0.743] 6.49 N
ar 1 (13732 | 1.3732 | 1.3732 | 0.93 |0.512] 3.92 3
S 11 2.1155 | 2.1155 | 2.1155 | 1.43 [0.443] 6.032

Error 1114798 | 1.4798 | 1.4798 4222

Total  |15]35.0606 -

The predicted average wheel life (T,.op) is calculated by the following equation:

Tw,OP = Erl + ﬁrﬂ + Npen1 + ap + ﬁfl + S1 — 5+ TTw (2)
Where @, is average wheel life for a; at level 1, Ti; is average wheel life for n, at level 3, Nipgng
T _i§average'Whe'el'life-for'nmatlcvel—l,—ﬁ-ﬂ—is—aver—agc—whe—el—li-ferfor-nr-at-le,vel_l.,_ﬁf.z_is.average-wheel_ S
life for ar at level 2, S, is average wheel life for S at level 1, Trw is average wheel life.
Based on Table 3, the values in (2) can be determined as the following: @r; = 23,63 min; Ay =
24,6 min, finons = 22,01 min; fig = 22,59 min; 8g, = 22,11 min; S, = 22,24min ; Ty =
21,44 min
By (2}

Twop = 23,63 +24,6 + 22,01 + 22,59 4+ 22,11 4 22,24 — 5% 21,44 = 29,98 min

A verification experiment repeated 3 times was carried out with the dressing parameters such as
coarse dressing depth of 0.015 (mm/stroke), coarse dressing times of 3 (time), dressing feed rate of
1.6 (mm/min) without fine dressing and non-feeding dressing. The average wheel life obtained from

 the verification experiments is 28.9 min. This value is 3.6% different from the predicted average
wheel life determined by (2). It proves that the research result is reliable.
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Conclusion

In this work, the optimization of dressing parameters was performed to improve the wheel life in
fffffff surface grinding of hardened SKD 11 steel by using the Taguchi method. The results of the study can-———— -

— 7be given as follows:.
- The coarse dressmg times have the greatest influence on the wheel life followed by the coarse

e—52-86%and—23-71% ofthetetaleffectrespectively—The — |

mﬂuence of other r factors is is less than 10% of the total effect.

- The optimal dressing process for the maximum grinding wheel life consists of 3 times the coarse
_dressing with a depth of 0.015 mm/stroke, and a feed rate of 1.6 mm[xpm without fine dressmg and 7

npn-feedmg dressing.

- The predicted average wheel life is given with a 3.6% deviation from the venﬁcatlon expenment

Ackn&wlﬁdgmgﬂt e e et e e e e e . . . . Lo B i . o
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Abstract. This paper presents a multi response optimization for dressing
parameters for surface grinding SKD11 steel using HaiDuong grinding wheel by
grey relational analysis (GRA) in the Taguchi method. The input parameters
including feed rate (S), depth of rough dressing (a;), rough dressing times (n,),
depth of fine dressing (ag), fine dressing times (n;) and non-feeding dressing |
(Npoq) to flatness tolerance (Fl) were investigated and optimized to obtain the

e N o B o 1

smallest flatness tolerance and-the highest material removal rate (MRR). The —H
experimental results showed that optimum caculation model with dressing
process for surface grinding SKDI11 steel using Haiduong grinding wheel is
suitable.

Keywords: Surface grinding - Orthogonal array - Grey relational analysis *
ANOVA - Optimization

1T Imtroduction- -  —— -~ T T B

Dressing is an important work in grinding operation. Up to now, there have been a
variety of researches relating dressing. This work includes two steps which are dressing
and cleaning operations. Dressing is to generate a defined work-piece profile and
micro-topography for grinding wheel, as shown in Fig. 1. In grinding process, grinding
wheel is affected by cutting forces, cutting temperature and complex chemical inter-
actions, so grinding wheel is worn. Here, perimeter and edge wear are the macro
grinding wheel wear and wear of abrasive grains is micro wear. It includes 4 types, as
shown in Figs. 2 and 3. Therefore, the minimum depth of dressing must be double wear

types [, 2].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
.. K-U_Satder et al_(Eds:). ICERA 2020, LNNS 178, pp. 560-571, 2021.
https:#/doi.org/10.1007/97 8-3-030-64719-3_62
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There are some methods to measure topography of grinding wheel. One of the
methods uses sensors [3—6]. Accordingly, the times of dressing is based on the rela-

""’***7"tionshipbetwecnfth&foreeef—the—gr—indingfprocess,anche,machmm,surfacg roughness.

___ The depth of dressing bases on topography analysis of grinding wheel. The wear of

‘grinding wheel and optimum dressing conditions were also presented [7]. In another-

__ —__—_study [8], optimum dressing conditions were investigated-to-reduce-cutting

TGO —edy

enhance surface roughness for ALO; grinding wheel with SPK12080 hardening work-

piece material. The influence of grinding ratio and cutting forces on grinding life was

wev- e presented by-[9]- ¥n-a-study-[10]; authors.compared effective.of dressing using diamond
: €58INg 10 i i : indi 0Cr6-hardening material

using SiC grinding wheel.

dressing e
profiling sharpening cleaning

: generatinga defined remaving the

i ““%a—,:{;—%:—;gﬁ?: d workplecemicro. | |- cloggings :
! tepography i| fiomthe porespates |-

Fig. 1. Dressing process [1].

bond bond
bridge breakage
wear

micro fractlure  macro fraclure lotal grain loss

Fig. 2. Macro grinding wheel wear [2].

minimum dressing depth

Ly e L]

7

: A ——
radial wear area A,, edge wear area Ag;

total grindin wheel
wear area Ag

Fig. 3. Micro grinding wheel wear [2].

The dressing conditions for external grinding were also presented in many
researches. Milton C. Shaw et al. [11] proposed the dressing conditions for external
grinding as follows: the single-point diamond dressing tool with o = 100 <+ 200; rough
dressing with depth of dressing dd > 25 pm and feed rate S > 500 pmy/rev, fine
dressing with depth of dressing dd < 12.5 pm and feed rate S < 125 pm/rev. In
another study, L.M. Kozuro et al. [12] also proposed the dressing conditions for surface
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grinding to obtain surface roughness Ra = 0.32—1.25 pm including the muiti-point
diamond dressing tool, feed rate S = 1.5 (m/min); four times with depth of dressing

———dd = 0.03 mm/single stroke andfour times-of the non-feeding dressing; with the |

__ single-point diamond dressing tool, feed rate S = 1.0 (m/min); six times with depth of
dressing dd = 0.02 mm/single stroke and four times of the non-feeding dressing.

Besides, the dressing conditions_aiso Were presented-imother researches {13, 14—

. Based on the literature review, it can be said that until now, there has not been

research on the optimum dressing conditions for surface grinding SKDI1 steel
- — —-quenching—using-HaiDuong-grinding- wheel.- Therefore, this_study focuses on the . - |

Optilnum_dressing co

grinding wheel through 3 steps: rough dressing, fine dressi

ng and non-feediﬂg dressing.

_Besides, to_examine the impact of process factors on the responses, the Taguchi method

~is very common. . Tt hias beern used successfully in several studies [15—243. Therefore;

| | or designi i lyzing the experiment in this work.

2 Experimental Setup a esearch Methodology

2.1 Experimental System

In this study, the work-piece material was SKDI11 (C: 1.4 =+ 1.6%, Si £ 04%, Mn
0.6%, Cr: 11.0 =~ 13.0%, P, S < 0.03%, Mo: 0.8 + 1.2%, W: 0.2 + 0.5%, Cu <
0.25%, V < 0.25%) with the dimensions of 70 X 40 x 25 mm and the hardness of
5862 HRC. The experimental equipment specifications are shown in Table 1 and the
grinding conditions are shown in Table 2. '

) el b gl ][

Table 1. Experimental equipment.

Equipment type

Equipment name

Country

Grinding machine

MOTO -YOKOHAMA

Japan

Grinding wheel

Cn46TB2GV1

Vietnam

Dressing tool (single-point type)

3908-0088C type 2

Russian

Measuring equipment for flatness tolerance

Mitutoyo CMM544

Japan

Lubricant Cantext Aquatext 381
Concentration of lubricant 3% -
Flow rate of lubricant 10 I/min

Table 2. Grinding conditions.

Dressing conditions

Values

Depth of cut (mm)

0.01

Table velocity (m/min) |8

Radial feed (mm/stroke) | 8

Cutting speed (m/s)

26.7

[ Thanll |




The flatness tolerance is determined by the difference between the highest and

lowest vatues of 27 points which were measured on the surface of the workpiece after

- grinding— The material removal rate (MRR)-is-determined by the material removal .
volume in a unit of grinding life. '

e o -————2.2— Experimental Design .
- ;i'he factors and their levels considered in this study are shown in Table 3. Minitab 19
seftwa:e _was.. used_ ta dcmgn expgnmcnt based on Taguchl method. A designed
- artm L6 facta nding orS-2 : actors at 2 levels

(44x22) was estabhshed as shown in Table 3 Each expenment was repeated three
~_ times with the following dressing process: rough dressing depth t4 with rough dressing
R — ﬂmesmﬁrﬁn&drcssmgdepth—ﬁrw1{h—ﬁﬂ&dressmgutlmes-nfd;-anan0n-feed1ngdress1ng [
T a__The results of MRR and Fl also are shown in Table 4. — E—

Table 3. Factors and levels.

Parameters Unit | Levels
1 2 3 4
Dressing feed rate (§) |m/min |16 |18 |- -

Rough dressing depth (tq) [mm | 0.015{0.02 0.02510.03
Rough dressing times (n,y) [times |1 2 3 4
Fine dressing depth () mm |[0.005]|0.01 |-
Fine dressing times (ng) | times |0 1|2 3
Non-feeding dressing (n,,) | times |0 1 2 3

o nllll o Bl L od | |
1 N T

|
Y

1
n

Table 4. 116 orthogonal array with factors and responses.

TT | tg Mg | Npon | Ded | tra S |Fl (pm) MRR (mm’/s)
Trial 1] Tral 2 [ Trial 3 | Trial 1| Trial 2 | Trial 3

1 100151 |o |o |oo00s|16l11.8 [127 (135 (244 |242 238

2 10.015(2 [1 |1 |0.005|1.8{246 |25 248 (205 200 [1.94

3 Jo015(3 |2 |2 |001 |16]145 [148 (142 |192 |189 |1.88

4 001514 [3 |3 loo01 [1.8]208 |212 ([21.8 |183 |1.82 |185 mi
s |00z |1 11 |2 loo1 [1.8[133 J139 [142 184 [179 |1.80

6 1002 12 [o |3 |o01 [16]109 {103 |112 |240 {236 |2.37

7 ooz 13 {3 |0 |0005[1.8]129 {139 [135 (206 |2.05 |2.04

g8 (002 [4 |2 |1 {oo005(16]11.3 |[1L5 {12 193 [190 |l.64

9 00251 [2 |3 |0005(18[105 |[109 |11 187 (191 [1.92

10 ]0.025(2 [3 |2 |0.005|16{88 |9 95 (230 |[225 |[227

111002513 |0 |1 |oo1 l1.8|95 (100 [105 |[175 |1.93 [1.92

121002514 |1 lo oot {16(173 [176 [i178 {192 ]1.88 |1.89 _
131003 |1 |3 |1 |00t |16]11.8 {115 [121 [1.98 [1.92 [1.95

141003 [2 [2 lo [oo1 [1.8[135 |139 [133 |[189 [1.86 187

15003 |3 |1 |3 10.005(16]19.6 |19 195 (191 |1.87 |1.86

16 1003 |4 [0 |2 |0005|1.8(11.8 |12 125 |1.83 [1.81 |1.79

[
i
|
|
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3 Optimization Steps Using Grey Relational Analysis for S/N

Ratio

~—= Step 1. —Determine the S/N ratios

In this study, the desired flatness folerance is ~ smaller is better””; thus the ratio-can

~ be determined as follows [25):

e
b

s 1N

SN = —=10iog1p(—

1=

=

i=1

i)

TOIIUW S,

o
e

-

~The desirec g“mateﬁarremovalﬂtﬁiﬁféfgéﬁéibé&ef;’ﬁ,tﬁemfréﬁe—'éﬂ—béﬁdeter;WW

11
SN = —10log1o(= Y | )

(2)

=l

4]

Where n is the repeated times at each experiment and y; is the measured value at

measuring times i = 1, 2, ...n (n = 3).

Table 5. Values of SN ratio, normalized values of S/N ratio and the absolute values.

TT|S/N

Z;

AK)

Fl MRR

Fl

| MRR

Fi

MRR

value

Reference

1.000 | 1.000

—22.07 | 7.66

0.67

1.00

0.33

0.00

—27.89 | 6.00

0.00

0.34

1.00

0.66

—23.23(5.56

0.54

0.16

0.46

0.84

—26.56 |5.27

0.15

0.05

0.85

0.95

—22.8 |5.16

0.59

0.00

041

1.00

1 =20.677.51 ]

0.83~

0.94—0.17

.06

—-22.57|6.23

0.61

043

0.39

0.57

-21.29|5.15

0.76

0.00

0.24

1.00

wimla aljw|sluwinl-

—20.67 | 5.57

0.33

0.16

0.17

0.84

—
=

-19.19;7.14

1.00

0.79

0.00

0.21

—20.04 |5.39

—
Yok

0.90

0.09

0.10

091

—24.89 | 5.56

—
[0

0.34

0.16

0.66

0.84

[y
(% )

—21.445.79

0.74

0.26

0.26

0.74

—22.65|5.46

—
-

0.60

0.12

0.40

0.88

it
Lh

—25.714|5.47

0.25

0.13

0.75

0.87

Y
(=)

-21.66{5.15

0.72

0.00

0.28

1.00
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Step 2. The most reliable results are at the larger S/N ratio and they are
insignificantly affected by noise. This ratio is normalized by Z; (0 <

SNy — nﬁn(SN,-}, j=1,2,.k)

7..
=y

(3)

Where j is the number of the experimental data items
© -----—The"S/N ratio and-the-normalized-value-Z eerrespen

~max(SNy,j = 1,2,..n) —min(SNVy, i = 1,2, )

(j = 16).

d-i-n-g--each.dutput.objective are

shown in Table 3.

~Table 6. Grey relational coefficient and grade:

TT | Grey

relational
coefficient v,

¥

Fi

MRR

OO0 1— O

O-201

J.OUZ | LU0V

J.OoUl

'0:333 10430

0.382

0.51810.374

0.446

0.371(0.344

0.357

0.546 | 0.334

0.440

0.746 1 0.898

0.822

0.563 | 0.468

0.515 -

0.6740.333

0.504

N AT o (et S L

Olo|alav|w|elwiv)m

0.746 10375

0.560

p—
<

1.000]0.707

0.853

(=
—_

0.837 | 0.356

0.596

—
[Sv]

0.433]0.374

0.403

o
(%)

0.659 | 0.402

0.531

Pt
-+

0.557|0.363

0.460

—
Lh

0.3990.364

0.382

i—-
i

_|0.6380.333

0486

Step 3. Calculate the interaction coefficient in fuzzy relational co-efficient for the

normalized S/N ratio

‘Where:

Amin + CAmax
kY=———71—"
V(&) Aty + {Amax

(4)

+)ji=12,..mk=12,...mmn is the number of experimental data items, m is

the number of responses.
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+) Aoy = Zy (k) — Z; (k) is the absolute value of the difference between Zy(k)
(reference sequence) and Zik} (the specific comparison sequence).

) Amin = minin Zo(k) — Zi(k) is the smallest value of Agg

+ JAmax = nv'lax rr‘ﬁxzo(k) Z;{k) is the largest value of Ag; - -
<l

__+)_(1s the distinguish. coethicient, which can be determined n range 0 < ( < 1.

 This value can be adjusted based on the requirement of system. In this study, { = 0.5.
Step 4. Determine the grey relatlonal grade

7= kau . (5)

1—1

'This is the average value of interaction in the grey,relationaLgrade,deteﬁniried atstep3.

k 1s number of performance characteristics. Table 6 shows the grey relational grade
corresponding with objective and average value of grey relational grade.

Table 7._Influence degree of parameters on fuzzy relational coefficient

Response Table for Means

Level | t;a Ny Dpon | Dfa ta S s

1 0.4965 | 0.5830| 0.6763 { 0.5450 | 0.5603 | 0.5927 s

2 0.5702 [ 0.6292 | 0.4016 | 0.5030 | 0.5070 | 0.4746

3 . 10.60350.4849)0.492510.5563 N E

4 0.4644 | 0.4375 | 0.5642 ( 0.5304 E

Delta | 0.139110.19171 0.2746 1 0.05331 0.0533{ 0.1181 3
A

Rank |3 2 1 6 5 4 |

= 0.534

Main Effects Plot for Means
Data Means
trd nrd nnon nfd tfd S

~ N N o b
QQ.‘:&(’;Q.{’;@G TH b Ny '1,'5@% Q\Q K

Fig. 4. Main effects plot for means data means.
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Step 5. Determine the optimal factor and its level combination

 The higher grey relational grade implies the better product quality. Table 6 shows

~the-grey relational grade-for each- experiment and “interactionof the grey relational —

ade,_[nlable_ﬂ,_thﬂ_lﬂllmxp&umg two times of the rough dressing with

dressmg depth of 0.005 mim, three times of the non=feeding-dressing with-feed-rate-of -

" 1.6 m/min has the Righést interaction grey relational grade of 0.853. This shows that:
~ the 10th experiment has a S/N ratio similar to the normalized S/N ratio and it has

varions goad characteristics among sixteen experiments. However, this level is not the ~

optimumn one of all factors. Therefore, the average grey relational grade of each factor
at different levels needs to be determined and they are shown in Table 7 and Fig. 3.

A factor is.optimum if its grey relational grade at any levelis the highest. Therefore; - - -

‘based on Table 7 and Fig. 3, the optimum parameters of the dressing process for

surface grinding are suitable with both MRR with “larger is better” and Fl with
“smaller is better”, as follows: trgaMigaMpon1/Mras/tsar/S) corresponding with two times
of the rough dressing and depth of cut tq = 0.025 mm; two times of the fine dressing

and depth of cut tg=0.005 mm with feed rate S = 1.6 m/min; the non-feeding

dressing 1s not used

Step 6. Perform ANOVA for 1dent1fy1ng the mgmﬁcant factors

The main purpose of the analysis of variance (ANOVA) is the application of a
statistical method to identify the effect of individual factors. The regression analysis
results of variance are shown in Table 8 and Fig. 4.

P4

Table 8. Results of ANOVA on grey relational grade.

Analysis of Variance for Means

Source DF[SeqSS |AdjSS |AdjMS |[F [P [C%

ta 3 |0.049591 | 0.049591 | 0.016530 | 4.28|0.338| 13.01
Tled -3 0.092794 [ 0.092794 [ 0.030931 | 8.0110.253| 24.34
Npon 3 10.1615800.161580 | 0.053860 | 13.9610.194 | 42.38
TNy 3_/.0.0063590.006359.} 0.002120 | 0.55 | 0.730 1.67
g 1 |0.011369[0.011369{0.011369| 2.95|0.336| 2.98
S 1 10.05575510.055755 | 0.055755]14.45|0.164| 14.62
Residual Error | 1 |0.003860 | 0.003860 | 0.003860 1.01
Total 15 |0.381308 100.00
Model Summary '

S R-5q R-Sq(adj)

0.0621 98.99% 84.82%

: »"b\\ ‘
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Table 8 shows that the output parameters are significantly affected by the non-
feeding dressing times nnon (42.38%), followed by the rough dressing times (24.34%},
: ’f**thefeechatc*&(*l%62%—)rth&depth—offﬂaerroughfdressingtxti(le,.-O,L%),,thc,dcpth of the

fine_dressing tfd (2.98%) and the fine dressing times nfd (1.67%).

The fuzzy r_éléﬁdhship value is determined as follows:

op. T &=l

.. _ . Where T is the-average grey relational grade T = 0.534; trd3, nrd2, nnonl, nfd3, tfd1,
— ST are the grey relational grade of factors corresponding with-the optimum-levels-in

YL Faliat-4al

Table 6. Where by, 7,, = 0950
Confidence interval CI can be calculated as follows:

—

— . —
o _ C_'I—:l:avlF,,(I.f,).Ve-_(_N_—e_:l_-_ﬁ_)_:éO-ﬁi . (7)

Where Fx(1,£.) = 39.864 is the coefficient with significance level a% = 90%, fe = 1
is the degree of freedom of error, Ve = 0.00386 is the average deviation of error, Ne is
the number of effective iterations, R = 3 is the number of iterations of an experiment.

Total experiments
e

* 1+ number of degree of freedom of input parameters
48

= =3.2
1+34343+3+1+1

Therefore, when « = 90%, the grey relational grade can be predicted with the
suitable levels of input parameters t-q3/Mda/Mpon1/Msgaltra1 /Sy as follows: '

06<7,, <10

Based on the optimum levels of input parameters, the optimum values of output
parameters (MRR and Fl) are determined as follows:

(FI,MRR),,,= Tra3 + Pird2 + Tinon1 + 1'fa3 +fn+81— 5T (8)

Where:

+ (FI,MRR),, is the flatness tolerance or the optimum material removal rate.

+ 7,73 is the average flatness tolerance or the material removal rate when depth of
rough dressing is at level 3.

+ Fip; is the average flatness tolerance or the material removal rate when the rough™ ™ =~

!
| NNCAL e D
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+ Ton1 is the average flatness tolerance or the material removal rate when the non-
feeding dressing is at level 1.

+ Tiz3 iS the average flatness tolerance or t he material removal rate when the fine

dressing-times-is-at-level 3: :

+ Tz is the average flatness tolerance or the material removal rate when depth of

fine-dressing-is-at-level-1-
- STisthe average flatness tolerance or the material removal rate when feed rate is

at level 1. _
+ T is the average flatness tolerance or the matenial removal rate of all
experiments. S ' ' : ]

Thus:

_ (‘ l)op- 6.87 um

(MRR),,= 2.37 mm’ /s

To investigate the accuracy of calculation process, the optimum dressing parame-

ters are as follows: two times of the rough dressing with trd = 01025 mm; two timesof

the fine dressing with tfd = 0.005 mm and feed rate S = 1.6 m/min; the non-feeding
dressing was not used. The experimental and predicted values are shown in Table 9.

Table 9. Compared values between experimental and predicted ones.

Characteristics Optimum parameters
Predicted values Experimental values — [%
teas» Nrd2y Pronls Dra3s trats | trd3s.Med2s Bnonls Drd3s Ll deviation
Sl Sl

Fl {um) 6.87 6.15 . 10.48

MRR (mm*/s) 2.37 ' 2.12 10.54

Fuzzy relational 0.950 ‘

grade

The experimental results show that the maximum deviation compared with the
predicted values is 10.54% corresponding with the flatness tolerance, therefore, this
calculation method can be used to accurately predict two characteristics, MRR and Fl,
at the same time.

4 Conclusions

In this study, the material removal rate and flatness tolerance have been predicted by
analyzing the grey relational grade using Taguchi- method:-This-study-showed-that the-
output parameters is significantly affected by the non-feeding times npon (42.38%),

]
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followed by the rough dressing times ngg (24.34%), feed rate S (14.62%), depth of
rough dressing tq (13.01%), depth of the fine dressing tg (2.98%), and the fine dressing
——times ngy (1.67%)- The optimum parameters of the dressing process for surface grinding

 suitable for both MRR with “larger is better” and Fl with “smaller is better” are tys/

N;q3/Mnont/Msasltear/S1 corresponding with two times of the rough dressing with &g =

.U 1 WO 0 d W1 d 1A = 1.6

m/min, and the non-feeding dressing was not used.

—--———-————Aeknewledgements._'[.'his_wonk_was_suppmled by_Thai Nguyen University of Technology.
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Abstract. The dressing plays an important role in wheel preparation in the
grinding process. In this study, Grey Relational Analysis (GRA) based Taguchi
method is applied to optimize the dressing parameters for minimizing the sur-
face roughness and maximizing the material removal rate (MRR) in surface
grinding of hardened SKD 11 steel. The Taguchi technique L16 is used to
organize experiments that include six input parameters of the dressing process.

bt NN

There are two two-level parameters and four 4-level parameters including
dressing feed rate, rough dressing depth, rough dressing times, fine dressing
depth, fine dressing times, and non-feeding dressing. As shown in the result, the
optimal dressing process for the minimum surface roughness and maximum
MRR consists of 2 times of the rough dressing with a depth of 0.015 mm/stroke,
a feed rate of 1.6 mm/min, 3 times non-feeding dressing, and no fine dressing
was performed. Also, the dressing feed rate has the strongest impact on multiple
petformance characteristics (with 43.24% contribution), followed by the rough
dressing depth (with 26.20% contribution). A verification experiment has
demonstrated the appropriateness of the predictive model to the measurement
data.

Keywords: SKD11 - Surface grinding - Taguchi - GRA

1 Introduction

Grinding is a metalworking process that is commonly used in roughing as well as

- - finishing—During-the-grinding-process; the- dressing functions to sharpen the abrasive .

particles and_remove metal debris adhering to the surface of the grinding wheel [1, 2].
During the working process, the grinding wheel is constantly worn. Hence, the dressing
process is required to maintain the initial specifications of the grinding wheel.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021

- ¥-U-Sattleret al. {Eds:}: ICERA 2020, LNNS 178, pp. 584593, 20211..
https://doi.org/10.1007/978-3-030-64719-3_64
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The performance of the grinding wheel, that is reflected in profile, topography, and
wear behavior, is highly dependent on the dressing process [3-5]. In small scale

_is_not_high._Optimizing the dressing process or finding out the effect of dressing

parameters on quality and productivity as well as wheel life, wear of wheel have

atfracted many researchers [6—91. However, there are many parameters of dressing—

process such as the coarse dressing, the fine dressing and non-feeding dressmg, which

have not been adequately studied.
In-metal cutting; surface roughness-is-an-important-indicator that reflects-the quality

"of processed products. nowever—charredu-cmg-rmxghness-and—nmamrgmchtmng—————

productivity are carried out at the same time is a difficult request. The process of
simultaneously optimizing two or more goals is called multi-objective optlmlzauon

rey-based Taguchi method has been usecﬁﬂiﬂvrmuitrob]ectwropmmmuuu in

..... milline 19 201 _ete

many researcncs mcmumg grmumg 4, 10=16], tuuuug, 17,18}, milling [19,20];-ete:
In the grinding process, surface grinding is the most common process. Therefore,

the improvement of the efficiency of the surface grinding process such as improving the |

roughness;-increasing-grinding-performance;-increasing-the-wheel life-is-the-topic- that
- — — -—attracts-many-researchers-and_manufacturers_ [21-28].

In this work, Grey-based Taguchi method was used for multi-objective optimiza-

tion to minimizing the surface roughness and maximizing MRR in surface grinding of
hardened SKD 11 steel. The effect of dressing parameters on multiple performance
charactéristics was also analyzed by using ANOVA. Besides, a verification experiment
was performed to evaluate the results of the predictive model.

———————— 2 Experimental Procedures ——— — — —— —

In this study, all experiments were carried out by using a surface grinding machine
MOTO - YOKOHAMA (Japan). The workpiece was SKD 11 steel with chemical
composition shown in Table 1. The workpieces have a dimension of 70 x 40 x 25
mm and hardness of 58=62 HRC. Cantext Aquatex 3810 was used as cooling fluid
with a concentration of 3% and a flow of 10 Vmin. Besides, the grinding wheel was
Cnd6TB2GV1.300.32.127.30 m/s of Hai Duong company (Vietnam) and the dressing
tool was 3908-0088C type 2 (Russia).

Table 1. Chemical composition of SKD 11 steel.

C Si Mn |Cr P S Mo W Cu \%
14+ | < < 11+13% | < < 0.8+1.2% | 0.2+0.5% | <0.25% | <0.25%
1.6% |04% |0.6% "~ 10.03% [ 0.03%

The erinding conditions fixed for all experiments were cutting velocity of 26.7 m/s,

8 m/min, The dressing parameiers incliding rough diessing depthr(trd), rough dressing
times (nrd), non-feeding dressing (nnon), fine dressing times (nfd), fine dressing depth

depth of cut of 0.01 mm, longitudinal feed rate of 8 mm/stroke, and table speed of

[/')3/ > PN

.
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(tid), and dressing feed rate (S) were selected for multi-objective optimization to
minimize the surface roughness and maximize MRR as shown in Table 2. The design

—r————famimucﬂfby*applyingthc*]ﬂ'ﬁeﬂhe gonal array of Taguchi technique.

Table-2— Eactors-and-levels
—— - . -— - Parameters - - - ..|Unit |Levels o
T |2 |2 |4 N

. gt

Dressing feed rate S [m/min [ 1.6

= IR
)

-~ Rough dressing depth ty | mm 0.015 0.025]0.03
Rough dressing times nyy | Times 1

=" Fine dréssing depth ty _|mm  [0.005

=
o

Y
W

- -~ Fine dressing times ngp | Times |0

=l ol |ofi=]m
[¥%)
-y

" Non-feeding dressing Npon | Times (0

3 Results and Discussion

Table 3 indicates the experimental results. The surface roughness was measured by
using an instrument of Mitutoyo company, model 178-923-2A, SJ-201. MRR was
determined- by measuring the weight before and after each experiment using a high-
precision scale (precision of 0.001 g).

Table 3. L16 Orthogonal array with factors and responses

No. | tg g | Mpon | e | ta S | Surface roughness | Material B
Ra (um) Remove
Rate MRR
(mm3/s)
Ti |T2 T3 T1 |T2 (T3
1 |0.01531 |0 0 10.005|1.6|0.661|0.685]0.647 244242 2.38ﬁ
2 1001512 |1 1 |0.005|1.8[0.471]0.485 0.5162.052.00|{1.94
3 100153 12 2 10.01 |1.6{0433|045 {0413 192(1.890(1.88
_4 00154 |3 3 |0.01 |1.8{0.452|0517|0.516 1.8311.82|1.85
51002 11 |1 7 (001 |1.8]1.225(1.042|1.252 1.84(1.79(1.80
6 (002 12 (0 3 (001 [1.6[1.267]1.322]1.35 2.4012.36|2.37
7 (002 (3 [3 0 10.005!1.8[/0984]1.104]|1.06 2.06(2.0512.04
) 8 1002 (4 12 1 |0.005|1.6]0.524[0.453)0.528 1.93(1.90 1.64_
9 10025(1 (2 3 |0.005]1.871.286]1.362|1.332 1.8711911.92
10 [0.025]|2 |3 2 10.005]1.6/073 [0.74 [0.767 2.30(2.25(2.27
11 |0.025]3 |[O 1 |0.01 |1.8{0.757|0.731|0.756 1.7511.93|1.92
T 11025411+ 0 {061 1.610.51 .10.465|0.464{1.92 [1.88 1.89
3 loos (103 |1 |00L |1.6]0.363]0.358]0.462|1.98|1.92|1.95
14 10.03 |2 |2 0 (001 |1.8]0.5910.613|0.609 1.89|1.86|1.87 ' T
15 [003 [3 |1 |3 |0.005]16[0841]0.348{0833]191 187,186
16 1003 14 |0 |2 [0005]1.8{0.998|1027]1.105{1.83]1.81]1.79

o mpty Vel ey hy

Fri
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Table 4. SN ratio values, normalized SN ratio values and the absolute value.

TT | S/N Z; Aik)
Ra |MRR{Ra |MRR[Ra |MRR
Zy(k)
1.000-1.000
1] 355[7.66 [0.57 [1.00 [0.43]0.00 -
2| 6.18[6.00 |0.82 [0.34 [0.18]0.66
3| 7291556 1093 |0.16 [0.07]0.84

A0 DD O OO0

GO 527082 0050181695

-1.41(5.16 |0.10 [0.00 |(0.901.00
1.7.51 10.01 1094 |0.99]0.06

—0.4316.23 [0.19 [043 [0.81]|0.057

.V ] ~ Oon o oy omem | e

5977515 (080 [0.00 [0.2071.00
—2.46|5.57 |0.00 [0.16 |1.00|0.84

oo i~l(hn|w| B
!
[
w
~J

10| 2.55|7.14 (048 |0.79 |0.52]0.21
1125215391048 {0:09 [0:5270:91
12-—6:37-5:56—|0:84—|-016—0:16{0:84
13| 8.0215.79 {1.00 [0.26 |0.00!0.74

14 1 4.37(546 10.65 |0.12 {0.35]|0.88
15] 1.51}5.47 [0.38 |0.13 |0:62]0.87
16 | -0.38|5.15 [0.20 [0.00 [0.80(1.00

After the dat ‘Taguchi technique MLumi

multl-objectlve optimization. This techmque has been used very successfully in many
studies [29-32]. The basic steps of the optimization process according to Grey-based
Taguchi method are given as follows:

In the first step of Grey-based Taguchi method, S/N is calculated for corresponding
responses. The goal of this study is to reduce the roughness and increase MRR.
Therefore, the smaller is the better type of S/N ratio is selected for surface roughness
and the larger is the better type is selected for MRR as calculated in following:

The smaller is the better S/N:

SN = —10logyo GZ’; y?) | | )

The larger is the better S/N:

SN = —10log1o (i > o }%) (2)

Where Yi is the data recelved by expenment n is the number of expenments -

bl IO ¥ 1|
n n

TeTh
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Table 5. Grey relational coefficient and grey relational grade values

No. | Grey

¥

relational
co-efficient

Yi

MRR

Ra

0:540

1.000-

0.740

0.430

0.877

0374

0.731

0344

0.357

0.334

0.335

(0.898 |

0.aA832

e e b -

0.468

A L P

LT O AV LV

0.719

0.333

L =R

0.333

0.375

o
o

0.489

0.707

Pk
[

0.488

0.356

—
3]

0.761

0.374

—
w

1.000

0.402

—t
'S

0.590

0.363

o
¥ 3

0.446

0.364 | (

—
[= %

0.384

0.333

7{rrﬂ1'e®econckstemwdmprcpreccss'mgi&eortduetedieﬂermaﬁz&éherrawdata{smirf,ﬁ.
data). The linear normalization of the S/N ratio is carried out by the grey relational

o
.p.
o
Ch

Z 7= .= {ail

1A

generating (a range between zero and unity). The normalized S/N ratio Zij for the ith
performance characteristic in the jth experiment can be determined by (3). Table 4
shows the calculated values of S/N, normalized Zij and Aj(k):

SNy — min(SNy,j = 1,2, .k)

(3)

Zjj = .
’ max(SN,-j,j = 1,2,..n) - mm(SN,—;,j: 1,2,..n)

The grey relation coefficient is calculated in a third step as expressed in Eq. (4)

Amin + {Amax

(4)

y(k) =

Aj(k) + {Amax

Where j=1,2...n; k=1,2...m, nis the number of experiments, k is the number

of objectives.

Aj(k) is the deviation sequence and calculated by Ajy = Zo(k) — Z;(k).
~ - - —And-Amin=miny;gminv Zotk ) — Zithk); Amax = maxye maxve||Zo(k)— Zi{(kH-- - L
{ is_the_distinguishing coefficient 0. < { < 1. In this case, { = 0.5.
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After averaging the grey relation coefficients, the grey relational grade v; is cal-
culated as Eq. (5):

S W (s)

b L=tV

Where—'rls—thc—grerrelatlonal—grade—for—the—_]—expeﬂment—lers—the e—pumber-of

“objectives (i this study, k =2y - = : R
The values of the grey relauonal coefficient and grey relational grade are shown in

Table 3.

In the next step, Taguchi method-is used to-determine the effects of the input factors
on the grey relational grade. Table 6 shows the main effect of the input factors on the
- grey relational grade. Figure 1 indicates main-effects plot for the grey relational grade.

--As shown in Table 6-and Fig. 1, the optimal-dressing process forﬁthegmlmmumf%-ﬁ,

surface roughness and maximum MRR consists of 2 times of the rough dressing with a
depth of 0.015 mm/stroke, a feed rate of 1.6 mm/min, 3 times non-feeding dressing,
and no fine dressing performed.

Table 6. Main effects on the grey relational grade

Level | tg Ng Npon | D4d tia S
0.6294 | 0.5426 | 0.5418 | 0.5596 | 0.5027 | 0.6011
0.4784 | 0.5689 | 0.4757 | 0.5584 | 0.5364 | 0.4380
0.4852 | 0.4694 | 0.4954 | 0.4819

A 1111 A00 s

C) o mm vt ] 1

elta 0. 151170.0995 0.0813

ank |2 3
7= 0,520

1
2
3
4 0.4852]0.4973 [ 0.5653 [ 0.4783
b
R

5

Main Effects Plot for Means
Data Means

trd _nrd nnon nfd tfd S

0.65

0.601

0.55

Mean of Means

0.504

PO RO SO S

- A A SN SN S P S SN SIS -
NV o N
Q9Q9Q9Q9 QQ o
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—performance characteristics-with-43:24%- percent-contribution, followed by therough
__ dressing depth with 26.20% percent contribution. Fine dressing times contributes

T. T. Hong et al.

The result of variance analysis for the grey relational grade is shown in Table 7.
Based on the ANOVA, the dressing feed rate has the strongest impact on multiple

10.13%, rough dressing times contributes 9.71%, and non-feeding dressing contributes

8.27%. The eW

Table 7. Analysis of variance for the grey ré]ational grade

Source [DF [Seq S TAd SS—TAdj MS—F P C%
t 3 |0.064517 | 0.064517 | 0.021506 | 14.56|0.190 | 26.20 i
Ny 3 |0.023906|0.023906 | 0.007969.| 5.40(0.304|. 9.71
I 3 [0.020368 | 0.020368 | 0.006789 | 4.60|0.327 8.27

g 3 | 0.024940 | 0.024940 | 0.008313 ] 563 0.298 | 10.13 —
tia 1 | 0.004540 | 0.004540 | 0.004540| 3.07|0.330] 1.84
S 1 10.106470|0.106470 | 0.106470 [ 72.10 | 0.075 | ~43.24
Re. Emor |1 | 0.001477 [0.001477 [ 0.001477 —060—

T Total 15 [0:2462171— . 10000

— 5 '
 Vop = Hm Tt Z,.:l (7 — N} = trdt + Prd2 + Rpont + 11 + g2 + 81 — 55T

The grey relation grade is determined by the following equation:

(6)

LY AL

_

According to Table 0,

tr1 = 0.6294
Mgy = 0.5689
Rpona = 0.5653
ngy = 0.5596
= 05364
Sy = 0.6011
T = 0.520

By (6): 7,, = 0.863
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Based on the result of the optimization process, the minimal value of output factor
is determined by Eq. (7):

(RarMRR) CEBTE S TR STenE S T tfd" + §', =57 rd)
Where 1,4 is the average of oufpuf résponse for trd ai level 1, 7i.47 is the averageof ~ ~ |

-.output response for nrd-at level 2, figon4 is the average of output response.for nnon at
level 4, i1 is the average of output response for nfd at level 1, fn12 is the average of

output response for tid at level 2, S1 is the average of output response for Sat level I,

and T is the average of output response in all experiments.

"‘abl&S—Th&resu}t&fremﬂedeHnéexpenmepf

l-'ropertles Uptlmal parammers
predicted result measured result. Error (%)
tril, 1g2, Buon, Mgl 12, S| tegl, 142, Bronds s 422, S1
Ra (um) 0.211 0.231 9438
MRR (mm /5) | 2362 217 813
GRA value |0.863

So:
(Ra),,= 0.211 um

e e p B

y

(MRR),,= 2.362 mm’/s

A verification experiment was conducted with the optimal dressing parameters
consisting of 2 times of the rough dressing with a depth of 0.015 mm/stroke, a feed rate
of 1.6 mm/min, 3 times non-feeding dressing, and no fine dressing performed.
A comparison between the predicted result and measured results is shown in Table 8.
The error between the predicted result and measured result is small. It means that the

research result is reliable.

4 Conclusions

In this study, Grey-based Taguchi method was applied for multi-objective optinﬁzation
to minimize the surface roughness and maximize MRR in surface grinding of hardened
SKD 11 steel. Some main conclusions can be given as following:

— 'The optimal dressing process for the minimum surface roughness and maximum MRR
consists of 2 times of the rough dressing with a depth of 0.015 mm/stroke, a feed rate

of 1.6 mm/min, 3 times non-feeding dressing, and no fine dressing performed.

— The dressing feed tate has the strongest impact on tultiple performance charac-
teristics with 43.24% percent contribution, followed by the rough dressing depth
with 26.20% percent contribution.
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— A verification experiment has demonstrated the appropriateness of the predictive
model to the measurement data,
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9.1. Téng quan tinh hinh nghién ctru thude linh vyc cua dé tai: (Mikc do d‘ay du, hop Iy trong
viéc danh gid tinh hinh nghién ciru trong va ngodi nudc; thanh cong va han ché cua céng

| trinh lién quan; mirc A5 cdp nhdt thong ti tin m&i nhdt vé linhviec nghién-ciru)

'Gia cong mai 1161 chung va mai phang 161 neng dugce s dung khavong raf aé gla cong tinhrva

phing néi riéng da thu hut su chil y cua céc nha nghlen c\ru trong nuée va qubc té.

{ phi-gia cong co cho cac san phém co khi Do viy, céc ngh1cn ctru vé mai néi chung va vé mai |

-- —av-di-ed-khi-rhidu-nehién-cira—ve-mai-cl 2 'ang Veccrsorlvthuvet

ctia qué trinh mai &3 dugc cac thc gia gidi 'thiéu trong [1] va [2]. Nghién ctru vé sira dd mai dd |
&6 kb4 nhidu cong bd. Cac phuong phip sira da véi cde dung cu stra-khdc nhau di duoc khao |

— [ sat nhu nghi &1 ciru sira &4 bang miii stta d4 kimcuong mét-hat {315 sira d4 bang dia stra d4 kim |-

Dt

cuong [4], stra da bing laser [5] va stra d4 dién hoa [6]. C4c nha nghién ctru con tién hanh mé
phéng topography cia da [7], dénh gia chét lugng bé mit gia cong sau khi st [8, 9] sua da

@& mai cac vit 1iéu khac nhau nhu thép F-5229 T10], gom [11] vécéc bit vofram [12]:: - ]

Céc tac gia trong [13] &4 tién hanh mot nghién ctu v& 161 wu hoa on-line qué trinh mai 10 5
lan nhim giam thoi gian gia cong ma vin dam bao chit lugng khi mai. Két qua nghién clru da
| g6p phin gidm thdi gian mai 15 0 lan tir 50- 70% Trong [14] 43 trinh bay nghién cuu t6i ru
hoa cac thong s6 qua trinh mai, thoi gian mai voi ham muc tiéu e hudng kinh.

' Ngoa1 ra, d4 c6 kha nhidu cac nghién ctru vé t6i wu héa qua trinh mai dé Iya chon céc thong
sé mai t81 wu nhu xdc dinh van téc quay cia da, vén téc quay cua phdi, chiéu sdu sira d4 t6i wu

| vv... Cac nghién ciru nay da thyc hién cho mai phang [15], vA cho mai tron ngoai [16, 17].
Bén canh d6, vin d& t5i wu héa da muc tiéu qué trinh mai cling d dugc khao sat [17].
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thanh vién tham gia nghién ciru (ko va fén tdc gid; bai bdo; an phdm; cdc yéu 16 vé xudt ban)
a) Cua chi nhiém dé tai

1. Vu Ngoc Pi, Tran Thi Hong, Le Hong Ky, Le Xuan Hung, Luu Anh Tung, Nguyen Khac Tuan, A
STUDY ON CALCULATING OPTIMUM GEAR RATIOS OF A THREE-STAGE HELICAL

GEARBOX, International Journa! of Mechanical Engineering and Technology (IIMET), Volume 9,
Issue 11, November 2018, pp. 1392-1400.

—2- Vo NgocPh; NguyerKhae Fuan;Lua Anh Tung, Le Xuan Hung, Tran Thi Hong, Le Hong Ky, | _
 Calculation of optimum gear ratios of a two-stage bevel helical gearbox, International Journal of
Mechanical Engineering and Technology (IIMET), Volume 9, Issue 11, November 2018, pp. 2126—
2133.

3. Luu Anh Tung, Vu Ngoc Pi, Vu Thi Lien, Tran Thi Hong, Le Xuan Hung, Banh Tien
| Long, “Optimization of Dressing Parameters of Grinding Wheel for 9CrSi tool Steel using the




Taguchi Method with Grey Relational Analysis”, 2019 10th International Conference on
Mechatronics and Manufacturing (ICMM 2019), Chulalongkorn  University, Bangkok,.

Thailand during January 21-23, 2019.

b) Cla cac thanh vién tham gia nghién clru

 (Nhilng cong trinh tiéu bidu dioc céng bé trong 3 nim gén nhdt) -

10. TINH CAP THIET CUA PE TAI

(T inh khoa hoc, cy the r6 rang cua viéc ludn gidi vé tinh cap thiet do: Vo van de ngmen cu'u
cia dé tai) [

——Pir cic pham tich trém et thié-thiy-cho-dénnay-cé-kha-nhidunghién-ciu-vé-mai-néi-chung-cing-—

nhu vé& mai phing néi riéng. Tuy nhién nghién ciru giai bai toan t6i wu héa khi mai phang nh3m nang |
Cao nang suat va gLam ch1 ph1 kh1 mal phang thep SKD11 qua toi con chua dugc quan tdm. Chinh vi
Ay “a fwnh mnr Hl‘lﬂ"ﬂ' fhon Q}’(T)H )

PPN, Ty, L]

III' Fal £F
L RTELETET Hu L2

de ngmen clru cac uu:n ynup tuug nang-sudt-va g"';“" £

AAAAAA

qualor la cap [I‘IIC[

11. MUC TIEU BE TAI

( 6, rd rang vé mat khoa hoc, Iy ludn va thuc ;g;g ___cr,ga muc tiéu can dat dugrc)

Nghién ctru-cac-bién-phip-ting ning suat_va_g1a1n..ch1_ph1_quijnnllmﬁ_phang thép SKD11
qua to1. -
12. pO1 TUQNG, PHAM VI NGHIEN CUU

12.1. Béi tugng nghién ciru.
Cac bién phap ting ning sudt va giam chi phi qué trinh mai phing thép SKD11 qua tbi.

12.2. Pham vi nghién ctru
Céc bién phap tang ning suit va glam chi phi qua trinh mai phing thép SKD11 qua tdi.

17 OACH TIED C AN PITITONC DHAD N("IJ":‘N (“‘IT'IT

I3 CAUTIL TINE CRIN, TITUUING L AN

13.1. Céch tiép cin

Trén co s6 nghién ciru tdng quan sé t1en hanh nghlcn ctru x4c dinh ham muc tiéu cho bai toan
t6i wu héa. Sau d6 s€ di g1a1 bai toan tdi wu két hop vdi thuc nghiém xac dinh céc bién phap

nhim tang ning suit va gidm chi phi cta qué trinh mai.
13.2. Phuong phdp nghién curu
Ly thuyét két hop véi thuc nghiém

14. NOI DUNG NGHIEN CUU VA TIEN PQ THU'C HIEN

14.1. Nbi dung nghién ctru (M5 td chi tiét nhitng ndi dung nghién ciru phu hop voi muc tiéu
clia dé tai, ghi v8 ngi dung la: bdo cdo cde bai bao bang tiéng Anh (1& san phdm ctia dé tai

sau khi dwpc chap nhin diing) tai héi thao don vi)

- Nghién ctru tong quan v& mai va mai phang,
- Xéc dinh him muc tiéu, thiét ké thi nghiém dé ting ning sudt va giam chi phi quéa tnnh mai

phing thép SKD11 qua t8i;

. phing thép SKD11 qua ti; :
- Céng bé két qua nghién ciru trén cdc tap chi qudc té;
- Béo cho ndi dung cdc bii bao tai hoi thao clp khoa (bang tiéng Anh);

T it e thi ghiénr dé xe dintr bién phéap ting ning suat va giam chi phi qué trinh-mai |

- Viét bao cao va bao vé.




14.2. Tién d6 thue hién

Cac ndi dung, cong viéc San phim Thoi gian .  n
STT thye hién (bt du-két thicy | T\8u01 thuc hién
1 | Xay dung thuyét minh dé i ThuyStminh | 6/2019.7/2019 | Luu Anh Tung |
2 | Nghién ciru tdng quan vé mai Bdao cdo 6/2019-7/2019 Luu  Anh _ Ting
~~|vA i phing; N ChrManh Cuong
i o Nguyén Thai Binh |7
Dinh Trong Hai
Hi Dic Thuin |
_ o Hoang Van Quyét -
3 | X4c dinh ham muyc tiéu, thiét Béo céo 7/2019-8/2019 Luu Anh  Tung
" |'ké thi nghiéri dé ting néing = - Nguyén Thuén
- —J.suah,tag}amehi —phi-qua-trinh Pham Quang Pdng | —
mai phing thép SKDI11 qua Pham Ngoc Duy
toi. Tran Thé Long
4 | Tién hanh 1am thi nghiém &2 Béocao | 9/2019-10/2019 | Ly Anh _ Tung
xac dinh bién phdp ting ning Chu Manh Cuodng
SUAt va giam chi phi qué trinh Nguyén Thai Binh
mai phing thép SKD11 qua t6i Dinh Trong Hai
Hoang Anh Toan
_ ) _ _ Tran Vin Quéin
5 | Phan tich, d4nh gia két qua. Béo cao 10/2019-11/2019 Luu  Anh Tung
: Ha buc Thugn
Nguyén Thuan
Hoang—Vin—Quyst{—
_ Pham Ngoc Duy
6 | Viét bdo ISI/Scopus: 04 bai Béo céo 12/2019-02/2020 Luu Anh Tung
Vi Nhu . Nguyét BN
_ Phan Vin Nghi ,I}%'
Tran Thé Long 3%
Pham Quang Dong | /31
7 | Bo cdo két qua tai hdi thao Béo cédo 3/2020-4/2020 Luu Anh Tung HIEI;‘
don vi : 32|
8 | Viet bdo cdo tong ket dé tai Bao céo 5/2020-6/2020 Luu Anh Tung |
15. SAN PHAM
Yéu céu chit lugng san pham
. , (md td chi tiét chdt lwong san
STT Tén san pham 86 lugng phdm dat duge nhie néi dung,
hinh thirc, cdc chi tiéu, thong 56
o B - ky thudt,...) : T
-1 - San-phim khoa hoc (Cac cdng trinh khoa hoc s& duge cong b7 sdch, bai bao khoa hoc, )
_ Trong danh muc ISI/Scopus
1.1 Bai bao ISI/Scopus 04
03 bai Q2 va 01 bai Q3




1.2

II | San pham dio tao {cir nhan, thac si, tién si,...)

2.1 0

2.2

II{ | San phim tng dung

(53]
>

-16. PHUONG THUC CHUYEN GIAO KET QUANGHIEN CUU VABIA CHITUNGDUNG |~

16.1. Phuong thitc chuyén giao
16.2. Dia chi ing dung ‘

17. TAC PONG VA LOI iCH MANG LAI CUA KET QUA NGHIEN CUU

17.1. Bdi véi linh v gido duc va dio tao
17.2. Déi véi linh vire khoa hoc va céng nghé c6 lién quan
| 17.3. Dbi vdi phét trién kinh té-xa hoi

17.4. B6i véi t6 chire chii tri va cac co s@ ing dung két qua nghién ciu

17. KINH PHI THUC HIEN DK TA¥

Tong kinh phi: 230.000.000 déng.
Béng chit: Hai tram ba mueoi triéu dé‘ng chan.

(Du todn chi tiét cdc muc chi dinh kém co xdce nhdn cia cde don vi lién quan.)

Ngdy  thing nam 2019
CHU NHIEM PE TAI XAC NHAN CUA PON V]

TRUGNG PHONG KHCN&HTQT




DU TOAN KINH PHI P TAI KH&CN CAP TRUONG NAM 2019

Tén dé tai: Nghién clru cdc bién phap ting ning suét va giam chi phi qué trinh mai phang thép SKD11

qua toi.

Mi s6: T2019-B31

" Chii nhiém 42 tai: Lwru Anh Ting

" — —Thanhvién chinh: Chu Manh Cuong,

guyen T

tong_Hai,

Thuén; Pham Ngoc Duy, Phan Vin Nghl Tran The Long, Hoang Anh Toan, Vii Nhu Nguyet Pham
Quang Dong, Hoang Vin Quyét, Tran Vin Quan.

- STT | - -Ngi dung- _Du foan ,
£ . Hé sd tién
1 -- [Muc chi ,nff céng lao dongtham | oo o thwehign | S0 '.‘gg_ cong theo | Thanh tién (4) |
gia trire tiep (1) cong (2) hgay G) A
1.1 [Xéy dung thuyét minh de tai Luu Anh Ting 3 0,45 1.876.500(
- Luu Anh Ting 3 0,45 1.876.500
Chu Manh Cudng 13 0,3 5.421.000
12 Nghién ctru tong quan v&maiva [Nguyen Théi Binh 13 0.3 -5.42+000——
] i phing— | Pinhr Trong Hai 13 0,3 5.421.000]
Ha Dirc Thuén 13 0,3 5.421.000|
Hoang Vin Quyét 13 0,3 5.421.000
| o ot g e [Lum Anh Ting 3 0,45 1.876.500
fg;iﬁ;ﬁ’;‘g“ﬁ:;e:ugf;Zfat:l‘ Nguyén Thuln_ 3 03 5.421.000]
1.3 chi phi qu4 trinh méi phing thép Pham Quang Dong 13 0,3 5.421.000 f’/;:?
SKD11 qua ti. - [Pham Ngoc Duy 13 0,3 5.421.008°
q 3 i TRU
Tran Thé Long 13 0,3 5421, PAI
Luu Anh Tling 3 0,45 1.876 KT
Tién hanh 1am thi nghiém @& xdc |Chu Manh Cudng 12 0,3 5.004%908b0NG1
L4 | dinhbién phéap ting ning sué'1t1 va |Nguyén Thai Binh 12 0,3 5.004.0000.
1 : giam chi phi qud trinh mai phang |Dinh Trong Hai 12 0,3 5.004.00 Ik
) ~ thép SKDI11 qua tGi Hoang Anh Toin 12 0,3 5.004.000
Trin Vin Quén 12 0,3 5.004.000
Lwu Anh Ting 3 0,45 1.876.500
Ha Pirc Thuin 12 0,3 5.004.000
1.5 Phén tich, ddnh gia két qua. Nguyén Thuin 12 0,3 5.004.000
Hoang Vin Quyét 12 0,3 5.004.000
Pham Ngoc Duy 12 0,3 5.004.000
Liru Anh Ting 3 0,45 1.876.500
Vil Nhu Nguyét 12 0,3 5.004.000
1.6 Viét bao ISI/Scopus: 04 bai  |Phan Van Nghi 12 0,3 5.004.000
Trin Thé Long 12 0,3 5.004.000
Pham Quang Péng 12 0,3 5.004.000
1.7 |Bdo cdo két qua tai hdi thio don vi {Luu Anh Tung 4 0,45 2.502.000
1.8 |Viétbao cdo tongkétdétdi  |Lwu Anh Ting 3 0,45 ~TR76.500 —
~—— |- —— Tongl 298 129.478.500] .
2 Chi mua riguyfi'n vgf ligu, djch vy Don vi tinh Don gid S6 luwgng
chuyén mon ky thudt
Phdi thi nghiém Chiéc 500.000 81 40.500.000
Thué may Ca 1.000.000 20 20.000.000
Tong 2 60.500.000




3 |Chiphi khdc
3.1 |Hbi thao ndi bd cia d8 tai Lin 6.750.000 4 27.000.000
Chu tri Ngudi 500.000 1 500.000
Thu ky hdi thao T Ngwdi 200.000 1 200.000
Béo céo vién Ngudi 2007000 1 200.000
Thanh vién tham dy— Ngtrosi 150.000 39 5.850.000
3.2 |Danh gia, nghiém thu ‘ | 700.000]
Chi fich _ ' Ngwoi-—|- 450000 I | ! 30:000
Uy vien hgidong |~ Ngwsi - “160.000] 4 .. 400.000]
Nhdin xét cita tiy vién phan bién | Nguoi 150.000 1 150:000
—33—Thoky fmh-ehinh-(P— . ' 300.000|
3L4 {Vian phong phdm, inan ~—— ~ 1 0 ] | 521.500}
'\ |Quinly chung cha co quanchatr | | © 11.500.000
357 [(5%) ' R =
: —Tong3 : _ 40.021.500
Tong 142+3 230.000.000} -
Bing chir: Hai trdm ba muoi tridu dong chén./.
_Co quan chi tri TRUSNG PHONG KHCN & HTQT ~ CHOUNHIEMPETAL
2R fel LU TRUONG R
PHOTHRUTRUONG




