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~ INFORMATION ON RESEARCH RESULTS

1. General information:

~_Project title: Optimization of hard turning process using minimal cooling
~lubrication (MQL) with nanofluid mixed with MoS2 nanopowder

oo QA

Coordinator; Doctor Ngo Minh Tuan

B mplementing institution; Thai Nguyen University of Technology

Duration: from April, 2022 to April, 2023

2. Objective(s):

MQL method with MoS: nanofluid.
- Practical application to machining mechanical products.

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

- Research to determine the optimal technology for hard turning proces using

3. Research results:
- Researched the overview of hard turning process, cooling lubrication methods in

the hard turning process.

- Research to evaluate the effectiveness of MQL and MQCL technologies with
different nanoparticles in the hard turning process.

- Constfiicted an experimental miatrix using the Box Benken method to analyze-the

effect of machining parameters on the cutting force and the surface roughness.

- Research has shown that using MQL with MoS2 nanoparticles in the hard turning
process can reduce cutting force and surface roughness.

_ Research has given appropriate technological instructions to ensure a small cutting
force or surface roughness for the hard turning process of 90CrSi steel.

4. Products:

Published 01 international paper having ISSN index;
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- The paper having ISSN index: Minh Tuan Ngo. Effect of Technology
Paranteters on the Components of Cutting Force in Hard Turing 9xc Steel With

Carbide Insert Using Mos2 NFMQL. International Journal of Research in

-~ 5.FEffeets:

Engineering and Science-(IJRES) ISSN (Online):2320-9364, ISSN (Print): 2320-
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9356, www.ijres.org Volume 11 Issue 4 | April 2023 | PP. 329-336
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- Improve the ability of doing scientific research and knowledge of lecturers

52, Technology and Suellce

- Adding some theories about the interaction of Nanopartxcles in MoSZ nanofluid to

~ "when machinitig hard materlals - ' - — — e e

some physical phenomena-occurring-in-the-cutting zone; the ehipmaking process———

- Adding some general theories about MQL w1th MOSZ nanoﬂmd and hard turning

in the machine building industry.

- Nanofluid MoS2 has been applicd on the basis of emulsion oil to the hard turning
process and at the same time has given some technological mstructions on the

- Offering new technological solutions to expand the application of minimal cooling
lubrication to the processing of hard materials, improving productivity and
efficiency of the machining process.

5.3. Economic and social development
- Offer processing solutions suitable with the production conditions in Vietnam,
5.4, Implementing institution and the places applying the research results

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

manufacturing technologies are improved.

- The productivity improves and the manufacturing and product costs reduce to

enhance the competitiveness. The machining capability can be enlarged.




~w 1.Tinh cAp thiét

PHAN MO DAU -

Gia ¢b 4t lidu o at lié 6 gia cong bing dung cu cat c6 ludi cat

T r r 7 r b ‘
xac dinh duoc sir dung kha phd bién trong nganh ché tao may d€ thay thé mot phén |
cho nguyén cong mai, dac biét trong gia cong cac loai khudn méu,v.v. Tuy nhién, ‘

d.o_dmu_klcn_naﬂsthla._c.ongléI_l@C_Hng vat liéu kho gia cong 13 rat khic nghiét
‘nén viéc boi tron 1am ngudi 1a tht cAn thiét. Vigc tng ding cong nighé boi tronlam— - -

ngudi tudi trin vao gia edng vét liu cing gip nhidu khé khin hoc khéng thé sir

dung duoc.

Béi tron 1am ngudi tbi thiéu (Minimum Quantity Lubrication-viét tit MQL)
ngodi viéc than thién véi méi trudmg, con 6 nhiéu wu diém ndi bat khac ninr hiéu

qua b01 tron cao, ma sat trong vung cat giam do do6 lam giam luc cat nhict cat dé
 mon cia dung cu, v.v. din dén tudi bén dung cu tang, chit Tugng bd mit gia cong

duogc céi thién,v.v. [1-7].

Vi vay, bdi tron 1am ngudi tdi thiéu da duoc trién khai va img dung khé rng
rii trong nganh ché tao méay tir nhitng ndm 90 cta thé ky trude, vi da mang lai
nhimg k&t qua kha quan, dic biét dbi véi mot sd phwong phép gia cong khong sir

dung duorc cong nghé tudi tran. Kich thude va sy phan bd giot dung dich tron ngudi

trong cong nghe MQL dugc nhém tac gia céng bo trong [8]. Két qua nghién ciru di
chi ra dudng kinh ciia cac hat dung dich trong cong ngh¢ MQL nim trong khoing
10-100pm. Céc tac gi4 chi ra géc phun hiu qua 1a 10+12° véi luu lugng 1,5ml/phut
va 4p suit phun 6 psi. Ngoai ra cic tac gia cling chi ra ring ap suét phun cao hon s&
tao ra nhidu giot hon nhung kich thudc giot nhé hon s& dat duge. S luong giot
dong lai trén bé mit nhd hon khi ting khodng céach gitra d4u phun va b& mit gia
cong. Dién tich bao phi bai giot dung dich 16n nhat khi Khoang cich giita du phun -
va bé mit gia cong 12 30 mm véi 4p suét phun 12 12 psi. Tuy nhién néu khodng cach
16m hon 50 mm, viéc phun dung dich dén viing cét 13 khdng hiéu qua.

Viéc hinh thanh mang du trén bé mit dung cu d¢ tao nén déc tinh boi tron
thity dong gifra mét trudce cia dao vdi phoi, mét sau cia dao v6i bé mit gia cong 12
mot trong nhilng ddc tinh rat dic biét khi ung dung cong nghé MQL trong gia cong
vat liéu cd 4 cimg cao. K&t qué chi ra ring vj tri ddt voi phun 12 mét yéu t6 quan
trong 1ién quan dén hiéu qua cta viéc hinh thanh méing dau. Ngoai ra, sy di chuyén
cita cac hat du t61 ving cat cin luu lugng cao hon [9].
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Viéc phén tich vé nhiét khi (g dung céng nghé MQL cho phuong phdp mai
ciing dugc nghién ciu va cong b trong [10]. K&t qua nghién ciru chi ra ring cong
) nghd ¢6 kha ning bbi tron to tmgvé iéu qua 4 Ap 1 *

- gia cling chira h¢ s& dAn nhiét ddi luu & ving cit khi sir dung cong nghé MQL nhod

. _ honrétnhiéu so vdi vifc sir dung cong nghé tui tran.

phu’ong phap tu'o1 Vi che do cat de nang cao hleu qua qua trmh cat v6i cac phu'o‘ng

2

i vit lidu duge corig bb trong céc cong trinh [8, 11].

—MmﬂmmmmmmeW
cimg, dnh hwdng clia yéu t6 cong nghé dén lyc cét, nhiét cit, mon dung cu, cht

lugng gia cong khi tién cung,v.v. dugce cdng b6 trong céc tai lidu [12, 13, 14].

. Viéc nghién ctru _chat hrong bé mit va lyc cit khi tién cing thép AISI 52100

- (HRC=62) v6i manh CBN.d dugc cong bd-trong [15]. Gia tri nhim bé mit chiu.
anh hudng chinh bdi hrgng chay dao va tdc @6 cht. Két qua ciing chi ra ring lyc diy

dao 1a thanh phén lyc 16n nhat va rat nhay véi su thay d6i d§ cing cla chi tiét gia
cong, gia tri &m cua gbe trede va toc dd mon ciia dao. Chicu séu cat ¢6 anh huoéng

1ém nhat téi luc cat so véi hrgng chay dao va toc do cit.

mot trong nhitng vén d& di dugc rit nhiéu tic gia quan tim va nghién ciru va dudc
cong bd trong [16, 17]. Lop bién tring 12 két qua ctia sy thay ddi cAu tric té vi clia
vat 1iéu, ¢ chu tric martensit khong qua nhiét luyén, c6 46 cimg cao hon lap vét
lidu trung gian (dark layer) va 16p vit liéu nén. Co ché hinh thanh 16p bién tring 12
do bién dang déo 1én va/hodc sy thay dbi nhiét do néng-lanh nhanh. Chiéu day lop
blen trang ting khi ting che dé cat va hrcmg mon mat sau tang.

Viéc nghién ciu thiye nghlem vé kha ning ch1u mon cla 16p bién trang aa
dugce nghién cou va cong bb trong [18]. Khé ning chju mdi mén gidm khi ¢6 16p
bién tring trén bé mit. Nguyén nhén chinh 13 ¢é nhiing vét nirt t& vi trén 1p bién
trang, va su lan truyén ciia cac vét mit dan dén sy bong tréc ctia 16p bién tring

Mdt s nhitng két qua nghién ctu ndi bat vé& cong nghé phay cing nhu xéc
dinh ché do cét toi wu, anh huéng cia didu kién cit dén cac thong s6 qué trinh va
két qui qué trinh gia cong khi sir dyng dao phay HKC phu PVD-AITIN, nl-
AITiN/TiN and ne-TiAISiN/TiSiN/TiAIN,v.v. dé phay cimg cac loai vét ligu nhu
thép ¢ d6 bédn cao 30Cr3, thép AISI 02 (HRC=58),v.v.[19, 20] hodc mot nghién
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ctru mon dao PCBN khi phay cimg hgp kim cimg, anh hudng ctia mon dao dén chét

Tuong b& mit gia cdng duge cdng b trong [21]

1€c ng ién ctu vé @6 ¢ hayﬁorcatrtrmrtﬁvrbem‘ﬁdﬁgiﬂi

-~ chiraring de clng té vi clia. lcp vt hc,u bé mit thep AISI 1045 sau khi tién khd cao
__hon so vdi tién voi che do MQCL (Mmlmum Quantlty Coohng Lubrlcatlon) Phan

- véi che do MQCL Hon 1 nifa, nhung vét nirt té vi duqc fim thay trén va bén trong

viing bién dang hay.
- ———Metseketqua&ghw&mmmx&quainnhmummmgngthQMu—
dung dung dich Nanofluid v&i hat nano kim cuong va Al;Os; dnh gié ddc tinh boi

tron gilta da mai va cht tiét gia cong khi mai hop kim nikel GH4169 sir dung cong
- nghé MQL véi cac loai dung dich Nanofluid (v0i cac loai hat MoS, Si0;, kim

- cuong, CNTs, AlO3 va ZrOy) dugc cong bd trong [23, 24]. o
pé tlep tuc nang cao hiéu qua cia MQL trong gia cong vit liu cimg, mot

huéng méi dang rit duge quan tim hién nay d6 13 sit dung dung dich Nanofluid
(dung céc loai hat Nano kim loai ¢6 d¢ cing cao trdn vao dung dich tron ngudi).
Hat nano MOSz co trong lrgng nhe (khoang 4.8g/cm’), nhiét 46 néng chay cao

.iﬂ;eoihangdmcmghdohs),_hmsmmumho%

(0 03 0 05) cd do n dinh héa hoc va dd 6n dinh nhiét rit tbt, dic biét khong co

phan ng hda hoc véi bé mit kim loai ngay c& & nhiét d¢ cao [25]. V61 nhitng uu
diém trén, hat nano MoS2 cé thé dugc sir dung trén v&i dung dich bdi tron lam mét
théng thudng, tao thanh dung dich nano MoS2 tng dung dé& boi tron 1am mét trong
gia cOng cit got.

Trong nhimg ndm gan day, v1ec nghlen ciru ing dung dung dich béi tron lam
mat ¢6 trdn hat nano MoS, troné gia cong cét got di duge mot sd nha nghién ciru
quan tdm. Cac nghién cifu ing dung dung dich nano MoS2 vao qua trinh mai cho
thiy c6 thé giam ning lugng riéng va gidm d6 nham bé mit gia cong khi mai [26-
31]. Mot s nghién ctu khic cho thdy sir dung dung dich nano MoS2 vao qua trinh
phay cirng va qua trinh tién cung ¢ thé 1am giam d6 nham va ting tudi bén dung cy
hon so véi cac dung dich boi tron 1am ngudi théng thudng [32-36]. Tuy nhién, héu
hét céc nghién ciru chi dimg lai & viéc khéo sét, danh gid hiéu qua cua qua trinh gia
cdng sir dung dung dich nano MoSz so vdi cdc qué trinh gia cong khac ma chua dua
ra dwoc bd thong sb ché d6 cong nghé t81 wu. Nhilmg nghién ciru gin diy vé viéc
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tmg dung cong nghé MQL c6 sir dung dung dich Nanofluid trong gia cong cat got
‘d3 duoc trinh biy trong [37]. Théng qua tom tht, tac gia két luan ring cong nghf;

MQL ¢o st aung dung dich Nanofluid trong gla obng glup glam ma Sat va mon, i

51a uuu.g eat 5\‘u.
" P& ning cao hiéu qua cia qué trinh gia cong vat liéu va tmg dung vio thuc
tidn san xust & Viét Nam, tic gid chon huéng nghién ciru ing dung MQL sir dung

Vi vdy, nhém tic chon huéng nghién ciru la xudt mdt giai phap cong nghé hiru

ich 4p dung dé trién khai gia cong cac vit liéu kho gia cbng, d6 13 st dung phwong

__phép bdi tron 1am ngudi téi thiéu sit dyung dung dich nano MoS; cho qud trinh tién

- clmg voi-tén- d2 t3i: “T6i wu héa qua trinh tién cimg sit dyng phwong phip b01 -
trom 12m ngudi t6i thiéu (MQL) véi dung dich c6 trén bt nano MoS,™.

2. Muc dich nghién ciru
- Nghién ctru xéc dinh ché do cong nghé t&i wu khi tién cimg sir dung phuong
phap b01 tron lam nguo1 MQL véi dung dich nano MoS2.

- Ung dung vio thyc tién dé gia cong céc sin phim co khi.

- Cong bd quéc té céc két qua nghién ciru nhim nang cao vi thé co s& gido duc;
3. Nbi dung nghién ciru, déi twong nghién ctiu
- Nji dung nghién ciru:

- Tim hidu cac 1y thuyét co ban v& MQL, v& gia cong vat liéu cung va tng dung
MOQL vao qua trinh gia cong vat liéu cimg;

- Nghién ciru x4y dgng mé hinh thi nghiém.

- X4c dinh ché d6 cong nghé tdi wu khi tién cimg st dung phuong phap béi tron
lam ngudi MQL vai dung dich nano MoS2

- Ung dung cdng nghé vao thyc tién d€ gia cong mdt so san pham do mét s6 co

s& san xudt dat hang nhém nghién ciru.

- Doi tuong nghién cuu:




Nham bé mit va Iyc cét khi tién cimg thép 9XC sir dyng phurong phdp boi tron ,
1&mi ngudi MQL v6i dung dich nano MoS2

- Pham vi nghién ciru:

’ - Al}h hudng cia mot s6 thong sb cong nghé bao gbm van tbe cat, hrong chay dao,
chiéu siu cat, luu hzgng va 4p suit dong khi .... t6i lwc cit va nham bé mit khi tién
~cimg sir dung phuong phap béi tron 1am ngudi MQL véi dung dich MoS; Co

4. Phuong phap nghién cu’u

Nghién ctru 1y thuyét két hop voi nghién ciru thyre nghiem, trong 46 chi yéu

14 nghién ctru thirc nghiém.

5. Y nghia khoa hoc, ¥ nghia thuec tién

- =K thult: “Pua ra gidi phap cong-nghé-mdi-nhim mérong-khaning-img dung——— -

béi tron 1am ngudi to6i thiéu vao qua trinh gia cong vat liéu cung, ning cao nang
suat, hiéu qué qua trinh gia cong.

- Kinh t&: Nang cao ning sut gia cong, tiét kiém chi phi, ha gi4 thanh sin phim

va m& rong kha ning cong nghé cua qua trinh tién cing; gidm duge chi phi nhip

- X4 héi: Than thién véi méi trudng va con ngudi;

- Pao tao: Néng cao trinh d6 vé NCKH, vé chuyén mén cho mot s4 giang vién.
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CHUONG 1- TONG QUAN VE CONG NGHE TIEN CUNG VA

'CONG NGHE BOI TRON LAM MAT KHI TIEN CUNG

1.1 Cong nghé tién cing

~ Tién cimg 1a mot trong nhitng phuong phép trong cong nghq: gia cong
cung, su dung dung cu cit c6 hinh dang xac dinh dé gia cong truc tiép vat lidu

" ¢6 dd cing HRC =45-70 [1]. Cong nghé tién cing dugce gidi thiu tir nhitng

- —miim 1980 ctng véi-sy-phit-trién- cia may cong-cy;-vat-liéu dung cy-cdt-va- -

thiét ké than dao ciing nhu manh dao. Tién cimg 13 mdt phuong phép gia cong

tinh 12n cudi st dung dao cat voi TuGi cat co hinh dang hinh hoc Xac dinh aé

—quﬂmﬂrgla—congﬂaﬁ:acthl trelrtoh‘rhat—vsky ~thuat 13 rét can thiét- Sevéi———
C T mad, tién cung 6 nhidu o thé Vet troive-khia canh kinhtévirsinh-thai: ———
~ Tién cing c6 thé sit dung mdt dyng cu cat dé gia cong ‘nhidu chi tiét khac -

gia cong chi tiét doi hoi co do chinh x4c va chit lugng bé mit cao. Nghién
ctru vé tién cimg nham tim ra cic théng sd gia cong thich horp 8 t5i wu hoa

nhau con d4 mai ta phai thay da hodc sta da. Chi phi dau tu cho mot mdy tién
CNC chi bing 1/2 dén 1/ 10 may mai. Ngodi ra cong nghé nay cdn gép phin
hinh thanh nén mot nén sén xuat cong nghiép bén vimng, chét lugng bé mit khi
gia cong bing phuong phép tién cling c6 mdt s6 vu diém hon so v&i mai nhu:

gitta dung cu va phdi ngan, 16p ung sudt du nén bé mit c6 chifu sau 1én
nhung vén giit duge do chinh xac va kich thude, hinh ding va tinh nguyén
ven ctia bé mit [2]. Pac biét hon tién cimg ¢ thé gia cong nhiéu bién dang
phirc tap, céc chi tiét c6 dang hinh cAu...cdp chinh x4c cla tién cimg dat IT 5-
7 va d6 nham bé mit R, 14 2+4pm. O diéu kién gia cong dic biét tién cimg cb
thé-dat dwoc-cip chinh x4c IT 3-5 va d6 nhdm bé mit R,1,5um [3]. Bén canh
d6 tién cimg con o thé gia cong khé ma khong cin st dung dung dich tron
ngudi nén khong anh hudéng dén méi trudng va stic khoé ngudi lao dong [4].
Do c6 nhiéu wu diém nén tién cimg duoc bat du gidi thiéu rong rai va Ung
dung trong nhiéu linh vyc ché tao co khi tir nhitng nim 1980. Gia cong cimg
d3 phat trién dang ké voi nhidu phuong phap gia cong khac nhau nhu: Phay
cung, khoan, chudt, phay lin ring va nhimg hinh thirc khéac cing véi su phat
irién cia cong nghé dung cu ct, vat liéu dyung cu cit siéu cung va cac thiét ké
dung cu biét, ché @6 cit hop 1y ¢ 1am cho viéc gia cOng cac vat liéu cimg tro
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1én dé dang hon [5] N6 1a mot budc di tién phong dugc ing dung nhiéu trong
~linh- vige-san xuat cong nghif;p nhu mét phuong tién nang cao kha nang gia

thanh phanJ(hacsho cac. nganh cdng nghlep tién tién, khuon va khuon miu

_cling nhu cdc thanh phan khéc cho cac nganh cong ngh1ep tlen tlen

b by \

; N €p sau : . I¢ e u bua uu

' chi lmm nhung dem Vlé.l kha - nang chong mai mon va dd bén co hoc cao. Cac

loai fhwmww_
me Mﬁ&ﬁ&ng, eat%learﬁﬂucftmc—cami
khép cac ding va cac thiét bi cho nganh giao thong van tai noi riéng va nganh

co khi ndi chung. Tuy nhién tién cirng cling con nhiéu han ché nhw: Chi phi

. .dung cu 13 cao hon dang k& so v&i mai, doi hoi may, hé thdng céng nghé cd

-~ &b clmg viing va d0-chinh x4ccao [1]- Trong nhiing nim- gan day; tién cimg-
van con 1a mdt cong nghé gia cdng mébi chua dugc nghién ciru déy da va khi
gia cong chi tiét hay bi bién dang, d chinh xac vé kich thuéc va chit lugng
bé mit chura tét.

Trong tién cing, dang phoi tao tao thanh la dang phoi xép do d6 déo
~— clia vat liéu thdp [1]. Do Iyc cit v a nhiét cit trong tién ctmng cao, do d6 lam -
cho qua trinh mon dao xay ra rAt nhanh va luc cit tang, dac biét 13 luc déy

dao. Dang mon chi yéu 14 mon do cido xudc. Boi vdy, cac loai manh chét
lugng cao nhu hgp kim cing phu, gém, CBN, PCBN, kim cuong nhin tao
thudng dugc yéu ciu sir dung trong gia cdng cing. Ngoai ra, vi vét liéu ¢6 do
cung cao co ty s6 dd cimg/modul dan hdi cao nén bién dang dan hdi gay béi
luc ddy-dao va gay-ra cic-sai sé kich thuée. Chit luong bé mit ciing nhu d9
chinh x4c v& kich thudc cua chi tiét sau tién cimg cao, tuy nhién viéc hinh
thanh nén 1&p bién trang (white layer) trong cong nghé tién cimg 13 mgt trong
nhiing vin d& di dugc rat nhidu tac gia quan tam va nghién ctu [6]. Lop bién
tr?mg 1a két qua cia su thay ddi cau triic t& vi cia vat lidu, c6 cdu tric
martensit khong qua nhiét luyén, c6 dé cimg cao hon 1ép vat ligu trung gian
va 16p vit lidu nén. Co ché hinh thanh 16p bién tring la do bién dang déo 16n
va/hodc sy thay ddi nhiét do nhanh. Chidu dy 16p bién tring ting khi ting
ché dd cét va lugng mon mit sau ting. Do ¢ nhiing vét nurt té vi trén 16p bién
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tring, va sy lan truyén cla céc vét ntrt din dén sy bong tréc cta 16p bién tring
" nén kha ning chiu mat mon cia chi tiét giam k‘m cd lorp bién tring trén be méat

- e é&(‘,}fﬁg cuachi tietgla cong, gid tri dm cla goc trude va tde dd mon cua dao.

Chleu siu cét ¢c6 anh hudng 16n nhat tdi Jue cat so v6i lugng chay dao va toc

ddcat |_o }:

Qua trmh tten cung la mot qua trmh cat phu’c tap vai hrc cat nhlet cat

gt mé—kﬁémo—dﬁ@mmrgwmnhanerﬂsﬁnhwvwc—
mg dung cdéng nghé boi tron lam ngudi tudi tran vao gia cong vit liéu cimg

— gipnhidukhé khin hoiic khong thé sir dyng duge. Do d6 viéc nghién ctu ing
- ——-dung _bdi-tron 1am-mét trong qua trinh. tién cimg 1a. can thiét. .

12C Cong nghe  boi trom 1am mat trong qu4 trinh cimg

Trong thdi gian gin ddy, cac qué trinh gia cong vt lidu cimg, vét liéu
khé gia cong dang dugc nghién ctu dé ning cao d chinh xéc kich thude,
chét luwong bé mit, ning suét gia ¢Ong, gidm gia thanh san pham va dic biét

' *i’fwmﬁwgww
dyng pho bién trong céng nghiép dé thay thé cho qua trinh mai. Tuy nhién, |

mdt van @& 16n nhét trong qué trinh tién cimg 1a luc cét va nhiét cit ting lén
din dén giam tudi tho dung cy va giy bién dang bé mit chi tiét gia cong [9).

Mot trong nhitng bi¢n phap tang tudi tho, giam luc cit trong cdc qua trinh gia
cong cit got 1a img dung dung dich béi tron lam ngudi. Tuy nhién, trong gia
cdng cimg, viée dua dung dich boi tron 1am mat vao viung cit dudi dang tudi

~ tran khong phu hop va co thé 1am giam tubi bén dyng cu do sdc nhiét [1].

Hién nay, phuong phap MQL va MQCL dugc ap dung phd bién trong cic qui
trinh gia cdng cung.

1.2.1 Céng nghé MQL

Bbi tron 1am ngudi tdi thiéu (Minimum quantity lubrication - viét tit 1a
MQL) d3 dugc nghién ctru va (g dung kha rdng rai trong cong nghé gia
cong cat got d& ning cao hiéu qua cla qua trinh cét got [10].

Khai niém MQL dugc dé xuét trong nhitng ndm 1990 va 13 mot giai
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phap thay thé cho hé thdng gia cong khd va twdi tran. Ban chit cia MQL 12
~ dua mdét Tugng dung dich tron ngu01 han ché (t01 thleu) véi luua luong

- nang-cao- hteu qua cla qua trmh bol tro'n lam ngudi con gop phan lam glam 7
B ch1 phi gla cong, than thlen véi moi tru:orng do sir dyng luong dung dlCh t01

 clua cong ngh@ MQL anh huorng den qua trmh va ket qua gia cong gbm: 10a1 '

ngudi, livu legng ap suét phun, phuong phap phun (tu6i) dung
46119}“'&9%8-9& (dangsuongrmllhaychumm&hmg vi tri dit vo1 phun

(vio mit trede hay mit sau cla dao,v.v.), khoang cach phun, phuong phap gia

cdng (cit ho, nira kin hay cit kin),v.v.

C e e ——Pé-dura dung-dich-tron- ngu01 (DD'IN) vao_ving cit thudng sir dung__

~mdt trong 02 phuwong phap: - -

- Phun dung dich tryc tiép vao ving cit dudi dang “suong mu”: Thuc
chét 14 dung dong khi ap Iuc cao tron véi DDTN duéi dang “suong mu” dé
dua vao vung cit. So dd nguyén 1y va d4u phun tao swong mu cho & hinh 1.1.

Hinh 1. 1. Pdu phun Noga tao suong mi

- Phun dung dich trure tiép vao ving cit dwdi dang dong tia chét 1ong 4p
luc cao: Thuc chét ding bom Piston (bom dién hodc bom khi nén) tao dong
tia chét 16ng ap lyc cao. K&t cAu bom Piston cho & hinh 1.2
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" a. Pdu phun Pulsomat P10 ding b Ddu phun Pulsomat P25 ding
ngudn ning heong dién _ ngudn ndng lwong khi nén

b, Pic diém

Hﬁ}h{ '% K’ét'c_a‘h?)h?n_ fao dong tia '&h‘cﬁ‘lﬁﬁg‘ﬁp"‘l't;r‘c“ca‘cr"“"‘ I

Do dung dich dugc dua tryc tidp vao viing ct nén cé cac wu diém duge
d& cap t6i trong tai liéu [12] [13].

- Hiéu qua cia qua trinh bdi tron lam ngudi cao, ma st trong vung cat

7@i§nTnHi€f€5tﬂﬁ(TCﬁTﬁf giam, o

- P56 mdn clia dung cu cat giam, tudi bén ciia dung cu ting, chét luong
bé mit gia cong, chét lwong san phim ting;

- Tiét kiém dung dich tron ngudi (luu fwong tudi 5+500 ml/gio (0,08+8
ml/phit));

- M6i-trudmg Jam viée sach, phoi sach, khong c¢6 dung dich tron ngudi
thai vao mdi trrdng nén khong gdy 6 nhiém moi trudng;
- Tiét kidm chi phi do tiét kiém dugc dung dich tron ngudi va tiét kiém
dugc chi phi xir Iy chét thai cong nghiép.
Nhuoe diém:
- Khé vén chuyén phoi ra khéi ving gia cong.
- Nhiét d6 chi tiét cao.

¢, Pham vi urng dung

15




MQL duge st dung cho hdu hét cac phuong phép gia cong bing dung
cu"cht ¢6 Iudi cit x4c dinh. Ngoai ra, MQL con duoc sir dyng d5i véi mot sb

phurong phép gia cong ma phwong phép tudi tran khéng si dung dwoc nhu kht

- - et -t A -

1.2.2. Cong ngh¢ MQCL. - ' ' ]
 MIQL si¥ dung dung dich lanh (MQCL) thyc chat 14 dong khi lanh trgn — —— —
o= s—ydidung-dich-tron ngudi-dé-tao-ra-dong-dung-dich-tron-nguéi-nhiét-d6- thap- - ——-
dwéi dang suong mi (goi chung la dung dich lanh — viét 13t MQCL) dé phun
tryc tiép vao ving gia cong.
-~ - Nhu v4y hé théng MQL v hé théng tao dong khi lanh dugc td hop trén - -
mdt thiét bi goi 12 @3u phun dung dich lanh. So d6 nguyén 1y nhir hinh 1.3

Hinh 1. 3. Bdu phun dung dich lanh

Do dong dung dich lanh dugc tao ra trén mot dau phun nén thict bibéi —
tron 1am ngudi gon nhe, d& bd tri va dé trién khai vao thye tién san suit.

Tuy nhién, khi sir dung hé théng ndy cin phai ché tao d4u phun dung
dich lanh va viéc didu chinh céc thong sb cong nghé cua hé thong khé khin
hon so v6i hai hé théng ddc lap.

1.2.3. Dung dich bdi tron dung trong MQL va MQCL

Dung dich Nanofluid dugc tao ra b?mg cach trdn mot s6 loai hat Nano
(AL,O3; MoS,, v.v.) v6i dung dich tron ngudi thong thuong (goi chung 1a
dung dich nén). Céc hat Nano trong dung dich Nanofuid ¢ tic dyng nang cao
hoat tinh cta dung dich nén nhu thay d81 d6 nhét, ting tinh dan nhiét, v.v. nén
s& nang cao dugc hiéu qua cua qua trinh boi tron 1am ngudi [14]. Dung dich
nén thuong dung 1am dung dich Emulsi, ngodi ra ngay nay dé gbp phin tao ra
moi trudng gia cdbng sach, than thién, it dnh huong dén sirc khée ngudi lao
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déng, v.v. nén xu huéng thuong dung mot s6 loai diu thyc vat nhu diu gao,
“dau dau lanh.. o

Cic loai dau sir dung trong cong nghé MQL va MQCL can phai c6 dic
. tinh bi tron phll hop vi lugng sir dung rat it. Ngoai ra, 1oai dau sir dung ciing
© o ¢An dam bao duge tinh khong ddc hai voi ngudi sir dung va gy 0 phiém moéi - -
S £ 31 o 1oy Chmkkwwafyucac loai dawthuo vatdmuemhmplmhqpnhat \7¢)
- —cong nghe MQL. [ Dau_tnugvat <0 tne Dna.‘q hity sinhrhoc tr nhién va l.uuuug —
c6 khéi lugng phan tir cao hon so véi dau khoang théng thudng, didu nay o
—grqjﬁm—daﬂ—thﬁﬁ%eeéa%ﬁﬂh—begrmmmmmwi—
Wciwmwmmﬁmwdm theo thoi gian la nhitng van——
dé duoc quan tAm. Vi diu thyc vat c6 thoi gian sir dung han ché do thity phin
va § xy hoa, do vy gin day cac loai diu méi c6 ngudn gbe tir du thyc vit
--—duerephat tridn @& cai thién tinh 4n dinh dugc sit dung trong cong nghe MQL.
~HAuhét cac k)aT diu duge sirdung ngay nay-1a éte- téng hop hodc cdnedchat -
béo cd nguon gbc tir dau thyuc vat. Bén canh d6, cic loai diu thye vét va diu
khodng van duge sir dung, Polyéte dwgc nghién cuu va cho thiy cé d6 nhét
pht hop véi cong nghé MQL so voi dau khodng va diu thyc vt thong
thuong Cdn c6 chét béo 1a chét béi tron ¢6 kho1 lugng phén tir 16n ngudn gbc
; - didu ché cd khaning bdi —
tron cao, do nhot thap va co nhlet a6 chay va bay hoi phu hop.

Bte tong hop c6 dd nhdt thap, nhiét do chdy tuong dbi cao, tinh 4n dinh
nhiét va tdc 4o bay hoi thip. Loai diu ndy c6 thé duoc diéu ché vdi 49 nhét
khéc nhau nén dugc st dung phé bién trong cbng nghé MQL dé giam ma sét
va moOn dung cu cit, va khong yéu ciu vé lam ngudi bang diu. Ngoai ra véi
d3c tinh bay-hoi chdm nén s& hinh thanh dugc mang mong trén chi tiét ginp
chéng 6xy héa nhung lai gy tr& ngai cho qua trinh rira va lap dat chi tiét [15].

Trong MQL, dung dich tron ngudi dugc dua truc tiép vao ving cht voi
mdt luong t6i thiéu nén hoat tinh ciia dung dich dnh hudng 16n dén hiéu qua
ciia qua trinh boi tron, lam ngudi. Pé ning cao hiu qua cia qua trinh bdi
tron, 1am ngudi va mé& rong kha ning ung dung cia MQL, mdt trong cac
huéng dang dugc quan tdm nghién ctru hién nay 1a thay d6i thanh phan thém
cac chét phu gia,v.v.
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DPé ning cao hoat tinh, kha nang bbi tron cia dung dich. Mot hudng
nghién cifu iméi, ¢6 nhidu trién vong va dang rat dugc quan tim hién nay dola
N st dung cac hat nano kim loai c6 d¢ cimg 3 1€ onvaotrong |

" 1.3 Phuong phip MQL va MQCL sit dung dung dich nanofluid

"Dé tiép tuc ning cao hiéu qua cua qué frinh BTLN va mé rong khd |

“nang ung: dungfcﬁaﬂMQLTe#nhiéu?giféirphépequfong-r&é-;m@txmhuéng—nghién-,-—: —
ctru mdi dang rit duge quan tim d6 14 sit dung dung dich Nanofluid trong
MQL. Vé thyc chét, dung dich Nanofluid 1a dung hat Nano kim Ioai ¢6 d9
ctmg cao (vi du hat Nano Al,O3, MoS;, SiO,v.v. ¢6 kich thuée hat duéinano
trdn vao dung dich tron ngudi dé dua vao ving c4t. Hat Nano trong dung dich
Nanoﬂuid—cé_tét—dmrg*rrangﬂtao—ldﬁrningﬂ?mmhiét—nﬁng —cao-hoat tinh-edta——————

~“dung dich. Ngodi ra, c4¢ hat Nano Xam nhap Vao Vung ¢t va-déng vai oty -

cc “vién bi” do d6 gop 'phan }Jam giam ma sit trong ving cét. Két qua 1a ning
cao duge tinh ning bbi tron 1dm ngudi cha dung dich [16], nhd viy ma viée
sir dung dung dich Nanofluid 1a 3 mé rdng kha ning ing dung cia MQL vao
qua trinh gia cdng cac loai vat liéu c1'rng, vat liéu kho gia cdng,v.v. va cho mét
s& phuong phép gia cong cb diéu kién cit khic nghiét khac nhu mai,v.v.

Hleu qua cla qua trinh su' dung dung dich Nanofluid trong MQL khi
gia cong phu thudc vao nhiéu yeu td nhu loai hat Nano (Aly0;, MoS,,v.v.);
hinh dang, kich thwdc hat; néng d6 hat; loai dung dich, ché o gia cong,v.v.
Céc loai hat nano khac nhau co céc dac tinh v& hinh dang, cdu tric, tinh din
nhiét, ddc tinh 1y hoa khac nhau, didu nay anh hudng téi ddc tinh boi tron 1am
ngudi cua ching. Nghién ctiru vé 4nh hudng cia loai hat hano khi mai sir dung
cong nghé MQL véi vét liéu gia cong 14 hop kim Nikel GH4169 dugc a8 cap
trong [17]. Nghién ciru da chi ra khi gia cong v6&i cong nghé MQL co6 st dung
hat nano cho théy hiéu qua bdi tron lam ngudi t5t hon so véi cong nghé tudi

tran. Cuy thé, chit lugng bé mit dwoc ning cao va lyc mai giam nhieu khi gia
cong MQL c6 st dung hat nano. Tac gia cling chi ra loai hat nano co hé s6 ma
sat truot thap ¢ hidu qua cao dén viée gidm lyc mai, cai thién chét [uong bé
mat.
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Hiu hét nhitng két qua nghién ctru d3 chira r3ng viéc Umg dung dung
© dich Nanofluid trong cbng nghé¢ MQL giup nang cao t1nh nang bdi tron lam
ngu01 cua dung ich ciing

e duﬂg <y ca—t eungnhu Cai thlen va duy tri duoc chit humg be mjt tot, d6 1a
nhu:‘n,cgr uu dlem n01 bit cia cong nghe MQL ¢6 st dyng dung dlCh Nanoﬂuld

cong 13- mOt xu hudéng méi, dac blet 13 m6 rdng kha ning cong nghe giacéng
vét liéu ¢o 4o bén, dd cing cao.

| 1.4 Tong quan v¢ MQL sir dyng dung dich'Nanoftuid vaimg dyng trong

gia cong vit liéu ciimg

141 unh_hinthmen clrn o nude ngoui

. Trongthoi gian gin ddy, c4c qu trinh gia cong vat liéu cing, vat
liéu kho gia cong dang dugce nghién ciru dé nang cao d6 chinh x4c kich thudc,
chét luong bé mit, ning suit gia cong, giam gi4 thinh san phim va dic bidt
chu trong t&i gidm tic dong téi mdi truong. Trong do, tién climg dang duge ap
dung phd bién trong cdng nghiép dé thay thé cho qua trinh mai. Tuy nhién,
_— 7—moiyan,dejanmhatimngguam—nhtlwg 14 Iyc cét va nhiét cit ting 1én

dan dén giam tudi tho dung cu va gay bién dang bd mit chi tiét gia cong [18].

Mot trong nhiing bién phép ting tudi tho, giam luc cat trong cAc qua trinh gia
cong cit got 14 ing dung dung dich bdi tron 1am ngudi. Tuy nhién, trong gia
cong cung, viée dua dung dich boi tron 1am mét vao vang cit dudi dang tuédi
tran khong phi hop va c6 thé 1am gidm tudi bén dung cu do sbc nhiét [1].
Hién nay, phuong phap MQL va MQCL dugc ap dung phd bién trong cic qua
trinh gia céng cung.

Phuong phap MQL duoc phat trién dé gidi quyét cac van d€ gap phai
trong gia cdng cit got trong diéu kién gia cong khd va tudi tran. Trong
phuong phép ndy, mét lugng nho dung dich béi tron 1am mat dugc dwa vao
ving tiép xtic gitta dao pho1 va phoi dudi dang swong mu dé cai thién diéu
kién ma sat trong ving cat [19]. Anh hudng cia thong s6 céng nghé trong cac
qua trinh gia cdng cimg str dung MQL da dugce trinh bay trong két qua nghién
ciru cua nhiéu téc gia. Trong qud trinh gia cong st dung phuong phap MQL,
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¢6 nhidu loai diu di duge nghién ctru img dung vi mang lai hidu qua nhét
dinth nhu ‘ddu emulsion, dau thu:c vat, ... Trong d6 dau cé ngudn gdc thue vat

- hai- Vakhgng giy 6. nhlem moi. trucmg Hau het cac nghlen ciru. deu cho thay

o1
DU \AZ W ~,

tudi tran hoic gia ¢cong khd [20]. Nim 2019 Pruncu va cdng sy cua minh da

B phu:ong phap MQL cho chat 1uqmg bc mat tot hon va tudi tho dung cy cao hon

_phuong phép MQL cho gia tri luc cit tong nhé hon kh1 str dung phuong pﬁé_" ——

. L
e —

- rifnghwmuuhuumgMQLjhmhhqp&hM[m gia cong cung gip

lam cai thién hiéu qua cua qua trinh cat[21] ‘Tuy nhién; nhiét lugng rition -

sinh ra tir qué trinh gia cong clmg van 1 thach thic 16n nén viéc img dyng

- MQL vin con rat han che do hiéu qua lam mat thap, dic biét doi voi cac vat

lidu khé cat nhir thep hop, kim sau nhiét luyen _hop kim Ni, hop kim Ti, va

v.v. [22]. Do @9, viéc lya chon cic ché do cit va didu kién b6i tron 1am mat
déng vai trd quan trong.

Trong nhitng nam gin day, phuong phap MQCL dugc nhiéu tac gié
quan tam nghlen cuu va ung dung vao qua trinh gia céng cimg. Cling gidng

chét bdi tron vao ving cit dudi dang suong mu. Tuy nhién, trong phuong
phap MQCL, luong chit bdi tron d6 duge 1am lanh do d6 ngoai kha ning béi
tron con c6 thé giam nhiét d6 cia vang cit [23]. Két qua nghién clru cia
Pervaiz et al. v& qua trinh tién hop kim Ti6A14V sir dung MQCL @& cho thiy
kha nang bbi tron v 1am mat hiéu qua hon phuong phéap gia cong khod va
phuong phép trdi tran [24]. Maruda et al. da phén tich hiéu qua cua qua trinh
tién ctimg st dung MQCL véi cac théng sb cong nghé khac nhau [25]. Két
qua nghién ctru clia Maruda va cdng sy (2018) da phan tich su hinh thanh cac
giot diu nhii trong dusi dang swong ml trong qua trinh gia cong cung sur
dung MQCL [26]. Két qua nghién ciru d& cho thdy phwong phiap MQCL cai
thién hiéu qua 1am mat va bdi tron, 1am gidm ma sat va mai mon dung cu. Két
phan tich hinh dang va kich thuéc cua phoi cho thiy hiéu qua cia MQCL
trong boi tron 1am mat khi tién thép khong gi (austenitic stalnless steel 316L).
Hon nita két qua dat dugce ciing cho thdy chit lugng b& miit va cu tric 16p bé
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mit khi-sir dyng MQCL t6t hon so véi khi gia cong khd. Nguyén nhén la do
‘c4c hat ddu cé nhiét 46 thap dugc h1nh thanh khién qua trinh téa nhiét dién ra

nhanh hon tir d6 gidm bién dang bé& mit. Pudng kinh v s6 luong cta cée hat
n

1
dau-chiu-anh hurdng manh béi khodng cdch cla cac voi phun, hru lugng v
_ sufit ciia dong khi [27]. Nguyén nhin chinh 13 do sy hinh thanh swong nhil
khlen lugng nhlet tda ra 1on ho‘n tir d6 do blen dang cia be mat gla cong glam

L

3 d : d KNOANG. ¢
~ phun, v dlIﬁfng kmh va 50 luorng glot co the auoc kiém soat béi luu Twongkhi
thé tich va khoang cich vdi phun tir ving cit. Nghién ciru da Iya chon dugc

_ &idukidn tao swong hop 1y do tAt ca cac hat ddu cdt tiép xGc véibé mat ving
¢t ¢6 nhiét db cao déu bi bay hoi khoi bé mit nay trong thoi gian ngén [28].

Tuy nhién hau hét cée nghién ciru méi chi tip trung sit dyng dau cat

.. -v6imuc dich giam ma sat.va .nhiét_dﬁ.trong__v_ﬁng__cél. Cac nghién cliudéucho
~thiy dc tinh cita diu thay ddi theo nhiét d4, do d6 cn thiét nghién ciu dé -
xac dinh ché @6 cit va diéu kién bbi tron phu hop khi sir dung phuong phép
MQCL.

Chét long nano dwge biét dén vai kha ning truyén nhiét do cac dac tinh
nhiét va dic tinh bdi tron cia chung. Cac chét long nano dang duoc nghién

ciru tmg dung trong gia cong cat got vi ¢d nhidu wu diém vé tinh chét nhigtva — -
kha ning boi tron cla ching [29]. Viée tmg dung diu cit nano dé bai tron va
lam mét ving cit duge nhidu tic gia quan tim nghién ciru [30]. Sharma va
cdng sy da phan tich danh gia hiéu qua cla viéc img dung MQL véi dau cit
nano trong qua trinh gia cong cit got [31]. Céc két qua nghién ctru da chi ra
ring phuong phdp boi tron lam ngudi t6i thidu s dung diu cit nano
(NFMQL) eho thdy két qua day hira hen so v6i phuong phdp MQL sir dung
diu cit thong thuomg vé nhiét 46 ving cit va d6 nham bé mit. Shen va cong
sur da nghién citu anh hudng cia chét 1ong nano kim cwong gbc nude va nano
A1203 trong nudc dén qua trinh mai gang [32]. Nghién ciru da cho thdy hiéu
suat mai cao hon, luc cit tiép tuyén thz“'ip hon, ciu tric bé mit t5t hon va nhiét
d0 mai thflp hon khi st dung chit 1éng nano d& mai. Setti va cong su di
nghién ciu anh hudng cia tbc dd dong chay va ndng d6 cla chét 1éng nano
AI203 trong qué trinh mai hop kim Ti-6Al-4 V. Két qua nghién ctru cho thiy
sit dung chit 16ng nano AI203 lam gidm nhiét d§ ving mai, gidm ma sat va
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¢it nano A1203 trong qué trinh gia céng hop kim Inconel 600 [34]. Két qua

cai thién kha ning mai [33)]. Vasu va Reddy d8 nghién ctru tinh néng cua dau '
WWWWWW

~~ Trong céc loai hat nano dugc st dung dé diéu ché diu nano, hat nano J}
.~ - MoS2-cb nhiéu dic tinh phu hop g dung trong gia- cong cit got. Hat MoS2 ‘

__¢O trong Trong nhe (khoang 4.8g/cm3), pmmW Y, (ig S

d6 cimg thap (1-1.5 theo thang do cung Mohs) he s6 ma sat nho (0 03- 0 05),

— GdeOndinh éa-toe v din & :
) ~ hoéahoe voi bé‘fﬁﬁf la—tﬁarﬁgaymﬂref&ﬁvwﬁﬁ ~Vor nhtmgﬂ;ruﬁremi

trén, hat nano MoS2 c6 thé duge str dung tron vdi dung dich bdi tron 1am mat

théng thltong,jan_thanhjung ich nano MoS2 tmg dung dé béi tron 1dm mét
trong gia cOng cat got [36]. - e

b
)

~ Trong nhifng nim gin ddy, viéc nghién ciru ung “dung dung dich bo1 .

tron 1am mat ¢d tron hat nano MoS2 trong gia cong cit got da duge mét sb
nha nghién ctru quan tim. Cc nghién ctru tmg dung dung dich nano MoS2
vao qué trinh mai cho thdy cé thé giam ning luong riéng va gidm d¢ nham bé
mit gia cong khi mai [37]. Parash Kalita d3 nghién clru tmg dung phuong
" phap MQL vo1 -dau cit nano MoS2 vao qué trinh mai gang [38]. Nghiénciu-— —
da chi ra ring phuong phip MQL- NFMoS2 c¢6 kha ning lam gidm ning
lrgng riéng khi mai va cai thién chét luong bé mit so véi phuong phép gia
cbng tréi tran, ZHANG Dongkun va cong sy (2014) da phén tich dnh hudng
dén nham bé mit va luc cit don vi khi tmg dung diu cit nano véi 3 loai hat
nano khac nhau (MoS2, ZrO2 va Carbon nanotube) [39]. Két qua phan tich
cho thiy {mg dung hat nano ¢6 thé giam lyc cdt don vi va giam nhdm bé mait
gia c6ng. Trong d6 st dung diu cit nano MoS2 cho hiéu qua 13 rét hon so véi

hai loai c¢on lai. Yanbin Zhang va cOng su da phén tich hi€u qua bdi tron cua
diu hybrid nano MoS2/CNT khi mai hop kim TiTan [40]. Két qua nghién ciu
cho théy déu cit nano Hybrid dat hiéu qua hon so véi sit dung mét loai hat
nano. Nam 2015 Yanbin Zhang va cdng sy cling 48 nghién ctru tng dung dau
cit nano NF- MoS2 vao qué trinh mai. Két qua nghién ciru cho thay hat MoS2
lam ting hiéu qué boi tron cua dhu cit, qua d6 gop phin gidm nhiét cét va luc
c4t trong qué trinh mai [41].
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Mdt sd nghién ciru khac cling cho thiy st dung dung dich nano MoS2 _
vio-qu4 trinh phay cimg va qua trinh tién cémg c6 thé 1am giam dd nhim va

vorrdau cat nano- MoS2 trén nén. dau thuc vat vao qua trmh phay thep AISI
420 "su dung dao carbide khong phu [42] Ket qua nghlen clru cho thay su'

phuong phép MQL si dung dau cat thong thuong Blzhan Rahmat1 vacbng 0
sw 'd3 phén tich hidu qué st dung diu cit nano MoS2 trong gia cong hop kim
m,,fgnhoanuAdung_daoyhagmgon_Mﬂ,*NanLZOD T.M Duc va cong su da danh
gia hiéu qua (mg dung dau ¢t nano MoS2 vao qué trinh phay clng st dung
phuong phap MQCL [44]. Nghién ctru 3 cho thiy dau cit nano MoS2 ¢6 thé
tao thanh 16p mang gitip cai thién diéu kién ma sét trong ving gia cong.

1.4.2. 'ﬁﬁh’*hinh'nghién"’c:i’u*trong’nwé'ﬁ' S S

Trong nude, d3 c6 mot s6 nghién ciu vé MQL, cong nghé gia cong Vit
lidu climg néi chung va phay cung va img dung MQL trong gia cong vét li¢u
cung.

R — Mot sé két qua vé nghién ciru Ung dung MQL nhu nghién cltu L’rng

'dun’g mét sb loai diu thuc vat trong MQL, anh huéng cia mét s6 5 théng s6
MQL nhu thanh phan héa hoc ciia loai dau, ap Iye, luu lugng tudi, vi tri dat
vdi phun, phuong phép gia cong (gia céng hd, gia cong nita kin, gia cong kin)
dén lyc cit, mon dung cy, chét lugng bé mit,v.v.

Ap suft phun dung dich MQL 12 mét trong nhing thdng sb cong nghé
quan trong. Nghién ctru vé 4nh hudng cia 4p suit phun dung dich MQL dén
tudi bén cua dyng cu cit khi tién thép 9CrSi bing dao CBN d cho thfiy hic¢u
qué bbi tron va 1am ngudi cva dung dich MQL bi anh hudng dén ap sut
phun, va duge ddnh gia qua fugng mon dao trén ca mat trude va mat sau [45].
Ngoai ra, tac gia cling chi ra loai dung dich MQL c6 anh hudng téi mon, tudi
bén dao va nham bé mit. Trong pham vi nghién ciru diu lac cho thiy dugc
tinh ning béi tron-lam ngudi rat t6t. Pay 1a loai dAu hoan toan khong doc hai,
khéng anh hudng dén stc khoe ngudi lao dong va rat than thién véi moi
truong. Viée nghién ciru thanh phﬁn hoéa hoc va co ché boi tron coa dau thuc
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vat trong cong nghé boi tron tbi thidu (MQL) khi gia cong thép hop kim da
qua nhiét luyén 6 d6-clmg cao d& duge cong bb trong [46].

Tuy nhién, viéc nghién ciru anh hwdng ciia MQL c6 st dung hat Nano

. trong gia cong vat lidu c6 4 cimg cao 14 mot huéng nghién ciru ral moi va
T ""'nhﬁﬁgkét qua nghién ciru cong bo con rat han che.

15Ket7TWWMg1 — o

- Cé4c van dé tac gia dit ra trén diy nhu nghién ciru vé b6 tron I3m

ngudi téi thifu MQL, nghién ciru ung dung MQL st dyng dung dich

R *Nanoﬂmd,,glajnngxaﬂwg déu 14 cac Van kha mdi mé trong cong nghé

gia cong ¢t got. C4c nghién ddc lap v& cdc vin dénay d3 duge mot s tac gia-
trong va ngoai nudc quan tim nghién ctu va da co két qua rat kha thi.

. = VAn. d& nghién_ciru_fmg dung MQL _sir dung dung dich Nanofluid

- (trdn hat Nano vao dung-dich tron ngudi) vao cde-qua trinh-gia cong cit got 1a
xu hudéng nghién ciru rit méi hién nay. Trong d6, viéc nghién ciru Umg dung
MQL sit dung dung dich Nanofluid vao qua trinh gia cong vat liéu cimg dé
ning cao hiéu qud kinh té - k¥ thuat va dic biét 1a dam biao vé sinh mdi
trudmg trong gia cong vat liéu climg 12 xu huéng mdi. Cac két qua nghién cim

trién khai vao thye tién san Xuét.

Véi su dinh hudng nhr d3 néu trén, voi didu kién cu thé ning lyc ban
than, didu v& trang thiét bi va véi trién vong tmg dung két qua nghién ctru vao
thye ti®n sdn xudt & Viét Nam, tic gid chon dé tai nghién ciru: “Nghién ciru
anh huéng cia thong sé cong nghé téi nhdm bé mit va lue ciit khi tién
cirng sir-dung phwong phip MQL vé6i dung dich nano MoS2”.
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CHUONG 2. PANH GIA HIEU QUA CONG NGHE MQL VA MQCL
'VOI CAC HAT NANO KHAC NHAU KHI TIEN CUNG THEP 90CRSI

2.1 Dt vin dé

e —Tién-cing di -dwoe-quan tim- nhiéu-va dang tr&-thanh-mdt giai phap
~_ thaythé choqua Mmaldommgsuamaorphum, 01 cac bié

ing phirc

—— tap, giam tl thicu str dung damcat uaﬁho_cnaJJugng be mal tcL)t “Tuy nhiéf, alé"u -

kién trong vung cat rat khic nhiét nhu ma sat luc cét va nhlet do trong vung

cat rat Ion yeu cau cac Vat 11¢u i

,,,,, Phuong phap MQL va MQCL v4éi cac dau cit nano duorc sUr dung ho trg cho
cac qua trinh tién cimg gidp cai thién hiéu sudt cit trong khi vin dam bdo céc

dac tm_h than tluen VO1 moi truo*ng

— = ——Qua nghlen el tong quan cac cong- bo truoc day, nhleu the gla da
chimg minh ring viéc st dung cac loai diu cét nano trong gia cong cimg sir
dung MQL va MQCL mang lai nhimg hiéu qua tich cye vé Iyc cdt, nham bé
mit, mon dung cu va tudi bé dung cy. Nguyén nhin chinh 12 do cac loai hat
nano da cai thién duge céc tinh chét vét 1y cta dau cat thong thuong, tir do

— - pAng cao hiéu qua cla céc phuong phip-MQL va MQCL: Tuy- nhién-méi- — —

phuong phdp MQL va MQCL lai mang lai hi¢u qua khéc nhau khi str dung
cc loai diu nano va ché d6 cit khic nhau. Vi nhimg 1y do do, céc tac gid c6
tdp trung tién hanh cic thi nghiém tmg duyng MQL va MQCL khi tién cimg
thép 90CrSi (60—62 HRC) sir dyng dau cit nano, sir dung hai loai hat nano
ALOs vi MoS; bing cic dung cu phi cacbit véi cac ché dd cit khac nhau.

Két qui clia nghién ciru nay s& khong chi cung cip cac k¥ thuit quan trong
hudng din sir dung cic hat nano ALO; va MoS; trong tién cung MQL va
MQCL, ma cdn Ja tién d& ¢é thyc hién cac nghién ctu sdu hon.
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2.2 Hé théng va thiét ké thi nghi¢m -
2.2.1. HE théng thi nghigm |

r L4 L)
-

~—Qué trinh thi nghiém dugc thyc hién trén may tién van ning cia Dai
- Loan-véi kgp-hidu-CS-460x1000 tai trung thim thyc nghiém cia truong dai

S —— h,(;),c @_thuaitfgfén%ngmép'(,JQ;]JLII_HigL];L—,Z ':1,'_);',' R i LTI T I I

8 do lyc ké
Kistler

Hinh 2. 1 So do thi nghiém

Dung cu cat

Dung cu cit dwge st dung 1a manh dao hgp kim cimg phu ky hicu
CNMG120404-TM T9125 (hinh 2.2) lip trén than dao KYOCERA ky hiéu
PCLNR 2020 K-16..
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" Hinh 2. 2 Manh dao tien CNMG120404-TM T9125

Phoi thi nghiém

- Trong nghién ctru st dung phdi thép 90CrSi duong kinh 40 mm da qua

t6i dat 46 ctmg HRC=60-62 v&i thanh phin héa hoc dugc trinh biy trong
-~ Béng 2. 1. Thép 90CtSi.c6. tinh.t6i_va thAm t6i tot, sau khi_t6i_co_thé 1am.
ﬁgﬁéi’tréing"dﬁﬁ" va dung cu sau khi téi it bi cong vénh, bién dang."*Bc“')i'vc'ri“”' o

dung cu dinh hinh ma profin khéng qua mai, difu quan trong phai gifr cho
kich thudc khong ddi khi tdi nhu profin ren cla taro, ban ren tron. 90CrSi 1a
thép hop kim it bj bién dang. Thép 90CrSi dam bio 49 cacbit déu din, nén
duge ding dé ché tao dung cu co yéu 6 cit mong khéng nhitng phan bd & xa

" tam nhu tard ma phan bé & gin tam nhu ban ren fron. Do sy t6 hop hop I cac ™
nguyén t6 hop kim (Si, Cr, Mn) va do su phén bd ddu tinh bén néng cia thép
90CrSi ting 1én 250°C. Vi dic diém nhu trén thép 90CrSi hoan toan phit hop
vdi viée thiét ké va diu kién 1am viée cia tard, ban ren.

Bdng 2. 1 Thanh phan héa hoc ctia thép 90CrSi (theo tiéu chudn DIN)

Nguyé ) . .
% C Si Mn | Ni S P Cr |[Mo} W | V | Ti|Cu
n to
Ty 0.85 |1.20 1030 |Ma |Ma |[Ma [095 |Ma |Ma Ma |Ma |Ma
trong |+09 [+1.6 |+0.6 |x X X =12 |x X X X X
(%) 5 0 0 040 10.03 | 0.03 |5 0.20 |1 0.20 | 0.15 | 0.03 | 0.3

H¢ thong MQL va MQCL
Déu phun MQL hiang NOGA va mdt s6 thiét bi di kém gdm: méy nén
khi, thiét bi én dinh 4p sudt, diu emulsi, diu dau nanh, hat nano Al,O; va
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MoS,. Hé théng MQL str dung d4u phun MQL cta hing NOGA (Noga
minicool MCI700); Hé théag MQCL sir dung dau phun Frigid-X Sub-Zero

Vortex ctia hang Nex Flow™ (Canada).

. Thibthide

7(%ﬁhémh—:phéﬁfe&aflgepeétfdug&d&tru&tiéptmnggué&tﬁnhcﬁtfﬁnk,, -

B ;7-fc—é’tm—,biénjlgr&ha--thénhphﬁn_cﬁmhﬁnglgstl.mnhmmm2,;1:.7.;@1_;_mjﬁi__'l_a'lL_giaT I
cong, nham bé mit duge do b_f‘”mg may do nhdm Mitutoyo SJ-210 — Nhit ban

(nhw Hinh 2. 3);

" Hinh 2. 3 Mdy do nham Mitutoyo SJ-210 — Nhgt ban. ~
2.2.2 Thiét ké thi nghiém

Nhiéu cdng trinh nghién ciru khoa hoc cong nghé thudng dua dén giai
bai ton cue tri, tim didu kién t8i yu dé tién hanh cac qua trinh hodc lya chon
thanh phan téi wu dé tién hanh cac qua trinh hogc lua chon thanh phin t6i wu
ctia hé nhidu phin tir. Nhitng bai toan ndy thudng gidi quyct & cdc mic 46
nghién ctru cac yéu t6 anh hudng dén h¢, 14p mé hinh bidu dién mdi phu
thudc gitra cac yéu t4 khao sét, diéu khién céc thong s6 cong nghé theo muc
dich cho trudc, hodc dua vé trang thdi t5i wu theo nhitng chi tiéu danh gia da
chon. Mét thiét ké thuc nghiém tot 12 thiét k& chi ra dwoc céc thong sb chinh
anh huodng dén cac két qua d4u ra véi s luong céc thi nghiém hop 1y, céc
muc cia moi théng s6 duroc thiét 1ap cu thé. Trong khi cac thi nghiém truyén

théng thudng yéu cau cac mirc cia mot théng s6 ¢o s6 budc gibng nhau dé dé
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dang trong viéc lya chon bang quy hoach thuc nghi¢m. Do d6, viée danh gia
' khé ning cat ciia manh carbide khi tién clng trong didu kién bdi tron MQL va

MQCL véi céc hat nano khac nhau néu thye nghiém theo phuong phap fruyén

thong thi can mdt sb luong thi nghlem Tat 16n.

Cic thi nghlem ‘hai mirc 12 céc thi nghlf;m trong d6 mdi bién thi nghiém

—__th_dllq_c_khag_sé];_g_hw&g&rl T4 hop gia trj ciia cac bién phan anh xac

“14p d4u vao di gly nén gia tri irng XU trong ung cua he thong. Mdi cachxac ™

1ap ndy tuong tmg voi mdt lan tién hanh thi nghiém. Thi nghiém hai muc

- @ugc chia thanh hai nhom - ChMﬂhlﬂghLM&LﬂﬂlQﬁ@_dﬂ, + Thi ﬂghﬁL
" hai mirc riéng phin.

'"nglncm voi th1et ké quy hoach thi nghlem 2kp v6i-06bién khao sat déxay du'ng

so dd quy hoach thye ngh1em anh huéng cta loai dung dich (FT), phwong phap
b6i tron 1am ngudi (LM), loai hat nano (NP), ndng d¢ hat (NC); van tde cit (V)
va Iuong chay dao (/) dén tri s6 nhdm b& mjt R, va lyc ct tong F.. So a6 quy
hoach nhu Bang 2. 2.

- ang 2. z 1bi ' *thlﬂghiéﬂﬁ*** B
. Ky Mikc gid tri Him
STT Bién thi nghi¢m o . muyc tiéu
hieu | Migc thap | Mikc cao
) . Emulsion Diu diu
| Loai dung dich (FT) A (Em) nanh (So)
y | Fhuome phap ﬁf‘m B MQL MQCL | Trisé
am ngudi (LM} nham bé
3 Loai hat (NP) C ALO; MoS; mat R,,
lge cat
4 Nong d6 (NC-wt%) D 1% 3% tong F;
5 | Vantdc cit (V-nimin) | E 80 160
6 Luong chay dao (f- P 01 0.2
mm/rev)
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Phén mém Design expert 11 duge st dung cho thiét ké thi nghiém, ma
trAn thi nghiém duge xay dyng gbm 30 thi nghiém. Trién khai thi nghiém theo

trinh ty ngau nhién (run order), tri s6 Ra dugc do sau mdi lugt gia cong bang

may do do nham SJ210 cua hang mitutoyo. (na tr1 Iuc cét fong dugc tinh tr
~ gia tri 3 thanh phin va duge thé hién hién trong Error! Not a valid

-~~~ bookmark self-reference..——

~ Bdng 2. 3. Ma trgn thi nghiém

D:NC E:V F:X Ra | Fr

[Std | Run | A:FT | B:LM | C:NP | (%) | (m/min)} | (mm/rev) | (pm) | (N) |°
286.6
13 1| Em MQCL | MoS2 1 80 0,1 0,578
1019
2] _2|so |MQL |MeS2 | 1| 80| 021485 )|
8 3| So MQCL | Al203 1 80 0,2 | 0,899
305.9
23 41 So MQCL | Al203 3 80 0,1| 0,822
296.2
28 51 So MQL MoS2 3 80 0,1 | 0,625
150.5
' 21 6 [ Em MQCL | A1203 3 160 0,1 | 0,680
T N AU U U U U — Ao 14240
22 7 | Em MQCL | Al203 3 160 0,1 0,859
180.5
18 8 | Em MQL | Al203 3 80 0,2y 1,225
388.4
3 91 So MQL Al1203 1 160 0,1 0,406 {
| 2255
16 10 | So MQCL | MoS2 1 160 0,1 | 0,869
281.5
14 11 | Em MQCL | MoS2 1 80 0,1 0,554
302.0
9 12 | Em MQL | MoS2 1 160 0,2 | 1,447
184.1
17 13 | Em MQL | AI203 3 80 0,2 | 1,216
290.6
24 14 | So MQCL | Al203 3 80 0,11 0,698
265.4
32 15| So MQCL | MoS2 3 160 0,2 | 1,466
351.8
27 16 | So MQL | MoS2 3 80 0,1 | 0,570
369.0
20 17 | So MQL Al203 3 160 0,2 | 1,074
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D:NC E:V F.f Ra | Fr
| Std-} Run-| A:FT | -B:LM- | C:NP | (%) | (m/min) | (mm/rev) | (um) | (N)
311.1
5| 18|Em |MQCL | AR203 1 160 0,2 | 0,654
266.8
31 19} So MQCL | MoS2 3 160 02| 1,105
-1 1 = ' 2238
26| 20|Em |MQL |MoS2 3 160 0,1| 0,774
N TR R T - 199.9
71 2I1S0 | MQCL [AIZO3 1 80 0,210,894
- 1 438.1
1| 22|Em |MQL |AI203 1 80 0,1 0,626
30| . 23| Em  {MQCL | MoS2 3 80 02] 0981
6| 24|Em |MQCL | Al203 1 160 02| 1,024
i 219.1
29 25 [Em | MQCL | MoS2 3 80 0,210,577
R I— . . . . I — .. . 3990
4] 26]/S0- |MQL |AI203 | 1. 160 | 0,1 0,405 |
4415
2| 27|Em |[MQL |AIR03 1 80 0,1 | 0,633
' 236.0
15| 28]So MQCL | MoS2 1 160 0,1 | 0,971
297.3
10| 29|Em {MQL |MoS2 1 160 02| 1,433
286.0
11]- 30fSo [MQL {MoS2-|- 1| - 80| - 02| L5IT| - |-
223.9
25| 31|Em |MQL |MoS2 3 160 0,1 | 0,755
384.7
191 32{So MQL | Al203 3 160 02! 085

2.3. Phén tich 4nh hudng cia cdc thong s6 cong nghé t6i nham bé mit

Phién tich théng ké ANOVA

Két qua phan tich phuong sai ANOVA véi mirc ¥ nghia a = 0,05 bang

phin mém Design expert 11 duogc thé hién trong Bang 2. 4. Mic d6 anh

hudng cia cac bién khao st va tuong tic gilta ching t6i ham muc tiéu R,
duge thé hién & biéu dd Pareto trén Hinh 2. 4. Muc d6 phl hop ctia md hinh
khao sat va bd thong sé thi nghiém duoc thé hién trén Hinh 2. 5. Anh hudng
déc 14p cila cac bién khao sit dén cac ham muyc tiéu R, ¢ Hinh 2. 6. Anh

hudng tuong tac gilta cac yéu té t6i ham myc tiéu R, duge cho & Hinh 2. 7.
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Trong nghién ciru nay, mo hinh béac nhét vi cac tuong tac gilta hai yéu
b (2FTy duge & sir dung dé phan tich anh hudng cla cdc yéu 5 va trong tic

gitta ching dén nham bé m3t, Bang 2. 4. Phan tich ANOVA cho nhim bé

mit. K&t qua phan tich phuong sai thé hién trong bang cho iliAy trong Ving
© 7 'Khao sét, lugng chay dao f (F), loai hat nano NP (C) va cic twong tdc FT*LM -
""""" - = —(A*B); FT*NP-(A*C TIZM*N(—%(fBi&B)fV&fLMiff(Bill)f%fgiétrifxé&suélfl’—,i, —

nghia, C4c yéu tb khic va tuong tac gifta ching ¢6 gi tri xdc suét P 16n nén

rht it c6 ¥ nghia v6i ham muyc tiéu R..

" Bing 2. 4. Phan tich ANOVA cho nhém bé mat

Source | Sumof |df | Mean F-value |P -value

| Model 12,972518 | 13 ] 0,228655 | 20,95669 | <<0.0001 |
A-FT 0,001711 110,001711 | 0,156828 | 0,656749
B-LM 0,031501 1| 0,031501 | 2,887081 | 0,106509
C-NP 0,307328 1] 0,307328 | 28,1672 | <<0.0001
D-NC 0,002592 11 0,002592 | 0,237562| 0,631856
E-V— +-0,00714-| — 1| 0,00714 |-0,654406 | 0,429105 - - -
F-f 1,718658 1] 1,718658 | 157,5183 | <<0.0001
AB 0,21125 1] 021125 19,36147 | 0,000345
AC 0,121525 1| 0,121525| 11,13795 | 0,003666
AD 0,017485 1] 0,017485| 1,602488 | 0,221691
AE 0,044551 1] 0,044551 | 4,083196| 0,058444
AF 0,005513 1| 0,005513 | 0,505231 | 0,48632
BC 0 0
BD 0,12525 1| 0,12525| 11,47941 | 0,003277
BF 0,378015 1| 0,378015 | 34,64581 | <<0.0001
Residual 0,196395| 18| 0,010911
Lack of Fit 0,006283 2| 0,003142 | 0,264402 | 0,770954
Pure Error 0,190112| 16| 0,011882
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Cor Total 3,168913 | 31

do nam tren GIIO‘ng glUl DOIllCITUIll 1ruug o u.mug uua_y dao f 'Lﬁ jy'c

ngudi voi luong chay dao (BT‘F va tuong tac giira loal dau v6i phuong phap
b6i tron 1am ngudi (A*B) ciing anh hudng dang ké t6i nham bé mit. Phuong
phép mﬂm—}amﬁgum—(—B)—van—tocrcat—(E—)—loal—dau—c—a-t—nen—g—de—dl-mg dich

" (D) va cic tuong tac A*D, A*E co thé amh huong 11ho t&i dén pham bé mit.

Céc yéu t6 va tuong tic khdc gan nhu khong anh hu:ong t61 gid tri nham bé
mat.
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b, Predicted vs. Actual

a, Normal Plot of Residuals
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Hinh 2. 5. Biéu d6 danh gid s phit hop cia mé hinh

Két qua danh gid mrc 4o phit hop clia mo hinh st dung dwoc thé hién

trén cac bidu @d Hinh 2. 5. Hinh 2. 5a miéu ta biéu d6 xac suat chuan (normal

plot), bidu @3 cho biét phin du ciia cdc diém thi nghiém déu bam theo Guong

thing miu 4, do d6 phin du cd tudn theo phan phéi chudn. Bieu dd Hinh 2.

5b cho biét cac gia tri tri s6 nham bé mat dy doan kha sat voi cac gia tri 4o

nham thuc té khi st dung mé hinh héi quy da dy doén. Biéu dd phan du so
v6i dir dodn (Hinh 2. 5¢) va biéu dd phin du tai cac diém thi nghiém (Hinh 2.

5d) cho thdy cac gi4 tri tinh toan déu ndm trong ving gidi han, nghia 1la mé

hinh lya chon 13 phtt hop va khong cAn thuc hién chuyén d6i mé hinh. Nhu

vy, st dung md hinh béc nhit co tuong tac gilra hai yéu té @& danh gia anh
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hudng cla céc thong sb diu vio i tri s6 nhdm bé mat 12 phi hop va c6 ¥
‘nghia théng k.~ |

; —LllAnhleg ciia cic bién khio sat va twrong tic gilra ching t6i ham
___muc tiéu nham bé mitR,

- - Anh hudng ctia timg bién khao sat t6i nhdm bé mit khi tién cimg thép |
—'—QOGI—Si—\léi—C_é:C—d'ié—u—klé—n,Géng—nghé'khéc_nhau—duggrmﬁ)—j:é" t!Zong—,Hinh—Qz-ﬁ- e 1

Anh huéng tuong tic gifta cic bién khao sit t6i ham muyc tiéu R, dugc thé
hién trén hinh Hinh 2. 7.

" Két qua hidn thi trén Hinh 2. 6a cho thdy tri s6 d6 nhdm bé mit trong
binh khi sir dung dAu d4u nanh 1én hon so véi sir dung diu emulsion. Nguyén

nhén 13-do ddu dau nanh ¢6 nhiét-dd chay thdp-nén bi chay khi nhiét.do cit
ca0 vA 1am mét kha ning béi tron. Tuy nhién, khi thém hat nano vao dau dfu
nanh 1am d6 nhét va ting kha ning chiu nhiét cia dau nano tir d6 céi thign

hiéu qua bdi tron.

Két qua hién thi trén Hinh 2. 6b cho thdy viéc sir dung MQCL cho trj
s nham bé mat nho hon so voi khi- "MQL- Nguyén nhén la dongodi————
viéc 1am ting hiéu qua boi tron thi MQCL con c6 kha ning 1am ngudi vung

cat rat tot.

! 11
!
2 -
g
095 - = 14
-4
094 09
085 = 0.8 =
0.8 - Q7 -
I I 1
£m A FT S0 ML B: LM MacL
a, Loai dung dich (FT) b, Phuong phdp béi tron (LM)
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¢, Luong chay dao (mm/rev)

Hinh 2. 6. Anh hudéng déc ldp cua cdc théng so khdo sat t&i ham muc tiéu Ra

Két qua hién thi trén Hinh 2. 6c cho thdy loai hat nano anh hudng 16n
ti tri s6 nham bé mit. Khi sit dung diu Al,O; NF cho tri s6 nham bé mit nhd
hon so véi khi st dung dau MoS, NF. Nguyén nhén 13 do hat Al,03 c6 hé 50
dAn nhiét 16n 1am ting kha ning chiu nhiét ctia ddu cit nano nén ting hiéu qua
béi tron cta dau. Ngodi ra, hat nano Al,Oz c6 @6 cung cao hon, d(‘“)ng thot ¢co
dang ciu tao cdc “vién bi” trong ving cit 1am giam vét cao xudc nén R, gidm,

con hat nano MoS; ¢6 cau triuc dang 16p nén co tac dung chinh lam gidm ma

sat trong vung cit.

Nong d6 hat trong du cit nano ciing anh hudng téi tri s6 nhdm bé mat,
khi gia cong véi ndng d6 hat 1% cho tri $6 nham nhé hon khi gia cong véi
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ndng d6 hat 3% (Hinh 2. 6d). Nguyén nhén 14 do viéc tang ndng d¢ hat AlO;
gay ra hién tagng chén ép cac “vién bi” gy cao xudc bé& mit nén ting tri sb

R., con viéc ting néng d% hat nano MoS; Iam ting mat 4§ hat bam dinh vao

ving dinh Tudi cat giy cao xudc b mat nén tang T} 50 R, Tuy 0hién can co

~ nhitng nghién ctru bé sung d& phin tich 1 anh hwdng va x4c dinh nong d6 hat
-~ nano t&iwn d& dat dvoc gia tri nhd nhét cla tri s6 nham bé mit.

" Két qua hién thi trén Hinh 2. 6e cho thiy trj s6 nhdm bé mdt trung binh

5 51 vAn t0 5 hon khi gia cong vé6i van tde cao 160
I ﬁﬁph*Ngtryetrnhanﬁla—derﬁ’ong qua%rmh t1en~cung,~lucfeat -tang- @1~vanfftokf——ff

cht ting gay ra rung dong lam ting tri s6 nhém bé mit. Tuy nhién, khi st
dung dAu cit nano véi phuong phap MQL hojec MQCL cho phép ting van tbe

~cét 16mhon so véi -qi:ré trinh tién eimg thong thudng ma vin dam béo trj sb
nhém bé mit. D& phan tich rd anh huéng cta vén toe cit véi cac diéu kién
khac nhau va xdc dinh duoc ving van tde cit t8i wu thi cin c6 nghién ciru bd
sung.

Két qua hién thi trén Hinh 2. 6f cho thiy tri s6 nham bé mit ting manh
~ ki tang luong chay dao, chimg to trong qud trinh tién cimg trj sé nhdm be
mit anh hudng rit 16n béi cac yéu t6 hinh hoc. Didu nay ciing phu hop véi
cac nghién ciru trude ddy, nhung dé x4c dinh duge anh hwdng trong tac giira
Iwgng chay dao voi cac yéu td khac va dé& danh gia hiéu qua gia cong trong
cac diéu kién gia cong thd hodc gia cong tinh thi cAn phén tich anh huéng cia
luong chay dao téi tri s6 nham bé mat 13 can thiét.

1.2 B: LM 1.2 C: NP

0vs— BZ MATCL C1ARDS

0.6 =

0.6~

AFT ]

3
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a, FT*LM b, FT *NP

HadTU 7T T TDENC9) ' ’ 15 F: T (mm/rev)

MOL B- LM ML M;JL B: LM MO

¢, LM*NC d, LM*f )
11 E: V [m/min) 105 D: NC (%)
E
A e 2
S E+ 160 285
2, R _
09 =t=
Q54 | -
E- 80
ta+q L
o7 075 .-
I T
LI e A — S L — B
e, FT*V f, FT*NC

Hinh 2. 7. Anh huong tuong tdc giita cde yéu 16 t6i d¢ nham bé mat

Anh huong twong tdc giita loai dau cdt va phwong phap béi tron lam
ngugi (FT*LM): Két qua cho thiy gia tri nhdm bé mit bi anh hudng Ién khi
thay dbi phuong phap béi tron 1am ngudi va loai ddu cat. Dau dfu nanh cho
tri s& nham b& mit nhé hon so véi ddu emulsion khi 4p dung phuong phap boi
tron 1am ngudi MQL (Hinh 2. 7a). Khi st dung phuong phap béi tron lam
ngudi MQCL, tri $6 nhiam bé mit nho khi dung dich bdi tron lam ngudi co 46
nhét nhé nhu Emulsion. Nguyén nhan 12 do dung dich Emulsion ¢ d6 nhét
thip hon nén dé dang bi phan tach thanh cic hat nho d& xAm nhip vao ving
cht, nhét 12 khi st dung MQCL c6 nhiét 4 thép.
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Anh hieéng tuong tac giita logi ddu cdt va loai hat nano (FT*NP), Hinh
2.°7b Khi thdy d3i 10ai hat nano tron vao diu cit 1am thay ddi xu hudng anh

hudng téi tri s6 nham bé mit. Khi st dyng hat nano MoS, trdn vao dau

emulsion s& cho tri s0 nham bé mat nho hon so voi khi tron vao dau dhu nanh.
* Trong khi tron hat ALOs vao dau d4u nanh lai cho tri sb nhém bé mit nhe |

|
J\
-~ hon: Nguyén nhan-1a-do hat MeS; ¢6 dang 16p nén dé dang ton tai & dang l

ning bdi tron cia diu emulsion. Trong khi diu dau nanh c6 d6 nhét cao

nhung nhiét 49 chay thap nén khi tron hat Al;0; 6 he so dan nhigt cao lam

~ ting kha ning chiu nhiét dau nén céi thién kha ning boi tron va lam giam .

nham bé mat.

- - Anh hrong tuong tac-gitta phwong phép béi tron lam ngudi va nong dg. .
 hat (LM*NC), Hinh 2. 7c: khi ting ndng d6 hat tir 1% 1&n 3% thi tri s nham
bé mit thay d6i rat it khi sir dyng MQL va ting manh khi sir dyng MQCL. Trj

s nham bé mit cling dat gia tri nho hon khi dung MQCL so véi MQL.

Anh huéng tuwong tdc giita phwong phdp boi tron lam ngudi va luong

- chay dao-{I ), Hink 2.-7d7 Khi gia cong voi luong chay daonhd(gracdng

tinh), st dung phuong phap bdi tron lam ngudi MQL cho tri s6 nham bé mit
nhé hon so v&i sit dung phuong phép bdi tron 1dm ngudi MQCL. Khi gia
cong voi lugng chay dao 0.2 mm/rev, sir dung phurong phdp MQCL cho tri 56
nham b& mit nhd hon. Nguyén nhén 1a do ting luong chay dao I6n lam cho
nhiét cat I6n va phuong phuong phap MQCL vira ¢ hiéu qua bdi tron vira ¢o
hiéu qua 1am ngudi.

Anh huomg twong tac gitra loai ddu cdt va van toc cat (FT*V), Hinh 2.
7e: Khi tang van tbc cit tir 80 m/min 1én 160 m/min thi tri s6 nhdm bé mit
thay d6i khac nhau véi céc loai diu cit khac nhau. Khi sir dung diu emulsion
thi tri s& nhdm bé mit ting dang ké khi ting van toc cat. Trong khi str dung

dau d4u nanh tri sO nhdm bé mit giam it khi ting van t0c cat.
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Anh hudng twong téc gitta lepng chay dao va nong @b hat (f*NC),
Hinh 2. 7f tiong tac gitta lugng chay dao va ndng d6 hat dnh hudng it t6i tri

s6 nham b& mjt. St dung ddu emulsion cho tri s6 nham bé mit ting khi ndng

d5 hat nano ting. Trong khi sir dyng dau ddu nanh thi tri s6 nham bé mat

- trung binh thay 461 ldiong nhiéu khi ting ndng d5 hat.

Phén tich ANOVA cho gié tri luc cit tdng véi muc ¥ nghla a = 0,05

dugc thuc hién trén phan mém Design expert 11. K&t qua phan tich ANOVA

— dugc thé hién trong bang 2.5.

19.39 va g1a tri P rdt nho-so véi 0.05, diéu dé c—hung 10 m6 hinh du doéan la
phu hop va it bi anh huéng bdi nhiéu. Trong d6 cac yéu té khao sat A, B, C,
D, F va cac twong tac AB, AD, AE, BD, BF anh huéng chinh téi ham muc
tiéu Fr. Ngoai ra, hé s6 R2 (93%)va hé s adj R2 (88,5%) 16n, ciing ching t6
muc d6 phu hgp cia md hinh khao sat.

Mitc d6 anh hudng cia céc bién khao sat va tuong tic gilta chung téi

gia tri lyc cit tdng Fr ciing dugce thé hién trén biéu dd Pareto, hinh 2.8.
Puong gidi han bonferroni ¢ gia tri 4.122 (mau dd) va duong gidi han T ¢o
gid tri 3.01 (mau den). Tét ca cdc bién va twong téc giira chiing ma nim trén
dudng gidi han bonferroni thi chic chin anh hudng t6i gia tri ham muc tidu
Fr. Trong khi cac yéu té nim trén dudng gidi han T thi ¢6 kha ning cao anh

hudng té1 gid tri ham muc tiéu Fr.

Bang 2. 5. Két qua phan tich ANOVA cho lec cdt tong

Source Sum of df | Mean F-value | p-value
Model 178060.8 | 13| 13696.98 | 19.3943 | 5.91E-08
A-FT 9205.893 | 1]9205.893 | 13.03512 0.002
B-LM 40582.32 | 1]40582.32|57.46269 | 5.23E-07
C-NP 5599.635| 15599.6357.928825(0.011442
D-NC (%) 2102416 | 1]21024.16]29.76924 | 3.5E-05
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E-V
++{m/min)- 10.48815| 1|10.48815(0.014851 | 0.904357.
F-f
(mm/rev) 4705.019| 1]4705.019| 6.66209 | 0.018832
AB 5192.014| 1[5192.014]7.3516520.014301
————1AC— — | — 1500983 1{1500.98312.125322 | 0.162109 - -
AD | 63336.5| 1] 63336.5]89.68156 | 2.05E-08
AR 11361.56 1.1 11361.56116.08744 | 0.000K82
TAEF | 1433587 1| 1433587 [0.202989[0:657698
BC 0| 0
BD 60203221 116020322 18.524498 10.009148
IBE 0] 0
BF 0378.541| 1]9378.541|13.279580.001856
CD ol 0
CE - 0| 0
CF 0 0
DE 0 0
DF ol 0
EF ol ol
Residual 1271228 | 18| 706.2377
Lack of Fit 10719.63 | 215359.814 | 43.03666 | 3.64E-07
Pure Frror 1992651 161245407, | _




Pareto Chant
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- - - 294w B PosiiveEffects  AFT
eative Effects B:LM
B C:NP
1691 RE D:NC (%)
E: V (m/mm)
S _ N S B | 1 B £ L dret) :
z Ff (mm/rev)— , -
'@; . H-
A HEA L = -
z AR
=
= ABF o A
L
s N Rl BD CABI: b -
_ 564 AL N A
il mit 412236
e Limit2 306
- FHEAR IR0 B Rt A0 A AR A Bl o E ABD|
0.00 - L ‘B H d & [ ﬂ m m
F vy T rryvyvrrnyuruni
1 2 3 4 5 6 7 B 9% 1011 12 13 14 15

Hinh 2. 8 Biéu dé Pareto cho ham muc tiéu Fr

Anh huéng doc 1ap cia cic yéu té khao sat duge thé hién trén hinh 2.9.
"f’ﬁsmkfhuongwtﬁ orngftac giﬁ‘a cac W’WWWTIUC ’Cf’ff téng FT"dII'O'thhér”"”” o
hién trén hinh 2.10. Két qua thé hién trén hinh 2.9a cho thiy khi gia céng voi

dau nano thi st dung diu cit Emulsion ¢6 luc cit nhé hon khi st duyng dau

dau lanh. Hinh 2.9b cho thdy phwong phap MQCL cho lyc cit nhd hon

phuong phap MQL. Tuy nhién khi sir dyng MQL, dau em cho Iyc cit nho hon

nhidu so véi diu So, con khi st dung MQCL thi Iy cat Fr it chiu anh hudng

cua loai diu, hinh 2.10a.

Két qua phian tich ciing cho thay khi st dung hat MoS; cho lwc cét nho
hon khi st dung hat Al;O3 (hinh 2.9¢). Trong khi Iyrc cat téng Fr ciing giam
khi ting ndng do hat nano. Két qua trén hinh 4d cho thiy trong pham vi khio
sat, lyc cat té‘)ng it bi anh hudng béi véin the ct. Tuy nhién, luc cit lai giam
khi ting lugng chay dao tir 0.1 dén 0.2 mm/rev. Nguyén nhén ¢6 thé 1a do, khi
ting luong chay dao tao didu kién thuan lgi cho diu nano xam nhép vio ving

cat va giam lygc cat Fr.
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2.4 Két luin chwong 2
" Phan tich phuong sai (ANOVA) cho tri s nhim bé mit trong thi

nghiém phan tich 4nh hudng cua cac thong s6 cong nghé (loai dau, phuong

phép bdi tron 1am ngudi, loai hat nano, ty 1€ hat, van tbc cat va [uong chay

dao) t6i tri s nham bé mit dugc thyc hién trén phan mém design expert 11. ~
—— ——— ~Nghién cira d4 cho thdy mé hinh 2FT 13 phirhop dé phan tichmic d§ vaxu——— -

-~ rémg-Anh-hwéng-cia-cic-yéu té-khio-sat-t6i-tri-sé-nham-bé-mit va-tyc-cat———-
tdng Fr.

T Nghien cifu da dmh gi mitc 49 anh huong clia timg yéu to khdo sétva
fwong thc giffa ching t6i ham muc tiéu 12 nhdm bé mit va lyc cit tong Fr. K&t
qui-nghién-etru-cho-thiy khi leai hat nano-valugng chay dao lahaiyéutbanh
hwong om t6i trj sé nham bé nsjt, trong khi anh huéng doc 13p cia cée yéu t§
Khac t6i ti s6 nhdm bd mit 1a nhé hon. Cac twong tic FT*LM, FT*NP
LM*NC vi LM*f anh hudng dang ké t6i gia tri nham bé mit. Trong khi,
phuong phap bdi tron, néng d6 hat, loai dung dich, loai hat, lugng chay dao

va trong tac gitta chung anh hudng lon té1 luc cat tong Fr

Ké&t qua phan tich cho thdy st dung phuong phap MQL véi dau
emulsion trén hat nano MoS2 hodc phuong phép MQCL véi diu dsu nanh
tron hat nano A1203 ¢6 thé gidm tri sé nham bé mat khi tién cimg thép hop
kim 90CrSi. Phan tich cling cho thay khi gia cong véi du nano thi sir dung
diu cit Emulsion ¢6 lyc cit nho hon khi sir dung dau ddu lanh, si dung
phuong phap MQCL cho Iyc cit nho hon phirong phdp MQL. Nhung khi sir
dung MQL, diu em cho lyc cit nho hon nhidu so voi dau So.

Tuy nhién, tmg v6i mdi loai ddu cit, phuong phép boi tron 1am ngudi
va loai hat nano nhét dinh thi vin tde cit, ty 1€ hat va luong chay dao c6 xu
huéng anh hudng khac nhau téi gid tri nham bé mit va lyc cit Fr. Do d6 cin
tién hanh céc thi nghiém bd sung d& x4c dinh mirc gia tri toi vu véi timg

phuong phap bdi tron 1am ngudi.
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CHUONG 3. NGHIEN CUU ANH HUONG CUA NONG PO HAT
 NANO VA CHE PO CAT PEN NHAM BE MAT KHI TIEN CUNG
S THEP90CrSiSUDUNGMoS2ZNFMQL — |

3.1 Phueong phip nghién ciu

- a2 L 4 A . A 2 g 3 N r ., 2 n
~h0ac Ving toi Ua cho Mot qua inh nay cac ditukitntdivude v bt

. Muc tiéu chinh clia cic nghién ciru thyc nghiém 13 tim gia tri cuc tri

hé théng. C6 nhiéu phwong phap duge sir dung trong céc bai todn t&i wu rh(’)ra;

A" L]

+-dung ph

A -

Khi mé hinh thi nghiém 2 mirc khéng dap g dugc, thi m6 hinh thi
nghi¢m béj:_n;it chi _ti'éuf dugc st dung dé mé ta chinh xac quan hé gifra ham

muc tiéu va cac thong so thi nghiém. M6 hinh thi nghiém 3 mic dugc xay
dyng nham x4c dinh dwgc mé hinh mé ta va dy doan duoc gid tri ciia ham

muc tiéu.

Phwong phap bé mit chi tiéu rat hidu qua trong viéc phat trién va nang
cao hidu qua clia cdc qua trinh gia cong. Noi dung chinh cua phuong phap bé

- Chi ra mot tap hop céc bién déu vao sao cho tao ra Ung xir clia d6i
twong nghién ctru 13 t6t nhét.

- X4c dinh céc bién d4u vao nham dat dugc cac yéu cau cu thé vé ung
xUr cia doi tugng nghién cliu.

- X4c dinh cac didu kién van hanh méi ddm bao cai thién chét luong
hoat dong ctia d6i tuong so véi tinh trang hién tai.

- M6 hinh héa quan hé gifta bién dau vao vdi tmg xUr cua doi tugng

nghién ciru lam co s& dé du doan hay diéu khién qua trinh hay hé thdng.

Pé dat duoc muc dich trén phuong phép bé mat chi tiéu thuc hién viée

x4y dung ham md ta bé mit chi tiéu phy thudc vao cac thong s6 dau vao.

Trong nghién citu sir dung phuong phap thiét k& thi nghiém Box-kehn
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v6i 3 thong sb khao sat (Néng dd hat, van tdc cit va lugng chay dao), duge
- phat-trién v6i 30 thi nghiém. Vi cac mire gia trj cia bién khio sat duge thé

] ién trong Bang 3. 1Bdng 3. 1. Cdc gia tri thong so da i bién thi
nghiém:

" Bdng 3. 1. Cée gid tri théng sé dau vao va bién thi nghiém trong mé hinh Box

I - Behnken
TT Ténbién | Ky hiu | Muc thap | Muc cao Ham muc tiéu
I |"Nong dohat (%) | NC 1 3
Van téc cat }
2 — V. 80 160 Nhém bé mit Ry,
' (m/min) - ' X
lue cit tng Fr
Luong chay dao
3 f 0,1 0,2
(mm/rev)

St dung phin mém quy hoach va xir 1y s liéu thi nghiém Design
Expert 11 x4y dyng ma trdn 30 thi nghiém theo mé hinh quy hoach t01 T

Box - Behnken véi 03 bién, hai miic, lip 2. Trién khai thi ngh1em theo trinh
RunOrder, tri sb R, duoc do sau mbi luot gia cong bang may do dé nham
S1210; Ba thanh phdn Iyc cit duoc do trong mdi thi nghiém bing cam bién
luc cét Kistler. Két qua cic thong s6 danh gia theo so d6 quy hoach thyc
nghiém duogc thé hién trong Bang 3. 2.

Bdng 3. 2. So db quy hoach va két qua thi nghiém

Std | Run 1;?C B: V C:f Ra Fx Fz

(Wt%) (m/min) | (mm/rev) : (um) ™ vy | ™
127 ] 1 80 0.15 | 0.766 | 46,96 | 40831 | 48.41
214 ] 3 20 015 | o730 | 5022 4145875034
35 ] 160 0.15 | 0.600 | X401 | 409,39 146,89
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A: _
Std|Run | Nc | BV | Gf | Ra | gy Fz
(Wt%) (m/min) [ (mm/rev) { (um) ™ || ™
4| 9| 3 160 015 | 0.6ss | 4625 [ 371,28 4623
l'slrs | 1 | 120 | 01 |o0s504|3268]340,16)62,51
6--26-| 3 120 0.1 1157 44,9 | 549,45 { 62,09 -
et 1 e o e AR A TL38 ] 51,92 —
g | ig | 3 | 120 0o | 1111|3689 | 448,13 48,32 .
o | 3| 2 | 80 | 01 |oeia| 997 |319,1214279
0] 3 | 2 160 01 | 0432 | 5826 | 668,85 | 5841
11 29| 2 1~ g0 02 - | 0.04g | 9414 ]398,16 43,22
2| 4] 2 160 02 | 1397 | 67:69 | 390,49 | 54,44
3l16!| 2 | 12 015 | ogos | 6173422225274
4l 8 | 2 120 015 | o012 | 441233899 38,09
151912 120 015 | 0.452 | 4787 | 377,35 1 49,58 N
6l 6 | 1 20 015 | 0843 | 4597 | 441,03 52,36
7l 1| 3 %0 015 | ogss | 4901418385121
18 12 | 1 160 0.15 | 0573 | 49,01 | 4183815121
91 2 | 3 160 015 | 0654 | 5324 | 391,74 45,15
20| 28 | 1 120 01 | 0543 | 46.68 | 367,69 | 45,65
21| 22 | 3 120 0.1 | 1.050 | 46:68 | 367,69 45,65
2n| 10| 1 120 05 | 1599 | 55.56 | 540,14 | 62,28
23 | 21 3 120 0.2 1432 | 49:68| 357.1 60,52
2wl 13| 2 20 o1 | 0sgo | 42,57 491,93 | 5135
25| 25 | 2 160 o1 loasgl | 3598 454144755




A

Std | Run | NC. _(Ig‘m‘ifn) | (mrcn;fev) (R;l) Fx Fz
(Wt%) " ™ | Fy®™) | )
2% 17 | 2 30 02 | o080 |5477|333,81 144,78
 lo27l30l 2 | 160 | 02 |1.037]3409|68634) 52,9 -
e . Yo 0 B, W 120 O-1-5 0818 90)25 375336 42391
20 U L 129 JelD LI
S . — _ I _ 61-6-1-386-63-1 5591 _
56173 | 130 |7 005 0030 | 050 286:63 5524 -
301 11 271 120 | 15 1ogoy [4057] 3429 143,48

3.2. H¢ théng thi nghiém
i Véimuyedi eh=phén-fgiehé@-hu@ngc&a—cég_théng_sé_cén.g_nghé_(.m‘?m% |
dd hat nano, van toc cit va lugng chay dao) khi tién cimg thép 90CrSisk
dung MoS; NF MQL, mét hé thdng thi nghiém dugc xay dung theo so ad
hinh Hinh 3. 1. May tién CS-460x1000 dd Dai loan san xuét duge st dung
trong cdc thi nghiém. Phoéi thi nghiém lam bang thép 90CrSi c6 dudng kinh
40 mm d& duwoc nhiét luyén dat 46 cimg 60-62 HRC. CéE tbi yghiém déq {51"1

| dung manh dao tién h(_)]; kim ci’mg ¢6 phu cua hang Tungalloy sédn xuat., Hé
théng MQL sir dung ddu phun MQL ctia hing NOGA (Noga minicool
MC1700). Voi phun duge ga sao cho dong dung dich dugc phun vao mat sau
cta dung cu cat. Trong do, diu cit nano MoS, trén nén 13 diu emusil (MoS;

NF) duoc lua chon st dung trong cac thi nghiém. Hat nano MoS; dugc tron

vao dung dich diu emusil va duge rung sidu am véi tAn sd 40Khz trong
thudng chi 30 — 45 ph bing bé rung Ultrasons —~HD ultrasonicator. Hat nano
MoS, ¢6 ciu tric dang 16p véi kich thude trung binh 30nm duge sén xuit bai
hang Luoyang Trung Quédc. Trong qua trinh thi nghiém, mot s6 thong sé duoc
c¢b dinh bao gdm Ap suft dong khi P=6 Bar va luu lugng dong khi 200 Umin;
chidu siu cit t= 0.15 mm; Tri sb nhdm cia bé mit gia céng dugc do ba 14n

v&i chidu dai chudn 0,8 mm trén may do d6 nham SJ210 ciia hing mitutoyo,
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Nhit Bén.

Phoithép 90CrSt: _ |

- veiphun [
MaL - o

Diudotre [N
Kistler PN

Hinh 3. 1. M6 hinh thi nghiém

3.3. Phén tich dnh hwéng ciia théng sé céng nghé t&i nham bé mit

Phén théng ké (ANOVA)

Két quéa phan tich phuong sai ANOVA trén phdn mém Design expert
11 cho tri s6 nham bé mat vdi mirc y nghia a = 0,05 duogc thé hién trong Bdng
3. 3; Két qua phan tich cho thay hé sb Fisher (F-Value) tinh cho mé hinh khéo
sat 1om (15.65) va gia tri xac suat P nho hon 0.05 chimg té6 mé hinh bac 2 da
lyra chon 1a phu hop, va chi ¢6 0,01% kha ning mé hinh nay con chiu anh
hudng bdi cac yéu t6 nhidu. Lirong chay dao (f), trong téc ndng d hat va van
tdc cdt (NC*V), tuong tac gita van tdc cit va luong chay dao (V*f), cic
twong tic bic 2 NC?, V2 va 2 ¢6 hé sb Fisher 1ém va gia tri x4c suit P nhd hon
0.05, ching td ¢o ¥ nghia théng k& va anh huéng dang ké t6i ham muc tiéu
R,. Céc bién cb gia tri xac suit P 16n hon 0.1 thi it c6 ¥ nghia trong mé hinh
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du doan. Hé sb Fisher F-value tinh cho “Lack of Fit” kha nhé (1.14) cho thiy
“fing mb hinh dg do4n 1a phil hop va it bi anh hudéng boi nhiéu.

>
>
Y d

o04n nham bé mat da duge xay dung ( Mirc 46

 phi hep cita mb hinh hdi quy x4c dinh trj s6 nhém bé mat (phwong trinh 3.1)

] du:qc danh gia théng qua h@ so xac dlnh R2 (Bang 3. 4) Ket qua cho thay he

- didu do chu:ng td m6 hinh ho1 quy 1a phu horp v6i bd du liéu thi nghlem ‘Hé¢
8 s6 x4c dinh didu -
hﬁﬂTA‘drRL—ﬂﬁG“ﬁ vaﬂTe—SOﬁkiemftraﬁdﬁmhmhfxac (Adeq Prec1s1err) ——————— —

r
A

=15.796, ciing chimg t6 mo hinh du' doén tri s6 nham bé mit 13 phit hop vacd
—therdu doan—mﬁso nham bé mat.

Ra=0. 67575+0 024125NC+0.0182125V-19.915£+0.0005875NC*V -
4.945NC*f+0.066V*f+0,16925+NC2-0.0001246875V>+93.1f (3.1)

Bang 3. 3. Két qua phan tich ANOVA

Source Sum of df | Mean F-value p-value
o Modet— — [-3,078313 1 —9-1-0,342035 | 15,65286{<<0,0001 | - - .

A-NC 0,01428
B-V 0,010404

1 0,01428 | 0,653521 | 0,428369
11 0,010404 | 0476128 | 0,498111
C-f 1,461681 1| 1,461681 | 66,89229 | <<0,0001
AB 0,004418 1] 0,004418 | 0,202185| 0,657798
AC 0,489061 1| 0489061 | 22,38134| 0,000128

1

i

1

1

BC 0,139392 0,139392 | 6,379128 | 0,020098
A2 0,211536 0,211536 | 9,680743 | 0,005501
B2 0,29391 0,29391 | 13,45046 | 0,001529
C? 0,400044 0,400044 | 18,30757 { 0,000367
Residual 0,437025 | 20! 0,021851
Lack of Fit | 0,073218 3| 0,024406 | 1,140449 1 0,361035
Pure Error 0,363807 17 0,0214
Cor Total 3,515338 29

Bang 3. 4. Hé s6 danh gié mé hinh

R? 0,87568
Hé sb R2 diéu chinh 0,819737
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R? di doan 0,747006
DG chinh xéc - 15,7962

. Anh hwéng dpc lgp ciia cde bién khdo sét toi nham bé m{t Ra ,
‘Hinh 3.2 H‘ nh 3 2 Anh huang cua cac yeu t6 khao sat toi gza tr; trung

B W

61 ham myc tiéu nhain bé mit R.. Trong d6, dd ¢t th1 anh hudng cua ndng 46
_" hat, van t8c cit va lirgng chay dao dén tri sb nham b& mat déu cb diém uén -

-~ chumg to-ving gid tri cac bién nong-dd-vahreng-chay dao laphichop——

K&t qua thé hién trén Hinh 3. 2a cho thy tri s6 nhdm bé mit ting khi
ting nong d4 hat dat- gi4 tr] nho nhat Khi st dung ndng a0 hat nano trung birih

(2%). Nguyen nhin 1a do qua trinh tién 1a mdt qué trinh gia céng cb ving cit
hd, gbc sau dong 1dn, nén mot phan lrong dau cit NF tan ra méi trudng, mdt
phin s& thoat theo mit trudc tao didu kién cho phoi thoat ra dé dang, hinh 1.
Déng thoi, hat nano MoS; c6 kha nang boi tron va ¢6 cAu triic dang tAim nén

v6i ndng d6 hop 1y, hat nano d& dang bam dinh vao b& mit tao diéu kién

thuan loi cho viée hinh thanh mang « diu NF trong ving cdt Bmr gidm masat —
va hién tuong cdo xudc do d6 lam gidm tri sb nham bé mit. Tuy nhién khi ty
1& hat MoS, 16n (2-3%) thi ¢ thé xdy ra hién tuong chén ép hat nano MoS,,
hat nano tich ty trén ludi cét gdy ra hién tugng cao xudc 1én bé mit gia cong

va lam tang tri s6 nham bé mat.

1 Q75 144
124
04 0.65 ]
E
z E i
i S 214
g -
[ 055
0.8 of
a7 o2 B 0.6
T T T T T T T T T T T T T T T T
1 1.5 z 25 3 &0 100 120 140 160 0. o712 014 /R ] cie 0.2
A NC {wt%) B: V (m/min) C: 1 {mm/rev)

a, Anh huong ciia nong b, Anh hudng cia vdn toc ¢, Anh huong cua luong
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do hat nano ccft chay dao
- Hinh 3-2-Anhhuréng ciia cde yéu to khdo sat t6i gid tri trung binh cua nham

bé mit

b4 160 t6 tri s& nhdm bd mit. Khi ting van tdc cit tri s& nhdm bd mit ting

b
A

- 1én, nhung tiép tuc ting van tbc cét thi tri sb gidm bé mit lai giam. Nguyén
-—..—nhan 13 do qua frinh fién vo1 van toc cat tmmﬁumg’harm—-

N dang bam dinh vao dinh ludi cit gay ra hién tugng cdo xudc bé mit gia c 7
Wmuwmmmgmbé 'nfat. -

_ Trong khi véi van toc cat 16n thi lu'ong diu cit nano xam nhap khéng bi chén

ép bam dinh nén dinh ludi cit nén tri s6 nham bé mit nho.

* Anh huéng ctia lugng chay dao t6i nham bé mit phit hop véi céc két
qua nghién ctru truée day, khi lugng chay dao tang dan thi nhim bé mat ciing
tang, hinh 3.2¢. Tuy nhién viéc dwa lugng chay dao vao mo hinh khéo sét 1a
cin thiét d& x4c dinh anh hudng twong téc giita luong chay dao véi céc yéu tb
khéc, dong thoi phén tich duge anh hudng cua céac yéu tb trong cic didu kién
gia cong thd (f16n) hodc tinh (f nho).

Anh huéng twong tic giira cic bién khio sat téi hAm muc tiéu nham bé

w

mat

Anh huéng tuong tic gifra cic bién khéo sat téi gid tri nham bé mit
duoc thé hién trén Hinh 3. 1. Két qua thé hién trén hinh 3.3a cho thay twong
t4c giita ndng d hat va van tdc cht anh hudng rat it t6i nhdm bé mat, khi thay
d6i van toc cit thi nham bé mit ciing dat gid tri nhé nhat khi nong 4% hat
khoang 2%.
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cat va nong do hat chay dao va nong do hat  chgy dao va van foc cat

 Hinh 3. 3. Anh hudng twong tdc gitta cdc - yéu 10 khdo st 161 gid tri nhdm bé

mat
Hinh 3.3b miéu t4 4nh hudng tuong tic gitta néng dd hat va lugng chay

dao. Nhim b& mit dat gid tri nho nhét véi ndng dd nhé va Iweng chay dao
nhé. Gia tri nham bé mit ty 18 thudn v6i ndng dd hat khi sir dung lugng chay
dao nhé (0.1 mm/rev), nhung ty 18 nghich v&i ndng @9 hat khi st dung lwong
chay dao 16n (0.2 mm/rev), hinh 3b. Nguyén nhan 12 do khi lwong chay dao
16n thi dién tich 16p cit 16n, lugng ddu NF bam trén bé mit ving cat 16n hon
nén khi ting ndng d hat MoS; 1€n den 3% van chura xay ra hién tuong chen

ép hat nano va c6 hiéu qua lam giam nhém bé mat Tu'cmg tac gifta luong
chay dao va van tdc cit cling anh huéng dang ké t6i gia trj nham bé mit, hinh
3.3c. K&t qua cho thiy nham bé& mit dat gi4 tri nho khi cit véi van tdc cét 16n

va lugng chay dao nho. Nhu viy, khi cit thé voi luong chay dao 16n thi nén

chon van tdc cit nhé va ndng do hat 16m, khi gia cong tinh thi nén chen van
tde cat 1on, luong chay dao nho va ndng d6 hat nho hon.

Anh huéng dong thoi gifra van téc cit va ndng d6 hat MoS, téi tri 56
nhéam bé mit ing véi cac gia tri van td¢ cit khic nhau duoc thé hién trong
bidu dd hinh 3.4-3.6. Biéu dd bé mit cho thdy trong ving khéo sat thi nhdm
b& mat dat gi4 tri nhé hon khi van tée cit 16n va ndng dd hat trung binh. Bicu
dd ddng nic cho thiy xu huéng anh hudng cia vén tdc cit va ndng d6 hat
nano téi gia tri nham bé mat, dong thoi cho biét mién gid tri nham td1 wu

tuong g voi bd thong sb cong nghé phu hop.
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Hinh 3. 5. Anh huong cua van tc cdtva 11311g dé hat nano toi nham bé mdt
vai f=0.15 mm/vong
Két qua hién thi trén hinh 3.4 cho thay khi gia cébng tinh

(£=0.1mm/vong), mién gid tri nham bé mit nho hon 0.3 pm khi van tde cat
i6n hon 150 m/min va ndng d6 hat trong khoang 1-2 wt%. Két quéa hién thj
trén hinh 3.5 cho thdy khi gia cong voi luong chay dao trung binh
£-0.15mm/rev, chi ¢6 thé gia cong dat trj s6 nham bé mit nhé hon 0.6 pm khi
van téc ct 16n hon 150 m/min va ndng do hat trong khoang 2 wit%.Két qua
hidn thi trén hinh 3.6 cho thiy khi gia cong thd (f=0.2mm/rev), chi c6 thé gia
cong dat tr1 $6 nham bé mat nho hon 0.8 pm khi st dung véan tdc cét nho hon
90 m/min va néng dd hat trong khoéang 2-3 wt%.




Hinh 3. 6, Anh hurong ciia vén tbc cdt va né‘ng dé hat nano toi nhdm bé miit

V61 f=0.2 mm/vong

 T6i wu héa nhém bé mit
Céc thong sb cong nghé t8i vu cho gia tri nhadm bé mat khi tién cimg
thép 90CrSi st dung phwong phip MoS; NF MQL dugce xac dinh thdng qua
modul t6i tru hoa trén phin mém Design Expert 11. Myc tiéu t5i thiéu hoa
: Wffrjuccgluaghﬂn,mﬂgmmﬁnham bé mit nho hon 1a t6t hon. Ket qua 81 ru hoa -
dugc thé hién trong hinh 3.7. Gia tri nham bé mat dat dén gia tri tbi thiéu
(0,21 pm) véi ndng d6 dung dich nano MoS; 1,2%, vén téc cét 160 m/phut va

lwong chay dao 0,1 mm/vong.
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Hinh 3. 7. Két qua toi wu cho nhdm bé mit

3.4. Phén tich 4nh huéng cua thong 50 cong nghé téi cac thanh phin ciia
Iure cit

Anh hudng cia céc thong s6 cong nghé téi cac thanh phé‘m cta lyc cat
duge phan tich trén phin mém Design expert 11. Két qua phan tich ANOVA
cho cdac thanh ph%m cnia luc cat véi d6 tin cay 95% duoc thé hién trong bang
Bdng 3. 5- 3.7. Két qua phan tich ANOVA cho Fx dugc trinh bay trong Bang
3.5. Gi4 tri F ctia Md hinh cho Fx 14 2,12 cho thiy c6 7,78% kha ning xay ra
gia tri F 16n nhu vay do nhidu. Gia tri P nho hon 0,0500 cho biét mirc d6 anh
huéng t6i mé hinh 14 d4ng ké. Trong trudng hop nay, tuong tic bac hai A% B?

58




14 anh hudng dang ké téi mo hinh lyc Fx. Céc gié tri 16n hon 0,1000 cho biét
* ¢4c biémhodc tuong tac gitra ching anh hudng nho téi gia tri luc cit Fx.

Két qua phén tich ANOVA cho Fy dugc trinh bay trong Bang 3.6. Gia
tri F cia Mb hinh cho Fy 13 7,95 cho thay mé hinh nay I phu hep. Gia tr1 P
1hé hon 0,0500 cho biét mirc d¢ anh huong t6i mo hinh 1a déng k& Trong |
- trudng-hopndy;-cae-bién B, C, trong-tic BC-va twong tic bic hai A2, C> 1a

- Bdng 3. 5. Két qua phén tich ANOVA cho lyc cdt Fx

Bang 3. 6. Két qua phén tich ANOVA cho luc cat Fy

Source |Sumof |df Mean F-value | p-value

Model 190469,4 9121163,26 | 7,951422 | 6,25E-05
A-CN 802,7306 1| 802,7306 0,3016 | 0,588961
B-V 19857,04 1!19857,04 | 7,46065 | 0,012861
CHf 37903,22 11]37903,22 | 14,24093 | 0,001194
AB 261,9761 1|261,9761 | 0,098429 | 0,756972
AC 952,443 1| 952,443, 0,35785 | 0,556417
BC 61015,72 1| 61015,72 | 22,92472 : 0,000112

59

Source |Sumof |[df | Mean valiie | p-valie -
Model | 2585,681 9|287,2078 | 2,118178 | 0,077838 |

A-CN | 70,09876 1] 70,09876 | 0,516821 | 0,480517

B-V - 174,7023 1| 174,7023 | 1,288038 | 0,269829

C-f 3678724 | 11367,8724 | 2,712235 | 0,115205

AB | 53,14805 | 1153,14805 | 0,391848 | 0,538409

AC 0,427812 1]0,427812 | 0,003154 | 0,95577

BC 174,0045 1| 174,0045 | 1,282894 | 0,270759 | -
AA? 833,327 1| 833,327 6,14392{ 0,02222

BA? 598,4308 1| 598,4308 | 4,412087 | 0,048569

CA:? 185,0464 1]185,0464 | 1,364303 | 0,256529

| Residual | 2712,688 |~ 20| 135,6344 | D ) o T
Lack of

Fit 2064,312 3 | 688,1041 | 18,04165 | 1,58B-05

Pure

Error 648,3759 17| 38,13976

Cor

Total 5298,369 29




AA? 13925,53 1] 13925,53 | 5,232075 | 0,033204
~|-BA* —- | 2468,588 1| 2468,588 | 0,927493 | 0,347016
CA? 53945,77 1| 53945,77 | 20,26841 | 0,000218
Residual | 53231,39 201 2661,569
Lack of
__| Fit 4622956 | 311540985 |3741418 | 1,05E-07 | B ]
Pure ‘
—"Error—7001,824-|—— 17| 411,872 |
Cor |
| Total | 2437007 | 29 |
Bang 3. 7. Két qua phdn tich ANOVA cho luc cat Fz i
| Source | Sumeof |df” | 'Mean | F-value | p-value | |
Model |608,6097| 9| 67,6233 2299411 | 0,058063 | -
A-CN 5,0176 1 5,0176 | 0,170615 | 0,683961
B-V_ | 54,6121 1| 54,6121 | 1,856988 | 0,188121
Cf 160,4022 1| 160,4022 | 5,454195 | 0,030051
AB 0,11045 1{ 0,11045 | 0,003756 | 0,951742
AC 3,40605 1| 3,40605]0,115817 | 0,737165
BC 0,0288 1 0,0288 | 0,000979 | 0,975346
AA? 134,1442 1| 134,1442 | 4,561336 | 0,045253
BA? 33,67388 1133,67383 | 1,145021 1 0,297339
CA:? 215,5016 11215,5016 | 7,327751 | 0,013569
Residual | 588,1793 - 20| 29,40896 I
Lack of
Fit 413,1768 3|137,7256 | 13,37887 | 9,85E-05
Pure
Error 175,0024 17 1 10,29426
Cor
Total 1196,789 29
Cor
Total 243700,7 29

K&t qua phan tich ANOVA cho Fz dugc trinh bay trong Bang 3.7. Gia
tri F cia Md hinh cho Fz 14 2,3 cho thiy md hinh nay 13 pha hop va ¢6 5,81%
kha ning x4y ra gid tri F 1én nhu vy do nhiéu. Gia trj P nhd hon 0,0500 cho
biét mirc d6 anh hudéng téi mod hinh 1a dang ké. Trong trudmg hop ndy, cic
bién C, va twong tac bac hai A2, C? 13 anh hudng dang ké téi mé hinh lyc Fz.

Hinh 3.8 cho thay anh hudng clia cic yéu tb tdi gid tri trung binh cua
lyc chay dao Fx. Thanh phén lyc cdt Fx c6 phuong tring v&i phuong cla

Anh huéng ciia cie yéu t6 tGi lire cit Fx
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chuyén déng chay dao, do d6 4nh huéng manh nhat bdi lugng chay dao va
~ting khi ting lwgng-chay -dao. Tuy nhién, trong vung luong chay dao nho

1047, V), IU d D XU NTTONE 1d IC KT tall
< Y

Khi ting ndng dong hat dén 2% thi lyc chay dao Fx c6 xu budng ting, va tiep
tuc ting ndng d6 hat thi Iyc Fx gidm, Vin téc cit ciing dnh hudng déng ké t6i |

e cht Fx, khi van tdc cit tang tir 80 dén 130 thi Iyc cit Fx ¢d xu hudng gidm.

—Néutiép tuc tang vin toc car 1én toT T60-m/phrthi-Twe-cat Tai- ting: Pidunay —— |
phil hép véi nhimg két qua da cong bd v& 4nh huéng ciia van tée cit téi lyc
cit Fx. Tuy nhién trong pham vi khdo sat thi Iyc cat FX chi bién thién mot

_lwong nhé do d6 anh hudng khéng nhiéu téi chat lwong va do chinh xic gia
cong, nhit 1 khi gia cong tinh véi lugng chay dao nhoé.

M - R Fx@)

52 62

504 . 60 .

48 J 58 J
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Hinh 3. 8. Anh hudng ciia cdc yéu 16 khdo sdt téi e cdt Fx

Anh hwong cia cac thdng s khdo sat t6i ham muyc tiéu Fy duge thé
hién trén hinh 3.9. Luc Fy 13 thanh phan Iyc cit c6 phuong vudng goc véi bé
mit gia cong, va anh hudng 16n t6i chat lugng va do chinh xac gia cong. Luc
Fy ¢6 xu huéng ting khi tdng ndng d6 hat nano. Tuy nhién khi ndng dd hat
tAng d0 16n, thi Iuc ¢it Fy cé xu hudng ting dan. Nguyén nhan 1a do khi nong
d6 hat 16n, 1am cac hat nano c6 xu huéng co cum, khé x4m nhép ving cit din
toi ting luc cit. Trong khi, lwong chay dao anh hudng lon téi gia tri luc cit
Fy, lugng chay dao ting lam tang dién tich lop cit va 13 nguyén nhin chinh
lam tang lyc cit Fy.
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o Hinh3.9 AnhhudngciacdcyéutotéilgccatFy
Hinh 3.10 biéu didn inh hudng ciia céc yéu td khao sat téi lyc cat tiép
tuyén—Ez.—.Lt;rc'Tcét—ELgiém_kh.i_tingnéngrdé_hat_nano_tL‘LI;Z%,mhmgpham Vi
 thay dbi khéng 16n (51-46N). Trong qud trinh gia cong hat nano MoS; cing
véi cac giot ddu xAm nhap vao ving cit, hat nano c6 dang céc tAm va c6 khi
ning boi tron manh, din dén 1am gidm ma sat trong ving cht. Két qua nghién
ctru ciing c6 thiy lyc cit tiép tuyén Fz ting khi ting vén tdc cit. -

Fz (N) Fz (%)
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\

- 50 4
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Hinh 3. 10. Anh hudng ciia cde yéu 1 161 hec cdt Fz

Céc thong sb cong nghé t4i wu cho cdc thanh phén lye cat khi tién cimg
thép 9XC st dung MQL v&i hat nano MoS; dugc x4c dinh thdng qua modul
t8i wu hoa trén phdn mém Design expert 11. Muc tiéu tbi thiéu hoa dugc lua
chon cho ca ba ham muc tiéu (Fx, Fy va Fz) véi mic 0 quan trong nhu nhau
va trong s6 bang 1. Két qua t6i uu héa duogc thé hién trong hinh 3.11. Cac
thanh phén lyc cit dat gi4 tri nhé nhit Fz=43,9 N va Fy=341,7 N va Fx=57,2
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N khi gia cdng v6i ndng do hat nano MoS; 2,24%, van téc cit 89,6 m/phut va
" lwuong chay dao 0,147 mm/rev. |

ACN BV
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=016 ™
=018

1 15 2 25 3 S0 100 120 140 160 2
~ '] | ] [

(.12
m (2
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Desirability = 0.763332 |
 Fx=5716
 Fy=1341.650

Fz=43.9071

Hinh 3. 11. Téi wru héa dong thoi ba ham muc tiéu Fx, Fy va Fz
Két luiin chwong 3
- Tac gia dd xay dung dugc mo hinh thi nghiém phan tich anh huong
cia thong sd cbng nghé toi nham b& mit va cc thanh phan luc cit khi tién

cung thép 90CrSi sir dung phurong phap MQL v61 dung dich nano MoS,.




- Hidu qué ctia qua trinh tién cing thép 90CrSi st dyng phwong phap
"MQL ¢6 trdn hat nano MoS2 di duge phén tich bang céch sir dung md hinh -

thi nghiém Boxken. Ma trén thi nghiém gém 30 thi nghiém da dwgc xay dung

iy dé phan tich anh hudng cia nbng &6 dung dich, van toc cat va luong chay dao

toi gia tri nham cua bé mat gia cong. T R

 hudng cia chc yéu tb va twong thc giita ching t6i yéu to dau ra 12 nham bé
mit-Cée }MMWM&MMg—
manh_tm}fémﬁ]%reuﬁdofbrrmarvaﬂcontour cho phep ~phén-tich-énh———

hudng ddng thoi cac yéu t6 téi nhdm b& mit va gilip cac nha k¥ thudt hya

—chon-bd- then—g%.o cong-nghé-phu- hgp vcn glartn nhim bé mit yéu ciu. Khi gia

cdng tinh nén chon vén tdc cit 16n va ndng do hat nano tron vao diu cit trong
khoéng tir 1-2%. Khi gia cong thoé nén chon vin tdc ¢t nho va nong d0 hat
nano trdén vao dau cit trong khoang tir 2-3% MGt mo hinh dy doan nham bé
mit d3 dugc xéc dinh va két quéa phan tich cho thdy mo hinh nay 14 phu hop
3 du doan nhim bé mit. Qua dé x4c dinh duge bd théng sé cong nghé toi wu
__ (ndng d6 dung dich nano MoS2 1,2%, van tbc cat 160 m/phut va hwong chay

dao 0,1 mm / vong) dam bao nham b& mit 1a nhé nhat (Ra 0,21 pm),

- K&t qua phan tich ANOVA véi céc thanh phin lyc cit cling cho thdy
md hinh bac 2 phi hop dé phan tich va dy béo nurc d6 anh hudng cua cac
tham b khao sat dén cac thanh phin cda luc cét khi tién cimg thép 90CrSi sir
dung NFMQL.. Nghién ctru ciing di xic dinh duge bd thong s6 dam bao céc
gi4 tri Fx, Fy, Fz 13 nhd nhat. Thanh phin Iyc cit dat gid tri nho nhat Fz=43,9
N va Fy=341,7 N va Fx=57,2 N khi gia céng voi ndng d6 hat nano MoS2
2.24%, tbc do cit 89,6 m/phiit va tée do chay dao 0,147 mm/vong.

PHAN KET LUAN VA KIEN NGHI
A. KET LUAN CHUNG

Qua 3 chwong dé tai da giai quyét duoc cac vén dé sau:
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- Nghién ctru duge tdng quan v& qué trinh tién ctng, cac phyong phéap
~ boi1 tron [am mat khi tién cung. o '

- Nghién ctru danh gid duge hiéu qué ciia céc cong nghé MQL va MQCL
vdi cac hat nano khac nhau khi tién cimg thép 90CrSi.

__-Xéy dyng dugc ma tran thi nghiém sir dung phuong phap quy hoach

A

va d0 nham bé mat gia cdng.

- “Nghizn ctru a3 cho thay St dung dung dich boi trom tof thidr MOL 06—
b sung hat nano MoS; vdo qué trinh tién cimg c6 thé gidm lyc cat va gidm do

nham be mit gia céng.

- Nghién ¢t d& dua ra duge nhing chi din cong nghé phu hgp dam bao
Tue céit nhd hodic nhdm bé mit nhé cho qué trinh tién clmg thép 90CrSi.

- Két qua nghién ctru da cong bb duge 01 bai bao khoa hoc trén tap chi
quéc té ¢6 chi sO xuét ban ISSN.

B. HUONG PHAT TRIEN

Pay 1a mdt hudng nghién ctru moi, tic gia chi méi dit vin d& vanghién
ctru duge mot sb vAn d8 rit co ban. Con rit nhidu vin dé dit ra nhung chua
duoc nghién ciru va tng dung, déc biét la & Viét Nam.
Pé tiép tuc hoan thién v& 1y thuyét va trién khai img dung c6 hiéu qua
vao thyc tién san xudt, cAn cé céc nghién ciru, phat trién tiép theo. Tac gia
cting nhém nghién cuu da va tiép tuc nghién ciru, phét trién theo huéng nay.
R4t mong c6 sy giup d& va cdng tac cia cac ddng nghiép.
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Abstract

The method of minimum guantity lubrication (MQL) is widely applied in machining because of its many
advantages;especially-in-contribuiin g-to-environmental protection. The lubricating efficiency y of the MQL method
is significantly improved when nanofluid is used, Nanofluids are prepared by mixing nanoparticles into
conventional cutting oils. In this study, the MQL method with MoS; nano-cutting oil was applied to the hard
turiting of 9XC stéel. The Box - Behnken experimental design method was selected to analyze the influence of
technological parameters on culting force and determine the optimal set of parameters. The study performed the
Multi-objective optimization Fx, Fy and Fz and determined the optimal set of technological parameters. The
cutling force components reached the minimum value Fz=43.9 Nand Fy=341.7 N and Fx=57.2 N when machining _
with the concentration of MoS; nanoparticles 2.24%, cuiting speed 89.6 m/min and feed rate 0.147 mm/rev. In
particular, based on the contour diagrams, the research has also provided technological indications in different
machining conditions.

Keywords: Hard turning, 9XC, Nanofluids, MOL, Cutting force
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I. INTRODUCTION

In recent years, clean machining and sustainable machining are becoming the development trend of
cutting metal and are interesting to many researchers. Following this trend, machining processes are trying to use
the minimum amount of cutting oil, avoiding the need to recycle cutting oil and avoiding waste of cutting oil after
use in the environment. Therefore, the method of minimum quantity lubrication (MQL) is widely studied and
applied [1-3]. In the MQL method, a small amount of metal cutting oil is introduced into the work area as a mist
to improve the frictional conditions in the cutting zone. Studies show that using the MQL method gives better
surface quality, and longer tool life than overflow and dry machining methods [4].

To continue to improve the efficiency of MQL in machining hard materials, a new direction is currently
of great interest, which is the use of Nanofluid solution (mix nanoparticles having high hardness or good ability
with normal lubricant). Nanofiuids are being studied for applications in machining because of their many
advantages in terms of thermal properties and lubricating properties [5]. The application of nano-cutting oil to
lubricate and cool the cutting area has been studied by many authors. Sharma et al. have analyzed and evaluated
the effectiveness of the application of MQL with nano-cutting oil in the machining process [6]. The research
results have shown that the nanofiuid minimum quantity fubrication method (NFMQL) shows promising results
compared with the conventional cutting oil MQL method in terms of cutting zone temperature and surface
roughness.

In recent years, the application of cooling lubricants mixed with MoS; nanoparticles in machining has
been interested by a number of researchers. Studies on the application of MoS; nanofluids in the grinding process
show that it is possible to reduce the specific energy and reduce the surface roughness when grinding [7]. Parash
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Kalita has studied and applied the MQL method with MoS: nanofiuid to the cast jron grinding process [8].
Research has shown that the MQL-NFMo82 method has the ability to reduce specific energy and improve surface
quality compared to the overflow machining method. ZHANG Dongkun et al (2014) analyzed the effect on surface
roughness and unit cutting force when applying nanofluid with 3 different types of nanoparticles (MoS2, ZrO2
‘and Carbon nanotube) [9]. The analysis results show that the application of nanoparticles can reduce the unit
cutting force and reduce the surface roughness of the machined surface. In which, using MoS2 nanofluid gives a
wmmmmemaﬂmaﬂmw@mﬁmmgeanf—
MoS2/CNT nano hybrid oil when grinding TiTan alloy [10]. Research tesults show that a Hybrid nanofluid is more
effective than using a type of nanoparticle. In 2015, Yanbin Zhang also studied the application of NF-MoSz mano-
___cutting oil to the grinding process. Research results show that MoS, particles increase the lubricating efficiency
of cutting oil, thereby contributing to reducing cutting heat and cutting force during grinding [111.
__ However, most of the studies only stop at surveying and evaluating the efficiency of the machining
i i other machining processes without giving a set of optimal machining
;W’a.‘rrretersrAt‘the-samertime,—,thetsEudies:an—,applyiﬂg—,the—MQl.,—rmeth@d—wi,th~M9,Stsz§1,19=,°‘lt,ﬁ9%°iLt° the hard ...
turning process are limited. In this study, we mainly focus on analyzing the influence of MoS» nanoparticle '
concentration, cutting speed and feed amount on the cutting force when turning 90CrSi steel using hard alloy
coated inserts.

: - I. EXPERIMENT AND METHOD- - : : L
In this research, all experiments are arranged as shown in Figure 1. The workpiece is made of 9XC steel
with a diameter of 40 mm and is heat treated to a hardness of 60-62 HIRC. The cutting tool used is a coated carbide
insert with-the-symbol CNMG120404-TM T9125 (Figure 2.2) mounted on the KYOUERA body with the code
PCLNR 2020 K-16. The experimental process was carried out on a Taiwan universal lathe CS-460x1000. The
MQL system uses NOGA's MQL nozzle (Noga mini cool MC1700); The components of the cutting force are
measured directly during the cutting process with a three-component Kistler force sensor as shown in Figure 1.
Nanofluid was made by Mixing MoS; nanoparticles into emusil oil solution and ulfrasonically vibrated with
frequency of 40Khz in usually only 30-45 min using Ultrasons —HD ultrasonicator. MoS2 nanoparticle has a
layered structure with an average size of 30 nm manufactured by China Luoyang.

Nozzle.

Kistler force
sensor

Figure 1. The experimental setup
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The study focuses on analyzing the influence of nanoparticle concentration, cutting speed and feed rate
on 3 components of cutting force when turning 9XC steel using the MQL method. The survey parameters and
their values are shown in Table 1. Design Expert 11 was used to design a matrix of 30 experiments according to
the Box - Behnken optimal model with 03 variables, three levels, and iteration 2. Experiments were carried out
‘according to the RunOrder process, and the value of 3 components of cutting force is measured directly; The
results of the evaluation parameters according to the experimental planning scheme are shown in Table 2. Table

Levels
Input parameter Symbols
Low High
— Fnanoparticle concentration (EN-%) — ~ | — A - | — 1- N |
Cutting speed (V-m/min) B 8O 160 |
e [ Feedrate (f-mmirey)_ C 0,1 0,2

I T T - --—-— Fable-2-Experiments and-results —— - - —ov

Std | . Run A:CN BV C:f Fx (N) Fy (N) Fz (N)
7 1 3 30 0,15 49,01 41838 51,21
AR IS N S RN ST - 015 ... 4668 | 367,69 | 4565 L e
Tl oy | 2 | e 01 | - 5826~ 668,85 58,41

12 4 2 160 02 67,69 390,49 54,44
3 5 1 160 0,15 54,01 409.39 46,89
16 6 1 80 | 015 4597 441,03 52,36
29 7 2 120 0,15 51,39 378,18 43,55
14 B 2 120 0,15 44,12 338,99 38,09
4 9 3 160 0,15 46,25 371,28 46,23
2 10 1 120 02 42,57 491,93 51,35
30 11 2 120 0,15 58,3 406,31 49,48
18 12 1 160 0,15 53,24 391,74 45,15
24 13 2 80 0,1 54,77 333,81 44,78
2 14 3 80 045 | s022 | 414,58 50,34
5 15 1 120 0,1 52,68 540,16 62,51
13 16 2 120 0,15 61,73 422,22 52,74
2% 17 2 80 0,2 90,25 375,36 42,91
8 I8 3 120 0,2 36,89 448,13 48,32
15 19 2 120 0,15 47,87 377,35 49,58
28 20 2 120 0,15 40,57 3429 43,48
23 21 3 120 0,2 35,98 454,14 47,55
21 22 3 120 0,1 49,68 557,1 60,52
9 23 2 80 0,1 49,97 319,12 42,79
7 24 1 120 0,2 42,11 471,38 51,92
25 25 2 160 0,1 34,69 686,34 52,0

6 26 3 120 0,1 449 549,45 62,09
1 27 1 80 0,15 46,96 408,31 48,41
20 28 1 120 0,1 55,56 540,14 62,28
11 29 2 80 02 94,14 398,16 4322
27 30 2 160 02 67.6 386,63 5591
17 1 3 80 0,15 49,01 118,38 51,21
19 2 3 160 0,15 46,68 367,69 45,65
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. than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms (not counting |
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III. RESULT AND DISCUSSION

ANOQVA analysis for components of cutting force was performed on Design Expert 11 software with
95% confidence level. The significance level of the research models is evaluated through Fisher's coefficient and
the probability P value for the model. The results of the ANOVA analysis for Fx are shown in Table 3. The Mode!
F-value for Fx of 2.12 implies there is a 7.78% chance that an F-value this large could oceur due to noise. P-values

less than 0.0500 indicate model terms are significant. In this case A2, B? are significant model terms. Values greater

those required to support hierarchy), model reduction may improve your model. The Lack of Fit F-value of 18.04

implies the Lack of Fit is significant. There is only a 0.01% chance that a Lack ot I'it T-value this targe coutd

_ _occurduetonoise. R
Table 3. ANOVA for Fx ) : 7
77777 T ——=ssaree |~ Sumef |- — df— | ~Meam— | Fvalue— | p-value -
| _Model 2585,681 9 2872978 | 2,118178 0,077838 |_ —
A-CN 70,09876 1 70,09876 0516821 | 0480517 7
] B-V 1747023 |~ 1 T174,70237) 1788038 | - 0260829 - -
- |t _3GTRIM | 1 367,8724 2,712235 0115205 | B -
“AB "~ 53,148057| 1 53,14805 0,391848 0,538409
AC 0,427812 1 0427812 0,003154 0,95577
BC 174,0045 1 174;0045 1;282894 0,270759
AA? 833,327 1 833,327 6,14392 0,02222
" BA® 598,4308 1 598,4308 4,412087 0,048569
cA 1850464 1 185,0464 1,364303 0,256529
Residual 2712,688 20 135,6344
Lack of Fit 2064,312 3 688,1041 18,04165 1,58E-05
Pure Error 648,3759 17 38,13976
. ) Cor Total 5298,369 29

The results of the ANOVA analysis for Fy are shown in Table 4. The Model F-value for Fy of 7.95
implies the model is significant. There is only a 0.01% chance that an F-value this large could occur due to noise.
P-values less than 0.0500 indicate model terms are significant. In this case B, C, BC, A2, C? are significant model
terms. Values greater than 0.1000 indicate the model terms are nat significant. If there are many insignificant
model terms (not counting those required to support hierarchy), model reduction may improve your model. The
Lack of Fit F-value of 37.41 implies the Lack of Fit is significant. There is only a 0.01% chance that a Lack of Fit
F-value this large could occur due to noise.

Tabled. ANOVA for Fy

Source Sum of daf Mean F-value p-value

Model 1904694 9 21163,26 7951422 6,25E-05
A-CN 802,7306 1 802,7306 04,3016 0,588561
B-V 19857,04 1 19857,04 7,46065 0,012861
Cf 37903,22 1 37903,22 14,24093 0,001194
AB 2619761 1 261,9761 0,098429 0,756972
AC 952,443 1 952,443 0,35785 0,556417
BC 6101572 1 61015,72 22,92472 0,000112

WwWw.ijres.org

332 | Page




Effect of Technology Parameters on the Components of Cuiing Foree i Hard Taraing 9xc-Steel -~ ]

AA? 13925,53 1 13925,53 5232075 0,033204

BA? 2468,588 1 2468,588 0,927493 0,347016 )

Cir 53045,77 1 53945,77 2026841 0,000218

Residual 53231,39 20 2661,569

Lack of Fit 46229,56 3 15409,85 3TALA18 105507 :

l;ure Erro;iii 77(51,?2;1 17 411872 i o 7’
- | CorTotal — — | 2437007 |~ ~297| " - ]

The resulls of the ANOV A analysis for Trare showr i Pabte-5-TFhe Modet F-value-of 2-30-implies-there
is a 5.81% chance that an F-value this large could occtr due to noise. P-values less than0:0500 indicate model—— — - =
o terms are significant. In this case C, A?, C? are significant model terms. Values greater than 0.1000 indicate the
_ imodeltermsarenot significant If there are many insignificant model terms (not counting thoserequired tosupport =~ ~
' hierarchy), model reduction may improve your model. The Lack of Fit F-value of 13.38 implies the Lack of Fit is

significant. There is only a 0.01% chance that a Lack of Fit F-value this large could occur duc to noise. Table 5.

ANOVA for Fz : o

Source Sum of ar Mean F-value p-value
Modei 7 605,6097 | 9 67,6253 2,299;1[1 0,058063
A-CN 5,0176 1 5,0176 4,170615 0,683961
B-V 54,6121 | 54,6121 1,856988 0,188121
CAf 160,4022 1 160,4022 5,454195 0,030051 7
AB 0,11045 1 0,11045 0,003756 0,951742

- AC o 3,40605 1 3,40605 0,115817 0737165
BC 0,0288 1 0,0288 0,000979 0,975346
AA? 134,1442 1 134,1442 4,561336 0,045253
BA? 33,67388 1 33,67388 1,145021 0,297339
CA? 215,5016 i 215,5016 7,327751 ¢,013569
Residual 588,1793 20 29,40896
Lack of Fit 413,1768 3 137,7256 13,37887 9,85E-05
Pure Error 175,0024 17 10,29426
Cor Total 1196,789 29
Cor Total 243700,7 29

Figure 2 shows the influence of input factors on the mean value of the cutting force Fx. The cutting force

Fx has the same direction as the direction of the feed movement, so it is most strongly influenced by the feed rate

and increases with the increase of the feed. However, in the small feed rate region (0.1 -0.12 mm/rev), the cutting

‘ force Fx tends to decrease slightly with increasing feed rate. At the same time, the nanoparticle concentration also
significantly affects the cutting force Fx. When increasing the nanoparticle concentration to 2%, the cutting force

Fx tends to increase, and continuing to increase the particle concentration, the force Fx decreases. The cutting

speed also significantly affects the cutting force Fx, when the cutting speed increases from 80 to 130, the cutting
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force Fx tends to decrease. If the cutting speed continues to increase up to 160 m/min, the cutting force increases

again. This is in agreement with published resuits on the effect of cutting speed on cutting force Fx. However,
within the scope of the survey, the cutting force Fx only varies a smali amount, so it does not affect the quality

and machining accuracy much, especially when finishing with small feeds.

Fx(N) FE ()
64 62

) 62 60 »
' T W §
N - | 58, SZ_T

56 4 544 -

S sy 524
52 50
& ,au,. S B e 43,. T PR STt otTm TT T AT L
T 15 2 25 3 8 100 120 140 160 01 012 0.14 0.16 018 02
A: ON (wt¥). B B: V(m/min) ' C: f (mm/rey) -

o e — - o~ —Figyre 2 Fffectof input factors-on cutting foree Fx— -~ - oo e

A o Fy (N} i I 4%\

ol \
420 . ,
. Y 1380 - 500
410 -
3904

. 340~ 4004
380 7 g
370. £ 320+ 390 gﬁ

T 18 3 25 3 80 100 120 140 160 0.1 0.82 0.14 0.16 0.18 02
A: CN (wt%) B: V (m/min) C: f (mm/rev)

 Figure 3. Effect of input factors on cutting force Fx

The influence of the survey parameters on the objective function Fy is shown in Figure 3. Cutting Force
Fy is a component of the cutting force perpendicular to the machined surface, and greatly affects the quality and
machining accuracy. The Fy force tends to decrease with increasing nanoparlicle concentration. However, when
the nanoparticle concentration increases sufficiently high, the shear force Fy tends to increase gradually. The
reason is that when the nanoparticle concentration is large, the nanoparticles tend to cluster, making it difficult to
penetrate the cutting area, leading to an increase in the cutting force. While the feed rate has a great influence on
the value of the cutting force Fy, the increase in the feed rate increases the cutting area and is the main cause of
the increase in the cutting force Fy.
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Figure 4, Influence of factors on cutting force Fz

Figure 4 shows the influence of the survey factors on the cutting force Fz. The cutting force Fz decreased
with increasing nanoparticle concentration from 1-2%, but the change range was not large (51-46N). During the
machining process of MoS2 nanoparticles, along with oil droplets entering the cutting zone, the nanoparticles have
the fortn of plates and hiave a strong lubricating ability, resulting in reduced friction in the cutting zone. Research -
. results also show that the tangential shear force Fz increases with increasing cutting speed.

he optimal technological parameters fo ting force components when turning 9XC steel using MQL
with MoS2 nanoparticles are determined through the optimization module on Design expert software 11. The
~~ minimization objective is selected for all three abjective functions(Fx; Fy and F z) with equal importance and .
weight equal to 1. The optimization results are shown in Figure 5. The cutting force components reach the
“mimimum value FZ=4379" Nﬁd?y?jﬂﬂiNﬁdfFFﬁﬁwahcnﬂnaehiningwith*afconcentratiﬂn—oféﬂﬁf%%, |
MoSZ nanopariicles, a CULiing spee
- AN BV
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Figure 5. Multi-objective optimization Fx, Fy and Fz

IV. CONCLUSION

The efficiency of the 9XC steel hardening process using the MQL method mixed with MoS8;nanoparticles
was analyzed using the Boxken experimental model. An experimental matrix of 30 experiments was built to
analyze the effect of solution concentration, cutting speed and feed rate on the cutting force components. The
results of ANOVA analysis show that a second order model is suitable to analyze and predict the influence of the
survey parameters on the cutting components in this study.

The study performed the Multi-objective optimization Fx, Fy and Fz and determined the optimal set of
technological parameters. The cutting force components reached the minimum value Fz=43.9 N and Fy=341.7 N

and Fx=57.2 N when machining with the concentration of MoS, nanoparticles 2.24%, cutting speed 89.6 m/min and
feed rate 0.147 mm/rev.
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