DAI HOC THAI NGUYEN

i N : _ Ty eetra

|  TRUGNG PAI HQC KY THUAT CONG NGHIEP

i B
g

-

. BAO CAO TONG KET

!
I EAPTFRUONG—— ——-| —

TEN DE TAI
Nghién ciru anh hwéng ciia cac théng so cong nghé t6i mon dung
cu va nham bé miit khi tién ciing cac bé mit gian doan
Ma s6: T2019-B38 '
Xéc nhin ciia td chirc chi tri Chi nhiém dé tai
KT. HIEU TRUONG (i, ho tén)
PHO HIEU TRUONG @
: / /K /

\0 odC V, N ‘ -
1 y gﬁUUNG VA - . " l s

{8 patHOC AN~ . . S M -

el x¥THUAT - ?OML W Tran ||
\e \CONGNGHIEP, - : - S —
THAL ‘
PGS.TS. Vii Ngoc Pi
Thai Nguyén, thang 6/ 2021




DANH SACH THANH VIEN THAM GIA NGHIEN CUU PE TAI

1. PGS.TS Hoang Vi — Trutmg DH Ky thuit Céng nghiép ~ PH Thai Nguyén

2. ThS Pinh Trong Hai — Trudomg PH K§ thuat Cong nghiép — DPH Thai Nguyén
3. ThS Chu Manh Cudng — Trudng DH K§ thuzflt. Cong nghiép — PH Thai Nguyén




MUC LUC
Y £ 8@ 5 & BSOSO —
" DANHMUC HINH VE ..o esesossssssssssssssrsssrsissisnces € |
DANHMUC BANG BIBU ..c..oocoriveseveessmessssssssssssms s s s 8
DANH MUC CAC CHU VIET TAT ..cvooruiincriirirninarissssssssssssesseissesscnssssassinssans 9
THONG TIN KET QUA NGHIEN CUU......oorrceerercroncencmresinssssesssssssssssesessscsssssss 10
PHAN MO DAU ..o oo eemsessseeern v s ssssssssesesasbassseeenesessass s s s s sissssessness 16
2. Muc dich NGHIEN CITU ....evriereereiiieineie et e 16 @)
4, Phuong phap NZHIEN CULL......cuiieeeeii e 17 t
5. 'Y nghia khoa hoc, y nghia thuc 15171 VOO OO OO OOOTOTON 17
CHUONG 1- TONG QUAN VE CONG NGHE TIEN CUNG VA TIEN CONG
CAC BE MAT GIAN POAN ......ooovvienrirenscireseressssaenms s sssasss s ssissesssnessssmeseesens 18
1.1 GHGT U cvveeveeves e eseeeresessss s ssses s sss st sssece i ssr s bbb s sss s 18
1.2 Vit ligu dung cy khi tién cing e 20
1.2.1 Cacblt_____ 20_ N
1.3.2 COTATIIIC oorvvveveeeeeseseseenseeesssaasssasssnssssarresaesesessesiarasranntsbnasaeassnesessnasnsbsstsnes 21
1.3.3 CBN oo eeeeeeseteareesesebassseesseses s sass st ae s en st 22
1.4 Anh huéng ctia cac thdng sO céng nghé trong qua trinh tién clmg........cocoeeernee 23
18 T LUC CBEervrveeecereescvesecassesssesssesesee s seesrs s s bbb R e 24
T A2 NRIBLA0 AL oo 25
1.4.3 NDAI b M3 e e 26 )
1.4.4 Mon dung cu cat ............................. 27
CHUGNG 2. NGHIEN CU'U ANH HUGNG CUA THONG SO CONG NGHE
TG NHAM BE MAT KHI TIEN CONG BE MAT GIAN DOAN ......oocovivnni 28
2.1 HE thAng thi DERIEIN ..v..evvesvereeeessemeoiesmsssnessnsss s s siisss 28
2.1.1. May thi nghlem ........................................................................................ 28




2.1.2. DUDNE CU CAL..cevveeereerreesrseseeseesssess e ns bt sb s st s 28
':ffﬁijleﬁi:thi*nghiém:::.—.ﬁ.:: ...................................................... cerereeraesreseenens 29 . _
R TR et ——— S
2.2. Phén tich anh-huéng eda céc thong s6 cong nghé t6i nham b& m3t va mon dung
cu bang mé hinh thi nghiém hai MUC......covvrvrniiiinann. et rereereeraeeeeaeerrbreaneans 30
} 2.2.1 Thibt ké thi NERIEM «...cvversurncrermerrerrrrersssersscsse st 30
2.2.2. Lya chon bd thong s6 khao sat va két qua thi nghiém ... 32

CHUONG 3. TOI UU HOA CHE PO CONG NGHE KHI TIEN CUNG BE

MAT GIAN POAN BANG PHUONG PHAP BE MAT CHi TIEU. ..o 39
3.1 Phuong phap NEHIEN CUU .....civiieiinieiriries s s 39
3.2. Téi wru héa don muc téU......cccocverenes eeeerer et et et et s a et s s R n s e nrsnanae s 41
3.2.1. Ti uu héa sit dung phirong phap bé mit chi iU ...ceevveveeeiicisceees 41
3.2.2 T51 1t hoa NHATN BE MAL c...vrvervivireereeeiesrees e emseesssss s sessss s sssessensens 42
323 T 1t DO ION MEE SAU.rerreeereerevesenrersssenssssessseenssssesensmessrmmmermsssnseness 48
3.3 T61 U @ da MUC HEU w..veviviiverireererceerieeairreste s e a s 52
3.3.1 X4c dinh bd thong s8 181 Ul .. ..ceereeeeeeeeeeriessnine s 52
3.3.2 Thi nghiém Ki&m chimE .......ceeeeevrmeniaimnrinrastsssssseersssss s, 55
KET LUAN CHUNG .....oooovoviveenscrtsescsenssssses s sssssss st s assssssssssssssssss o 58
== HUGONGNGHIEN CUUTIER THEQ.. ... e e imiiiassssssaimasess i e, 59
 TALLIEU THAMEKHAO oo someoeseesieisse sttt 60




DANH MUC HINH VE

 Hinh1.1. Sy bién thién cia lyc cét khi thay déi vén téq cdit, lwgng chay dao va chiéu

sﬁuﬁcc‘:’t l{hz ti_é:z c;i’ng .................................................................................................. 19 B
Hinh 1. 2 Céc chi tié1 c6 bé mét gidn O e e 19 -
Hinh 1. 3 Céc thanh phdn lic cdt theo thei i .......c..vveceieinencrisiieee i 24
Hink 1. 4 Gid tri 36 nhdm bé mat khi tién ciing bé m3l gidn Gogn ......ccweecoreinrecenns 26
— ITink 2. T Trung tam ien CNC QTS200 (MaZaK) - o e o3 28 - Q
Hinh 2. 2 Manh dao tién CBN ...ttt 28 "(Ij(
Hinh 2. 3 PhGI thi RERTEM.....c.eocviiseeee et vie st s a s s 29 :0\1
Hinh 2. 4 Mdy do nhdm Mitutoyo SF210 — NRGE DA «.covveveienrcsiinsicissssissssinnses 29 S
EHinh 2. 5 Kinh hién vi dién tir WHX7500 ctia Keyence ........vveevccvininsniincnnnininn. 30
Hinh 2. 6 Kinh hién vi dién tir quét JEOL JSM-7600F e ee et es s s 30
Hinh 2. 7 So d0 thi nghiém 2 mikc v3i 3 thong 56 kRGO SAl......ccovvvverevvevisirinsieiinens 32
" Hinh 2. 8 Anh heomg chinki ciia cdc thong 56 167 nhdm bé mdit ... il nl35 T T T
Hinh 2. 9 Anh huréng tweomg tde cia cdc thong 56 khdo sét 167 nham bé mgt .............. 35
Hinh 2. 10 Anh huomg ciia cdc théng 6 khdo st 161 hegng mon mdt $Qu ..........ooveee.. 37

Hinh 2. 11 Anh hieomg twong tde cila cdc thong 56 khdo sét t6i heong mon mdt sau .. 38

Hinh-3_1-Socd.thi nghiém FCCDvdi 3 thong S6khA0 Sdt...cisuvecnimmucesccerinineinnien 40
i 3.2 Bidit 46 Pareto cho rhGM BE M@t oo wiveevreiessssreseeeeessesasaiiesssivesiasssssessoosess 42 —
Hinh 3. 3 Anh heong chinh ciia cdc yéu 18 khdo sét t6i nhdm bé mdt .......... o 44

Hinh 3. 4 Biéu dé dong mikc cia nham bé mdit khi c6 dinh chiéu séu cdt 0.15 mm. ... 45

Hinh 3. 5 Anh ueomg tuong tdc giika cdc théng 58 167 nham bé mdit khi tign ciimg bé

mdit gidn doan sir dung MANR CBN ..o 45
Hinh 3. 6 Ché 35 it t6i wu cho nhdm bé mdt 1O RAGE ..........oovivinivcsrecnsinisiri 47




Hinh 3. 7 Po nhdm bé mdit trong thi nghiém kiém chimg béng kinh hién vi dién tir

WHX-7000 tai cong ty Keyence ...........j........7.7.:L.:.7..7.:.7.7.7..7.:.:.7.:.::.7.7.7.7.7.7..7.”...7.7.7.7.7..7747?77 -
 Hinh 3. 8 Biéu d6 Pareio cho mon mGt sau ¢i@ manh CBN vccvvvsvsvsvssvcne 49 .
Hinh 3. Qﬁnb hweong c;n;c;ta};énigiséic;’tit;;m;; ;mi; sa:l 77777 719 -
Hinh 3. 10 Anh hwéng twong tdc ciia théng 56 Cat 16T MON MG SQU .veenrereecnninn 50
Hinh 3. 11 Biéu d6 dwong déng mikc ctia luwong mon m@t SQU.......ceevvrvennncsirsenens 51
Hinh 3. 12 Ché dg cdt tdi uu cho heong mon mdt sau nho FHGE oo voveeeeeereeesenenearssransaes 51
. Hi({!l&’. 13 Ché dé cit té'i teu trong bdi (04n Aa MUC HEU «...coveveereeeariienrinieiiis 54
—H?nhﬁﬂﬂfie‘uﬂﬁﬂ&ngmfhoﬂgidfrﬁgﬁmtgténgﬁ;ap ............. N 54
Hinh 3. 15. Anh chup SEM vét mon dung cu Cl rereerereereeeereersiseesssenenessarnares rvreereaae. 56
Hinh 3. 16. Phdn tich quang pho EDX ... 57 _ %




~ DANH MUC BANG BIEU

 Bang 2. 1 Thnh phdn hoa hoc ¢ thép SKDI1.owecmvicsrimismsimsnnn 29
Bdng 2. 2 Ma trdn thi nghiém 2 mire v0i ba thong 56 kHAO SGl......v.wueversssesesiecenones 31 i
Bang 2. 3 Thong so GAU VA0 COC MIEC GIA M e.veveseerceririreriiii s e 32
Bang 2. 4 Két qua thi nghiém trong mo hinh thi nghi€m Rai MUC........covvvvevierivnsnnens 33

. ,,Bjng 2. 5 Phdn tich phuong sai cho nhdm bé mdit v&i moé hinh thi nghi¢m hai mikc... 34 @
Bdngi‘%Phﬁnﬁ%#phmg&a%ek&giétr}mé#méHaangtthghiémZk%m.,d
"HY
NG
Bdmg 3. 1 Ma trgn thi nghiém FCCD voi ba thong 5O FHG0 ST oo 40 T
Bang 3. 2 Két qua thi nghiém trong mo hinh. thi nghiém FCCD......cuvivnierincrenennnns 41
Bang 3. 3 Két qua phdn tich phong sai cho nhdm bé mdit sir dung mo hinh thi nghiém
REM-FCCD oot eeeeeeeeeesesrsesseaeasseaneesbesecsae st sas s a b a s e s e e se e s se e b sataa e s e s an s n s sa b s s s 43
Bang 3. 4 Phan tich m hinh dy 001 BHG BE ML c....voovveverrisririerssicnnesississssennn 46

B&ng 3. 5 Phén tich phwong SQF CHO TOT MG SQU cvvereeeeererenrrnrerrsrrressrericrsseenennes 48
Bang 3. 6 Ma trdn thi nghi¢m va gid tri kp vong ciia ham muyc tiéu 101G hOP ..o 55
Bang 3. 7 Thong s6 thi nghiém kiém ching va ket qUa ........cccccvmvivcvivmssnninninnnss 56




o -

- - PVD--Physieal vapor depositio-— - — -

CVD - Chemical vapor deposition
PCBN - Polycrystalline Cubic Boron Nitride

CBN - Cubic Boron Nitride

ANOVA — Phan tich phuong sai

———RSM=Bémitchitite———"— s

¥
FCCD — Hén hop tAm miit 1
1
|
|
I
9




TRUOGNG PAI HQC KY THUAT CONG NGHIEP

. ponviKhoaCokhi

~ THONG TIN KET QUA NGHIEN CUU
1. Théng tin chung:

_ Tén d& tai; Nghién ciru 4nh hudng ciia cic thong sb cong nghé t6i mon dung cu

va nham bé mit khi tién cimg cic bé mat gian doan

&

- M3 sb: T2019-B38 4
_ g

- Chu nhiém 48 tai: TS. Ngb Minh Tubn - —
T

- Co quan chi tri: Truong Pai boc Ky thuat Cong nghiép — Dai hoc Thai Nguyén “j

‘-Wrglan—tht_re—higﬂz—l_z_théng_('f‘n thang 07 nim 2019 dén thang 07 nam 2020)

| _.2. Muc tiéu:
P2 tai nay duge thue hién nhim dat cac muc tiéu sau déy:
- Panh gia anh hudng cta thong s6 cong nghé tdi co ché mon, lugng mon cia dung cu
va nham bé mit khi tién clmg cac bé mit gian doan.
- Dura ra mdt sb chi dén cong nghé hop ly v& cong nghé tién cumg cacb be mét gian

doan;
_Cong bd qubc t& cac két qua nghién clru nhim ning cao Vi thé co so gido duc;
3. Két qua nghién ciu:
- Phuong phép quy hoach thyc ngh1em bé mit chi tiéu va phan tich ANOVA

nhim d4nh gia anh huong cla cac bién sé khao sat dén Két ham muc tiéu @& tir 6 ¢o
dinh hudng lya chon cac thong sb khao sat cd anh hudng dang k& dé trién khai cac

- Nghién citu d& khao sat anh huorng cua cac thong 56 c(r)gginéhé:cﬁa’;aué' trinh- - —

tién cung bé& mit gidn doan theép SKD11 st dung méanh CBN gdm chiéu séu cét, van
t5¢ cit va luong chay dao t&i luong mon mit sau va tri s& nham R,. Két qua thuc
pghiém cho thiy céc thong sb nay c6 anh hirong dang k& dén cac thong sb két qua diu

ra luong mon mat sau va nham R,.

- Nghién ctu da phan tich duge mirc d6 anh huéng cia cac thong sb va trong
tac gifta ching 161 nham bé mat va lugng mon mat sau trong qua trinh tién cing bé

— mijt gian doan SKDII su dung Tianir €BN-Lugng-chay-dao-la thong s6 aph hudng

bu’orcnghlencuutleptheo T : e o
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manh nhét t¢i nhm bé mat, van toc cét 12 yéu t anh huong tiép theo t6i nham bé mit

va chidu su cat rat it anh hudng t6i nham “bé miit S

_ mit va lwong mon mat sau khi tién ctmg be mt gian doan thép SKD11 véi manh CBN
bing md hinh thi nghiép’ b mit chi tiéu hdm hgptAm mét (RSM-FCCD) Két qua
nghién ctru di dua ra dugc md hinh du doan nham bé mit va dira ra dugc b thong sb
cong nghé ddm bao nham b2 mat 12 nho nhat. Pdng thoi nghién ciru cling dé xuét dugc

.- Nghién ctru. d4 tién hanh t&i uu héa véi timg muyc ti€u la gid trj do nham ber

b6 thong sb cong nghd 61 rru cho luong mon mat sau, dam bao gid tr ITong rrdn mit
sau 12 nho nhét.

- Nghién ciru dd xac dinh duge bﬁ THoTig S0 cong NEne -thiroordam-bao-dong-tht-——

hai muyc tiéu la nham bé mit va lugng mon mit sau 1a nho nhit bing cach st dyng
modul t6i vu hoa da muc tiéu trén mo hinh thi nghlqm RSM-FCCD. Béng céch phan
———tich-anh-huéng-cla- _cic-thong sb cong nghé t6i hé sé ky vong tdng hop, ¢6 thé lya

chon dugc bd thong sb cong nghé hop 1y cho qua trinh ti¢n cimg bé mit gian doan.
4. Sin phim:

D4 ding duge 02 bai bao trong dé:

+ 01 bai bdo khoa hoc dang trén tap chi nude ngoai ¢6 chi s6 ISSN:

+ 01 bai bio khoa hoc diing trén tap chi nude ngoai thuge danh myc
ISI/SCOPUS, Q3

* - Bai bao qudc téco chi s6 ISSN: Vi Hoang, Minh Tuan Ngo, Quang Minh Do.
Investigating the Effect of Cutting Parameters on Surface Roughness and Flank Wear
in the Interrupted Hard Turning of Hardened SKD 11 Steel using High CBN Inserts.
International Journal of Advanced Engineering Research and Applications (IJA-ERA),
Volume — 6, Issue — 3, July — 2020, pp. 48-54.

o~ -~ _ Bajbo qude téthuoc danh muc ISU/SCOPUS, Q3: Minh Tuan Ngo, Vi

" [oang. Analysis and prediction of surface roughness-in fully-interrupted-hard turning

skd11 steel using high cbn inserts, International J ournal of Mechanical and Production
Engineering Research and Development (UMPERD), Vol. 10, Issue 3, Jun 2020,
5425-5436, pp. 5425-5435.

5. Hiéu qua:
5.1. Pbi voi linh vye gido duc va dao tao

- Nang cao trinh d§ v& NCKH, vé& chuyén mén cho giang vién

5:2-Déi voilinh vire khoa hoc va cong nghé c6 lién quan
i1

_———— =g



- K§ thuat: Khi st dung bd théng sb cong nghé ndy dé tién clmg cac bé& mat gian doan

’ A n A A - Y 17 3 M)
c6-thd nang cao chét lwong bé mat va giam mon dung cy cat.

. Kinh t&: Do thay thé mdt phén cho mai nén g6p ‘plan lan giam dugc oid thanh; Ung

" bdn ciia dung cu CBN khi tién cimg cac bé mit gin doan

dung b théng s6 cong nghé ndy co thé giam luong mﬁn‘dungcu;tl‘rdénéngcao,tuf)i, .

5.3. P5i véi phat trién kinh té - xa hdi

_ Dura ra gidi phép gia cong phit hop véi didu kién san xuét tai Viét Nam.

5.4. D&i véi th chirc chi tri va cdc co s§ ing dung két qua nghién ciru

1: Nane cao dugc ning luc nghién ctu khoa hoe va e1FYRZ &=~

———— Pbivoitd-chicchi-irkNA dugc ning hye nghién ciru kboa hoc va chuyén giao

ry - A 4 7 ) - - o

—wmhéﬁﬁfvﬁrnh&ﬁg%ﬂ%wmgm—

- Dbi véico s¢ tmg dung két qué nghién ctu: Nang cao ning suat gia cong, tiet kiém

chi-phi;ha-gid thanh sin phim @8 ting tinh canh tranh. M@ rong duge nang lyc gia

cdng, san XuAt.
6. Kha nang 4ap dung va phwong thire chuyén giao két qua nghién ciu:

Ngay thang nim

Co quan chi tri Chii nhiém a¢ tai

T.@U TRU’C)’NG“ | /[ /@ / ;
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— . ,INFORMATIONfQ;l\;IjBEﬁE’EARGH*RESULTS77— e

R Gﬁej‘ﬁl‘iﬂfﬁrmaﬁm:* S

" Project title: Study influence of cufting parameters on surface roughness and tool

wear in hard turning process of interrulsted hardnened steel surfaces

Code number: T2019-B38

Coordinator; Doctor Ngo Minh Tuan

Implementing institution: Thai Nguyen University of Technology

Duration: from July, 2019 to July, 2020 T T e T

2. Objective(s):

4E . -
_Evaluate the effect of cutting parameters on the wear mechanism, the flank

wear and surface roughness when hard turning interrupted surfaces.

_ Give some reasonable technological instructions on technology for hard
turning of interrupted surfaces;

_ International publication of research results to enhance the status of
educational institutions;

3. Research results:

.. The method of -experimental planning of the indicator surface and ANOVA
analysis is aimed at assessing the effects of survey variables on the objective function
in order to have the orientation of selecting survey parameters that have a significant

impact. implementation of the next research steps.

- The study investigated the effects of cutting parameters of the SKD11 steel
_ intermittent surface hardening process using CBN inserts including cutting depth,

——— cutting-speed-and-feed rate on the flank wear and surface roughness. Expetimental- -

results show that these parameters have a significant effect on the output parameters of -

ihe flank wear and surface roughness Ra.

- The study analyzed the influence of cutting parameters and their interactions on
surface texture and flank wear during QKD11 intermittent surface hard {urning using
CBN inserts. The feed rate is the parameter that most influences on the surface
roughness, the cutting speed is the next factor that affects the surface roughness and
the depth of cut has little effect on the surface roughness.

13
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- Optimized with surface roughness value and flank wear amount after furning
Iﬁlérred*SKfolfl—steelfintcrmittent,,sm:!qlith CBN inserts using the surface center

model to predict surface roughness and give a-set of cutting parameters to ensure that

~surface roughness is minimal. At the same time, the study also proposed the optimal
- set of cutting parameters for the flank wear, ensuring the smallest value of flank wear.

- The study has identified an optimal set of cutting parameters 10 ensure that the

meinimized simultaneously by using the

composite index surface experiment ﬁi’ode'l"(RSM-FGGD).7Researﬁh, determined a~

multi- optimization module on the RSM expetimental model (FCCD). By analyzing
o the—nfluence_of the cuiting parameters on the aggregate expected coefficient, a

reasonable-set-of cutting parameters can be selecied for the hard fiFning. interrupted=—————==

surface process.

4. Products:

E S

Published 02 international papers:
+ 01 paper having ISSN index:
+ 01 paper belonging ISI/SCOPUS, Q3

- The paper having ISSN index: Tran Minh Duc, Tran The Long, Tran Quyet
Chien. Investigating the Effect of Cutting Parameters oil Surface Roughness and Flank

- Wear in the Interrupted Hard Turmng ‘of Hardened SKD 11 Steetusing-High CBN

Inserts._International Journal of Advanced Engineering Research and Applications
(A-ERA), Volume — 6, Issue — 3, July — 2020, pp. 48-54.

- - - The paper belonging ISI/SCOPUS, Q3: Minh Tuan Ngo, Vi Hoang. Analysis
and prediction of surface roughness in fully interrupted hard turning skd11 steel using
high cbn inserts, Tnternational Journal of Mechanical and Production Engineering
Research and Development (IJMPERD), Vol. 10, Issue 3, Jun 2020, 5425-5436, pp-

. 5A25.5435.. - - -

5. Effects:

5.1. Education and training
- Improve the ability of doing scientific research and knowledge of lecturers
5.2. Technology and science

_ Technical aspect: Using this technology parameter t0 harden interrupted surfaces can

improve surface quality and reduce cutting too} wear.

14




- Economic aspect: The manufacturing cost can be reduced because many grinding

Processes Lan*befreplaeedrApplicatiomoithimhn@gy parameter can reduce the

interrupted surfaces. T

amount of tool wear, thereby improving the durability of CBN tools when turning

5.3. F.conomic and-social development T - S

- Offer processing solutions suitable with the production conditions in Vietnam.

A———SHmplemenﬁng—msm“ﬂmﬂd the places applying the research results

- Tmplementing institution: The research ability and technology transfer of new

ﬁi .V . Ty
- The productivity improves: and the manufacturing and product costs reduce to

. manufacturing technologies are improved.

enhance the competitiveness. The machining capability can be enlarged.

6. Trmferﬁhernaﬁve&oiresea:chmmhmd applicability:

15




7 1 Tmh cAp thiét e
Tién cimg 1 m0t qué trivh gia cong ki, logi véi d0 cimg tf tir 45-TOHRC. Cée
p hop kim, thép dung Ccu, thép -

- vt liéu thuong dung trong gia cong cimg bao gdm: the]
cimg phu crom, thép tham nito va thép duge xit 1y nhiét bing cac phuong phap khac.
i str dung rong 18 dé gia cong vét 11eu co do cing

i Trudce kia, qua

irén 45 HRC. Tuy nhién qué trinh ndy 6 nhidu nhuge diém, do do
_Hién nay qué trinh tién ctng duge sir dung rong rdi trong cc“)ng nghiép
- h{éﬁﬁlﬁrt@a}kven_ml_mw_

giam thoi gian van hanh v it anh hudmg tol mmmgv&mﬂ%m@gwm—
a nhigt ¢At sinh ra trong qua

trinh tién rat 16n. Mon dung curant huadng truc tiép hodc gian tiép 101 cht luong va gia

thanh chi ti&t sau khi gia cong. Do d6 di co phidu nha khoa hoc trong va ngoal nudT

nghién ety v& mon dyng cu va nham bé mat khi tién cing. Tuy nhién cac nghién ciru -

chia qué trinh tién cimg bé mat gian doan con it. Dac

51 wu hoa thong sb cong ngheé
piet, O Viét Nam cac nghién cru vé& qué trinh tién cimg bé mit gian doan chua duge

cac nha nghién ciu quan tam.

oA

u

I i
a¥
]

; ngmrd o voi ua trinh mai nhu: ¢

cong,
Khi tién cimg dung cu thudng bi mon nhanh do luc cit v

e

Vi véy tac gia 43 xuit huong nghién- ciuvdi tén dé tai: © Nghlen ctra anh hudng

k] L4 1 n x A FaY
ciia cac thong so cong nghé t6i mon dung cu va nham bé

mit Khi tién cimg céc bé mat

e gian doan”.

[— 9. Muc dich nghién ciu

" Panh gia anh hudmg ca thong & cong nghé 101 pham bé mit va mon dung cu
khai (mg dung vao thyue

Kkhi tién cimg cac bé mit gidn doan. Tir 46 co6 dinh hudng trién

Sl t1ensansuatta1VletNam

3, Noi dung; nghién ciy, ¢ dm twgng nghlen ciru ) S

- N§i dung nghién ctru:
Nghién ciru cac ly thuyét lién quan de dén qua trinh tién cling va tién cling cac bé

Nghién ciru thue nghi¢m: Nghién ciu, thiét ké va xdy dung hé thng

mjt gidn doan;
xu ly két qua cho qué trinh tién clmg bé mit

thi nghiém; Nghién ciou thue nghiém, X
gian doan; Phan tich két qua, viét bao céo, cOng bb két qua.

- Déi twong nghién ciru:

———— —— Nham bé mat va lugng mon dung € &t khi tign cimg cac bd mat gian doan
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_ Pham vi nghién ctru:

—_ Anhhudng cia cac thong : s& cong nghé bao- gom van- tée cht, lugng chay dao va
- chidu sAu cAt toi lugng mon dung cy va pham & bé mt kh1 tién cac bé mit gian doan -

" 4. Phuong phip nghién cry ] 7
- Nghién ciru ly thuyét két hop véi nghlen ciru thuc nghlerh, trong d6 chu yéula

nghién cir thue nghiém.

5. Y nghia khoa hoc, ¥ nghia thue tién
_ K§ thuat: Khi st dung b thong s cong nghé nay dé tién cing cac bé mat

gian doan ¢6 thé ning cao  chit lugng bé mat va glam Mo dung-cy Chit.- .

- Kinh t&: Do thay thé mot phin cho mai nén gop phén lam giam duge gia
thanh; Ung dung b thong sb cong nghé nay c6 thé giam lwong mon dung cuy, tir 4o
- ning cao tudi bén cua dung cy CBN khi fién cung Cac he-mit-gidn-doan.
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CHUONG 1- TONG QUAN Vi CONG NGHE TIEN CUNG VA TIEN CUNG
CAC BEMAT GIANDOAN

1.1 Gioi thifw— — — —— — , - - .

- Tién cimg la mdt trong nhimg phuong phap trong cOng nghe; gla cong olmg, ST
dung dung cu cét c6 hinh dang xac dinh dé gia cong truc tiép vat 1iéu ¢6 d6 oimg HRC -
—45 70 [1] Cong nghé tién cimg duge gidi thiéu tir nhing nim 1980 clng voi sy phat

cong cy, vat liéu dung cu ct va thiét ké thén dao cling nhu manh dao.
Giai phap truyén théng cho gia cong tinh vt liéu sau nhiet luye
phuong phép tién ¢img duge phat tridn va tmg dung di cho thiy hiéu qua va trong

thyc tién san xuat, tién cung da audcwdung-de—tltmy—me_mo.t in hoiic str dung T phm

—Hhm
op voi nguyén cong mal. Cong nghe tien dwch&tha%hiewquajmngﬂmg—

- cao ning suét, 4 chinh xac gia cong, chit lugng bé mit, va gop phén giam gid thanh

giacong, béi-vay cOng nghé nay ngdy cang duge tmg dung rong rii.

Trong tién cing, dang phoi tao tao thanh 13 dang phoi xép do d9 déo cia vt
liéu thép [1]. Do lyc c&t va nhiét cat trong tién cimg cao, do d6 1am cho qua trinh mon
dao xdy ra rht nhanh va lyc cét tang, déc biét 1a luc dAy dao. Dang mon chil yéu 13 mon
do cao xudc. Boi vay, cac loai manh chét luong cao nhu hop kim ctmg phu, gbm,
CBN, PCBN, kim cuong nhén tao thudng duoc yéu ciu sir dung trong gia cong cing.
Ngoai ra, vi vit ligu cb d) clmg cao ¢ ty s& @ cimg/mddul dan hoi cao nén bién dang
dan hodi gay boi luc diy dao gly sai sb kich thudce. Chét lugng bé mit cling nhu 4@
chinh xac vé-kich thudc.cia chi tiét sau tién clng cao, tuy nhién viéc hinh thanh nén
16p bién tring (white layer) trong cong nghé tién cling ]a mdt trong nhiing vin @& a8
.- duoe rit nhidu tac gid quan tm va nghlen cau [2]. Lop bién tring la két qua cia sy

thay doi chu trac t& vi clia vét ligu, €0 cAu trae martensit khdng qua nhiét luyén, c6 dd

cimg cao hon 16p vét lidu trung gian va 16p vt ligu nén. Co ché hinh thanh lop bién
o trang la do bién dang déo 1on va/hodc sy thay dbi nhiét do nhanh. Chiéu day 16p bién

. tring tang Khi tAng ¢ che dd c cat va lucmg mon mit sau ting.-Do ¢o phitng vét nit 1€ vi

_ trén 16p bién tring, va su lan truyen ctia cac vét nit- d3n dén su bong troc cua 1op blen o
“ tring nén kha nang chju mai mon cia chi tiét giam khi co 16p bién tring trén bé mit -
[3]. Gia tri nham b& mit chiu anh hudng chinh boi lugng chay dao va tbe @b cit. Lyc

day dao 1a thanh phan lyc 16n nhit va thay dbi clmg vo1 sy thay d6i 49 clmg cia chi

tiét gia cong, gid tri Am cla goc trudc va téc d6 mon cia dao. Chidu sdu cit c6 anh
hudng lén nhét to1 tue cét so voi luong chay dao va tbc do cét [4]. Khi ting van tbe cét

tir 125 m/phat 1én 245 m/phit, fuc cét co xu huéng giam phu hinh 1.
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Hinh 1. 1. Su bién thién cia lyc cdt khi thay déi van téc cdt, egng chay dao va chiéu
‘ sdu cdt khi tién ciing

Tronig san xuht, mot sd luong 16n céc chi tiét, bd phén may duge t6 hop tir cac

~ b& mit giani doan; nhu cac tryc co-then, 18, cac banh ring, nhu hinh 1.2. Qu4 trinh tién
cimg c4c bé mit gidn doan nay 12 mot qua trinh cit phirc tap véi lye ct, phiét cit cao,
ddng thoi xay ra va dap va rung dap manh trong qua trinh c&t. Nhitng didu kién khc
nghiét nay 1dam cho b& mit chi tiét my kho duoc dam bdo ddng thoi dyng cu mon
nhanh. Do d6 viée nghién ciru qua trinh tién cimg cac bé mit gidn doan di va dang

Hinh 1. 2 Céc chi tiét c6 bé mdit gicn doan
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1.2 Vit liéu dung cu khi tién cing

Trong qud trinh tién cimg, viéc lira chon vét li¢u dung cy it anh hudng rit 16n

Ll

o F

" dén nang suat, cht lwgng va chi phi cua qué trinh cat. Hon nita, qua trinh tién cngcd
“Tuc ¢t cao va Iirc ¢t cao, vi vay vat liéu dung cu cét phai c6 d6 kétdinh cao, dobén

—  <tao, khéng phén g voi vt li€u gia cdng, c6-thanh phan héa hoc- on- dmh co6kha - - -
ning chdng oxy hoa, khuéch tan va c6 d6 bén v do bén nhlet 16n. Véi su phat trién '
clia cong nghé vat liéu dyng cu cét, ¢6 nhidu loai vat lidu dyng cu cit ¢6 thé duogc sir
" _dung trong quy trinh tién cimg thép hop kim sau khi nhiét luyén nhu carbide, gomva
CBN. Céc nghién ciru vé& qua trinh tién cimg sir dung vat lidu cit khic nhau s& duge
t6m tit trong phén nay.

L.2.1 Cachi

Cacbit dwoe tao ra b%mg cach trén TiC voi Cobalt va sau d6 duge nung nong

_ trong mditnrimg nhiét 6 va ap sut cao. Tic ¢6 d9 ciing cao (khodng 3200 Kg / mm2
- va- chiu dugc nhiét d6 cao (khoang 3000 d6 C) do do6 céc bit thong thudng duge st

dung dé gia cong cimg va tbc d6 cao ([1].

Anthony Xavior (2014) da nghién ciru ¢ mon cia dung cy, d¢ nham bé mit,

e BT ek R

nhiét d6 ving cét, thdi gian gia cong va tde d6 loai bo kim loai trong qua trinh tién
cimg clmg cia cic vat liéu phdi khac nhau nhu AISI 304, AISI 52100 va AISI D2 1
bing céch sir dung vit liéu cacbit, gdm kim loai va ceramic [5]. Két qua nghién ctru '
cta Anthony chi ra ring vét liéu gia cng anh hudng ding k& dén tAt ca cac thong s6

-.dAu ra ngoai trir d5. nham_bé mat va vét liéu dung cy chi anh hudng hop ly t6i d§ mon
mit sau cUa dao. Nhiét d6 trong gia cong khi tién cing AIST 52100 va AISI D2 gin
nhu bing nhau va cao hon nhiét d6 khi tién AISI 304. Hon ni¥a, thoi gian gia cong
giam khi téc @9 gia cong, téc dd cit va chidu sdu cit tang 1én, trong khi ning suft cit
tang khi céc thong sb cit duoc ting 1én.

_ __A. Srithar va cfng su [6] d4 klem tra chat lugng t be mgt khi tién cing thep
. ‘SKDll sau khi t6i c6-d6 cing 66 HRC bing cach st dung vat l1¢u cacbit ¢6 phu voi.

sy thay dbi van téc cit, luong chay dao va chidu sau cit. Cac két qua nghién clru dd
xem xét ring d6 nham bé mit giam, khi ting vén tdc cit va giam lugng chay dao va
chidu sau cit.

Vao nidm 2015, Anthony da phén tich luc cit va hinh thai phoi trong qu4 trinh
tién clmg thép AISI D2 da t6i bing cacbit phi nhiéu 16p, gém kim loai va ceramic.
Phoi ¢6 dang ring cua véi cac diéu kién cdt khdc nhau vi phéi cé d9 cimg cao [7]. Khi
van téc cit tang, chiu diy phoi va chidu dai cua phoi giam. Khi vén téc cit tang cling
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lam lyc cét ting. Do d6 c6 thé thdy luc cit anh hudng manh téi hinh dang va kich
thudc cta phoi. Két qué ciing cho thiy méi quan hé gita théng sb cdt voi hinh dang va

s kichrthude cﬁa"ph'oﬁron'gqué trinh’tlén*ct'mgthép SKDI’IT o

" Junaid vA wani (2017) d4 nghién ciru d4nh gia hiéu suif ciia PCBN, cacbit phu

~va Ceramic trong qué trinh ti¢n cimg thép AISI D2 c6 d§ cung 45 HRC [8]. Nghién-
ciru nay chira ring co ché mon chinh ctia cde dung cy cacbit phit 14 mai mon co hoc,
mai mon va tao vét & tdc d6 cit thip nhit, Va mai mon, bam dinh cling véi st mé la

memmg qua trinh tién

ctmg thép AISI D2. Pay Jun Liew va cdng sy (2017) di nghién cttu dnh hudng clia cac
diéu kién cat d6i v6i do nham bé mat va d6 mon cla dung cy trong qué trinh tién cimg

thép AISI D2 béng cich sir dyng nanofluid v6i dung oy cdt cacbit c6 phu [9]. Nam

2018, viéc nghién cim lugng mon mét sau, d¢ nham bé& mit va nhiét d6 it trong qua
trinh tién cimg thép AISI D2 bing cach st dung vat liéu cacbit phi CVD di duge

'—rrglﬁénvﬁ’wbt’ri—Ramanuj’vﬁ—et?afftf)]TBﬁ—mai—mblr‘vﬁhnéchﬁérrlﬁfz&rwché—chﬁih—

gdy ra mon mit sau vi tdc d6 cit 13 yéu t6 anh hudmg 16n nhit t6i mon mit sau.
Lépez-Luiz va et al (2018) da phén tich 3¢ mon mit sau va d§ nham bé mit khi tién
ctng thép AISI D2 sir dung manh cacbit c6 phi PVD béng phuong phép Taguchi [11].
Nhu viy, vat lidu carbide duge st dung rong rdi trong qué trinh tign cing thép
sau khi nhiét luyén. Tuy nhién, trong didu kién gia cong khd vat lidu carbide khong
— duoc phit hop dé gia cong cac bé mit gidn doan thép.saunhiét uyén.

1.2.2 Ceramic
Ceramic 1a vt lidu rit ctmg va chiu nhiét, chiu dugc hon 1500 ° C ma khéng bi
phan hiy héa hoc. Cdc tinh ning nay khuyén nghi st dung ching dé gia cong kim loai
& tc db cit cao va trong didu kién gia céng kho. Céc loai Ceramic chil yéu dua trén
alumina (Al1203), silicon nitride (Si3N4) va sialon (su két hop cta Si, AL, O va N).
i Céc ceramic alumina cé thé chira céc oxit titan, magié, crom hogic zirconium phan phéi
- ddng nhAt trén nén alumina-d& cai thién do déo-dai (Davim;2011).-Mot sé-nghién ciru- -

ceramic khac nhau.

Junfeng Yuan va cdng sy [12] trong nghién ciru cla ho dd dua ra mét chién
lwoe mai dé ting cuomg hidu qua clia céc quy trinh gia cdng trong cic diéu kién khéc
nghiét khi tién cting thép AISI D2 bang cach str dung manh Ceramic khong phi
(alumia hén hop va TiCN). Sarmad Ali Khan va cfng su (2018) dd phén tich anh
hudng cta cac thong sb nhu tde @6 cit, do cing clia phéi va hinh dang hudi cit clia
dung cu tdi cac yéu t§ dénh gia hidu qua cia qui trinh gia cdng nhu ning sudt cit, d6

da-diroe-thye-hién-d&-nghién-ciru-anh-huéng -elia-viée-tién-cing -sir- dung-ede-logi - — - —-

|
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nham bé mit va d6 mon clia dung cu trong qua trinh tién thép AISI D2 sau nhiét luyén
biing manh ceramic alumina cé pha TiN [13]. Gaitond va cfng sy (2009) phan tich anh

2 9 P A A = 2 A e . ~ A - A A s PR - a
*huong*cua*chreufsaufcatfvaftheﬂfgianfg—lafeongfden—reacf yeéu-to-ctia-qué-trinh gia cbng- - - -

—nhu-luc eékcéng suét cit, luc cét don-vi, 46 nham bé mjt va d6 mai mon cuadyngen - -
- __bing cach su dung mé hmh toan hoc bac ha1 trong subt qua trinh tién cu’ng thép AISI
-4
Tugrul va et al (2007) da chi ra anh huong ctia cac thong sb cit dén luc cit, do

nhém bé ‘p AIST D2 sir dyng manh ceramic ¢

ludi cit Wiper [15] Muhammad Aﬁab Ahmad v et al (2018) 33 phén tich 4nh hudng
ctia ban kinh miii va luong tién dao dén d6 nham bé mit trong qué trinh tién cimg thép

AISI D2 béng céch sit dung manh Ceramic TiN alumina hon hop [16]. Ramon va cng

sur (2008) d4 nghién ciru hai mé6 hinh dd dugc diéu chinh d& dy doan lugng mén dung
cu khi tién cimg thép D2 ctng bing céch sir dung dung cu ceramic véi su thay d6i ciia
—Tcrc—&o—cat—luongtrcn—dawafhcrl—gtarrgla—eongH—’F]—G&ttendera—eeng_sg{zQ&Q}da SKr

dung md hinh todn hoc dya trén phuong phép phan img ‘b& mit-dé-phan tich anh hudng
clia cc tham sb cit dén kha ning gia cong trong qud trinh tién cimg thép dung cu gia
cong ngudi AISI D2 biing manh wiper ceramic [18]. Sarmad Ali Khan va cdng sy da
phén tich d¢ mon / tuéi béncia dung cuy, ning suit cit va d6 nham bé mit phdi trong
qué trinh tién ctmg thép D2 sir dung manh ceramic c6 phu TiN [19].
Ceramic T vat tiéu dung cu-citc6-d6-cimg-caophirhop cho-gia céng —
ctmg, nhung con nhiéu han ché khi gia c6ng cimg cac bé mat gidn doan, dic biét la cac

bé mit c6 mic d¢ gian doan cao. - — - -

1.2.3 CBN

CBN da tinh thé boron nitride, CBN la vat liéu dung cy cét c6 dé cimg néng
tuyét voi co thé dugce st dung & t8c do cit rat cao. N6 ciing thé hién do déo dai 6t va
kha ning chéng séc nhiét. Cac 16p CBN hién dai 1a vét liéu tong hop gém c6 ham
" luong CBN tir 40-65%. Chét két dinh gbm lam tang khi ning chong mai mon cho
CBN. mat khac d& bi hao mon héa hoc. Mot nhom céc 16p khic 1a cac 16p CBN moi
dung cao, voi 85% dén gin 100% CBN. Nhimg 16p ndy c6 thé c6 mdt chat két dinh
kim loai d& ci thién do déo dai cta chung. CBN duge han vao hop kim ctmg dé tao

thanh manh dao. Céc 16p CBN duge sir dung chi yéu dé gia cong vét liéu cing, voi do
clmg trén 45 HRC. Trén 55 HRC, CBN la cong cu cit duy nhét c6 thé thay thé céc
phuong phdp mai truyén théng dugc sir dung. Voi thép mém hon, dwdi 45 HRC, chira
mét Iugng ferrite cao hon, cé tic dong ti€u cuc dén kha ning chdng mai mon cla
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CBN. CBN ciing c6 thé dugc sir dung dé gia cong thd tbc dd cao vai gang xam trong
__ cAquétrinh tién va phay.

Linhu Tang va cong su da nghién ciru va chi ra ring cc co ché mon trong mai

" mon mat sau ca manh dung cy PCBN 14 mai mon trong trudng hop 40-55 HRC va-
~ mai mon trong frudng hop 60 HRC do tang dot ngbt ciia ma sét tai cée-cong 'cu—r- giao- S
dién phoi, trong khi mon khuéch t4n 1a nguyén tic hao mon trong mét trude cla méanh S

PCBN [20]. Sarnobat di nghién ctru anh hudng cla céc hinh dang manh dung cu cit

o Yhie-nhau vi-efc tham s&-cOng nghé clia qua trinh gia cong thép AISI D2 saunhigt ]
luyén sir dung mianh CBN dén tmg suét du bé mit ba truc, 0 nham bé& mit va ning
suat gia cong cimg trong khu vyc bj anh huong [21]. Nghién ctru clia Dosbaeva va

- cong su (2015) cho ring  nhitng 16p phi ngay cang tré nén khong hicu qua, khi fang ~
tbc d6 cit 1én 175 m / phut, va do nhiét do c4t 18n hon 1100°C trong qua trinh tién
cimg cia thép AISI D2 bing cdc manh PCBN [22]. Két qua nghién ctru ndy d& dan

—déﬁ‘Eéflﬁannu)mlﬂrVa—mon—hoa—ho&ee—th&é&rac—em—la—eepche_mapman—_
chinh trong cong cu cit PCBN & st dyng. Samnobat va cong sy (2018) d& phén tich o

&anh hudng cla cac didu kién ct dbi véi @ rung cua dung cu cét va dé xudt mé hinh I
d6 nham bé& mit du doén khi tién cimg thép AISI D2 bang c4ch sir dung manh CBN |
thong thudng va dang Wiper [23].

Céc nghién clru cho thdy CBN phit hop cho c4 qud trinh tién cimg va tién cimg
bé mit giin doan. Tuy nhién voi mbi logi méac vat litu-€BN-lai- phir-hop véi-vat li¢u _—
phéi va co ché dd cit khac nhau, do d6 cAn ¢ cac nghién ciru xac dinh didu kién cit

hop Iy e

1.3 Anh huéng clia cic théng sé cong nghé trong qud trinh ti¢n cing
Céc thong s6 cong nghé trong qua trinh gia cong nhu van téc cit, chidu sau cit
va luong chay dao anh hudng dén chi phi san xuét va chét Jugng san phdm. Do @6,
o dleu quan trong I la str dung ky thuat t81 wu héa dé xc dinh mirc t61 wu coa céc tham sd
. _naydé gidm chi ph1 san xuét va ddng thoi dat duoc chat Tugng san pharn mong mudn.

Mt trong nhitng myc tiéu chinh trong vige t8i wu hoa qua trinh tién 13 giam thiduchi
phi san xuit va tbi da hoa ty 12 san xuét trong khi van giit dugc chét Tuong cla céc chi
tiét gia cong theo théng s§ k¥ thuat thiét ké. Chi phi gia cong lién quan chét ché dén
tdc dd boc tach vat lidu. Téc d6 bée tach vit lidu trong qua trinh tién duge dua ra bing
san phém cta cac thong sb cit (tbc d6 cit (Vc) luong chay dao (f) va chidu sdu cit
(d)). Do do, néu mudn ting ning suft thi ¢in ting ba tham sé cit nay. Nhung, cé
nhitng gidi han b1 véi céc thong sb cét nay vi chang ciing c6 anh hudng dén tudi tho
dao, d6 mon dung cu, chéit Irong b& mit, luc cit, nhiét d6 cit, v.v. Theo quan diém
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ndy, nhiéu nha nghién ciru dd nghién ctru anh hudng cta céac théng s6 nay lién quan
dn khé xoay chuyén. Céc phin sau dy trinh bay nhimg phat hién ciia mét s6 nghién

I 3 1 Lwc cit

. ' “Luc cét la mot thong s& quan trqng trong qua trinh | gla cong noéi chung va qua
trinh tién cimg néi riéng. Kién thie v& luc cét 13 cn thiét d8 uéc tinh cac yéu ciu ning
lugng, thong s6 d& thiét k& may cong cy, dung cu phu va dd ga gia cong. Nhiéu thiét bi

cutrhén*quan*den*cacfthong*sofnay—eo—hen—quan—denfquaftrmh,tlgnfcu'ng.,,,,,, B

do lyc di dugc phét trién c6 kha ning do lyc sinh ra trong qua trinh gia cong voi 4§
chinh x4c ngay cang ting. Nang hrong tiéu thy trong qua trinh gia cong cit got kim

toai- phan&e‘mdu@e—ehﬂyen—tha&h—nh}@fctrm;ymg_gmlmcmﬁm_dxmg cu va phiéu
—véﬂmmhmwmﬂrgiﬁmg@a&gwmmmphoac gin tiép

bdi nhiét cit va Iuc cit [24]. Béng cach do cédc thanh phan luc cdt, cac nha nghién ciru
c6 thé hidu duoc co ché cit nhu anh hudng cia cic thdng sb cong nghé trong qua trinh

cit dén lyc ct, kha nang gia cong clia phdi, qua trinh hinh thanh phoi, ca ché mon va
luong mon dung cu. Luc c4t trong didu kién trang thai khong 4n dinh tham chi bi anh
hwéng bdi nhidu tham 56 va sy bién ddi cua cht lyc véi thoi gian ¢d mét dic tinh dién
hinh. Lyc cét c6 thé duge giai quyét thinh ba cac thanh phén, (e 1a Iyc dy xuyén tim
(Fx), luc doc tryc (Fy) va lyc cit tiép tuyen (Fz). Théng thuong, lyc cét tiép tuyén 1a
1ém nhét trong ba thanh phén, mjc du cudi ciing, lue diy xuyen tam thudng 16m hon,
trong khi lyc nap 1a t8i thiéu. Nhitng phat hién clia mot 6 mghtén ctru ligm quan dén
anh hudng cla cac thong sb cit d6i v&i luc cit duge trinh bay dudi ddy. Céc thanh
phdn lyc ¢t ting manh khi gia'cdng vt ligu'co df cung cao hon khoéng 45 HRC
(Davim, 2011).

Linhu Tang va et al (2019) da sir dung cim bién do 3 thanh phan cla hing
Kistler dé do cac thanh phin Iuc cét va xac dinh luc ma sat trong qua trinh tién cung
i thép AISI D2 [20]. Két qua chi ra ring khi d6 cing ting thi lyc cit tang nhanh. Luc

~ dy xuyén tanr thay dbi rht it theo thoi gian edt-trong khi thanh phén luc doc.tryc va. .

Iy tiép tuyén gidm dAn theo thdi gian cét, nhw hinh 1.3.-

e R R R ™

imith fisree (M)

k]

Cutiag tnw ) Cumng time (1) Curking i (6)
{a) Main forces (c) Feed forces. (b Readial forces

Hinh 1. 3 Cdc thanh phan lyc cdt theo thoi gian
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Gaitonde (2009) di phit trién md hinh toan hoc cho céc thanh phén huc cét khi
_tién cimg thép AISI D2 véi céc vat li¢u dung cu khac nhau [14]. Nghién ctru nay d&

nghién ctru anh huong clia d6 su” cét, hinh hoc ¢ét va thoi gian gia céng- dén lyc-cét; -
“—¢ong sudt va cc thanh phén Tuc cit cia qué trinh-gia cong. A.Srithar- (2015)-dd xem
- - xétanh hudng cia vén téc cit, luong chay dao va chidu sdu cit 16i luc cét trong qui
trinh tién cing thep AISI D2 st dyng manh PCBN [25]. Davim (2007) d& nghi¢n ctru
anh hudng cta cic manh dung cu c6 ludi cit Wiper khi so sinh vdi cdc manh dao
thong thudng vdi céac thong sb gia cong (luc ct, 46 nham b& mit va d§ mon cia dung

cu) thu dugc khi tién cimg thép AISI D2 [26].

—Hﬁu—ﬁért—nﬁng wong trong qué halﬂrnlﬂet—Nhianay

duwoc tao ra bing bién dang déo va ma sét gilra ph01 va dung cu cit va gilta dung cu cit
v chi tiét gia cong. Su sinh nhiét trong qua trinh gia cong 1am ting nhi¢t 43 trong qua

trinh c&t anh huéng dén d¢ bén, do cimg, kha ning chong mai mon va tudi tho cla

dung cu cit va gy khé khan trong viéc kiém soat 9 chinh xé4c klch thudc vi tinh todn
ven bé mit.

Nhiét cit cling gy anh hudng dén tinh chit vA do bén cha chi tiét gia cong.

Nhiét d§ trong viing cét bj dnh hudng chi yéu boi cac thong sb co ban cia qud trinh

cht. Ngoai ra, n6 cfing phu thudc vao cac tinh ¢ chit ciia vat liéu phéi, ciing nhu cic tinh

chit vat Iy cia cong cy. Do d6, cic nha nghién ciru chi yéu tap trung do va du dodn
nhiét d§ tai ving tiép xtic gitta dung cy, phoi va chi tlet gia cong [15]. Cac dung cu cat
dugc sit dung cho gia cong cing phai c6 4§ cimg néng thich hop dé chlu duge nhlet
do cao dugc taora & d1eu kién vén té¢ cat cao. Trong nhiing didu kién nay, hau hét cac
vit liéu ¢cdng cu n6i chung mét d6 cimg din dén suy yéu kha ning lién két giita céc hat
va do dd, hao mon dung cu duge ting téc theo bao céo cua Ezugwu, Bonney va
Yamane [27].

o ,f,RamanuJ Kumar (2018) d3 thye hién qua trinh gia cdng thép AISI D2 & nhleu

van toc cat khac nhau, luong chay dao va chidu sdu ct bang cach sir dung vat heu T

cacbua phit CVD [28]. Nhiét d§ trong ving tao phoi (T) duge do trong qua trinh gia
cong bing cach st dung may Fluke Ti- hdng ngoai 32 cho hinh &nh nhiét. Két qua chi
ra ring nhiét do cit viing tao phoi ting nhanh theo vén tbe cit va day 1a yéu té anh
hudng chinh trong qué trinh tién cing thép AISI D2.
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1.3.3 Nhdm bé mt

- Nhém bé mit-anh huéng rét 16n dén tinh chét sit dung cta chi tiét may. Nhim
- b& mat anh hudmg tryc tiép dén kha ning chéng in mon héa hoc; chong mai mén ¢
hoc; dén db bén méi ctia chi tiét va dén do chinh xdc, 46 bén ciia mbi ghép, v.v. Viée - |
*Iya chon duge chc thng s6 nhém bé miit hop 1y s& gop phén néng cao tinh ning lam

viéc cna chi tiét may dong thoi gop phén ning cao niing suéit, ha gi4 thanh san phém. - ]

Trong qua trinh tién cting ciing nhu ti¢n cung bé miit gian doan thi nham bé mit
Ja mot trong nhitng thong 56 quan trong dé ﬁwmmnhﬁfNW

trinh gia cOng. Nhiéu nha nghién ctru ¢4 phan tich chét lugng bé mit va anh hudng cla

. _dibukién cht ti 45 nham hé mit trong qua trinh tién clng va ti¢n cimg bé mét gin
 4oan. Nim 2012, M Dogral va cdng sy da phan tich tudi bén va chét luong bd matkhi

tién cimg bé mit gidn doan st dung ménh Cacbit c6 phu va manh CBN [29]. Két qua
nghién ot cho thiy, manh CBN cho nhém b& mit nhd hon, phii hop hon trong tién
cimg b& mit gisn doan, nhu hinh 1.4. Tuy nhién nghién ctru mdi chi dé cap t6i nhom
vat libu ¢6 d6 ctmg 45-SOHRC va bé mit gian doannhe.

—&— Carbide, V=80 —m— CBN, V=80

—iv— Carbide, V=140 —— BN, V=140 n
—— Carbide, V=190 —&— CBMN, V=180 _
2.4 -

2.2 - - ST T —
2

1.8 1 .

16 -

1.4

1.2 4

g

g4

Sooo

‘Value of Ra In micron

ot b oy - o

05 1 {5 25 35 45 5B
- Machining time in minutes
Hinh 1. 4 Gid tri d6 nhdm bé mdt khi tién cimg bé mdt gidn doan

Anselmo Eduardo Diniz va cong su da phan tich mon va nham bé& mat khi tién
clmg b mat gian doan st dung manh gbm va manh CBN [30]. Nghién ciru da chi ra
ring manh CBN hiéu qua hon manh gbm trong qua trinh tién cling bé mat gidn doan.
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- 1.3.4 Mon- dungcucatm, .

S Mon la mét tiéu chi phd bién ding dé dénh gia hlf;u sudt cla dung cu cﬁt kha
_ nang gla cong vt liéu va la mdt trong nhimg chi tién quan trong vi dugc quan tAm -

nhét khi nghién cira lya chon dung cy cit va diéu kién gia cong. D4 c6 mét s& nha

- nghién ciru quan tim dén mdn dung cuy cit khi tién cling bé mit gian doan. Nam 2009,

Oliveira va cdng sy [31] da phan tich so sanh vét mon dung cu cat khi tién cung va
tién cimg b& mit gian doan dung manh PCBN va ménh gém vdi sy thay ddi ctia vin

— 16c cat (150-195 nﬂpnut)*léé’FqHé—rrglnerrcwcung—che-th&y —manh-PCBN_hiéuqua
hon so voi manh gém trong qua trinh tlén—cma’n—dmanﬁeie%ofaﬂguste—
d nghién ctru qué trinh tién cimg bd mit gidn doan st dung méanh CBN va gbm.

‘Smsmwmw
gian doan sir dung manh carbide c6 phu [32]. Nghién ctru dé chi ra co che mon khi
tién cirng gi4n doan v&i manh carbide. Nam 2019 Manoj Nayak d4 xay dung mé hinh
thi nghiém nghién cru mon dung cu khi tién cimg va tién cing bé mit gian doan thép
AISI D6 stt dung manh CBN thép [33]. Nghién ciru di phén tich dwgc co ché mon va
xiy dung duge md hinh toan dy doan tudi bén ciia dung cy khi tién clng va tién climg

bé mijt gidn doan.

1.4 Két ludn chwong 1

" Sau khi nghién cuu “tdng quan V& qud tfinh tign clmg bé mit gian doan, phin
tich cac vat 1iéu dung cu ct va c4c yéu t6 danh gia qua trinh tién cimg bé mit gian
doan, nhom nghlen ciru dd gioi han lai phanr vi nghién ciru la: Nghién ctru anh huong
ctia cac thong sb cong nghé toi nhim b& mit va lugng mon mét sau khi tién cimg bé
mit gian doan thép SKD11 sau tdi sir dung manh CBN trong diéu kién gia cong kho.

27

|




CHUONG 2. NGHIEN CU'U ANH HUGNG CUA THONG SO CONG NGHE

TGINHAM BE MAT KHI TIEN CUNG BE MAT GIAN BOAN

2.1 Hé thong thi nghiém

CC T 2Ll Mdythimghitm - ¢ _ .
Qu trinh thi nghiém duge thyre hign trén trung tam tién CNC QTS200 ciia hing
mazak tai phong thi nghiém CAD/CAM-CNC cua trurong dai hoc k¥ thuét cong nghigp

£l b I . T Y
(nimor o 2Ty

Hinh 2. 1 Trung tdm tién CNC QTS200 (Mazak)

' 2.1.2. Dyng cu cit

.~ Dung cu cht duge sir dung 12 manh CBN 7525 cia hang Sandvik san Xuét, véi
mi & theo iso CNGA120412801530B, nhu hinh 2.2. Méanh dao CBN 7525 ¢6 chira
90% CBN dang min trén nén Ceramic, dugc ding phd bién trong gia cong gang xam
va gia cOng cac bé mat gidn doan.

Hinh 2. 2 Mdanh dao tién CBN
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2.1.3. Phéi thi nghi¢m
- Trong nghién ciru sir dung thép SKD11 ¢6 thanh phan héa hoc nhu bang 2.1,
day 13 méac thép theo tiéu chudn JIS ciia Nhat Ban, dugc sir dung phd bién trong cac
- hi tidt chju mai mon cao. Thép SKD 11 ¢4 nhidu dic tinh t6t nhu bé mit giacong -
B f'minzc_c:’)_fkhé:nﬁngffghéng——méi—r mdn cao; c¢6 d6-thAm t6i tét va g xuétftéivthép.wQué -
trinh thi nghiém st dung thép SKD11 dang try 60mm x100mm duoc nhiét luyén dat
d6 ctmg 60-62 HRC va duoc cit xé 6 ranh trén bé mt try nhu hinh 2.3.

60-62HRC > Tién cimg->cét day (6 ranh cich déu trén mit tru)

\ [ 1|
hanh-phan-hoa-hoe-ctia-thép SKDI — - — — — — .
C Si Mn Cr Mo Vv Fe
163 |025 |045 |11.89 |0.89 | 037 | Balance
b |

2.1.4. Thiét bj do -
Trong qua trinh gia c6ng, nham b& mit duge do bing may do nham Mitutoyo
§J-210 — Nhat ban (nhu hinh 2.4); Sau khi gia céng cing mét chidu dai cat 200m,
- — - — -dyng cu-duge kidm tra-mon-bé mit trén kinh hién vi dién tr WHX7500 cia Keyence, = _  _
phuhinh25 LT
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mén bing kinh hién vi dién fir quét phét xa traong (FE-SEM) tich hop v6i phd ké tan
sc ning 1u'0rng tia X (EDS) va dau do huynh quang catdt (CL) (JEOL JSM-7600F do

~ L) A 1

khoa hoc va cong nghé, Pai hoc Bach khoa Ha Ngi, nhu hinh 2.6.

_ Hinh 2. 6 Kinh hién vi dién tir quét JEOL JSM-T600F _

dung cu bing md hinh thi nghiém hai mirc

2.2.1 Thiét ké thi nghigm

Nhiéu cdng trinh nghién ciru khoa hoc cong nghé thudng dua dén giai bai toan
cuc tri, tim diéu kién t8i vu @ tién hanh céc qué trinh hogc lya chon thanh phén 81 uu
d tién hanh cac qua trinh hofic lya chon thanh phin t8i wu cia hé nhiéu phan tir.
Nhiing bai toan ndy thudng giai quyét & cac mirc do nghién ciru cac yéu t& anh hudng

nehiém vi dién t& va hién vi phan tich cta vién tién tién
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dén hé, 14p m6 hinh bidu di&n mbi phu thudc gitra cac yéu t6 khao sat, didu khién cac
thong sb ¢cong nghé theo muc dich cho trude, hodc dura vé trang thai t6i wu theo nhing

chi tiéu danh gia d& chon, Mot thiét ké-thyuc nghiém- 6t 1a-thiét ké-chi ra dwee cde

~théng sé chinh-anh-huéng dén-ede két qua dAu ra v6i s lugng cac thi nghiém hop 19,

‘cac murc chia mdi théng s duoce thiét 18p cu thé. Trong khi céc thi nghiém truyén théng

thuong yéu ciu chc mire clia mot thong s6 6 s6 bude gibng nhau dé dé dang trong
viéc lua chon bang quy hoach thyc nghiém. Do d6, viéc danh gia kha nang cét cia
ménh CBN khi tién cirng bé mit gidn doan néu thuc nghiém theo phuong phap truyén

théng thi cin mét sb lugng thi nghiém rét 16m.

Céc thi nghiém hai mirc 1a céc thi nghiem' trong dé m5i bién thi nghiém chi

da gdy nén gia tri Ung X tuong Ung cla h¢ thong. M3i cach xéc 1ap ndy tucmg ing véi
mdt 14n tién hanh thi nghiém. Thi nghiém haimic dugc chia thanh hai nhém chinh; +

Thinghiér et e ddy di;+TFhinghiénrhai-mée riéng phan.

Trong phz_u_n vi cla nghiéﬁ ctru, thi nghiém hai mérc diy du duge tién hanh &
khao sat anh huéng ban déu cia thong sb dAu vao cua qua trinh tién cting bé mit gian
doan dén hai théng s6 dic trung la nhdm b& mit va mon dung cy. Nghién ciru di lya
chon 3 thong s6 dau vao 1a vén tdc cét, lugng chay dao va chiéu sdu cit nhu so db hinh
2.7, v6i 8 thi nghiém & g6c va 1 thi nghiém ¢ tdm. Sau khi sir dyng phin mém

Minitab, thu dugce ma tran thi nghiém nhw bing 2:2.'V6'Tﬂ1|ﬁ:‘tu*thinghiém—&5rdwc-sép- :

x€p ngdu nhién.

Bang 2. 2 Ma trén thi nghiém 2 mirc voi ba théng s6 khdo sat

- - |- - - A-d B-V C-f

StdOrder | RunOrder | CenterPt | Blocks | (mm) (m/min) | (mm/rev)

9 1 0 1 0 0 0

4 2 1 1 1 1 -1

T T T e e L Y e N e
- I ) A ) L = [ Y W

7 5 1 1 -1 1 1

6 6 1 1 1 -1 1

1 7 1 1 -1 -1 -1

3 8 1 1 -1 1 -1

10 9 0 1 0 140 0
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Hinh 2. 7 So dé thi nghiém 2 mikc véi 3 thong s6 khao sdt

2.2.2. Lwa chon bj thong sé khdo sdt va két qua thi nghiém

Ciin cir 48 xudt ctia nha cung cép dung cu cit va két qua cia cic cong bd trude,
nghién ciru da hra chon b thong s6 kho sit ban dau nhu bang 2.3.

Badng 2. 3 Thong 6 dau vao cdc mire gid tri

Théng s Don vi Mic gi tri
i — 1
Chidusducdt(d  |mm 0.1 045 - |02
Van tbc cit (V) /min | P2° 140 160
© 7 Dugmgchaydao () ey [*% 012 o |6 L

2.2.3. Két qud va thao lugn
a, Két qud thi nghi¢gm

Qua trinh tién cing bé mat gian doan bing manh CBN dugc thyc hién trén
doan tru xé rinh cé dudng kinh 60mm va dai 100 mm. Nham bé mat dugc do bing
méay do SJ210 sau mdi Jat cit va luong mon mit sau duge do trén kinh hién vi dién tir
WHX7500 ciia Keyence sau khi cit duge chidu dai cit 200m. K&t qua do nhédm va mon

mitrsan dugc the higmd-bang 24:
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Bang 2. 4 Két qud thi nghiém trong m hinh thi nghiém hai miec

L d | v |feum| Ra | VB |
| Std| Run | (mm) (m/min)| /rev) | (pm) | (pm)
] 51 (055 | 0 [on|o6B| 112 |
2] 2 | 02 | 160 | 0.08]0.643 | 340
5 1 3 | 01 | 120 | 0.16 | 0.807 | 225.3
2 1 4 | 02 | 120 | 0.08 05022121
71 5 | 01 | 160 | 0.16 | 1.543 | 251.2
- e T 6 02 | 120 [016]1.758]279.1
11 7 | 01 | 120 | 0.08|0.405 | 2922
58 o+ | 66| 0.08]0.613323.3
) 0] 9 | 015 140 | 0.12 | 0.617 [ 167
8 | 10 | 02 | 160 | 0.16 | 1.758 | 279.1

b, Anh huéng ciia cdc théng 50 cang nghe ta’t nham be mat

Phan tich phuong sai (ANOVA) cho nham bé mit duoc xac dinh bang phén
mém minitab v&i mirc y nghia 0.05. Két qua phan tich ANOVA duge thé hién frong
bang 2.5. K&t qua phan tich cho thiy tit ca cac thong s6 va tuong tac giita ching déu
anh huong dang ké t6i nham bé mat khi tién cimg cac bé mit gidn doan. Trong do,
lugng chay dao 13 thong sb anh hudng manh nhét (d6ng gép 72,6%), chiéu sdu cét va
vin tdc cit cling anh hudng kha 16n t6i nham bé mit nhung chi dong gop dudi 10%.
Tuong tac gifta lugng chay dao va chidu siu cét anh hudong 16n nhét t61 nham bé& mat.

~ Ngoai ra, , ké{ qua phén fich ci cung cho thay m hinh dudng cong nén duorc xem-xét dé6- - — -

xét anh hudng cuia c4c thong s cong “nighé t61 nham bé mt-- e e e

Anh huéng chinh cta céc thdng s6 cbng nghé trong qua trinh tién cimg cac bé
mit gian doan dugc thé hién trong hinh 2.8. Két qua cho thiy nham bé mit ting nhanh
khi lugng chay dao téng tir 0.08 mm/vong dén 0.16 mm/vong. Nhung khi ting vén t6c
cht va chidu sau cit thi nhdm bé mdt giam. Ngoai ra, nham b mit tai cac diém thi
nghlem & trung tAm khong nim trén dudmg thang nén cd thé thidy mé hinh dudng cong
cin duoc xem xét khi nghién ctru anh hudng cia cac thong b cong nghé t&i nham bé

%mﬂt—trﬂﬂg—qua—t{:mh_ugn_cwaﬂ hé mit gidn doan
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Bdng 2. 5 Phdn tich phuong sai cho nham bé mdt véi mé hinh thi nghiém hai mitc

ffff -Source DE—|-Adj SS—|-Adj MS—{ E-Value—| P-Value| C%
TModel |8 | 259584 | 0.32448 | 18026.65 | 0.006 |
- [Linear |3  |2.07016 | 0:69005 |38336.3 |0.004 - -
d 1 |06.20898 |0.20898 | 11610.06 | 0.006 | 8.9
v 1 |0.14715 |0.14715 | 8175.17 |0.007 |62
_ . _F 171403 | 171403 95223.67 | 0.002— | 72.6 —
2-Way Int. | 3 075426 | 0.07805 | 433819 0011
=V I 10.0806_|0.0806_| 4477.84| 0.01 3.4
_ d*f T 10.13494 |0.13494 | 7496.67 |0.007 |57 o
V*f 1 |0.01872 |0.01872 | 1040.06 |0.02 0.8
3-WayInt. |1 | 0.05595 | 0.05595 |3108.06 | 0.011 ]
d¥VA |1 |0.05595 |0.05595 |3108.06 |0.011 |24 —
Curvatre |1 [0.23547 | 0.23547 | 13081.61- | 0.006 .
Error 1 |0.00002 | 0.00002
Total 9 1259585
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Main Effects Plot for Ra (um)
Fitted Means

T —d{mm)y—— — V- (mfmin}  — - f(mmyfrev) ——- =~ PolmtType! ——— ~ - o
150- . —&— Corner
RIS A — 5 - i—— - Center. -
S I I - _ —F _ - _
125

S JUp I SR SN

Mean of Ra (um) .

0375+

.

050+

o1 01 020 120 M0 160 008 01 03

Hinh 2. 8 Anh huedmg chinh ctia cdc théng s6 16 nhdm bé mdit

Anh hudng tuong tic giita céc thong s6 khao sét trong qua trinh gia cong dén
d6 nham b& mit trong qua trinh tién cing cac bé mit gian doan dugc mb t trong hinh
2.9. Tuong tac d*f anh hudng manh dén d6 nham bé mit. Véi tde 6 tién dao 16m (0,16
mm / vong), d6 nham b& mit gin nhu ting nhanh voi chidu sau cét tir 0,1 mm dén 0,2
mm, Tuong tu, chiéu sdu qﬁ_t dnh huéng manh dén dod nhém bé mit khi gia cong & vin
tbc rc_ét thép hon 120 m/phuit, nhung chidu sdu cit lai anh huéﬁg yéu dén 'dé_nﬂém bE
 miit khi tién & téc do ¢t cao khoang 160 m/phit.

Interaction Plot for Ra (pm)
Fitted Means

1. G (mm) £V (m/min) V (m/min) Point Type
: | —— 1200 Corner |
. D0 Center
—0-- 160.0 Corner
—_
- —_ —_ —_ __E_ —_ J— J— —_ — _—— —_ - - —_ - J—
a
- ——
= [ I -
Vb ]
‘o: ¥ {m/min) * f (mm/rev) f {mm/rev) Point Type :
3 - —— 0.080 Corner i
= — n 0.120 Center
—— —— 0160 Corner
-
0.9-
06 = — e
0.10 015 020 120 1o 150
d (mm) V (m/min)

Hinh 2. 9 Anh hucng twong téc ciia cde thong s6 khdo sdt t6i nhdm bé miit
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¢, Anh huéng ciia cdc thong 5o cong nghé t6i lwgng mon mgt sau

I:trqngm(‘)n*mét*saufcﬁafdaofléfmétftiéufehifquan—tr(;)ng—dédénhfg—i—é—hiéu—qué.—eﬁa—f

qué trinh gia cong. Trong nghién cfru nay, Lugng mon mit sau cia dao trong céc thi

" nghiém duge do sau khi cit chidu dai cit 500m trén kinh hién vi dién tir. Phin tich

“phuong sai ((ANOVA) cho lurong mon mét sau clia_ dung cu cit trong qué trinh tiém

clmg bé mit gidn doan duge thye hién trén phin mém minitab v6i mirc ¥ nghia 0.05.
Két qua phan tich ANOVA dugc thé hién trong bang 2.6.

Bdng 2. 6 Phadn tich phwong sai cho gid fri mon mgf sau {rong thi nghiém 2k

] Source DF| AdjSS| Adj MS | F-Value | P-Value
Model 8318129 397’6.677 318137 0043 : .
Linear 3| 65382 21794 17435| 0.056
d (mm) | 1 41.0 -41.0 3.28 | 0321 _}i
V (m/min) 1 4282.8 42828 | 342,62 0.034
f (mm/rev) 1| 22145 22145| 17716 0.048

2:Way Interactions 3| 5484.9| 18283| 146.26| 0061

d (mm)*V (m/min) 1| 6248 6248 4998| 0.089

d (mm)*f (mm/rev) 1{ 2639.0| 2639.0| 21112 0.044

V (m/min)*f 1| 22211 22211 17769 0.048
{(mm/rev)

3-Way Interactions | 1| 1875.8! 18758 150.06| 0.052

d (mmy*V (m/min)* | 1] 18758 18758 | 150.06 1 0.052| -

(mm/rev)

Curvature 1(17914.1|17914.1|1433.12| 0.017
Error 1 125 125

Total 91318254
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Két qua phan tich phuong sai cho lugng mon mit sau cho thdy van tc cit va
lugng chay dao 13 nhitng théng sb anh hudng 16n t6i gid tri mon mit sau cua dao do ¢6

gi4 tri P'oho hom 0:05. K&t qua phan tich ciing cho-thay trong ving khio-sdt-md-hinh--

dudmg cong cling nén duge xem xét d& mb ta anh hudng cia cde thong: s& khao sat téi

-~ —mon mit sau do-cd P= 0 017 e mmm mmm e e e e

Anh huong cla cac thong sb cong nghe (van tbe cit, chleu sdu cit va luong

chay dao) t6i luong mon mit sau cha manh CBN khi tién bé mit gidn doan thép

hudng 16n nhét t6i mon mit sau, lrong mon mét sau ting nhanh khi vén tbc cit tang.
Lugng mon mét sau ting cham hon khi ting chidu siu cét. Trong khi lugng mon mit

sau lai giam khi tine luong chay dao. Ngoi ra, trong nghién ciru c6 b sung cdc diem

thi nghiém & tdm, két qua do mdn mit sau cho thiy diém thi nghiém & tdm khong nim
trén dudmg thing. Didu d6 c6 nghia 1a nén xem xét kha nang st dung md hinh béc cao

hon d& Khao sat Anh huong cia cac théng 56 cong nghé toi fuong mon mét saw-cba-dao
trong qud trinh tién cimg bé& mit gian dogn thép SKD11.

Main Effects Plot for VB (um)

Fitted Means
-------------- diw Vi Foied T pimtType |
300 —0— Corner
—w— Center |

280~

260+

Mean of VB (um)

240~
220
200

180
| ] u | ]

gm 015 020 120 W0 160 oos_ Tor o

Hinh 2. 10 Anh hueéng ctia cdc thong 58 khdo sdt t6i heong mon mdt sau

Anh huédng tuong tic gifta cic thong sb khao sat t6i Iugng mon mijt sau dugc
thé hién trong hinh 2.11. Két qua cho thdy tuong téc V&F va D&F anh hudng manh
t¢i hrong mon mat sau trong qua trinh tién cimg bé mat gian doan. Véi véin tbe 120
m/ph, lugng mon mit sau gin nhu khéng thay d6i khi ting lugng chay dao va chiéu
sau cét. Tuy nhién, v6i vén tbe ¢t 160 m/ph thi luong mon mét sau ting khi giam
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luong chay dao va giam khi giam chiéu sdu cét. Vi chiéu siu cit nhd, luong mon mit

sau ting nhanh khi gidm lugng chay dao.

___ Interaction Plot for VB (um)

Fitted Means
I 73;73(mmp\ﬂﬁ[nﬂﬂ_fff - B 0 V{m/min} PolntType | o R |
! l—e— = 1200 Cofrer | : : ;
200~ e ‘ . 100 Center
| pm—— J—— 1600 Corner
. 250 ' .
E |
=
g .
s 150 - —
c asuﬁ__._._._._.__.__.Q,(mm):.ﬂm.rzl.l_r_ex)_.__.........._.‘.‘,,,,,,,,y,(ny!m.lm_.*..f_(m_.ergﬂ.....N_, f{mmj/rev) Point Type
e i —— 0.080 Corner
3 S St A T Y Y2
—_, / —+ 080 Comer | T T
; o - -8
zsu~é - -——=
200-
150 - b
[ (1) 015 020 120 140 160
d {mm) V (m/min) -
- A
Hinh 2. 11 Anh hirémg tuwong tdc cia cdc théng sé khdo sdt t6i lugng mon mdt sau
!

2.3 Két ludn chwong 2

Nghién ciru dd sir dung md hinh thi nghi€ém 2k véi 2 didm thi nghiém & tm dé
phén tich anh hudng cha thong sé céng nghé toi nhim bé mit va lugng mon mit sau _
trong qud trinh tién cimg bé mit gidn doan thép SKD11 sir dung manh CBN. Bude dAu

dat duge mot sb két qua nhu sau:
- Lugng mon mit sau la thong s6 anh hudng manh nhét t&i nham bé mit, nham
bé mat ting khi lugng chay dao ting. - - : - _
- Van tdc cit anh hudéng manh t6i lwong mon mit sau, lwvgng mon mét sau tang
nhanh khi ting véan téc cit.

- . MB& hinhbic nhdt cha thue sy phivhop dé-khao st anh huéng cuacac thong - -

56 cong nghé t6i nhim bé mat va luong mon mjt sau. Nén xem xét st dung phwong - ———

phdp bé& mit chi tiéu dé phén tich anh hudng cia céc théng s& cong nghé t6i nham bé

mit va lugng mon mit sau.
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CHUONG 3. TOI UU HOA CHE PQ CONG NGHE KHI TIEN CUNG BE
MAT GIAN POAN BANG PHUONG PHAP BE MAT CHI TIEU

31 Phjso’ngphap gghlen ciru

__ Muc tiéu chinh clia cac nghién ciru thuc nghlem la tim gla tri cuc tr1 hoac vung

181 wu cho mot quéa Trinh hay cac diéu kign t51 wu d& van hanh mot hé théng. Co nhidu -~ -
phuong phép dugc sl dung trong cac bii toan t6i uu héa, trong d6 tdi wu hoa sir dung
phuong phap bé mat chi tiéu dugce st dung phd bién.

Khi m hinh thi nghiém 2 mrc khéng dap mg dugc, thi md hinh thi nghiém bé
mit chi tiéu duge sir dung 43 mo ta chinh x4c quan hé gitta ham myc tiéu va céc thong

s6 thi nghiém. M6 hinh thi nghi¢ém nay dugc phat intrthnghiém2-mie———+—

béang cach bd sung vao cac thi nghi¢m nhim xay dyng md hinh béc 2 md ta ham myc
tiéu.

Phuong phap beé maf chi tidu U AT hieu qua trong vige phét- trién-va ning eao hiéu
qua ciia cc qua trinh gia cong. Nbi dung chinh ctia phwong phap bé& mit chi tiéu 12 sir -
dung mot chudi céc thi nghiém véi cac muc dich sau:

- Chi ra mét tdp hop céc bién dAu vao sao cho tao ra img Xt cla dbi tuwong
nghién ciru la t6t nhat.

- X4c dinh cac bién dhu vio nham dat dugc céc yeu cau cu thé vé 1rng XUr cua

d6i tuong nghién ciru.

- X4c dinh eéc-diéu kién van hanh méi dam bao_cai thién chit lwgng hoat dong
ctia @i trgng so voi tinh trang hién tai.

- M5 hinh h6a quan hé gifra bién diu vae vdi-img xr clia dbi taoong nghién cim
1am co s& & du doén hay diéu khién qua trinh hay hé théng.

D& dat duge myc dich trén phuong phap bé mit chi tidu thuc hién viée xay

du'ng ham md t3-b8 mitchi tidu phu thudcvao cac thong sb dau vao.

Trong nghlen curu sir dung pkmorng phap thiét k& thi nghiém hdn hop tdm mit

(FCCD) voi 3 thong s6 khao sat (vin téc cit, lugng chay dao va chiéu siu cét), dugc
phét trién tir mé hinh thi nghiém 2 mic bing cach bd sung 6 thi nghiém & tdm cac mat
va 5 thi nghlem & tim, nhu so db hinh 3.1. Céc muc gié tr cia céc thdng sd khao sat
duge Hy gidng thi nghiém ctia chuong 2.
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- O Center points
-1*4,’ .
o e TEA BGY

-——;’——-~-,é%{-~“'%—-—h ® Factorial points

K Star points

Hinh 3. 1 Sor dd thi nghiém FCCD v6i 3 thong s6 khdo sét

Sir dung modul thiét k& bé mit chi tidu trong phin mém Minitab, xay dyng
_ dwgc ma trgn thi nghiém nhu bang 3.1.

Béng 3. 1 Ma trén thi nghiém FCCD v6i ba thong 56 khdo sdt

s o =k

Thr ty tiéu Thr tur thi A(chi®fu | B(vVan | C (luong
chudn nghiém su cit) tdc cif) | chay dao

19 1 0 0 0

17 2 0 0 0

o 7 3 -1 1 1

2 4 — - 1_ __0—__.. ._.;__1__ -

18 5 0 0 0

i 6. L 1 1

6 7 1 -1 1

12 8 0 1 0

13 9 0 -0 -1

4 10 1 1 -1

15 11 0 0 0

16 12 0 0 0

I 10 — . 13 o). _1 - 0 _ 0 _

L A & R SR 7 S 0 -1 0

9 15 -1 0 0

1 16 -1 -1 -1

5 17 -1 -1 1

20 18 0 0 0

3 19 -1 1 -1

14 20 0 0 1
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3.2. T6i wu héa don muc tiéu

3.2.1. Téi wu hoa sit dung phwong phdp bé mit chi tibu

Bai toan t8i wu héa mét chi tiéu nao d6 ciia doi tugng nghién ciru duge goi 13

~bai toan don muyc 1iéu. Trong trudng hop niy, tién hanh xay dung ‘mdt mé hinh héi quy

cho ham muc tiéu. Hai chi tiéu gi4 tri nham bé mit va lugng mon mit sau duoc lya
chon dé danh gid hiéu qua ciia qud trinh tién cémg ¢ bé mit gian doan véi manh CBN.

Tién hanh 10 thi nghiém bd sung, do nham bé mjt va lugng mon mit sau cua

méanh dao va thu dugc két qua thé hién trong bang 3.2.

Bdng 3.7Kémﬁ?iin§h’z‘éﬁ'tfcﬁg'ﬁ&h?ﬁhftﬁifngﬁiéﬁﬁ'(fcbf' T

Std | Run d A" f Ra VB
Order | Order | (mm) | (m/min) { (mm/rev) | (um) | (um)
19 t} o1 140 0,120,617 167 N
17 5 0,15 140 0,12} 0,623 172
0,1 160 0,16 1,543 | 251,2 -
7 3 ,
5 4 0,2 120 0,08 | 0,502 | 212,1
W I 0-1° 0-65] S50l .-
18 5 0,15 140 0;12 |-0,651 159
”8 ’ 6 0,2 160 0,16 | 1,758 | 279,1
6 7 0,2 120 0,16 | 0,859 | 137.1
12 g 0,15 160 0,121 0432 1727
13 9 0,15 140 0,08 § 0,231 210
— — —| —4—40 _9’_2__ 1_62 ______0’_0_8 _0’613 __3%(_)___ — - .
TSI o5 M 01210625 623 i
16 12 0,15 140 0,12 | 0,627 | 160,8
10 13 0,2 140 0,12 | 0,687 2257
1 14 0,15 120 0,12 | 0,645 | 153,7
9 15 0,1 140 0,12 | 0,751 192
: 16 0,1 120 0,08 | 0,405 | 2922




- 5 17 0,1 120 0,160,807 | 2253
20 18 05'1’5” 140 ,,,0,,1727 Qaézz 1b§gl v
3 19 0,1 7160 0,080,613} 3235
- — = - |- 015 ~140- 0.16 | . 1,461 1703 R
4 3 2 > 3 R . . i ] _
L_l 20 .

3.2.2 Téi wu héa nhdm bé mit

a, Phiin tich dnh huong ciia thong so cong nghé 161 nhdm bé mgr
Phan tich phuong sai ANOVA cho nham b& mit voi mo hinh thi nghiém bé mit
rght Kétquaphin

duoc thue hién trén phan mém Minitab 8 vOT Mic =
tich ANOVA dugc thé hién trong bang 3.3. Gia tri hé s0
<& du vao hodc mé hinh d& xuét bi anh hudng déng k& céc thdng sb dhu ra. Dbng thoi

cac you to Au cling co Mhuéﬂgdéng—ké—témécﬁué_dmw_
mic  nighfa 6=0.05. Do d6, trong pham vi khao sét, huong tién dao, the 40 cit va twong
the gitta ching anh huéng manh t&i nham bé mit, Trong do Jugng chay dao anh huong
manh nhét 16i nham bé mét do 6 gid tri P rit nho, déng gop 62.54%. Vén toc cét 1a
théng sé anh huéng manh iép theo dén nham bé mét véi P=0.012 va dong gop 12.06%.
Tuong thc giita van tc ot va lugng chay dao ciing dnh huong dang ké toi nham bé mit

- v&i mire dong gop 7.95% (P=0.032). Trogg_}qhi_cllié};__ su cAt va chc tuong tac gifta cdc
yéu t6 khdc anh hudng yéu t6i nham bb miit, Két qua niy caing thé hién r6 frong biéu a
Pareto hinh 3.2. Biéu db.cho._thiy hé s6 anh hudng cia lugng chay dao, vén tdc cdt va
tuong téc gifta chiing déu lon hon hé <6 anh huémg trung binh (2.228). '

Pareto Chart of the standardized Effects
{response is Ra {um), a = 0.05)

Term
Cfactor Name |
- c dmm) | .
- — 5 V (m/min) :

. Hmired |

- cc o
AA
BB
.
AC
a5 -
0 1 2 3 4 - 5 ] 7
Standardized Effect
- inh3—2 Biéu-dd Pareto cho nhdm bé mdit
i‘
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|

- -Bang 3 3 K&t qud phdn tich phieong

sai cho nhdm bé mdit i dung m hinl thinghigm
- ,, RSM-FCCD
Source oF| Adjss| AdjMms| F-Value|P-Value| C% | .
Model ol 251932 027992|  845| 0001
Linear 31 1.95104| 0.65035| 19.63| 0.000
(o) | o0m089 001080 033 05791 042
V (m/min) | 031364 031364| 947| 0012 12.06
- £ (rmm/rev) 1 162651 | 162651| 49.10| 0.000) 6254
o Square =1 3| 0357951 0119321 3.60 0.054
d (mm)*d (mm) 1 oosi62| o03i62| 09| 0352} 1.2
V (m/min)*V 1| 001476| 0.01476|  045) 0520
(m/min) 0.57
£ (mm/rev)*t L1 045003 O s023 T 45300594 -
(mmlre\_/). | 5.78
2-Way Interaction 731 021033] 007011] 212} 0.162
- (H'j(r_m)n)*v T 1| oootis| oootis| 003 086}
min .
g ( d(/mm))*f T 1| oo00245| 0.00245| 007} 0.791 -
) = = — H(mm/rev)— — — - I ) B .
- ( m\;lj(m/r)nin)*f 11 0206721 0206721 624 o032 __795 | .
ICV . o
Error ’1_0J 0.08130 | 0.08130 3.13
Pure Error 5| 0.00072 0.00014
Total 19| 2.60062
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Main Effects Plot for Ra (p m)

— TV ey T ey

[ _.

(Hm)

MLan of Ra
2
N

0o 01 0.20120 1o 1600.08 oz 0%

All displayed terms are in the model.
Hinh 3. 3 Anh hudng chinh cia cde yéu to khdo sat t0i nham bé mdt

Hinh 3.3 miéu ta anh hudng cua thong s6 cong nghé dén d6 nhim bé mit voi
md hinh thi nghiém RSM-FCCD. Két qua cho thy trong ving khao sit 46 nham bé

mit chiu anh hudng nhidu nhat bai lugng chay dao. Trong d6, nham b mit timg chém -

khi lugng chay dao ting tir 0.08 mm/ vong dén 0.12 mm/vong (nham bé mit dat
khoang 0.6-0.7 pm, va nham b4 miit ting nhanh khi lugng chay dao tang tir 0. 12 dén
0.16 mm/vong. Ngodi ra, trong ving khdo st vén tdc cit ciing anh hudng manh t&i
nham bé mit. Khi tién clng bé mit gian doan, nham bé mit ting khi ting vén tbc cét
tir 120 m/ph dén 160 m/ph. Trong khi, chidu sau ¢t anh hudng nhé téi nham bé mit.
Do dé chidu sdu cét duge cb dinh d=0.15 mm d2 phén tich k¥ hon anh huéng clia vén

- the-cit-va lugng chay dao nhu bidu d5 ddng muc hinh 3.4. Ving méu nhat hon n cho
" thAy do nham b& mit nho hon. Két qua cho thiy véi vin téc cht nhd hon 130 m/ph thi

d6 nham b& mjt nhé hon 0.5 pm khi lugng chay dao nhé hon 0.12 mm/vong Trong
trudng hop vén tbc cit 16n hon 130 m/ph, dé dat nham b& mat nho hon 0.5 pm thi
luong chay dao phai chon nho hon 0.1 mm/vong.
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- Contour Plot of Ra (um} vs f (mm/rev), V (m/min)

i HoldValues i
Uod{mm) 015

Bo A0 : ) ——
T {m/min)
Hinh 34 Bidu-do déng mikc cua nhdm bé mdt khi co dinh chiéu sdu cit 0.15 mm.
interaction Plot for Ra {(pm)
Fitted Means
20 40
15

- %
2
- 2
5
=
£ | mraca-u-
s
- & (mm) * T (mavrev) i {mm/rev)

5 i
L 4.08

w0 L o2
e 0.16

- H

-3 -
"—.--.-—.-.--'-"'"

a5

- - a3 fikid 020 fak)
- T Tdmm T L _Mwdmin 1 (mmrev)

it dlplayed ters are  themagel— - y

T Hinh 3. 5 Anh hudng twong 14 gitra cdc thong so 161 nham bé mdt,,khi;&ér};a?ngﬁ;bé

mdt gian doan st dung manh CBN

Hinh 3.5 miéu ta anh hudng tuong tac gitta céc thong s6 cong nghé t6i pham bé
mit khi tién cimg thép QKDI11 st dung manh CBN. K&t qua cho thiy tuong tac gifra
van the cht va lugng chay dao anh hudng manh t61 nham b2 mit( nhu hinh 3.5d-f). Khi
Trong chay dao nhd, gia tri trung binh ctia nham bé mit thay 441 it khi ting vén tdc cit
tir 120 m/ph toi 160 m/ph. Véi luong chay dao 16n hon, sU bién dong vén tbc cit 1on
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anh hudng manh t61 luc cit, 12 nguyén nhén giy ra rung dong, fir 46 lam cho nham bé

3t tang nhanh kbi ting vAn toc cat.

b, Téi wa héa nham bé mit | 7
Mot m6 hinh bic hai dugc xem et d& du dodn 4o nhém bé mit cho qué trinh
tién ctmg gian doan thép SKD11 bing manh CBN da dirgc xay dyng thong qua hdi. 0 =
quy bing cach sur dyng md hinh thi nghiém RSM-FCCD véi do tin cdy 95%. Két qua
— ——thénghiémcho thiy mét md hinh théng k& dang tin ciy va hiru ich dwa trén phan tich
ANOVA da duge thiét 1ap. Phuong trinh bac hai ciia ¢ nham bé mt Tién quan dém
cac thong sb cna qua trinh cit duge md ta trong phuong trinh sau:

Ra=1.34-14.9%d+0 0942+V-54 4% 142.9%d2-0.000183FV2F 146.T°F
4+ 8.7*QH + 0.2000¥V*

Trong d6: Ra (um) 13 49 nhim bé mit;

V (m / phut) 1a vén téc cit;
f (mm / vong) 1a luong chay dao;
d (mm) 14 chidu sdu cét.

Céc két qua 44 phan tich sy phi hop cta md hinh duge trinh bay trong bang
- 3 4. Gid tri coa binh phuong R (R-sq) cho thiy 88.38% su khac biét trong cac tham s6

duge khao sat dd dugc trinh bay trong mo hinh tEE'IﬁhWGié"tﬁ‘quuare—duqc dibu —
chinh duge x4c dinh la 77.92%, day 12 gia tri didu chinh ctia binh phuong R da duoc
didu chinh cho s6 1uc_rng;1'1_r doan trong md hinh. Do do, mé hinh toan hoc nay phi-hop

d& du dodn 4§ nham bé mit trong qué trinh ti¢n clmg, gian doan thép SKD11 sir dung
manh CBN. -

Béng 3. 4 Phdn tich m6 hinh dy dodn nhdm bé mdt

T&i wu héa cac tham sb ché do cht d& dat d6 nham bé mat nho nhét c6 thé duge

xéc dinh bing m6 hinh t6i wu hoa sir dung thibt ké thi nghiém hdn hop tam mat RSM-

FCCD. Céc didu kién cét t6i wu dam bdo nham b& mit 14 nho nhat khi tién cimg bé mit

gian doan thép SKD11 sur dung manh CBN dugc trinh bay trong hinh 3.6. Bidu db i

uu hoa ciing cho thiy anh budng cia cac thong s6 ciit khac nhau dén 36 nham bé mit.
Mt (4 thidu 1a van téc cit 120 m/ phit, lugng

B chay dao-0;1 mm / phut va chibu sau ca 0, IS—rmn.—Bérnhém%‘é—méuéiihiéuﬁM
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tinh 13 0,3076 pm tai didu kién gia cong t0i uu pay- Thi nghiém kiém chimg duoc thye

r

hién vai cac thong <& cht tbitru-d& kiém tra muc d5 phit hop clia ket qué. D6 nham bé
_mat duge do chinh xéc sau khi gia cOng b?in’g*kinhfhién—vri»k?,thu,at,,sé VHX-7000 cva————
Kyence voi 9 nham b3 mit 0,33 pm (Hinh 3.7), sai 1ach 7,28% so voi gid frithudwge

gk o - -

optimal . d (mm) ¥ {m/min £ (mm/re _
. igf 0.20 1600 0.160
o 0'94_'98 Cur - [0.14751 [120.0) 0:0994)
- precict—ow— 0.10 1200 0.080
i i ;
i ; \ /
= 1 !
— — | — i
— \ Ra {nm} i
- Minimum_ |
y=03076 | _
N d=09985 |
= o
‘!— ——————

Hinh 3. 6 Ché do &t 16i wu cho yihiam bé miit nhé-nhdt

cal., P mane Ly Hea™
i APSLm  HARES

R0 A2m il Y

Hinh 3. 7 Do nham bd mdit trong thi nghiém kiém chimg bing kinh hién vi dién ti

WHX-7000 tai cong ¥y Keyence
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3.2.3 Téi wu héa mon mdt sau

Mon mat sau cua dao dugc do-bing kinh-

200m, két qua t hlen thi trén bang 3.2. Két qua phan
sau khi tién cliing bé mat gidn doan bing m6 hinh

FCCD dugc hién thi trong bang 3.5. K&t qué chira- rang van tbe cht 1a YCL quan
trong nhat dnh hudng dén mon dung cy, tiép theo 12

Tuong tac d*d, f*f va d*V anh hudng manh t6i gid tri

cac tuong 1ac Khac gitfa chc-yeut6-Khi
Pareto trong hinh 3.8 cho thay qtre d6 anh hudng cua

e_saf it anh hlIO'IlE

hién vi dién ¥, sau chiéu dai cit

i lugng mon cua dao. Trong khi

tich ANOVA cho lugng mon- mit -
thi nghlem b& mit chi tiéu RSM -

a luong chay dao va d siu cat.

dén mon dung cu. Biéu @

— mon-mitsauthéng qua hé so anh huong tiéu chun.

yéu t6 duge kbao sat tdi lugng

Bang 3.~ S?haﬁwlrphuemgsaLcthMgm—

. ] _—
Source DF| AdjSS| AdjMS | F- Value | P-Value
i Model g| e3sos| 70612) 1751 0.000
Linear 3 227020 7567.3 1876 0.000
d {mmj} 1 8136 813.6 2.02 0.186
V (m/min) 1 119785 11978.5 29.70 0.000
f (mm/rev) 1 9909.9 9909.9 2457 0.001
Square 3| 351824 | 117275 29.08 0.000
d (mmy*d (mm) 1 7756.6 7756.6 19.23 0.001 -
- - V- (m/min)*V- 1530 153.0 0.38 0.552
{m/min} i '
- f (mm/rev)*f 1 3256.0 3256.0 8.07 0.018
(mm/rev) )
2-Way 3 £666.0 1888.7 468 0.027
Interaction
_ o d(mm)*V 1 5655.2 5655.2 1402 0.004
- Mm/min) L N g S __
7 & (mmy 14 14 0.00 0.955
{mm/rev) o -
V (m/min)*f
{mm/rev)
Pure Error
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Pareto Chart of the Standardized Effects

(response is VB (ym), o = 0.05)

Term B . o ——

Factor Name

[ B
B V (m/min)
f (my/rav)

damanmnamapanpn=g

a—

o - 1 2 3 4 5
standardized Effect

Hinh 3. 8 Biéu da Pareto cho mon mdt sau cra manh CBN

Main Effects Plot for VB (um)
Fitted Means

T (mmrev)y —

0.10 0.15 " 020120 10

All displayed terms ere in the model.
Hinh 3. 9 Anh huwomg chinh cua théng 6 cat t6i mon mat sau

Hinh 3.9 mé ta anh hudng chinh ciia cac théng sb cong nghé duoe khao sat dén

o4 e trana binh ciia lugng mon mat sau khi tién cung bé mat gian doan sir dyng manh

Ela— o
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CBN. Két qua cho thiy mon mét sau tang nhanh lién tuc khi ting van tbc cit. Trong
T khi luong mon mégt sau- tang khi giam chidu siu cét tir 0,15 mm dén 0.1 mm hodc gidm

uong chay dao tr 0.12 mm/vong xudng 0.08 mm/vong. Diéu nay ¢ thé giai thich” L —

khi chidu siu it nhé hogic lugng chay dao nhd, chiéu day phoi qué mong gly ra hién

 trugng trugt Jam dung cu moOn- nhanh hon, S

Hinh 3.10 md ta anh huong trong tac guxa cac thong sb khao saf t6i 1uorng mon

mit sau. Két qua cho thiy tuong tac gitra van the c&

4t va chiéu sdu cit anh hudmg dang

k& 161 luong mon mat sau {rong qué-triah tién ciNg b& mit gian doan sir dung ménh

CBN Vi chidu sau cit nhd 0.1 mm, luong mon mat sau tang chdm khi tang van toc

én_160 m/ph.

Trong khi voi chidu siu ¢4t 16n hon, lugng mon mit

anh khi ting van téc cht tir 120 m/ph dén 160 m/ph.” —

Interaction Plot for VB (um)

Fitted Means

120 140 150
oy * 4 @) “Flmmfren £ mm

250+

200 - '
i i - L {'-/ !

Mean of VB (um)

o1u e ozo e o:ua . ou e
d {(mm) v (m/min) { {mmfrev)

AH dasplayed terms are in the model.

d {mm}
01
0.15
0.2

) \.f (m.'min)

T mmiren |
008 |
012 ;

Hinh 3 10 Anh hwong trong tdc ctia théng 6 cdt 16i mon mdt sau

e - — Hinh 3. 11 md ta- b1eu dO dong mlIC

 ciia Tugng mon mat sau; biéu-dién anh _

hudng cha van thc cit va chiéu <hu cht vOi cac gid trf {ugng-chay-dao- khéc nhau. Két-
qua cho thdy lugng mon mit sau cO thé nho hon 150 pm v6i luong chay dao 0, 12
mm/vong, van tdc cit khoang 120 - 135 m/ph va chidu sau cat tir 0.135mm — 0.2 mm.
Khi tang van tbe cht 18n t6i 160 m/ph thi luong mon mat sau nho nhét c6 thé dat dugc

trong khoang 175 2200 pum, Vi chidu sau cit khoang 0. 14 mm.

Nhu vy véi biéu do

ddng mirc, ngudl sir dung dé dang lua chon duge bd thong sb cong nghé voi vung gia

trj lrong mon mat sau nhét dinh.
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Contour Plot of VB (pm) vs V (m/min), d (mm)
__ 160

e L MBIy
<« 150
s 150 — W5

- 150 (o oos s 250 0 -

. > 250!

Hold Values
f (mm/rav) 0.2

~ 1507

| v (m/min)
3

120 R - 120 -
oS o & f S
d (mm)

Hinh 3. 11 Bidu db duong dong mirc ctia hegng mon mat sau

Téi thiéu héa lrgng moén mit sau

Cac thong s6 t8i uu cho lwgng mon mét sau khi tién cirng bé mit gian doan thép
SKD11 véi ménh CBN duge xac dinh bang cach sir dung chie nang t5i wu hoa trong
Minitab. Muc tiéu i thiéu hoéa dugc lya chon, vi Jugng mon mét sau nhd hon 14 tot
hon. Két qua t6i uu hoa dugc thé hién trong hinh 3.12. Lugng mon mét sau dat dén gia
tri tbi thidu (120,46 pm) véi chidu sdu cit 0,167 mm, vén tbe cht 120 m/phit va luong

chay dao 0,139 mm / vong,
L i __  _Opiimal : d {mm} W imSmin f {mm/re
D: +.000 Hrgh o gap— & & T e - e 0560
- - _ Lur [ABET) [20s] ms@f.:]
Precit—low——— .- 040 . oo 2200 0083

VB {pm}
[SH T
v = 1204565
d = 1.000D




T 3.3 Xdc dink b) thong 5o t6iwn

3.3 T6i wu hoéa da myc ti¢u

 Téi wu hoa dap vmg rat hitu ich dé danh gia tdc dong clia cac thong so céat 1én do
nham bé mit hodic 6 mon ciia sudn. Tuy nhién, d¢ nham beé mit va d§ mon cia suon

-~ dat dén gid 1rj-t61 thidu véi cdc théng s6 cit khac nhau: Khi eéj?:;ic-théng sb cat két
hop 5t nhit s& tao ra d6 nham bé mit t5i thiéu vi d6 mon cla sudn. Cac tham s6 ct
duge téi vu héa dugc x4c dinh bing cich st dung phuong phap t61 uu hoa da phan

hdi1. Phuong phap ndy duoc phat frién boi Derringer & Suich, 1980 dewinTgacic
vAn @& dic trung chit lugng trong nganh. Phuong phap nay dé sir dung gié tri déc tinh
0 (D) duge.xéc dinh

A

T

(ry+rao+=4rp

D= :/d_fl.d’z'?—.d;-".. dr (1)

1 n

Trong d6: d; 1a gia tri ky vong ciia cidc ham muyc tiéu o)
r; 12 mirc dd quan trong ciia cac ham muyc tiéu

n 12 s6 lugng muc tiéu ctia nghién clru

Néu mirc d§ quan trong cla cac muc tiéu 13 giong nhau, thi gia trj ky vong cia

D= r‘lvdl'dZ"" dn (2)

Cac yéu t& ddu vao véi gia tri ky vong 10i da dugc coi 14 diéu kién tham s6 i
wu. C4c ham ky vong cho mdi myc tiéu dugc x4c dinh bang cach chuyen d6i cac gia tri
ham myec tiéu thanh céc gia tri khéng ¢6 ty 1§ nam trong khodng tir 0 dén 1.

Khi ham muc tiéu 13 t5i thiéu hoa, gia tri ham ky vong dugc xac dinh theo

) 'r'phTId'ng_trihh By — = o s e s T - o
1 ifwsl; - - ) -
_ U-vi\V . ‘ .
di - (Ui_l'i) lf Li<y < U[ (3)
0 if v; =2U;

Khi ham muc tiéu 12 t6i da hoa, gia tri ham ky vong dugc xéc dinh theo phuong
trinh (4):
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(0 lf y; < L,;
yi—Li\" -
di= (U:—L,-) 7 if LIA Vi~ 4)
\1 lf viz2U; 7 -

—- -Khi ham myc-tiéu-1a gié tri meng mubn cu thé, gia tri-ham ky vong duge xéc. .

dinh theo phurong trinh (5):
(0 if yi <1l
(::—:IE)W[ ifLi<yi<T;
- a= W1("'11"3’?‘\“’1 ;rl']; i]f“ E U - - ]
\gy-r./ 7 v Tt T
kO if yi=2U;

Trong d6: d; 1a gia trj woc tinh ky vong cia him myc tiéu
W, 1a trong sb ctia cac ham muyc tiéu
y; 1a gid tri do duge cia ham muc tiéu

L; gi4 tri nhd nhét

U; gia tri 16n nhét

. _ . T gia tri-dat duoc

Trong nghién ciru ndy, cac gia tri udc tinh cia ham ky vong cho d6 nhdm bé
mit v lugng mon mit sau duge tinh theo phuong trinh (3) boi vi ching mong mubn
dén gia tri 16i thiéu. Trong s6 va mirc d6 quan trong cta ching duge gitt khong dbi va
bang 1. Vi vdy, gia trj ky vong tdng hop dugc tinh theo phuong trinh (2) va két qua

_ duoc thé hién trong bang 3.6.

" Hinh 3.13_biéu thi b thong §6 t61 wru dong 'thoi cho hai muc tiéu 14-d6 n nham be”

mit va lugng mon mat sau. Cac dudmg théng dimg bén trong cdc & biéu thi cac cai dat
tham s6 t&i wu hién tai va cic dudng chdm chim ngang thé hién cac gié tri phan hoi
hién tai. Gi4 tri ky vong tdng hop (D) dugc ldy 14 0,9611. Céc cai ddt tham sb ché do
cét t6i vu cho gid tri ky vong téng hop 16n nhét 13 chidu sau cit 0,15 mum, vén téc cit
120 m / pht va lugng chay dao 0,115 mm/vong.
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d {mn} ¥ [m/min f (rm/re

Optima| High 0.2 150 0.160
. ig 0 .
D:096t1 car 10.9515] {120.0] 0.11E5] H
Predi¢  Low 010 12048 D.0BO
77"__“‘;-.._ . 7"—'“‘:\\” -
1 ~Composie |~ - : : ' - 1
Dezirzbility

Dooeatt

MM:*\ N

y = 1370772
d = 1.0000 /

TV ;‘;{;;7*‘.7'”' I e e '*/7' T

Mirémum
v=03474

d =0982374
bs__;/ L —]

Hinh 3. 13 Ché dg cdt téi wu trong bdi todn da muc tiéu

Contour Plot of dc vs f (mm/rev), V {m/min)
0.16 g

dc
B <« 04
I 04 - 05
BB 05 - 056
g 0.6 — 07

0.15.}

0.14
g 08 - 0.9
o> 10
_Haold Values
d {mmm 0.15

0.13

f {mm/rev)
2

V {(m/min)
Hinh 3. 14 Bidu dé déng mirc cho gid tri kp vong 10ng hop

Dé hién thi d6 nhay cta két qua, cac dudng ddng mirc cho gia tri ki vong tbng
hop khi thay di luong chay dao, véan tdc cit va cb dinh chiéu sau cét 0.15mm dugc v&
nhu trong Hinh 3.14. Ving gin t6i wu nim gin khu vyc goc bén tréi clia 6 ¢6 gi trj

07 =081 —_—
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ky vong tdng hop cao hon va né giam din khi di chuyén sang phai va lén trén. Dya
trén so dd dudng vién, didu kién cit phit hgp véi lugng chay dao 0,11 mm / vong, vén

: '**”Witt‘)cfcét*rﬂaéfhonéO—m—/fphﬁt—vé—rehiéu—sﬁufcétfnhéfhonf()fzrmm,céﬁthé,_duc_vc,chon,dé,gié,, I

tri-ky-vong tong hgp 16n hon 0,9

”fiiBéng3*¢?Ma1n§nfthifnghlémfvéfglciftrrlg}veng—eﬁa—he‘zm—muc—néufténghpp7 - -

Y £ Ra VB
Std |Run |d(mm) | (m/min) | (mm/rev) | (um) (um) dc
to-—1 0,15 140 o121 0617 1671 0,809923
17| 2| 0,15 140 0,12 0,623 172 [ 0,809923
71 3 0,1 160 0.16| 1,543 251,2{0,244904
T2 4 02| 120 008| 0,502 Z2IZT[0,7T10I9( =
18] 5| 0,15 140 0.12| 0,651 159 | 0,809923
8! 6 0,2 160 0,16| 1,758 279,1| 0,11409
6| 7 0,2 120 0,06| 0859 137,1]0,678079
12 8| 015 160 0,12| 0432 172,7]0,675133
13 9 0,15 140 0,08] 0,231 210 | 0,689935 I
41 10 0,2 160 0,08| 0,643 340 | 0,080859
151 11 0,15 140 0,2| 0,625| 1623]0,809923
16| 12| 0,15 140 02| 0,627| 160,8]0,809923 \
10| 13 0,2 140 0,02| 0,687 225,7]0,658214 ‘
_ 11| 14 0,15 120 0,12] 0645| 153,7]0,953113 -
9| 15 0,1 140 0,12 0,751 192 [ 0,632511
B 1| 16| 01| 120 0,08 0,405 292,210,455884
51 17 0,1 120 0,16] 0807| 2253[0,561009 | -
20| 18] 0,15 140 012 0,622 168,1]0,809923
3 191 0,1 1601 - 008| 0613| 3235]0,385967 -
14| 20| 0,15 140 0,16| 1,46 170,3]0,532597

3.3.2 Thi nghi¢m kiém'Chli’n},’" T - T i o B

N, W

dugc bd thong s6 cong nghé t81 vu ddng thoi hai myc tiéw nham bé miit va lugng mon
mit sau (van téc cit 120 m / phit, chidu siu cit 0.15mm va lugng chay dao 0,115
mm/vong). Khi d6 gia tri ky vong tbng hop (D) thu duge 13 0,9611 tuong Gng voi
lrong mon mit sau 137 (um) va tri sé nham bé mit 0.347 (wm). Thye hién thi nghiém

kiém chimg voi bd thong sd nay. Tién hanh gia cong véi cling chiéu dai cit (200m),

Sau khi sir dung chire ning toi uu héa da muc tié trbng’ phﬁn’ mém minitab thu -
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—duge- thu'rrhlen va cho két qua nhu bang? 7

nham bé& mit, luong mon mat sau, anh vét mon va phén tich quang phd EDX vét mon

__Khi tién voi bo théng sb cong nghe ti dong thorl luqng mon mit sau va

_ nhém bé mat thi sai s6 gifta gia tri nham bé mit do dugc va gid tri dy dodn bdi md

' hinh 14 5.2% va sai sb gitra lwgng mon mit sau do duge va gia tri dy doan bdi mé hinh

la 10.1%.

Bang 3. 7 Thong 50 Thi nghi¢gm kiém chimg virkét qud

v d f Dy doan Kiém nghi¢m

| PR (mm)—|(mmvOng) | VB Ra._| VB Ra

(pm) | (um) | (um) | (pm)

120 0.15 0.115 137 | 0.347 | 150.9 | 0.365

Vét mdn mit sau duge chup anh SEM va phén tich EDS trén kinh hién vi dién
tr quét JEOL JSM-7600F tai trudng dai hoc Bach khoa Ha Ngi, hinh 3.15 va 3.16. Két
qué cho thdy c6 hién tugng mon do cio xudc xay ra trén Vung mon, ¢6 hién tugng nirt
vé& 16p phu va co xuét hién cdc vét nirt micro va khong xuét hién cdc vét st mé manh
dung cu. Didu nay chung td manh CBN du cimg du dé chong lai cc lyc cit thay dbi
dot ngot xay ra trong qua trinh tién gidn doan. Bong thoi xuét hién thay cac hat cimg
c6 thé 13 tinh thé nitrit bo xuét hién trong cac vét nirt. Khong quan sat thdy hién tuong

bam dinh vét liéu gia cong trén ludi cat, diéu nay cing thé hign 15 frong két qua chup

EDS. Piéu nay chlmg to khong xut hién co ¢ché mon do dinh voi ché do cong nghé

‘nay.

Hinh 3. 15. Anh chup SEM vét mon dung cu it

- PR PP N
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Hinh 3. 16. Phén tich quang phé EDX

T ”7_57—4:K:ém_§ﬁ:€h’ulfﬂg3*’”i' T T T T T T T T T s e e e e

Nghién ctru d4 st dyng mo6 hinh thi nghiém bé mit chi tiéu (hon hop tAm mit)
dé phén tich 4nh huong cla théng sb6 cong nghé t6i nham bé mit va luong mon mét

sat trcngqué-tpmhilemcung_bﬁ_maLg ép SKD11 sir dung manh CBN. Buée
dAu dat duge mot sb két qua nhu sau:

- Xac djnh duogc mirc dd va xu hudng &nh hudng cua cac bién khao sat t&i ham i
muc tiéu nham bé mit va lvgng mon mgt sau. i
- Da & xuft duge md hinh dyu doén tri s6 nham bé mat khi tién cimg b& mit
gian doan thép SKD11 sit dung manh CBN.
_ Xéc dinh duge b thdng sé cong nghé tdi tu cho timg muc tiéu Ra va VB.
Pdng thoi cling xac dinh dugc bd théng sb cOng nghé 181 uu ddng thei cho cé hai muc
tiéu Ra va VB. S o
- Thi nghiém kiém chimg duoc tién hanh va buéc dau phan tich duge co ché
mon mit sau khi tién ctiing gian doan thép SKD11 sit dung manh CBN.
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KET LUAN CHUNG

- Phuong phip-quy-hoach thurc nghlem _bé mit chi tiu va phan tich ANGVA

nhim danh gia anh hudng cia cac s bidn s Khao sat dén két ham muc tituw dé trdécd
dinh hudng lya chon cic thong s khao st c6 anh huong dang ké dé trién khai cac

—budc nghién ciru tiép theo. —— e e _

- Nghién ciru d& khao sat 4nh hudng cla cac thong s6 cong nghe clia qua trinh
tién cimg b& mat gian doan thép SKD11 st dung manh CBN gbm chiéu sau cit, vin

t5¢c cat va Iuong chay dao tof 1uQ1rg1'non—mat—sa:u—vé—trrso—nham—R—Ket—qua—ﬂmc—
nghiém cho thiy céac théng sb nay c6 anh hirong dang k& dén céc thong sb két qua diu

1on mitsau va nham R,.

Wﬁﬁn—tﬁmmﬁm chmmﬁe%mg—
tac gitta ching t6i nham b& mit va lugng mon mit sau trong qua trinh tién cing bé
mat gian doan SKD11 sir dung méanh CBN. Lugng chay dao 14 théng s6 anh hudng

manh nhét t6i nhdm bé mit, v4n téc cht 1a yéu té anh huong tiép theo t6i nham bé miit
va chidu su cét rit it anh hudng t6i nham bé miit.

- Nghién clu da tién hanh t6i wu hoa voi timg muc tiéu 1a gia tri d§ nham bé )
mit va lugng mon mit sau khi tién cing bé mat gian doan thép SKD11 voi manh CBN
bing md hinh thi nghiép b& mit chi tiéu hdn hop tdm mit (RSM-FCCD). Két qua :
nghién ctru d4 dua ra dugc md hinh dy doan nhéim bé mit va dua ra duge bg thong s0

cong ngh¢ dam béo nhdm bé mit [a nho nhét. Péng thdi nghién ciru cling & xuét duoc
b6 théng sb cong nghé t8i wu cho lwgng mon mit sau, gam bao. gia tri lugng mon mat
sau 12 nho nhét.

- Nghién cire-da x4c dinh dugc bd thong sé cong nghé t6i uu dam bao dong thei
hai muc tiéu la nham bé miit va luong mon mit sau 1a nhé nhét bf?mg cach sir dung
modul t&i vu héa da muc tiéu trén mo hinh thi nghiém RSM-FCCD. Biang cach phin
tich anh huéng ctia cac thong sb cong nghé t4i hé s6 ky vong tong hop, c6 thé lya

~ ... chon.dugebj- thong s6 cong nghc hop ly cho qua trinh tién cung bé mit glan doan.”
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.. Nghiénciruco ché mon ciia cdc manh dung cu cit 1am bang vét liéu khac nhau

HUONG NGHIEN CUU TIEP THEO

khi tién cung bé mat glﬁdoan e

Nghién ctr va phén tich rung dong khi tién cimg bé mit gidn doan.

+ = -Nghién el cdc phuong phap bd-sung rung déng hoge gia nhiét khi tign climg be
mit gian doan.

Nghién ciru ¥mg dung phuong phép bbi tron lam ngudi t6i thiéu vao qua trinh

tién cimg bé mit gidn doan.
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9.1 Tong quan tinh hinh nghién ciru thupc linh vyc cua dé tai:

Qua trinh tién cing dang dugce sir dung kha phé bién dé gia cong cac bé mat chi tiét sau

‘| nhiét luyén d& thay thé qua trinh mai do nd c¢é nhieéu wu diém nhw cé d§ chinh Xac va nhém |

tuong duong mai nhung du tir thip hom, ¢ kha ning tao tmg sudt du nén va khdng cin sir

di_mg dung dich bdi tron lam mat. Dung cu cht st dung phé bién cho qué trinh fién ¢img dugce

lam b?mg CBN hoic ceramic c¢6 4§ cimg va do 6n dinh héa hoc cao.

P4 c6 rit nhidu nghien ciru lién quan t&i qﬁé trinh tién cing. Kevin va dgﬁg nghiép [1]
d3 nghién ctru mon dung cu cit 1am vat liéu CBN khi tién thép AISI sau khi nhiét luyén. Két

qud nghién ctru cho thay mong mit sau ting tuyen tinh voi chi€u dai cat, xay ra hién twong mon

do dinh. Nam 2004 nghién ctru cia Liu vi ddng nghiép da chi ra ring mon xdy ra véi toc dé

cao nhét trong khoang ddcimg ciia VLGC tir 40 <50 HRC va thp hon trong khoang d¢ cimg |

60.+64 HRC khi nghién ciru_qua trinh tién cimg st dung manh CBN [2]. Phan Quang Thé va
Tran Ngoc Giang di nghién ctru co ché mon khi tién tinh thép 09CrSi qua t8i bing dao gin
ménh PCBN [3]. Két qué cho thiy co chémon trén mit trede lién quan dén tic dung cio xudc
cta hat ciing trong vt liéu gia cong (VLGC) va mon do méi-dinh ciia céc 16p bémat. Mon mit
sau cia dung cu khéng don thuén 13 su bong ra cua cac hat CBN ma cé thélién quan dén hién

“turong phitc tap cid nhidt, tudhg the gita VLGC va vit liéu ding cu(VLDC) két hap véi hién

twong 6xy héa. Ddng thdi, Phan Quang Thé va Nguyén Thi Quéc Dung cling nghién ciru xdy
dung md hinh dy dodn nhdm bé mat vA mon dung cu khi tién cémg bing dung cu PCBN [4].
Két qua cho thiy gidm van tdc cit va lrong chay dao s& cho chét lugng bé mit t6t hon va 1am
gidm mon dyng cy. Viée ting chidu sfu cit s& 1am ting mon dao song hiu nhir khéng 1dm nhim
bé mit thay dbi. Varaprasad.Bh va ddng nghiép nghién ciru 4nh hudng cia cac théng sb gia
cong dén mon dung cu khi tién cimg thép AISI D3 [5]. Két qué nghién ciru d3 dua ra dugec md

| hinh dy dodan mon clia dung cu khi tién cling sit dung manh dao Ceramic. Alaattin Kagal va




el pdmittrptronva bémit gidn doan bing manh PCBN va ceramic [9]. K&t qua cho thiy manh

Ferhat Y ildiim &4 nghién cyu an rong cia thong s6-cong nghétéi-mon-dung-cu cat va nham

bé mit trong qud trinh tién cing st dung manh CBN [6].

~ Ngoainhing ngh1en ciru- qua trmh thI—l—Gu—l'—l%bS _mit tru, trong nhiing nam ghn day dd c6

| mot sé tac gia nghién ctu qua trmh t1en cung 'bé mat g1an ‘doan. Cac nghién ciru (4p trung vao |

so sénh mon dung cu khi gia cdng tién cing bé mat lién tuc va glan doan [7,8]. C4c nghién cuu

cung cho thiy hai loai ménh dung cu CBN va ceramic phl hqp cho qua trinh- tién cling  bé mit |
gian doan. Nam 2009, Adilson va ddng nghiép d phan tich so sanh mon dung cu khi tién cung

ceramic bén khi tién bé mit gidn doan. Nam 2014 R. Suresh va ddng nghiép dd nghién clru qué

ménh carbide phi nhleu lop. [10] Cung trong nam

2014 Lihai v ddng nghiép cling d4 nghién ciru anh hudng cda ch hiéu day phoi t6i mng dong khi
tién gidn doan [11]. Ndm 2017 XiaobinCui @3 nghién ciru d4 tin cdy khi tién clrng bé mit gian

doan vi bé it try-tromthéng-qua phén-tich-coché mdn ciia dung cy cit ceramic.

Nhur vy, d3 co nhiéu nghién ciru vé qué trinh tién cimg néi chung va tién cimg bé mit
gian doan néi riéng. Tuy nhién cic nghién ciru t4i wu hoa thong s6 cong nghé cha qua trinh tién
cung bé mit gidn doan codn it. Ddc bigt, ¢ Viét Nam céc nghién ciru vé qua trinh tién cimg bé
mit gian doan chua duqc chc nha nghién clru quan tdm. Vi vy tac gia d& xuét huéng nghién
oty v&i tén d8 tai: “Nghién ciru anli hwéng cita cic théng s6-congnghé-t6i-mon dung-cuval

! nham bé mit khi tién cimg cac bé mit gidn doan”.

9.2. Danh myc cdc cong trinh di cong bo thudc linh vyc ciia dé tdi cia chi nhiém va nhieng

thanh vién tham gianghiéncien : _
a) Ctia chii nhiém dé tai

1. Minh Tuan Ngo, Vinh Sinh Hoang, Modellmg and determining the tooth profile total
deviation of the hobbed gears in the CATIA ‘environment, The 7th AUN/SEED-Net Regional | -—

Conference on Mechanical and Manufacturing Engineering.

2. Ngé Minh Tuin, Hoang Vinh Sinh (2015), Phuong phap do sai s6 profile tdng cong ciia banh
ring tru st dung may do toa dd, Tap chi Co khi Viét Nam, sb 5 nam 2015.

3. Vi Hoang, Minh Tuan Ngo, Long Tran The, Investigation of Nanofluids as Potential Cuting

Feluids-in-Gear—Eobbing Processes of AISI 4118 Steel, Journal of Mechanics Engineering and
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Online; 2331-4249 ISSN Print: 233 1-4222.

_mﬁmﬁgoﬁ%%eaﬂgélmh—&ﬂhm (2017), Optimization Cutting F

5. Tuan Ngo, Vi Hoang, Sinh Hoang (2017), Research on Applying Nano Cutting Oils 1
- Gear Hobbing Process, World Journal *ofEfgineerm.g*andfTeehnologyT 2017, 5, 286-298. ISSN
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—=| Sciences-12(20)552F

Parameters for minimizing cutting force in fly-hobbing, Jowrnal of Engineering and Applied

7. Vi Hoang, Minh Tuan Ngo, Thuan Nguyen (2018), Research applying spherical gear and

ring — rack mechanism to rotary work table, International Journal of Advanced Engineering

8. Minh Tuan Ngo, Vi Hoang, Vinh Sinh Hoang (2018), Taguchi-fuzzy mulii response

Research and Applications (IJA ERA), ISSN: 2454-2377, vol 3 — 11, pp304 =309
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journal of Mechanical and materials Engineering, 2018-13:6.
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Conference on Mechanical and Manufacturing-Engineering.l -
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Tal lleu tham khio:

129, pp- 200-206.
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| 10. TINH CAP THIET CUA DE TAI

trinh mai nhw; cai thién tinh todn ven cia 16p bé mat gia cong,

crom, thép thim nito va thép duge xir Iy nhiét bing céc phuong phip-

[12] XiaobinCui, Fengliao, Pingmei Ming and JingxiaGuo, Reliability analysis of ceramic

Marufactiring Techmology, Design-and Research Conference (AIMIDR 2 014) December 12th
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cutting tools in continuous and interrupted hard turning, Ceramics International, Volume 43,

. Tién cing 1a mdt qua trinh gia cong kim loai voi d§ cing tir 45-70HRC. Céc vt liéu

thdng dung trong gia cong cirng—bao—gc‘ﬁm: thép- hgp-kim,thép-dung cu, thép cung phu |
' | dugo Xt 1y 1 dc. Trude Kia, qué |
trinh mai thudng duge s dyng rong ri dé gia cong vit li¢u c6 dd cting trén 45 HRC. Tuy
nhién qué trinh nay cd nhidu nhuge diém, do d6 nhu chu tién cing cang tang cao. Hién nay

qua trinh tién cung dugc str dung réng rdi trong cong nghiép do nhiéu vu diém so voi qua

gidm thoi gian vén hanh vait

aph hudng téi mdi trudng va ting duge ning sudt. Khi tién cting dung cu thudng bi mon

| banh do Tuc cit va) ,,le,ﬁfsﬁﬂﬂa—trmg—qué—tﬂnhiiénﬁt_lén_Mbn_dlmg cu anh hudng
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nhidu nha khoa hoc trong va ngodi nudc nghién ciru v& mon dung cu va nham bé mit khi

tién cUng. - Tuy*nhién—eér' nghién ciiu t61 wu hoa thong s6 cong nghé cua qua trinh tién cimg
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truc tiép hodc gian tiép tdi chat lugng va gia thanh chi Giér-sau khi-gia-cbag. Do dd da co

vi nham bé mit khi tién cing chc bé mit gidn doan”.

g1andamhua dugc cic nha nghlen clru quan tam. Vi vay tc gia 48 xuit hwdéng nghién

clru v6i tén && tai: “Nghién céru dnh hu'(’mg clia cic thong , 56 cong nghé téimon dung ¢y

bé mit gi4n doan con it. Dac blet O Viét Nam cac nghién cou Ve qua'tr‘mh—tién»c&ng,bé,m,at, B

11, MUC TIEU DE TAI

_ | pdtiinay duge thue hién nham dat cac muc tiéu sau §ay:

- D4nh gia 4nh hudng cua fhong 6 cong uE,ué t6ico ché mon, hrong mon cla dyng cu va|

nham bé mit khi tién clng cac bé mit gidn doan.

- Pua ra mjt s chi din cong nghe hop Iy v& cong nght tién-etng chc bé mit gidn doan;
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o e g X
~- Céng bd quéc t& cac két qua nghién ciu nhim nang cao Vi o vi thé co 50 giao duc;

13. Ol TUQNG, PHAM VINGHIEN CcUu
12.1. P6i tugng nghién clru
Nham bé mit va lugng mon dung cu cat khl tlen cing bé mit gidn doan

12.2. Pham vi nghién ciru

siu cit t&i lugng mon dung cu va nham bé mat khi tién cac bé mit gian doan
13. CACH TIEP CAN, PHUONG PHAP NGHIEN €U
13.1. Cach tiép can

Anh hudng cia céc thong sb cong nghé bao gbm vin tdc cét, lwong chay dao va chidu

_ Tirnhu ca cﬁu cla thuc tién, tac gid thiy ring (At cin ¢ nghién ciru co ban 4é tim giai phap

_ | congnghécod -thé dap Umg duorc nhu cau u thuc thlen 7 —_—m—— —— —— — —

gia da lya chon dugc vin @& nghién cuu.

13.2. Phuong phép nghién curu

ctru thye nghiém.

Tir qua trinh nghién ciru ly thuyet tap horp théng tin khoa hoc c4c Hinh vuc lién quan, tac-{—

Nghién ciru 1y thuyét két hop véi nghi€én ciu thuc nghiém, trong 46 chi yéu 12 nghién




14.1.

N1 dung nghién ciru

doan; Nghién ciru thuc nghlem Ngh1en cu’u,

két qua, viét b4o cdo, cong bb két qua.

-B4o cdo cic bai bdo bang tiéng Anh (la san pha

14. NOL DUNG NGHIEN COU VA TIEN DO THYC HIEN

thiét ké va xay dung hé théng thi ngmém

-Nghién- clu- thucnghlgm xu ly két qua cho qua trinh t t1en cung be mat glan doan; Phén tich |

1 clia dé tai sau khi duge chép nhén déng)

tai hoi thdo don vi.

[ TBao cdo tong ket dé tai.

14.2. Tién d0 thuc hién

Thoi gian
str 7Eaf )ni)i:lu—ng, f)ig; viéc San pham it ekt Ngudi thire
thuchign | T u 1 hién =
thuc)
1 | Xay dyng thuyét minh Thuyét minh dé | 6/2019 TS Ngd Minh
tai Tuén
2 | ghien ol thng quan vé cong._| P20 %80 ~ [ 77019-8/2019 | PGS.TS Hoang |
hghé tién cimg néi chung va Vi, TS Ngo
tién cimg céc bé mit gidn doan Minh Tun
noi riéng.
3 | Phan tich, danh gid céc uu Béo cao 8/2019-9/2019 | PGS.TS Hoang
o phuge diém cia cac cong Vi, TS Ngb
- i _ngE gTa_congEeﬁ nay trong | 1 |MinhTuin |
tién cmé biéirinat gian doan. - -
4 | Phén tich lwa chon md hinh | Béo cao 9/2019- TS Ngdé Minh
thi nghiém, miy va dung cu 10/2019 Tuén, ThS
tién cimg bé mit gian doan. Dinh  Trong
| Hai

L




5 | Nghién ctu phuong phap va | Baocao 10/2019 TS Ngd Minh
xdy ‘dung md hinh xdc dinh 11/2019 Tuén, ThS
cac théng s6 dénh gia hiéu Dinh Trong
qua cua qua trinh tién cing| — 1 H&E -
(mdn dung cy v nham bé

- tmay. - ; - -

6 | Nghién ctru xay dyng md hinh | Ma trin  thi| 11/2019- TS Ngb6 Minh |

quy-hoach-thre nphidm nghiém 12/2019 Tuéin, ThS Chu
Manh Cudng

7 | Nghién ctu thyc nghiém, xit [ Bo s6 licu NC|12/2019= — | TS Ngb Minh
ly két qua cho qua trinh tién | thue nghiém 1/2020 Tuén, ThS
ctmg bé mit gidn doan Dinh Trong
| Hai, ThS Chu| |

Manh Cudng '

8 | Nghién ctru anh hudéng cia | Bai bdo khoa hoc | 1/2020-3/2020 | TS Ngd Minh
cac thong s6 khao sat toi Tuén, ThS Chu
lugng mon dyng cy va nham | o Manh Cudng
b& mit va xéc dinh b thong
s6 toi .

9 |Phan tich két qua, viét bdo | Bai bdo khoa hoc 3/2020 — | PGS.TS Hoang
cdo, cong bd két qua 7/2020 Vi, TS Ngb

Minh Tuén
~ 770 X4y dung bdo cho Khoa hgc | Béo cao tong két -[-7/2020-~ — | FS-Ngo—Mink
tdng k&t & tai vi Bao co | |Tvdn - -
tdng két dé tai
15. SAN PHAM
STT Tén san pham | S6 lugng Yéu ciu chét hrong san phim
T | San pham khoa hoc (C4c cong trinh khoa hoc s& dugc cong bd: sach, bai bao khoa hoc, ..)
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1 Bai béo khoa hoc ol Dang (rém tap L%li mrde-ngoat-co
chi s6 ISSN
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T1 | San pham dao tao (ot nhan, thac ST, tién §7,..)

0

III | San pham (mg dung

76 PHUONG THUC CHBUYEN GIAOKET

16.1. Phuong thirc chuyén giao

1-£-9 ) 115
16-2Piaehitmg dyng—

I 'Chu d¢6ngtmg dung, trién- kha1 cong nghe tién-tién- trongﬁhe tao co khi chinh xéc.

- 17-TA '(;BQNGMQHCHMANGLAIQﬁAKEIQﬂANGHJﬁNQﬂI}- —————
17.1. Dbi véi linh vie gido duc va dao tao
Niéng cao trinh 46 vé NCKH, v& chuyén mén cho giang vién

17.2. Déi véi linh vuc khoa hoc va cong nghé c6 lién quan

Bo sung kién thuc chuyén mon sau vé& cong nghe tién climg cic bé mit gian doan.
Pua ra bd théng s6 cong nghe t6i uu cho qua trmh tién cung bé mat gian doan.
Do thay thé mét phan cho mai nén gop phin lam giam dugc gia thanh

17.3. Déi v6i phat trién kinh té-x4 hoi

Pura ra giai phap glé bong phu hop véi d1eu klen san xuat tai Vlet Nam.

17.4. Déi véi td chirc chu tri va céc co s& tng dung két qua nghién ciu

- Péi vai td chire chd tri: Nang cao duge nang hre NCKH va chuyén giao cbng nghé do6i voi

nhitng cong nghé gia cong mai

Cong bé quéc té cic két qua nghién clru nhiim ning cao vi thé cia Trudng dai hoc KY thuaﬂ
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chi s6 ISSN
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- | thuché théng ISUSCOPUS Q1|

11 | San pham déo tao (cu nhén, thac si, tién si,...)

0 .

I | S&n pham (mg dung

0

F{7C CHUYEN GIAO KET QUA NGHIEN COU VA BIA CHi UNG DUNG

16.1. Phurong thire chuyén giao

16.2. Pia chi ving dung

17.1. Dbi véi linh vire gido duc va dao tao
Ning cao trinh d6 v& NCKH, v& chuyén mon cho gidng vién

17.2. Dbi véi linh vue khoa hoc va cong nghe cd lién quan

B sung kién thirc chuyén mén séu vé cong nghé tién cling cac bé mit gidn doan
Pua ra bd théng sb cong nghé t6i wru cho qua trinh tién cirng bé mat gidn doan.
Do thay thé& mét phan cho mai nén gop phin 1am giam duge gia thanh

17.3. D&i v6i phét trién kinh té-x& hoi

_ | -Chni d6ng 1ng dung, trién khai cong nghé tién t tién trong ché tao co khi chmh xac.

Dua ra gidi phéap gia cong phd hop véi-didu kién san xuét tai Viét Nam.

17.4. Dbi véi 1B chirc chil tri va cac co s& tng dung két qua nghién cttu

nhifng céng nghé gia cong mai.

| 17. TAC PONG VA LQIiCH MANG LAL: CUAKET QUANGHIENCUU . =

-Dé&i véi t chire cha tri: Nang cao duge nang lwc NCKH va chuyén giao cOng nghé abi voi

Cong b quéc té cac két qua nghién ctu nhim néng cao vi thé ctia Trudng dai hoc Ky thuat
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Abstract: Hard turning is a potential machining process to replace for grinding process due to large )
advantages such as material removal rate, good surface integrity, and friefidly environment. This -«
process is also used to process discontinuous surface parts. This study focuses on analyzing the cffect '.
of cutting parameters on surface roughness and flank wear after interrupted hard turning of SKD11 1
steel using CBN inserts. The effect of cutting parameters and interacted between them on the surface !
roughness and the flank wear were analyzed by using the full factorial design having the central
trials. The results investigated that the feed rate is the most significant parameter affecting on the I
_surface roughness in the machining process and the cutting speed strongly affects on the flank wear
in the interrupted hard turning of SKD11 steel using high CBN inserts. The tesults of ANOVA——
analysis for the surface roughness and the flank wear indicated that the need to investigate and use
the curve model to describe the effect of the cutting parameters on the surface roughness and the
flank wear.

Keywords: Hard Turning, SKD11, CBN, Flank Wear, Surface Roughness

I. INTRODUCTION

With many outstanding advantages, hard turning is a finishing method applied more and more widely
i industries. In the hard turning process; the most-important-thing-is the-seleetion-of_cutting tool
" _ “malerial-and grade. The hard turning process is-‘commonly applied to-machine the hardened alloy steel - —
with high hardness (hardness > 45 HRC). It is used to replace the grinding process because of its
preferable features such as having high accuracy, surface roughness, lower investment, creation of
compressed residual stress, and not using cooling lubrication (Davim & Astakhov, 2011). Basic
knowledge of each cutting tool material and its performance js important when making the correct
selection. Recently, with the development of cutting tool materials, some new tool materials have
been used in the hard turning process such as CBN, PCBN and ceramic (Smith & Smith, 1993). In
where the CBN is the cutiing tool material that can be used to machine the parts having the hardness
more than 60 HRC or the parts also have irregular surfaces. The study of De Godoy & Diniz (2011)
indicated that the cutting tool CBN is more effective than ceramic in the interrupted hard turning
B ocess. Oliveira et al. (2009) compared the surface roughness and the tool wear between the
continuous and interrupted hard turning using PCBN insert. Other researchers analyzed the surface
quality and the effect of cutting condition to the surface roughness in the interrupted hard turning
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process using CBN inserts (Dogra et al., 2012; Pavel et al., 2005). Nevertheless, they just investigated
the influence of the flank wear on the surface roughness. Also, the effects of the cutting speed and
" feed rate to-the surface roughness and tool wear with workpiece had the hardness of 50 HRC only.

However, these researches also used the low CBN, and the light interrupted workpicces. In this study,
we adopted the fully interrupted workpieces with high hardness (60-62 HRC) and the high CBN

-~ inserts. The effects-of all three cutting parameters and_interactions between them to the surface
roughness and the flank wear in the interrupted hard turning process were analyzed by the full
factorial model.

- ———-HEXPERIMENTAND METHOD

In this research, the experiment is set up as figure 1. All the experiments were petformed in the CNC

turning cen e Q1572 3 ompaty -t rhar iNguye- ,,B{}lﬂ@lSiBL—Gf—iﬁ R 'S
*76%}%&—%N%%msmfm&smi,ngcmmmmmzw

for this study. These inserts were made by CB7525 grade, a very tough grade and contain 90% CBN
with fine grains in a ceramic binder, having Negative land and ER treated cutting edge. The

—_ workpieces are made by the hardened SKD11 steel (60HRC) and have dimension 60 mm x 110 mm.
these workpieces have six axial slots cut before hardening. The chemical composition of SKIDI
steel is shown in table 1. S

=il 2

R Figure*l*:Dg:vice;ugifigfthe—exper—imentS—»;j— - S

Table 1. Chemical composition of SKD11 steel
C Si Mn Cr Mo v Fe
1.63 0.25 0.45 11.89 0.89 0.37 Balance

Minitab 18 Software (Minitab Inc., USA) is applied to build an experimental model for this research.
A full factorial mode! was designed with input parameters and two levels. This experimental model
has 10 experiments including 8 factorial points and 2 centre points, as figure 2. The ranges of the
input parameters are given in table 2. The experimental matrix and the results of the surface
roughness and the flank wear are shown in table 3. The experiments were performed with the same
cutting length of 500m. The surface roughness is measured by the Mitutoyo's SJ210 roughness gauge _
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and the flank wear width is measured by the digital microscope of Keyence company after cutting
— . the cutting length of 200m
: e pAW)

O Center points

@ Factorial points

Figure 2. Full factorial design with two levels
Table 2 input parameters and their levels

Parameters Units Levels
: o -1 0 1 i
A — Depth of cut (d) mm | o1 | 015 [ 02 |
B - Cutting speed (v) m/min 120 140 160 o
C — Feed rate (f) mm/rev 0.08 0.12 0.16

Table 3. Experimental matric for full factorial design

StdOrder | RunOrder | CenterPt | Blocks | d (mm) | V (m/min) | f(mm/rev) | Ra (um) | VB (um

- 9 1 0 1 0.5 | _ 140 0.12 0.623 172
4 2 1 1 0.2 160 0.08 0.643 340
5 3 1 1 0.1 120 0.16 0.807 225.3
2 4 1 1 0.2 120 0.08 0.502 212.1
7 5 1 1 0.1 160 0.16 1.543 251.2
6 6 1 1 0.2 120 0.16 1.758 279.1
1 7 1 1 0.1 - 120 (.08 0.405 292.2
3 8 1 1 0.1 160 0.08 (.613 323.5
10 9 0 1 0.15 140 0.12 0.617 167
8 10 1 1 0.2 160 (.16 1.758 279.1

_IILRESULT AND DISCUSSION L S -
Analysis of the effect of the cutting parameter on the surface roughness

The ANOVA analyses for the surface roughness were made with a meaningful level of 0.05 and
shown in table 4. The analysis results show that all factors and interactions between them are
significantly affected to the surface roughness in the interrupted hard tumning process, as Figure 3.
The feed rate is the most powerful effect on surface roughness, contributing up to 72.6%. The cutting
speed, cutting depth, and interactions also significantly affect to the surface roughness but contribute
less than 10%.

The effects of the cutting parameters to the surface roughness are observed in Figure 4. The result
shows that the surface roughness increased rapidly with increasing the feed rate from 0.08 to 0.16.

mepthﬁmﬁmﬁougﬁesﬂn&med—ﬂ%ﬁei

interacted effects of the cutting parameters to the surface roughness are described in Figure 5. With
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the small feed ratc (0.08 mm/rev) the surface roughness almost unchanged when increasing the
cutting depth from 0.1 mm to 0.2 mm. However, with a large feed rate of 0.16 mm, the cutting depth

affects-greatly the surface roughness, the surface roughness increased by 50% when increasing the

cutting depth from 0.1 to 0.2 mm. Similarly, the cutting depth affects powerfully the surface
roughness when machining at a low cuiting speed of 120 m/min, but affects weakly the surface

roughness when turning at the high cutting speed of 160 m/min. .. ...
" Tablé3. Analysis of Variance for roughness surface

Source DF AdjSS Adj MS F-Value P-Value C%
Model 8 2.59584 0.32448 18026.65 0.006
Einear 3 267016 0-69005 38336.3 0.004
d 1 0.20898 0.20898 11610.06 0.006 8.9
\' 1 0.14715 0.14715 8175.17 0.007 6.2
S 3171403 171403 | 9522367 .| 0002 | 726
- 2-Way Int 3 023426 0.07809 4338.19 0.011 0
d*Vv 1 0.0806 0.0806 4477.84 0.01 3.4
d*f 1 0.13494 0.13494 7496.67 0.007 5.7
_ V *f 1 0.01872 0.01872 1040.06 0.02 0.8
3-Way Int. 1 0.05595 0.05595 3108.06 0.011 )
d *V*f 1 0.05595 0.05595 310806 0.011 24 ]
Curvature 1 0.23547 0.23547 13081.61 0.006 :
Error 1 0.00002 0.00002 [
Total 9 2.59585 I
Main Effects Plot for Ra (pm)
- Fitted Means — - -
d (mm) I V {m/min) l f (mm/rev) Point Type |
1.50 < + Corner {
| | / = Center |
_125; /
E
2 Va .
& e
5 100-4---- /———— ————————————— y P Fmmmmmm—
: | - :’
B oy N
N 0.75 - . - 7 | - - i
] . / n
0.50 - . . - ; . . . :
oo 015 020 120 140 160 008 012 016
" Figure 4. The main effects plot for the surface roughness -
W jjaera.org ©2020, LIA-ERA - All Rights Reserved




International Journal of Advanced Engineering Research and Apptications-(HFA-ERA)

ISSN: 2454-2377

Volume — 6, Issue — 3, July —2020

Interaction Plot for Ra (um)
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FlgureS The interaction effe& of the cuttiﬁé parameter fo the surface rougnness

Analysis of the effects of the cutting paramelers {o the flank wear
The flank wear of the turning inserts is measured when machining

with a cutting length of 500 m on

a digital microscope. The ANOVA analysis for rear-wear is carried out with a mean of 0.05. The

results of the ANOVA analysis for the

flank wear are shown in table 5. The cutting speed, feed rate,

the interaction V-f and d-f have P-value < 0.05, which means a significant effect on the flank wear in

the interrupted hard turning process using CBN inserts.

The results of ANOVA analysis also showed
_the need to investigate and use the curve model to describe the effect of the cutting parameters on the

flank wear. T
Table 5. Analysis of Variance
Source DF| AdjSS| AdjMS| F-Value P-Value |
Model 8 31812.9 3976.6 318.13 0.043
Linear 3 6538.2 21794 174.35 0.056
d (mm) 1 41.0 41.0 3.28 0.321
V (m/min) 1 4282.8 4282.8 342.62 0.034
f (mm/rev) 1 2214.5 2214.5 177.16 0.048
I 2 WaylInteractions .| 3 [ 5484.9 1828.3 146.26 0.061
p— d- (mm)*V-{(m/min) - - 1L 6248 6248  49.98 0.089 N
d (mm)*f (mm/rev) 1| 2639.0 26390 21112 0044 -
V (m/min)*f (mm/rev) 1 2221.1 2221.1 177.69 0.048
3-Way Interactions 1 1875.8 1875.8 150.06 0.052
d (mm)*V (m/min)*f (mm/rev) 1 1875.8 1875.8 150.06 0.052
Curvature 1 17914.1 17914.1 1433.12 0.017
Error 1 12.5 12.5
Total 9 318254
WA {JGerd.OTg ©9020.1JA-ERA - All Rights Reserved 52
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Main Effects Plot for VB (pm)
Fitted Means
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|
I3}

y
[
o

160 -

T

ol o1 020 120 40 160 008 052 016

_Figure 6. The main effects of the cutting parameters to the flank wear ‘

Figure 6 describes the effects of the process parameters of cutting to the flank wear in the interrupted 7
hard turning the hardened SKD11 steel (60HRC) using CBN inserts. The result shows that the '
cutting speed is the most influential factor in the flank wear. In the investigated range, the feed rate is
also a significant effect on the flank wear but less. Cutting depth influences very little to the flank
wear. The interacted effects between the cutting parameters o the flank wear were shown in figure 7.
The results showed that the interaction of V&F and D&F was largely influenced on the flank wear.

- _-With a low cutting speed of 120 m/min, the flank wear does not change with increasing feed rate and
depth of cut. With a cutting speed of 160 m/min, the flank wear increases with a reduction in the feed
rat from 0.16 to 0.08 mm/rev and decreases with reducing the cutting depth from 0.2 mm to 0.1 mm.
With a small cutting depth, the flank wear increases with the feed rate decreases to 0,08 mm/rev.

Interaction Plot for VB (pm)
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1V. CONCLUSION

The effects of cutting parameters on the surface*roughnessand—th&ﬂankfwearfin,thejntej:rupted hard

turning process of hardened SKD 11 (60HRC) using high CBN inserts have been analyzed by using

the full factoriat design. The feed rate is the most powerful factor effecting on the surface roughness,

' the surface roughness increase with increasing the feed rate. And the cutting speed strongly affects
on the flank wear-in the interrupted hard turning of SKDIT steel using high CBN-inserts The-results
also indicated that the lineal model is not suitable for describing the effect of the cutting parameters
on the surface roughness and tool wear in the interrupted hard turning process using high CBN
inserts. A response Surface Methodology design should be applied for determining the curve model
to describe these eifects.
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ah

. . Thefirm-turning_procedure-has_commonly. applied to-machine the_toughened alloy steel using high firmness

(hardness > 45 HRC). It is used to replace the grinding process because of its preferable features, such as having
high accuracy, surface roughness, lower investment, creation of compressed residual stress, and not using cooling
lubrication (Davim & Astakhov, 2011; Smith, 1993). The parts, made of alloy steel SKD11 and using of heat
treatment, are increasingly utilized due to their high durability and abrasion resistance (Yuan et al., 2018). A large
number of these parts also have irregular surfaces. The standard cutting tools for hard turning and interrupted

turning process are made of CBN or ceramic with high hardness and chemical stability. It has been noticed that the

slitting instrament CBN is more effective than ceramic in the interrupted hard tumning process (De Godoy & Diniz,

— 2011; Oliveira et al., 2009) Several re i igated device wear and mechanism wear of CBN inserts in

continuous and interrupted hard turning (Dogra et al., 2012; Pavel et al., 2002). The outcomes pointed out that the
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tool wear mechanism of CBN inserts is diffusion and attrition. The mechanism wear occurs at low as well as medium-
_ _slitting speeds, whereas wear abrasion caused by diffusion occurs at high cutting speeds. However, these studies only

“adopted the Tow CBN and the light disconfinuous workpieces. Other researchers analyzed the surface quality and the~

comsequence of slitting condition to the surface roughness in the interrupted firm tuming procedure utilizing CBN mnserts
(DogrmeLaL,JOli;J?aveLeL al., 2005). Nevertheless, they just analyzed the impact of the flank wear on the surface
roughness. Also, the consequences of the slitting speed as well as feed rate to the surface roughness as well as device wear
with workpiece had the hardness of 50 HRC only. Recently, Nayak & Sehgal (2019) analyzed the effect of slitting

variables on shear forces and also device wear in the interrupted firm turning AISI D6 steel process. Their work developed

a mathematical model that showed the effect of slitting variables on shear forces along with tool wear with CBN inserfs.

However, this research also used the low CBN, and the light interrupted workpieces.

~Tr this study, we adopted the Tully interrupted workpieces with mgh-hardness (60-62-HRC) and the high CBN———

inserts. The effects of all three slitting variables and also interactions among them fo the surface roughness in the
interrupted hard turning process were examined by the RSM-FCCD model. In addition, a mathematical design predicting

the surface roughness was constructed. Furthermore, the optimal parameters of the slitting process have been decided to

“make sure the smallest irregular surface.

- Lodonda

EXPERIMENTAL SET UP

The experimental process employed the workpicces made by SKDI11 steel with the firmness of 60-62 HRC. The
workpieces with the depth of 60 mm x length 100 mm were cut six grooved (fully interrupted) (Figure 1a). The dry

PR - - T

machining process was carried out in the turning Center QTS-200 of Mazak (Figure 1b). The chemical mixture of the

___ SKD11 .workpiece was shown in Table 1. The Sandvik high CBN (7525_grade) inserts were used with code ISO
CNGA12041280123B-7525 (Figure 1c). The machining surface was measured by Mituloyo's SJ210 roughness gauge
(Figure 2).

2) SKD11 Workpiece b) Machine tool ¢) CBN inserts

Figure 1: Devices using in the Experiments
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Figure 2: The Surf ghness Teste

Table 1: Chemical Composition of SKD11-Ste

1.63 | 025 0.45| 11.89 | 0.89 | 0.37 | Balance

In this study, three slitting variables were selected to study the irregular surface in the interrupted hard turning
procedure, comprising of slitting speed, feed rate as well as depth of slit. In order to analyze the effect of the cutting

parameters on the irregular surface, a 2k factorial experimental design was applied with eight comer points and two centre

points (Figure 3a). After the ANOVA analy51s for the irregular surface has performed by using the 2k’ investigatiotial —
model, a reaction surface technique with face central composite design (RSM-FCCD model} was proposed with 6-star
points around the center and added four center points (Figure 3b). The RSM-FCCD experimental model was utilized to
examine the relationship between three input variables of the slitting process as well as the irregular surface, thereby

identifying the suitable surface roughness prediction model.

PR
. yadilih _A
./ | J -
B - O Center points - . O Center points
i S S 7 B
S i B ()
i —:———-%——- F—~{—*  ® Factoria] poinls ® Factorial points
|
C@1 !
: K Star paints

a, 2k Factorial design b, FCCD desipn

Figure 3: Experimental Model for Three Input Parameters, Namely A - Slitting Speed (V), B - Feed Rate (f), and C
- Depth of Cut (d)

[
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Minitab 18 sofiware was used to design experiments, to analyze influences and to provide a regression model.

slitting device manufacturer (Sandvik) and the outcomes of earlier studies, the value levels of theperformed variables-are - -

Jaid outin

" Table 2: Experimental Matrix for the RSM-FCCD Design =~~~

19 1 0 0 0
17 2 0 0 0
7 3 1 1 1
2 4 1 0 -1
18 5 0 0 0
_ 8 6 1 1 1
6 | T 1 il — =
12 8 0 1 0
13 9 0 0 -1
4 10 1 i -1
15 11 0 0 0
16 12 i) 0 0
10 13 1 0 0
11 14 0 -1 0
9 15 -1 0 0
1 16 -1 -1 -1
5 17 -1 -1 1
20 18 0 0 0
3 19 -1 1 -1
L 14 20 0 0 1
Table 3: Input Parameters and their Levels
Depth of cut (d) m 0.1 {015 0.2
Cutting speed (V) | m/min 120 | 140 | 160
Feed rate {f) mm/rev | 0.08 | 0.12 | 0.16
RESULTS AND DISCUSSIONS

ANOVA Analysis for the Surface Roughness

- The.examinations_are performed with random experimental order (runOrder) designed by Minifab 18 software, The surface™ ——

roughness was measured at three different positions after machining (Table 4). The result of ANOVA test for the 28 - ——
experimental design was presented in Table 5. The survey factors and their interactions had an effect on the irregular
surface. The outcomes also indicated that the linear model is significant. However, the curve model (curvature) is also
significant, and hence DOF for the pure error is not enough. Therefore, the model obtained when using a 2* experimental
design js not suitable for the irregular surface in interrupted firm turning process using CBN inserts. As a result, the RSM-
FCCD experimental model was constructed. This analysis of ANOVA was performed with a significance level of 0.05 (If

P < o, the term is statistically significant) (Table 6).
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Table 4: Experimental Results for Surface Roughness

i

4 — 015 |——140—]— 012 0.617

19

17 2 0.15 140 0.12 0.623 )

7 3 0.1 160 | 016 1.543

e - 2 4 0.2 120 0.08 0.502

18 - 5 0.15 @0 | o012 | 0631 {7 T

8 6 02 160 0.16 1.758

6 7 0.2 120 0.16 0.859

. 12 8 0.15 160 0.12 0.432

13 9 0.15 140 0.08 0.231

4 10 0.2 160 0.08 0.643

15 11 0.15 140 0.12 0.625

16 12 0.15 140 0.12 0.627

o = =g % - 1@ | 0z | 10 | 012 | 06R7
U 14 0.15 120 0.12 0.645 -

9 15 0.1 140 0.12 0.751

1 16 0.1 120 0.08 0.405

5 17 0.1 120 0.16 0.807

260 18 0.15 140 0.12 0.622

3 19 0.1 160 0.08 0.613

14 20 0.15 140 0.16 1.46

The larger F-value indicated that the input factors or proposed model are much more influenced by the output
parameters. The input factors had a significant effect on output factors when the P-value is less than &= 0.05. Thus, in the
investigated range, feed rate, slitting speed as well as its interaction affect the irregular surface strongly. Feed rate is the
major significant cutting variable using the P > 0.05 and 62.54% contribution. Slitting speed is the second most important

" variable using P=0.012 and a 12.06% contribution. The association ameng%ﬁtting-speedancheed_taLQis_ a powerful effect
using P = 0.032 and 7.95% contribution. Meanwhile, depth of cut and other interactions had less effect on the surface

roughness. These results were also shown-in the-Pareto diagram for surface roughness (Figure 4).

Pareto Chart of the Standardized Effects
{response is Ra (um), a = 0.05)

" Term 2228

o

| Facto A -Name

= ]A d{mm)} :
‘B V (m/min) |
o le

£ {mm/rev)

D mmar— ————————

3 4 5 6 7

Q i
iE(
|
L

o
‘

~

standardized Effect

Figure 4: Pareto Chart for the Surface Roughness (Ra)
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Table 5: Analysis of Variance for Factorial Design

1.82890 | 0.228612 | 12700.69 | 0.007 |Significant

— —Maodel 8

Linear 3 1.49424 | 0.498079 | 27671.08 | 0.004
d (mm) 1 | 0.01940 | 0.019404 | 1078.03 | 0.019

— fo(m/mm" 1| 049203 | 0.492032 | 27335.11 | 0.004

T f{mmkev) T 098280 | 0.982802-| 54600.11 | 0:003- -
2-Way Interactions 3 0.21033 | 0.070109 | 3894.94 0.012.
d (mm)*V (m/min) 1| 0.00115 | 0.001152 | 64.00 | 0.079
d (mm)*f (mm/rev) 1 0.00245 | 0.002450 | 136.11 0.054
V (m/min)*f {mm/rev) 1 [0.20672 | 0.206724 | 1148469 | 0.UUD
3-Way Interactions 1 0.00661 | 0.006612 | 367.36 0.033
d (mm)*V (m/min)*f (mm/rev) 1t | 0.00661 | 0.006612 | 367.36 0.033
I Carvature T o177 017722} 6540:-14-——0-008—Significant.

Error 1 0.00002-1 0.000018

Table 6: Analysis of Variance for the RSM-FCED Desigm

Model 9 [251932| 027992 | 845 0.001

Linear 3 | 1.95104 | 0.65035 | 19.63 0.000

d {(mm) 1 |0.01089 | 0.01089 | 0.33 0.579 | 0.42
V (m/min) 1 |0.31364 ] 0.31364 | 947 0.012 [12.06
f (mm/rev) 1 | 1.62651 | 1.62651 | 49.10 0.000 162.54
Square 3 {035795]0.11932 | 3.60 0.054

d (mm)*d (mm) 1 1003162003162 | _0.95 0352 122 i
V (m/min)*V (m/min) 1 |0.01476 | 0.01476 | 0.45 0.520 | 0.57
f (mm/rev)*f (mm/rev) 1 | 015023 ) 0.15023 | 4.53 0.059 | 5.78
2-Way Interaction 3 10.21033 | 0.07011 2.12 0.162

d (mm)*V (m/min) 1 | 0.00115 | 0.00115 | 0.03 0.856 | 0.04
d (mm)*f (mm/rev) 1 |0.00245] 0.00245 | 0.07 0.791 |0.09
V (m/min)*f (mm/rev) 1 1020672 | 020672 | 6.24 0.032 | 7.95
Error 10 | 0.08130 | 0.08130 3.13
Pure Error 0.00072 | 0.00014

Eﬁ'ect of Input Parameters for Surface Roughness

The consequence of slitting speed, feed rate and depth of cut to the average value of the megular surface was presented in
Figure 5. The outcomes pointed that feed rate was the most powerful element for the irregular surface. In general, the
irregular surface boosted the feed rate. More particularly, the surface roughness rose gradually with feed rates from 0.08 to
0.12 mm, and the iregular surface increased rapidly when feed rates grew from 0.12 to 0.16 mm. In the survey area,
slitting speed affected the irregular surface dramatically. In interrupted firm turning, the surface roughness increased with
slitting speed increasing from 120 m/min to 160 m/min. In the survey factors, depth of cut is the least powerful element for
the irregular surface. The result showed the smailest irregular surface when depth of slit had the average value of 0.15 mm.

Contour chart was constructed to describe the simultaneous consequence of slitting speed as well as feed rate to the

ifregular surface with thedepth-of cut of 0-15 mm:. In case of slitting speed lower than 130 m/min, the irregular surface will

Impact Factor (J CC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11
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be smaller than 0.5 pm when feed rate is lower than 0.12 mm {Figure 6). In case of cutting speed higher than 130 m/min,

— *thei'rregular*su’rfacefwill—be—smal]erfthanfOr‘ipmfwherLthefeedrate is lower than 0.1 mm.

Main Effects Plot for Ra (ym)
Fitted Means

A “d (mm) i Vim/miny_ T fimmjrev) i T e
12- | :
1 \ :
E 10 i f
3 z
2 0.9- i |
G 08 :
- - = s :
- e S 2 - —
@ 0.7 i - _
06l | =
0.5 ' :
0.10 0.15 0.20120 140 1600.08 0.12 0.16

All displayed terms are in the mogel

Figure 5: Main Effects Plot for Surface Roughness (Ra)

Contour Plot of Ra (pm) vs f {mm/rev), V {m/min)

0.16
015 - T
ou
on " Hold Values

 dgmm) 015 |

f (mm/rev)

120 130 140 150 160
V (m/min)

Figure 6: Contour Plot of the Surface Rougbness

www.lipre.org SCOPUS Indexed Journal editor@tipre.org




5432

Interaction Plot for Ra (pm)
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Figure 7; Interaction Effect of the Surface Roughness (Ra)

Figure 7 describes the interactive impact of the shitting parameters on the irregular surface in the interrupted firm

turning. The results showed that only association among slitting speed as well as feed rate has crucial impact on the

irregular surface (Figure 7 d-f). When feed rate is low, the average worth of the irregular surface barely changed with the

" increase of slitting speed (Figure 7f). When feed rate is (.16 murrev, the-irregularsurface-increased with the rise of slitting

to a boost in the slitting force and a rapid increase of the irregular surface.

Optimization of the Surface Roughness

speed from 120 m/min to 160 m/min. The high feed rate and the sufficient large cutting layer area may be reasons that lead

A second-order design was constructed to describe the association among the slitting parameters along with surface

roughness with a reliability of 95% using the RSM-FCCD experimental model. The equation of the surface roughness in

related to slitting speed, feed rate, and depth of slit are described in the following equation:

Ra=1.34-14.9%d+0.0342*V-54.4*+42.9 *42=0.000183*V2+146:1 #£2+0:0120%d* V-8 72 dX £ 0. 2009FVAF_

cutting depth.

The appropriateness of the model 1s presented in Table 7. The results showed that 88.38

where Ra (um) is the irregular surface; V (mimin) is the slitting speed; f (mm/rev) is the feed rate; d (mm) isthe ———

% of the differences in

the survey factors were presented in the mathematical model. Moreover, the R-sq (pred) value was quite small, particularly

turning using high CBN inserts.

6.43 %. Therefore, this mathematical design was suitable for forecasting the irregular surface in the interrupted hard

NAAS Rating: 3.11




Analysis and Prediction of Surface Roughness in Fully Interrupted Hard Turning SKD11 Steel Using High CBN Inserts

3433

The parameters of the cutting process, ensuring that the smallest surface roughness were defined by the optimized

___ model using the RSM-FCCD design. The results of RSM-FCCD> optimization for irregular surface were exhibited in

Figure 8. The result showed that the iregular surface teached the least value of 0:3076 pm- with-slitting-speed-of 120 —

m/inin, feed rate of 0.1 mm/min, and depth of slit of 0.15 mm. The verified experiment with the optimum cutting

parameters has functioned to check the relevance of the results. The irregular surface is measured precisely after machining

by digitél microscope VHX-7000 by Kyence with surface roughness 0.33 pm (Figire 8 and 9), with the difference of

7.28 % compared to the value obtained from the model.

Sptinat - dimm) V (m/min 1 {mnvre
i High 0.20 160.0 0.160
D: 0.9?98 Cur | 10.1475] [120.01 [0.0924]
Predict  low : 0.10 1200 0.080

Ra (pm)
Mintmum
y = 0.3076
d = 0.94985 T

Figure 8: Response Optimization for the Surface Roughness (Ra)
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CONCLUSIONS

~The RSM-FCCD experimental model was proposed to analyﬁt}mquerrcefofs]itting*speed;theffeed—rateandfdepthfof

cut to the irregular surface in the interrupted firm turning process using CBN inserts. The outcomes highlighted that the

amount of feed rate is the major powerful factor to the irregular surface in the interrupted bard turning process using CBN

inserts. A predicted irregular surface model had constructed relied upon the input parameters-of the-cutting process. An——— |

optimized design for irregular surface was carried out to suggesf the optimum set of parameters (V is 120 m/min, fis 0.1

mm/rev and d is 0.15mm). Furthermore, the verified experiment with the optimum cutting parameters was performed and

T2019-B38
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