. ... _PAITHQCTHAINGUYEN _
i .

TRUGNG DATHOC KY THUAT CONG NGHIEP—— — |-

BAO.CAQTONG KET

PE TAI KHOA HOC VA CONG NGHE CAP TRUONG

TEN DE TAI

Ma s6: T2022-B10

Chi nhi¢m dé tai: TS. Pham Quang Déng

Thai Nguyén, thang 4/2023

Nghién ctru dnh hwéng cia diu cfit nano dén qua trinh khoan thép Hardox 500

" sir dyng phwong phap béi tron 1am ngudi téithidn




PALHQC THAI NGUYEN

-~ . .TRUONGDALHQCKY THUAT CONG NGHIEP

PE TAI KHOA HQC VA CONG NGHE CAP TRUONG

© TENPETAT — -

Nghién ciu anh hwéng ciia du cit nano dén qua trinh khoan thép Hardox
| 500 sir dyng phwong phip bdi tron lam ngudi tbi thiéu

Ma sé: T2022-B10

(%, ho tén)

Thai Nguyén, thang 4/ 2023

Chii nhiém a8 tai




DANH SACH THANH VIEN THAM GIA NGHIEN CUU DE TAI

T0S. Pao Thi Tuyét Nhung — Truong DH Ky thujt Cong nghi¢p —PH Thai

Nguyén

e

* ThS. Nguyén Thudn — Trudng DH Ky thuat Cong nghiép —DH Théi Nguyén
ThS. Nguy&n Thusin - Trudng PH Ky thuét Cong nghiép — PH Théi Nguyén




ATN1S B LUTR 1101 5 (17 OPVe——RE 5
BENYN1: £V 1/ YN (o0 :1) oL i SR —————— UL N
DANH MUC CAC CHE VIET TAT e e ——
THONG TIN KET QUA NGHIEN CUU s 8
PHAN MO DAU.uurroremacnsssaprassasssassssssasens I....’....'.;...;;'..';.’.’.’.’.;'.....'.”.’.;'.".'..':.".;.;.'.’.:...'.’.:.;.'.'.....;’13"“"
1. Tinhcipthifte. S O O 13
_ 2. Muc dich nghién citu......ccccco.. aresnneessrer .............. 13
- 4. Phuwong p ap- nghidm el ....._........,..,...m LL;;f
S_-;ﬁgh‘ia TS T L L [ ——————————— L R
CHUONG 1- TONG QUAN VE MQCL SU DUNG DAU CAT NANO TRONG
\ | GIA CONG VAT LIEU KHO GIA CONG o rrrimmmmmmsesermmsisseesesssisiessssinsies 15
1.1 Gia cong vt lidu Ko gia CORZ icisrinmmisnannstsissinsessssssmseramsasesmmssnssenes 15
1.2 Gia cdng cit got véi ché ap MQCL sit dung dung dich Dano......ccvrerserniens 16
1.3 Tbng quan nghin clHu ceuuerrsesmenses e eommaemmeseressmsseesssssssssmsonnnsnsessesne 16 ]
CHUONG 2- NGUYEN CUU ANH HUOGNG CUA AP SUAT DONG KH{, LUU k
LUQNG DONG KHi VA NONG DQ HAT NANO KHI KHOAN THEP :
HIARDIOX 500 ..0001s111seressssssssesssssessssssssessssssisssssssssstsesssssasasssssesesessscsssasssssssssssssssses 19 )
2.1 DEt VAN B8 evreeerereercemmmssssssmmmssimssssssssssssssssssssssssssmssssessess st 19 :
2.2 VIS Bl DERIEN CTU covvvveeecessussmsisssnssisssssssssssssssessassisasssssssssssssssssasasssssssssssssessses 19
2.3 Phuong phap nghidn Clrul eeciiineinmieismmecrssmsinssissmsisssssisorssseseemsssssssssees 20
2.4 CONE U NENIN CHWucrrrsrsorissvesessmsissssrosasersrussasssssasesmuisssissassinssiassestsesssssessenss 20
2.5 Thibt K& thi NZRIEM wevereseesereesssrssossssssmsssssssssmsmssssssssssssesssssmassssisismmssesssssssssssssess 20
2.6 Tridn Khai thi NERIEIM cueerersmisssssscssisrsssssmsssrssssssssssessssssssrsssistssossissssassssssssssss 22
2.7 Kt qua VA thA0 TUAD cevererencssssssesesssessasssssmesssstsmmssssssssn s sssssssasssssess 23
2.8 Khio sat anh hwéng clia hat nano AbO3 .. 26
R DG 2 LT | O R—— .............. 29
KET LUAN CHUNG VA HUGNG NGHIEN CUU TIEP THEO ..cooveeernrrvsssasonss 30
TAI LIEU THAM KHAO coooeeveresssssississsssssssssassssssssssssssssssssssssassssssssssssssssssssases 31




DANH MUC HIiNH VE

STT | Hinh N§i dung Trang
1 11 Nhémbe mﬁf ichi tién véi-cac-ché d9 khac nhau gom |17 | _
— kh6, MQCIL. va tudi tran vai V=150 m/phut [22]
2 1.2 | So sanh lyc cit véi lugng chay dao va ché @6 khac nhau | ~ 17
- fgom kho, MQCL va tudi tran [22] - —
4 2.1 | Thiét ke th1 nghn;m ] 20 -
5 2.2 | Dau do Iyc 03 thafh pnan 9257BA cua hing Kistler- 21
B 6 | 23 |May donham SJ-210 ciia hing Mitutoyo- - - 21 I
7— "~ 2.4 |Anh chup-SEM ciiahatnanoMoSz.. ... ... .. . 20
8 2.5 | Anh chup SEM ciia hat nano AlO3 22
9 2.6 | Anh hudng cua cic bién khao sat dén tri sO Fy 24"
10 | 27 | Anh hudng ctia cac bién khao sét déd trj s6 Ra - 24
" [TI1[ 28 | DS thi b mat cac anh hubng twong tic gita p va Q doi | 25
vdi Ra, Fy | T
#
12 |29 | Db thi bé mit cic anh hudng tuong tac gilta p va NC | 25
b1 voi Rg, Fy |
13 | 2.10 | Dd thi bé mit cac anh hudng tuong tic gitta Q va NC | 25 3
d6i voi Ra, Fy
14 | 2.11 | T&iuu hoa da muc tiéu d6i véi Ra, Fy 26
15 | 2.12 | P thi dudng mirc cAc anh hudng tuong tic gita Qvap | 28
dbi voi Ra, Fy
16 | 2.13 | P thj dudng mirc cAc inh hudng twong tic gita NCva | 28
p d6i v6i Ry, Fy
17 214 | Pb thi dudng mirc cic anh hudng twong tic gitta NC va | 28

Q db1 v6i Ry, Fy




DANH MUC BANG BIEU

STT

No¢i dung

N S B Y ""Thénfl—phé“m—-héa}-hec—thép-Hardox.S0.0-.[.l9]....... R 15 | . -
- 2 | 1.2 | Tinh chit co hoc ciia thép Hardox 500 [19] 15 —

~| M6 hinh nghién clru qua trinh khoanthcpHardox7500

K& hoach thi nghiém

K&t qua thi nghiém theo so dd quy hoach

" 'hat nane ABOy o o o T

4 7 *
Két-quirthi-nghit

hoach-khi sit duno

9 -




DANH MUC CAC CHU VIET TAT

- = MQL: Minimum-Quantity Lﬁbnicatitm.... e

- MQCL: Minimum Quantity Cooling Lubficatiomn

- HRC: Rockwell C hardness- -

- NCKH Ngﬁic:an ci;l’rruikho&l'iiorc

i

y

¢

A
7




TRUGNG PAI HQC
KY THUAT CONG NGHIEP
- Ponviz Khoa Cokhi -~ e

I

—THONG TIN-KET
1 Thong tmchungL— SN

- Tén d& tai: Nghién ciru dnh hudng ciia diu ciit nano dén qu4 trinh khoan thép
Hardox 500 sir dung phwong phap bo1 tron lam nguo

. _Masb:T2022-B10 _

_ - Cht nhiém @& tai: TS. Pham Quang Pong

- Co quan chu tri: Trudng Dai hoc K§ thugt Cong nghlep Pai th Thai Nguyen

——'-Thﬁri—gimrtht;rtrhién:—l%théng-(—Tﬁhéng—O4—nﬁm%022—déﬂ—théﬂg94—ném—202—})——~——

2. Muc tiéu:

- Nghién ctru xac dinh ché d6 cong nghf; t61 uu khi khoan stt dung phucmg phap boi
- tron R ngudi tdi thiéu MQCL véi daucétnano. — - - - ——— -

- Ung dung vao thye tién dé gia cOng cic san phéim co khi.

3. Két qua nghlen ciru:

- Sir dung thiét ké quy hoach t6i wu Box - Behnken véi 03 bién khao sat dé xay
dyng so @ quy hoach véi hd trg cua phin mém Minitab 19 nhim dénh gid anh hudng
clia cac bibn sb khao sat gdbm 4p sudt dong khi, luu hugng dong khi, ndng do hat nano
dén két qua ctia ham muc tiéu 13 lyc doc truc Fy va nham bé mit Ra.

- Nghién ciru da ung dung thanh cong cong nghé MQCL ¢6 sit dung diu cit
nano MoSz va AlO3 trén nén 13 diu gao vao qué trinh khoan thép Hardox 500. Két
qué nghién citu c6 y nghia rit 16n khong chi & mat ky thuét d6 1a dé xuvdt giai phap
cdng nghé khoan thép khé gia cong Hardox 500 bing miii khoan hop kim cling, ma
con & mit mdi trudng, vi du gao 13 mdt trong nhiing loai déu thue vét than thién véi
méi treomg, giam thiéu viéc sit dyng nhitng loai dau cit got cong nghiép. Coéng nghé
nay sé thay thé cho khoan & ché d6 khé va tudi tran.

- Tur két qua thye nghiém thu duogc, qua phan tich biéu @b bé mit va dudng
mire, nhitng chi din cong nghé hop ly v& ap suit dong khi, luu lugng dong khi, ndng
d6 hat nano MoS va Al:Os trong cong nghé MQCL diung diu gao duoc dé xuét. Hon
nita, dd xac dinh bo théng sb cong nghé t6i uu cho &p suit dong khi, luu lugng dong
khi, ndng d6 hat nano MoS; d6 12 p=6 bar; Q = 144,4 Uphut va NC = 1,0%.
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- Tir k&t qua nghién ctu nay, cin clt vao diéu kién gia cong cu thé ma c6 dinh
huéng dé trién khai nghién ctu va tng dung vao thye tién sén xuét. Tuy nhién nghién
clru moi thuc hlen duqrc & nhitng thong s6 co ban va mang tinh chit dinh huéng, con

" rht nhicu van d& can t1ep fuc nghién ciru 81 vurcdc thdng 56~ cong nghé khacnhu-logi-— -~

o dau cat, Toai hat nano, cné—dﬁ—cat—V‘v—Bay—}a—mot huéng-nghién-oim-moLco nhiéu
uieﬁ 1vo,ﬂ_g_v_a_99_y_ﬂgh_‘l_a khoa hﬁ(‘ va fh'er tlen
4. San pham. -

bi dang dugc 01 bai béo khoa hoc dang trén tap chi quoc & ¢6 chi s6 ISSN:
Pham Quang Dong, Dao Thi Tuyet Nhung, and Nguyen Thuan. Investigation of air

pressure, air flow rate, and nanoparticle concentration in MQCL drilling of Hardox
500 steel. International Journal of Innovative Research in Sciences and Engineering

__________ Studies GJTD QEQ\ Volume 3, Issue 3, 2023,24-28.

5.1, Dbi v&i linh vie gido duc va dao tao

- Néng cao trinh 0 vé NCKH, vé chuyén mon cho giang vién

5.2. Péi voi linh vre khoa hoc v cong nghg cé li€n quan

————— -~ K§-thugt: Khi khean thép Hardox 500 bang cong. nghf; MQCL c6 sir dung dung dich

nano s& ning cao duge kha ning cét, nang sudt va chét lugng bé mit gia cong

- Kinh t&: Pay 1a mdt giai phap gia cdng mdbi, gop phin néng cao ning suﬁt va ha gid
thanh san phim. -

- Mbi trudng: Day 1 céng nghé sach, thin thién v6i moi tradng.

5.3. D6i v6i phat trién kinh ¢€ - x3 hoi
- Pua ra giai phéap gia cdng dé gia cOng cit got loai thép khoé gia cdng, va gidi phap gla

cong ndy than thién véi mdi trudng va con ngudi, biét phti hgp véi diéu kién san xuét
tai Viét Nam.

5.4. P6i v6i t chire chil tri va cdc co s& wng dung két qua nghién ciru

- Pbi voi td chirc chi tri: Nang cao dugc ning lyc nghién ctru khoa hoc va chuyén giao
cbng nghé do6i voi nhimg cong nghé-gia cong méi

- D6i véi co sé ung dung két qua nghién cru: Néng cao nang sudt gia cong, tiét kiém

chi phi, ha gia thanh san phim dé ting tinh canh tranh. M& rdng dugc néng lyc gia
cdng, san xudt.
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6. Kha ning ap dung va phuong thire chuyén giao két qua nghién ciu:
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INFORMATION ON RESEARCH RESULTS

__ 1. General information:

s of

. Hardox 500 steel using Minimum

' Codenumber: T2022-B10

——————Coordinator-PhD-Pham Quangberg——— — — — —— —

- Tmplementing institution: Thai Nguyen University of Technology

- —PDuration: from April, 2022 to April, 2023

2. Objective(s):

- Study to determine the optimal technology mode when drilling using
Minimum quantity cooling lubrication (MQCL) method with nano cutting oil.

- Practical application to machine mechanical products.
3. Research results:

- The Box - Behnken optimal expetimental design with 03 survey variables to
build the planning diagram with the support of Minitab 19 software was applied to N
evaluate the influence of survey variables including air pressure, air flow rate, and .
nanoparticle concentration on the result of the objective functions including the axial
cutting force Fy and surface roughness Ra.

- The study has successfully applied MQCL technology using MoS2 and Al2O3 ]
nano-cutting oil based on rice oil in drilling process of Hardox 500 steel. The research

~ results have great significance not only in the technical aspect, proposing the solutions

for drilling difficult-to-machine materials like Hardox 500 steel with carbide drill bits,
but also in terms of the environment, because rice oil is one of the environmentally
friendly vegetable oils, minimizing the use of industrial cutting oils. This technology
will replace drilling in dry and flood condition.

- From the experimental results obtained, through the analysis of surface and

contour graphs, reasonable technological guidlines on air pressure, air flow rate,
nanoparticle concentration of MoSz and ALOj3 in MQCL technology using rice oil as
the based oil. Furthermore, the optimal set of technological parameters for air pressure,
air flow rate, MoS» nanoparticle concentration has been determined, which is p=6 bar;
Q = 144.4 /min and NC = 1.0%.

- From these results, based on specific machining conditions, there is an
orientation to conduct the further research and apply them to production practice.
However, the new study can only be done at basic and directional parameters, so there
arc still many issues that need to continue to be researched to optimize other
technological parameters such as cutting oil type, nanoparticle type, cutting
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parameters, and so on. This is a new research direction, which has many prospects and
has scientific and practical significance.

4. Products:

Tuyef Nhung, and Nguyen Thuan, igation of air pressure; air flow rate; and

nanoparticle concentration in MQCL drilling of Hardox 500 steel. International  — — —

Journal of Innovative Research in Sciences and Engineering Studies (IJIRSES),

Volume 3, Issue 3, 2023, 24-28.

5 Effects: - . e e o

~ 5.1.Education and training

- Improve the ability of doing scientific research and knowledge of lecturers

5.2. Technology and science
- Technical aspect: '
- Economic aspect:
. Environmental aspect: If is the environmental friendly technology. , -
5.3. Economic and social development

- The study provided the environmental friendly solution and safety for human use,
which is suitable with the production condition in Victnam.

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.

6. Transfer alternatives of research results and applicability:

12
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PHAN MO PAU
1. Tinh cAp thiét |
_Thép_Hardox_s_oo_duqc_sfr_.dung..rét phd bién dé ché tao chc chi tiét may 1am vige

“ r - . .-( . A . LY . A
trong cac moi triromg déc biét, cac chi tiét chiu mai mon, chju #n mon, v.v. Tuy nhi€n,

thép Hardox 500 1a loai vit liéu kho gia cong, tinh khé gia cong thé hién & chd 1a vira

c6 dd cimg kha cao; vira ¢6-do bén,-d6 déo dai-cao; vira co co.kha nang chiu maimon,
chiju va dap {6t [1]. Thém vao d6, & dang thuong phém?thép Hardox 500-¢6-d¢-cling — - —
HRC = 49 — 50; d5 bén, d déo giai cao do viéc gia cdng nhiét thép Hardox rét phirc

tap nén thudng su-dyng-loat thep nay ¢ aang-tuohg : ]
doi hoi cita thyc tién san xudt, céc sin phdm ché tao tir thép Hardox 500 cin gia cong
chit got voi khdi lugng 16n, trong d6 nguyen cong khoan dwge sir dung rét phd bién: Vi————

vy, cn o6 gidi phip 48 chi thign khi ning it Kii gia cong loat thep nay. Trong |

nhitng nim gin day, boi tron 1am ngudi tdi thifu MQCL d4 dugc nghién ciru vathong —
qua cdc cong bd cho thiy ring higu qua vuot trdi trong viée bdi tron va 1am ngudi

rong vimg cit. Tir 46, ma st v nhiét sinh ra qué trinh cat gidm, gop phin giam lyc,

mon dung cy cit, cai thién dugc chét luong bé mit gia cong [3-4]. Tuy nhién céac ‘

nghién ctru ndy mdi chi dimg lai & viée s dung cong ngh¢ bdi tron ti thiu voi dung

dich nén c6 dic tinh 13m ngudi nén hiéu qué van cdn thép, dic biét khi gia cong nhitng

___loaivét liéu kho gia cong. Ngoai ra cic nghién ciru di cong bd chi tdp trung vao
phuong phép tién, nhitng cong b6 vé qué trinh khoan dn nay con rét han ché, dic biét
& Viét Nam. Viéc st dyng dung dich nano lam dung dich nén cho bbi tron 1am ngudi
ti thiéu MQCL 12 mdt huéng nghién clru méi, gop phin nang cao hi¢u qud bdi tron
lam ngudi trong vung cét do su c6 mit cia cac hat nano trong dung djch, giup cai thién
hé sb dan nhiét, hoat tinh dung dich [5]. Ngoai ra, cic hat nano con thiam nhdp vao
ving cét gop phan cai thién dic tinh ma sat trong ving cit [6-14]. Trong céc loai hat
nano di dwgc nghién ctu va ting dung, hat nano MoS; ¢6 chu tric dang 16p, cb dic
tinh boi tron rat tdt, cho nén viée st dung loai dung dich nano chira loai hat nay trong
MQCL s& gop phin néing cao hiéu qua cla qud trinh cét [15-18]. Vi vay, cin ¢6 nhiing
nghién ciru tiép theo nhdm ting dung va phat trién hudng nghién ctru ndy, mad ra nhing

- cdng nghé méi, nhitng gidi phap mdi trong gia cOng.

[ = a2 SN TOPTEIN

Mol

Xuét phét tir thuc té d6 nhém tic chon hudng nghién ciu la xult mot gidi phap
cOng nghé hitu ich ap dung dé nang cao hidu qua nguyén cong khoan thép Hardox 500,
d6 14 st dung phuong phép bdi tron lam ngudi ti thiéu sir dung dung dich nano cho
qué trinh khoan thép Hardox 500 vdi tén dé tai: “Nghién ciru anh hwong ciia dp lic,
Iwu liegng dong khi va nong dp hat nano dén qud trinh khoan thép Hardox 500 sit
dung phiwong phdp boi tron lam ngudi toi thicu (MQCL)”

2. Muc dich nghién ciu
- Nghién clru xac dinh ché @ cong nghé t&i wu khi khoan st dung phuong phap boi
tron 1am ngudi t4i thiéu MQCL véi dung dich nano MoSa.
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- Ung dyng vio thye ti&n dé gia cong cac san phém co khi.

3. N(;n dung nghién ciru, d6i twgng nghién ciru

- NOI dung nghzen cimu: Tim hiéu cac Iy thuyét co ban ve MQCE, vagia cong thep---—-- e
Hardox 500; ung dung MQCL vao qua trmlﬁiﬁ@mgvat tiéukho-gia-cdng; Nghién
ﬂg_khi_va ndng 36 hat nano dén qua trinh 1
khean thep Hardox SOD U'ng dung vﬁo thuc tién dé gia cong mot so_sfgm pham domft 1
so co s& san xudt dit hang nhém nghlen ctru. Béo cdo céc bai bao bang tiéng Anh (12 i
san nham cha dé tai sau khi duge chap nhén ding) tai hdi thdo don vi; Bao cho tbng - - -

két d8 1ai.

- Pbi twong nghién ciu’ - Tac dong ciia phuong phap-bdi-tren- lam ngudi- t6i thleu -
~ MQCL v4i dung dich nano I\/FSz ﬂen cac qui tﬁritrvaﬁyﬁcayra trongwung chtkhi————
khoan A

- Pham vi nghién cuu:

- Tac dong cha phuong phép boi tron lam nguo t5i thidu MQCL voi dung dichmano————
MoS: dén két qua ciia qué trinh khoan. :

- Nghién ciru, trién khai Gmg dung cho phuwong phép gia cong khoan.

4. Phwong phap nghién cira ' ' —_—— S -

Nghién ciru ly thuyét két hop v6i nghién ctru thye nghiém, trong d6 chu yéu 13
nghién ctru thue nghiém.

P~ B Y |

5.Y nghla khoa hqc, y nghia thye tién

—-—

- K§ thuat: Khi khoan céc loai thép bang cong nghe MQCL c6 st dung dung d1ch nano
s& ning cao dugc kha ning cét, ndng suft va chit luong bé mit gia cong

—_—a1

- Kinh t&; M#& ra gidi phép gia cong méi khi khoan vét liéu kho gia cong, gop phén m&
rong kha ning cong nghé clia phuong phap khoan, giam gia thanh gia cong.

- Mbi truong: DAy 13 céng nghé sach, than thign véi moi trudng,




CHUONG 1- TONG QUAN VE MQCL SU DUNG DAU CAT NANO TRONG

GIA CONG VAT LIEU KHO GIA CONG

_ 1.1 Gia cong vit ligu kho gla cing

Trong nhitng ndm gan day, voi SlI phét trién nhanh chong ctia linh VU'C khoahoo

vét lidu d3 cho ra doi nhiu loai hop kim dic biét, ciing liic s& hitu nhiéu dic tinh tot

—nhw 35 cting cao, 80 bén cao, A0 dai cao, kha nang chiu mai mon tot, v.v. Trong thigc

-~ tién san xudt 44 cho thdy viée tng dung ngy cang rong rdi cic loai vat liundy, vidu — — —
nhu thép hop kim SKD 11, SKD 61, Hardox 500, hep kim Inconel, v.v. Tuy nhién,
wviée ddng thoi sér hitu_nhidu nhiéu tinh chét t6t khién nhitng loai vt liéu niy c6 tinh

gia cong thdp. Trong d6 thép tAm Hardox 500 thwong mai dugc san xuit boi hing
SSAB, Thuy Pién[19] dd duoc gia cong nhiét hoan chinh; thép €6 4o cfmg khé cao;————

~ giéihan bén, gidi han déo cao va khfnﬁngcl‘rﬁrrgmarmmrtor rlrannpnalrnozrnocvé —
““tinh chét co Iy cla thép Hardox 500 dugc cho ¢ bang 1.1 va 1.2, B
Thép Hardox 500 tuy c6 d§ cing kha cao nhung c6 d§ déo dai 1on, kha nang

chiu mai mon tot, ¢d tinh

gia cong bang bién dang déo tot, va c6 tinh han cao. Vi viy

thép Hardox 500 dugc st dung khé rdng rdi trong céc linh vye nhu co khi (cho nha
may san xuét xi ming, thiy dién, khai thac khoang san, khai thic da, v.v. dé san xuét
céc loai san phdm nhu mang trugt, may dap, baa, tAm 16t bang tai, gau, banh ring, ludi
cét trong cac may cét vun, méy nghién, méy sang, v.v.).

Bang 1.1. Thanh phin héa hoc thép Hardox 500 [19]

Nguyéntb | C | Si | Mn | P S Ct | Ni [ Mo | B
- {Hamluwong | o o0 16 10025 001 | 15 | 15 | 0.6 |0.005
(% max) : T
Bdng 1.2. Tinh chat co hoc ciia thép Hardox 500 [19]
Do déo D6 bén kéo Do dén dai Do cing Pb ciing
(MPa) (MPa) (%) (HBW) (HRC)
1250 1400 10 470 - 530 49 - 50

Tuy nhién, thép Hardox 500 dugc xép vao nhém vat liéu khé gia cong va nha
san xudt khuyén cdao nén dung vét liu dung cu cit nhur hop kim cirng, CBN, v.v. chét
lugng cao cua céc hing san xuét dung cu nbi tiéng nhu Sandvik, Mitsubishi, SECO,
v.v. két hop v6i ché dd tron ngudi hop 1y. Trong didu kién san xudt co khi hién nay &
nudc ta, viée nghién ctru, tim gidi phip dé gia cong duge va gia cong c6 hitu qua thép
Hardox 500 la rét cAn thiét.

Pinh huéng nghién.ctru ma nhém tic gid huéng dén 1a ing dung cong nghé
MQCL nén nhitng vin d& co ban vé MQCL dugc trinh bay & phén tiép theo.
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1.2 Gia cbng ciit got véi ché @) MQCL st dung dung dich nano
Trong linh vyuc gia cong cit got, chi phi sir dung va xir Iy cia dung dich tron
ngudi sau khi str dung chiém khoang 15% tbng chi phi sén xuét. Chi phi nay phu thude |
Vi dang chi tiét; chimg Togi hé thong T mat; va- phuong phap -gia cong [20] Nhu'ng —emme
—“—quy—dmh—nga‘y—cang—khat—khe-ldﬂeﬁehevﬂ

—mxbngranh_hlmgrxaujmmkhouggngum tir vige St dung dung dlch tron ngudi

da thac day céc nha sdn 7xuat hudng t6i giam “thidu t6i da vi€e sir dung hogc loai bo -

hoadn toan cac loal dung dich nay. Béi vay, boi tron t6i thiéu (Minimum quantity
© lubrication- viét tit 1a MQL) da dwoc d& xuét vao nhitng nim 1990 [20] 12 phwong

phap du'a true tlép dung dich tr0°n nguoi vao vﬁng cht v61 ap Iu'c cao duéu d_ ang su'ong

“ 7 wymummmm_gmen cu'u v& MOQL cho thav dﬁ.v a

: phu'(mg phap c6-hiéu qua bdi tren cao, gép phén 1am giam 4 mon cba dyng cy, din_
dén tudi bén dung cy ting, chit lugng b& mjt gia cong dugc cai thién, v.v. Hon nita, - -
leong str dyng dung dich tron ngudi giam thidu 15 rét va dugc coi 1a cong nghe than |

- thign mot twong {4]. Cthén—m—cﬁrrg—th&Mdeumngﬂ i |
¢dng nhiing loai thép c6 dd cing thip, trurée nhiét luyén va cho thdy hidu qué rd rét
khi so sanh véi ¢dng nghé kho va tudi tran [5, 11,13,16]. Khi ting dung cdng ngh¢ nay
dé gia cdng nhitng loai vit liéu kho gia cong, vt lidu c¢6 44 cling cao thi higu qua chua

-~ ~duge nhuky vong do-ye it v nhiét sinh ra tir ving et rdt16n.— ——

C6 giai phap dugc dé xuit dé khiic phuc vin dé nay, trong dé 13 st dung cong
nghé MQL va MQCL (Minimum quantity cooling lubrication- viét tat 1a MQCL) véi
diu céit nano. Viée sir-dung dau cét nano di givp cai thién duge hidu qué boi tron va
1am ngudi ciia déu cit nén cling nhu twong tic ma sat trong ving cat [21].

L4 i

LY

Trong d6, viée img dung cdng nghé MQCL ¢ sit dung déu cét nano 1a mot
huéng nghién ciru méi, dang thu hut duwge sy quan tim dic biét cuia cac nha khoa hoc
trén thé gidi, tuy nhién & Viét Nam con it duge quan tdm va nghién ctu. Cac nghién
ctru v& viée g dung c6ng nghé MQCL c6 str dung dAu cét nano trong gia cong khoan
céc loai vat liéu khé gia cong nhu thép Hardox 500 van con rét han ché, dic biét &
nuéc ta con it duge quan tAm va nghién citu, do d6 nhom tac gia d& xuit huéng nghién
cltu véi tén dé tai: Nghién ctru dnh hwéng cia ap lwe, luu lugng dong khi va ndng db
hat nano dén qua trinh khoan thép Hardox 500 sir dyung phwong phap bdi tron 1am
ngudi t6i thidu (MQCL).

Y

1.3 Tong quan nghién ciru

Trén thé gidi, viéc nghién citu cong nghé MQCL vmng dung cho gia cong vt
liéu khé gia cong 1a huéng nghién ciru dang thu hit dugc nhidu sy quan tAm cua cac
nha khoa hoc. Nghién cttu vé€ anh huéng cia MQCL khi tién hop kim Ti6Al4V dugce
trinh bay trong tai liu [22]. Két qua nghién ctru cho thay tri s0 nhdm bé miit, lwc cit
va mon dung cy gidm do hi¢u qua bdi tron va lam ngudi trong ving cit duge cai thién
khi so sanh voi ché do kho va tudi tran. Hinh 1.1 minh hoa tri s6 nham b& mit khi tién
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V6i céic ché db khac nhau gdm khd, MQCL va tuéi tran v6i V =150 m/phit, t =0.8 mm, £
=0,15; 0,20; 0,25 mm/vong. Két qua chi ra ring khi tién v4i ché d6 MQCL cho chét lugng bé
mit tot hon. Trong hinh 1.2a, ché ¢ MQCL phun tir bén ngoai cho hi¢u qua & luong chay
dao thip 0.15 mm/vong, nhung & lugng chay dao cao hon 5= 0,25 mm/vong thi lyc cit lai 16n
hon céc ché d6 khac. O hinh 1.2b, ¢hé d6 twdi tran cho hi¢u qua té:c hon c"f‘dé;i‘ltmn‘g‘chgy"dacr' -

: ié 8= & d6 boi ac 1ot hon

Hinh 1.9¢ v6i V =120 m/phit, ché d tudi tran va MQCL cb gié trj lyc oAt nho hon so véi ché
- d6khd & cac mire lugng chay dao duge khdo sat.

‘aDRY mMOQCL (External) ‘ZMQCL (Internal) 8FLOOD

o

7N
f=020
Feed (mm/ rev)
b ’ ; w L] A r- r l{ ~ I X -~ b re r e
B __ Hinh 1.1. Nhdm bé miit khi ti¢n voi cac ché @6 khac nhau gém khd, MQCL va tu¢i tran vo1 V
© =150 m/phut [22] o S
——Dvy -~ Flood -a~- MQCL (External) - 3¢ - MQCL (Toternal)

as0 - 450 A 450 /. 4
% 400 200 "‘“ 400 e ]
;%.35“ 350 ] ;/",ﬂ' 350 /'//’ y
M y / d/«- -*:ﬁ.‘.:'-‘-‘"‘! '
gsuu X 300+ » foee ~ 1300 !: s |
3 204 o 250 { oo 350 il
200 Ve=90m/ min Ve = 120 m/ min Ve =150 m/ min .
; P i|z00 : . . A

oy 0as 02 025 03 g1 oas 02 025 08 2000.1 o1s 0z 025 03

Feed (mm/ rev)

(a) (b} (©)

Hinh 1.2. So sanh luc cit véi lugng chay dao va ché d khac nhau gdm khd, MQCL va tudi
tram [22]

Trong nghién ctru anh hudng cta cac thong 6 cong nghé ciia MQCL cho qué trinh
tién cirng thép AISI 1045, nhém téc gid chira rang viéc hinh thanh dang suong mu cua
diu cit emulsi trong MQCL dong vai tro rit quan trong trong vigc nang cao higu qua
béi tron va lam ngudi vang cit [23]. Pudng kinh giot diu cit nho hon cé xu hudng
hinh thanh 16p mang bdi tron va xam nhép vao ving cit tét hon. Viéc hinh thanh 16p
mang béi tron trén bé mit tiép xtc giita dao va phoi gop phin 1am gidm ma sat va mon
dung cu [23]. Nhom tdc gia cling tién hanh nghién cttu qué trinh hinh thanh phoi khi
tién thép 316L v6i ché dd MQCL [4]. Két qué nghién ciru chi ra qué trinh hinh thanh
pho thuan lgi hon va h¢ sb co rat phoi gidm, diéu nay chimg to hiéu qua bdi tron va
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_vagop phén giam su bién dang b& mit gia cong. Tuy nhi€n, tac gia cling chi ra dudng -

lam ngudi t6t hon. Hon nita, két qua thuc nghiém chi ra chit lugng bé mijt va
topography bé mit cai thién khi so sanh véi tién khd. Diéu ndy c6 dugc 12 do sy xam
nhép sdu vao vung cét ciia c4c hat swong mi emulsi d4 ddy nhanh qué trinh thoét nhiét

kinh giot 4nh hudng 16n béi khoang cach voi phun, va du&mg kinh cung nhur $8 lu:o*ng T

glotcothedleuten duge bang Iuu Togng dong Kir ; dong-khi-vakhoar
vmn‘hup

kh1 Khoan thép. Hamox 500, Thong sé d4nh gié 1 luc doc truc va nhém bé mat.

~Day ciing 1a’ nhttng nghién clru ban dAu vé& anh huéng cla cée thong sbcong - ——
nghé MQCL nén co y thé thay réng ddy 14 m{t hudng nghlen ‘citu mdi, con it dwgc quan — |
tam va nghién ciru, bdi vy nhém ngh1en ctru lya chon de tai: “Nghién ciru Anh hwing

5 no dén qua trinh khoan thép

Hardox 500 sir dung phwong phip bdi tron lam ngudi tbi thiéu (MQCL)” Trong ni
dung nghlen cuu, nhom téc. gia tap. trung nghién ctru vao thong sb6 c¢ong nghe MQCL,
_dong kh g , 3 ndng dd hat nano) sit dyng _dich nano

A P

AR 2 Ll TN
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CHUONG 2- NGUYEN CU'U ANH HUONG CUA AP SUAT DONG KHi, LUU
LUQNG DONG KHI VA NONG DO HAT NANO KHI KHOAN THEP
HARDOX 500

2.1 Pt van dé T - —

~_ Thép Hardox 500 13 loai vat lidu kho gia cong, tinh Kho gia cong the hign ¢ e — |
13 vira c6 dd cimg khé cao; vira c6-dd bén, do-déo-dai cao; vira-c6-¢6 kha ning chiu — —
méu mon, chlu va dap tot V1 viy thep Hardox 500 duorc st dung rat pho blen de che

chlu idn mon, v.v.

_ Do viéc gla cong nhiét thép H@rdpx rét phire tap nén thudng st dyng loai thép
_nay & dang thwong phém do Hang san xuét. O dang thuong pham thép Hardox 500 46 =
cing HRC = 49 - 50; d§ bén, d6 déo giai cao. Tir doi hoéi cia thuc tién san xuit, cac
san pham ché tao tir thép Hardox 500 cin gia cong cit got voi khdi lwong 16n, trong
nguyén cong khoam dugc sir-dung rit phd-bién-Tuy nhién, ¢4y ta- mbtloai thép khé-gia—————
cbng nén khi gia cobng & ché dd khd, lyc va nhiét cit sinh ra rt 16n, déy nhanh qué
trinh mdn dyng cy, anh hwéng xfu dén chét luong bé mit gia cong va tudi bén clia
dung cu, tir 6 lam gidm hiéu qua cla qua trinh cét. Diic bidt d6i voi qué trinh khoan,
———déay la phuong phap gia cdng ¢b khéng gian kin nén vigc thoat phoi va thost nhiét ggp —~— —
nhiéu khé khin, do viy, cin phai ¢6 giéi phép b6i tron lam ngudi ph1‘1 horp @& ¢6 thé
dua dugc diu cit vao siu trong ving cit. Trong céc giai phap dugc dé xuét, viéc ting

dung cong nghé MQCL c6 str dung diu cit nano 14 mot hudng nghién ctru méi, da cho p
thdy hidu qua trong v1¢c cai thién kha niing cit trong cdc nghién ciru gin day [1,2]. \
Hi¢u qua cia vige sir dung dau cit nano trong céng nghé MQCL phu thudc vao [:,

- rét nhiéu théng so nhu: ap suat dong khi, lwu lugng dong khi, loai dung dich, loai hat, 3
A

loai dung dich nén, ché ¢ cit, v.v. Do vdy, viéc danh gia cac thong so cong nghé nay
ciing nhu hiéu qua cla dung dich nano trong MQCL stf dung cho qua trinh khoan 1a
cép thiét, cin duge nghién ciru & trién khai img dung trong thuc tién.

2.2 M hinh nghién ciru

Bang 2.1 m6 t4 md hinh nghlen ctru thire nghiém qua trinh khoan thép Hardox
500 st dung ché do bdi tron 1am ngudi i thiéu (MQCL) véi 03 thong so dau vao va
02 théng s6 danh gia dAu ra.

Bang 2.1. Md hinh nghién ctru qud trinh khoan thép Hardox 500
Qua trinh

Pau vao (Input) (Process) Piu ra (Ouput)
2 Lo Inong ang ki Fosn 8P| 1. L cit doc tryo Fy
' ' 2. Nhém b& mit: R,

3. Nong 4o hat nano
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, Sit dung thiét k& quy hoach t6i uu Box - Behnken véi 03 bién khéo st dé xay

2.3 Phwong phap nghién ciru
Nghién ctru 1y thuyét két hop v6i nghién ciru thyc nghiém, trong d6 chi yéu 13
nghién ciru thye nghi¢m.

“dymng so db quy hoach voi htrd cla phén-mém Minitab-19- dé xtrly so liéu vakhdosat
duge tuong tac giira cac thong sb diu vao dén'két qui cia quatrinh giacong— - -

' 2.5 Thiét ké thi nghi¢m

2.5.1 Thiét bi thi nghié¢m
T - Thiét k& thi nghlq:m dé& phuc vu cho qué trinh nghién cttu-nhu-hinh-2.1. Trang. ———

- tmét bithinghi¢mgbme————— -
- = ~May: Trung tam-gia cong thong mmh Mazak 530C.- - S —

Dung cu cat: Miii khoan Multi Drill MDS1278K, vét he;u ACZ70 phu -
TiAICN; Hang Sumitomo Electric Industries, Nhat ban.

Hé théng MQL L Pl phun- MQGLJV& mg@athwtb;ﬂkemgommyb;
khi, van diéu chinh 4p sut, van didu chinh lvu lugng khi, diu gao hat nano
MoS: va A1203 (Hinh 2.4, 2.5)

Thiét bi do: PAu do Iyc 03 thanh phin 9257BA cua hing Kistler (hinh 2.2),
may do nhdm $J-210 cia hang Mitutoyo (hinh 2.3)

Thiét bi X ryﬁﬂfélr ‘Hé théng thu thap va khuéch-dai tinhisw A/DDQA ——
N16210, phan mém Dasylab 10.0
Phdi thi nghiém: Phéi the Hardox 500

)

.
P T Ly

-Hmh 2 1 Thlet ké thi nghlem
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... Hinh22.Dhudolyc 03 thanh phin 9257BA clia hang Kistler N
Hinh 2.3. Mdy do nham SJ-210 ctia hing Mitutoyo =
Hinh 2.4. Anh chup SEM caa hat nano MoSz
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: '1.6_(} nm

Hinh .5. h(;hup SM cﬁa hat nano Al2Os

2.5.2 Ké hoach thi nghiém

___Sir dyng phwong phap quy hoach t61 vu Box - Behnken vé6i 03 bién dduvao véi  — -
moi bién & hai mirc dugce trinh bay trong Bang 2.2 :

- Béang 2.2, K& hoach thi nghiém 2
STT | Thﬁhg s6 Ky hiéu Mikc thip Mirc cao ]
1 Ap sui :Sng khi " 4 6
2 L‘Il'{‘hli“(‘i’;;iggng Q 100 200
3 Nbng d((f()%};at nano NC 0.2 10

Thong s danh gia: Tri s6 nham Ry; lyc doc truc Fy

2.6 Trién khai thi nghi¢m

Sit dung Minitab 19 dé xdy dung ma tran thi nghiém nhu bang 2.3. Trién khai
thi nghiém theo so ad quy hoach, do cac thong sb danh gia Ry, Fy cho ket qua ¢ bang
2.3. Thong so dugc gitr ¢é dinh 13 V =15 m/phat, S = 0,02 mm/véng. Diu cit nano
MoS: trén nén 14 ddu gao.




Bang 2.3 Két qua thi nghiém theo so dd quy hoach

Std Run Q —
Order—|—Order | PtType | Blocks |~ p-(bar)—| ~(/min)—|-NC(%) | Ra-(um) |- Fy M)
2 1 2 1 6 100 0.6 0.173 510.2
13 2 0 ] 5 150 06| 0178 509.1
3 3 2 1| 64 150 1| 0222 5406]
5] a2 1 4 50| 02 0225] s284!
14 5 0 ] 5 150 06| 0176 5077
11 6 2] 1| 5| 100 0 1] 0245 sase
1 7 p) i q 100 0.6 032 5476
6 8 2 1 6 150 02| 0223| 5368
9 -9 T2 T a T s 100 T 02 770243 5507
- | 15 10 0 i 5 150 0.6 0213 5306
3 Tu T i1 4 200 o od| 03[
10 12 2 I 5 200 02| 0233 5278
12 13 2 1 5 200 1 0246 | 553.5
4 14 2 1 6 200 0.6 0.162 498.7
7 15 2 1 4 150 1 0248 |  556.4

2.7 Két qua va thio luin

Sau khi tién hanh thi nghiéfﬁ theo so d6 7quy hoach;fiféi cac gia tri Iyc cit va
nham b& mit do duoc, sit dung phin mém Minitab d& xir 1y s6 lidu @& thiét 13p dugc
phuong trinh hoi quy thire nghiém- cia lyc cét doc truc Fy v nham bé mit Ra nhu sau:
Fy = 134 + 198*p - 1.67*Q+ 168*NC- 18.9 p*p + 0.00633 Q*Q - 14.3 NC*NC-0.018 p*Q ~

-26.4 p*NC- 0.189 Q*NC '
(2.1)
Ra = -0.26940.298 p-0.00434 Q + 0.413 NC - 0.0296 p*p+ 0.000012 Q*Q+ 0.005
NC*NC+ 0.000145 p*Q - 0.0856 p*NC- 0.000088 Q*NC
(2.2)

Mtre d6 phit hop ctia md hinh thi nghiém v6i s6 liéu thi nghiém thu thap dugc
dugc danh gia thong qua hé s6 quyét dinh. Hé sé quyét dinh R? d6i v6i gia tri nham bé
mit Rq v luc ¢t doc truc Fy 1an luet 13 81.52% va 66.39% chimg t6 mo hinh thi
nghiém phit hop véi két qua thuc nghiém.

Quan sat db thi anh hudng chinh cia céc thong sé khao sat 1én Ra va Fy trén
hinh 2.6, 2.7 ¢6 thé thiy khi ting ap sudt dong khi va nong d® hat nano s& gop phin
lam giam lyc cht va tri 6 nham bé mat. Piéu nay c6 thé giai thich ring khi ting ap
sudt dong khi s& gop phén dua dau cit duéi dang swong mu vao séu hon trong ving cit
gitp céi thién diéu kién bdi tron va lam ngudi trong ving cit [22]. Bén canh do, khi
tang ndng 46 hat nano MoS; s€ gbp phan cai thién kha néng boi tron trong ving cét
gitp giam luc cit va bién _dang ctia bé mat gia cong [23]. P4 thi dnh hudng cla lvu
lugng dong khi c6 diém udn cho thay tai gid tri Q=150 I/phut la gia tri phi hop d¢é dat
dugec tri $6 Iuc doc truc va nham bé mit nhé hon.
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Anh huéng tuong tac giita cdc thong sb dau vao den bién khéo sat duge minh
hoa bing dd thi be mit trén hinh 2.8-2.10. Khi ¢b dinh nong d6 hat nano NC =0,6%,
nén sit dung 4p suét dong khi & mtc cao (6 bar) két hop v6i Q & mire trung binh (150
Uphit) (hinh 2:8). Khi c6 dinh Q=150 I/phit, nén sir dyng ndng dd hat nano va 4p suit

dong khi & mtrc cao (NC=1.0% va p =6 bar) dé dat dwoc nham bé mit tot va lyc doc

: fruc nho (hinh 2.9). O hinh 2. 10, khi cb dinh ap suat dong Khi p= 5 baf, o [wong dong
— khiQ=1501/phat lr_et hgm vai nnno dd hat nano NC =1.0% s& dat dum’c Fyva Ra nhé

- = -~ oo o~ Main Effects Plot for Fy (M)~ i
Fitted Means
<50 pbar) ‘ Q) {//mln} NC (%) _
_ _ 540
= — ———— — —
= 530
— “lt.-__" S - —_———
k)
c
g 520-
510
500
4 s 610 180 200 03 06 09

Hinh 2.6. Anh hudng ciia céc b1en khao sat den trj s6 Fy

Main Effects Plot for Ra (um)
Fitted Means

Cedban LT Upmind TUUNEER

0.23 1
0.22
0.21
0.20- ~. : \\
019- T

0.18-

" Mean of Ra (pm)

0.17
0.16
0.15

0.14

4 5 © 6100 150 200 03 06 09

Hinh 2.7. Anh hudng cia cac bién khao sat dén tri s6 Ra
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Surface Plot of Ra (pm) vs Q (I/min}), p (_bar)

Surface Plot of Fy (N) vs Q {I/min), p (bar)

. Hold Values
NE (%} 0.6
e | Hold Values
on i NC(W) 06
540 . SN i
" Py (M) T —
0 K
200 i SR © 200
+ R
. L _ B L Vv’
o B T
R amin) . A "
5 100 - I
p {bar)

(a)

Fa BN

o)

_Hinh 2.8. Db thi bé_ mjt cac dnh hudng tuong téc gifta p va Q ddi voi Ra, Fy

 Surface Plot of Ra (um) vs NC (%), p (bar)

“surface Plot of Fy (N) vs NC (%), p (bar)

Hold Valuas Flold Vall
Q{i/min} 150 ﬂt?fnﬁn: I'Il.s!o
528 |
i 510
a5 )
09 ’
480 Al LR
- 0.6 a7 - :
NC (%)
B - _ wo 1 5 w03 _
5 6 0.3 pibar) 6
pibar)

L - (a)
Hinh 2.9. D thj bé mit cac anh

Surface Plot of Ra (pm) vs NC (%), Q (I/min)

Hald Values
phan §
024
Ralpm) 022 .
!
020 ) 0.9
L 0 e
100 T :
150 o3
Q (/min) 200

(a)

(b)

hu('mg twong tac gitta p va NC dbi véi Ra, Fy

Surface Plot of Fy (N) vs NC (%), Q (I/min})

550
- N
Fy (N) 40
530
s20 .
100
Q {l/min)

1550

" oa3
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Hald Values
pibar) 5

Hinh 2.10. D thi b mit céc inh hudng tuong téc giita Q va NC dbi véi Ra, Fy
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Hinh 2.11. Téi o h(’)d da muc tiéu d&i véi R, Fy

T1en hanh ti wu héa da muyc tiéu voiRs, Fy, két qua dugc cho &hinh 2.1, T —

két qué tdi wu hoa c6 thé thay rang bd théng sb tbi uu d6 1a p=6 bar; Q = 144,4 1/phat
va NC = 1,0% s& cho tri s luc doc truc nhé nhit duoc dy doan 14 Fy =483,6 N va trj s6
Ra nho nhét dy dodn 12 0,099 pm.

2.8 Khio sit dnh hwdéng ciia hat nano ALO;

3 trong ndi dung phin nay, tic gia tién hanh nghién ciru thyc nghiém danh gia
anh huéng cua hat nano ALOs voi cing mét ché @6 va quy hoach thye nghiém gidng
v6i hat nano Mo$s. Muc dich & day nhim tién hanh khéo sat anh huéng cia mot loai
hat nano ¢6 d3c tinh, hinh dang khac biét véi hat nano MoS2 véi cAu tric & dang 1ép dé
¢6 duwgce nhitng dédnh gia va nhiing chi din cong nghé d6i véi loai hat nano nay, tir 6
lam nén ting nghién ctru Ung dung diéu ché diu cit Hybrid nano trong cong nghé
MQCL.

Tién hanh thi nghiém theo so d6 quy hoach va thu thap di liéu, két qua dwoge
cho & bang 2.4




Béng 2.4 Két qua thi nghiém theo so d6 quy hoach khi sir dung hat nano Al2O3

Std Run ' Q
Order Order PtType Blocks p(bar) | (Vmin) | NC (%) | Ra(um) | Fy () i
- 3 T 2 - 6—— 100 |06 __|o184 _|s5205_ .| _
_ 12 2 2 1 5 200 i 0.168 500.3
2 3 2 1 6 200 |06 [0.154 | 480.6 -
T 4 {2 [ 5 (1000 [T 10203 | 5306 —
- | 2 1 14 T100 o6 10223 |5505 B .
3 6 2 1 4 200 0.6 0.197 524.5
- 15— |7 1o -1 5 - 150 - {06 - o018 5103 - |— — —
8 8 2 1 6 150 T 0202 5133
7 9 2 1 4 150 1 0.236 530.6
5 |10 2 11 4 150 |02 10256 5605
o 19 11 2 1 5 [ 1000 |02 0.25 3362
T 17 v 0 1[5 [150 " loe " |o248 [5405 T
6 13 2 1 6 150 0.2 0.228 538.6 o
10 14 2 ] 5 200 0.2 0.186 530.2
13 15 0 1 5 150 0.6 0.182 51235

Biéu d6 dudng mirc anh hudng cta luu lugng dong khi va ap sudt dong khi lén—— —
nhém bé mit Ra v luc doc truc Fy khi ¢b dinh NC = 0.6% dugc cho & hinh 2.12. Dya
__ vio biéu do, co thé chon chon Q = 170-200 I/phut két hgp véi p = 4.2-6.0 bar s& gitp -

dat dwgc trj s& nhdm bé mit nhd hon (hinh 2.12a) va Q = 170-200 V/phut két hop véip
= 5.2-6.0 bar s& gop phin giam Iyc doc truc Fy (hinh 2.12b).

Bleu de du'orng murc anh hu’o‘ng ctia ndng d6 hat nano va 4p suét dong khilén _
lyc doc truc Fy khi ¢ dinh Q = 150 I/phit dugce cho & hinh 2.13. Dya vao bleu d, c6
thé chon NC =0.36-1.0 % két hop v6i p = 4.6-6.0 bar s& gitip dat dugc tri s6 nham bé&
m3t nhé hon (hinh 2.13a), trong khi d6 c6 thé chon NC =0.4-1.0 % két hop vé6i p =
4.8-6.0 bar s& gop phin giam lyc doc truc Fy (hinh 2.13b).

Biéu db dudng mirc dnh hudng cla ndng d6 hat nano va luu lugng dong khi lén
Iyc doc truc Fy khi ¢6 dinh p = 5 bar dugc cho & hinh 2.14. Dya vao biéu 46, 6 thé
chon NC =0.3-1.0 % Kkét hop vai Q = 190-200 I/phit s& giup dat duge tri s6 nham bé
mit nhé hon (hinh 2.14a). Trong khi do chon NC =0.45-1.0 % két hop véi Q = 170-

- 200 1/phut s& gop phin giam lyc doc tryc Fy (hinh 2.14b).
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Contour Plot of Ra (pm) vs Q (I/min), p (Bar) Contour Plot of Fy {N} vs Q {/min). p (Bar)
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Hinh 2.14. Db thi dudng mirc cac anh hudng tuong téc gitta NC va Q dbi v6i Ra, Fy
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2.9 Két lujn
Két qua nghlcn cttu da danh gia duoc dnh hu(mg cha dp suit dong Khi, lu'u
luong dong khi va ndng do hat nano MoS; va AlOs3 dén c4c ham muyc tidu 13 tri s6 _
nham bé mit R, va Twc ¢4t doc truc Fy Qua phan tlch lét qua cho Thay cécbiénkhio———
o 54T va fUong T4c gitra cac biém dé i udng 6é ham mue-tiéu

—_Anh hudng ddc 14p cua cac. bien khao sat dugc nghiém cow déco me danhgid—
—- ~sg bcr xu-huéng-anh htréng 1én ham muc tidy, tir 46 c6 c& sé dé tiép tuc nghLerLcum,,, S

tiép theo, lya chon mlen khao sat phu hqp
Anh hudng hmmg thc chia cac bién khao sat dau vao ciing duge dinh gid mot~

céch chi tiét d& x4c dinh duge mién gia tri hop ly dé dat duge ham muc tleu Qua phéan
tich bidu dd b& mat va dutmgmu’c nhitng chi-din-céng-nghé-hep-ly- & ap Jsuat dén —

'*Khi Twu Tuong dong | khi—trﬁrrg d0 hat nano Mom Vi AROT trong =

ding diu gao dugc &8 xuft. Hon nita, bo thong $6 cdng nghé 161w cho fip suﬁt domg-———
khi, luu lugng dong khi, ndng d6 hat nano MoS; dugc xac dinh thong qua viée tién
hanh t6i wu héa da muyc tiéu.
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KET LUAN CHUNG VA HUOGNG NGHIEN CU'U TIEP THEO

- St dyng thiét k& quy hoach t6i vu Box Behnken voi 03 bién khio sat dé xay
dyng so db quy hoach véi ho trg cia phin mém Minitab 19 nhim d4nh gia anh hudng |
" cua cac blen 56 khao sat gorn ap SuAt dong khi; lml Iu'OTFg ﬂUng khr'nong d{-hatnano———— |

—-_Nghmn_aw_da_mg_dung_thanh_mng_cgngﬂghﬁ_MQilMulg déu cét
" nano MoS; va ALOs trén nén 13 diu gao vao qué trinh khoan thép Hardox 500. Két

quéa nghién cru cé y nghia rit 16n khong chi & mit k§ thuat d6 13 d& xudt giai phép
cOng nghé khoan thép khé-gia cdng Hardox 500 bing miii khoan hop kim cing, ma—— —

con & mit mdi truimg, vi dau gao la mdt trong nhiing 10@'1 diu thyc vat than thién voi
S méi trudmg, gidm thiéu viée sir dung nhitng loai diu cét got cong nghiép. Cong nghé

— pay se;hay_th;chgfldma. dchédokhdvatuitedn, _

- Tir kbt qua thye nghiém thu duorc qua ‘phén tich biéu dd bé mit va ducng S
mirc, nhitng chi dén cong nghé hop 1y v& 4p suét dong khi, luu lugng dong khi, nong

dé_haLnano_MoSQ_viAl;Qa_ttongg_ﬁngnghéMQCL_dﬂngJi‘ﬁngaQ_djmchistHUn—_‘

nita, 3 x4c dinh bd thong sé cong nghé t6i wu cho 4p sudt dong khi, luu lwong dong
khi, ndng d6 hat nano MoS; d6 1a p=6 bar; Q = 144,4 I/phit vaNC = 1,0%. -

- Tir két qua nghién cu ndy, cin it vao didu kién gia cong cu thé ma ¢6 dinh
huéng dé trién khai nghién clru va ung dung vao thuc tién san xuat. Tuy nhién nghién
cttu méi thye hién duge & nhitng thong s& co ban va mang tinh chit dinh hudng, cdn
rét-nhidu vin @& cin tiép tuc nghién ctru tdi wru cic thong sb cong nghé khac nhu loai
~ diu ¢, loai hat nafio, ché d6 cht, v.v. Dy 12 mot huéng nghién ctru méi, conhidu — —
tridn vong va ¢6 ¥ nghia khoa hoc va thyc tién.
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Investigation of air pressure, air flow rate, and nanoparticle concentrationin

| Abstract: The work presents the experimental study on : A anofiuid with vegetable ofl asthe

____ __1Fqculty of Mechanical Engineering, Thai Nguyen University of Technology, Thai Nguyen, 250000, Vietnam
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the effectiveness of MQCL technology using Alz0s nano-

——— cutting oil when drilling Hardox 500-steel, a difficulé-to-

. _ cut_material_The Box - Behnken experimental design
_ was _applied to evaluate the influence of parameters

based oil for hard turning under MQCL condition was
reported in [7]. The obtained results revealed that the

turning performance significantly improved due to the

including air pressure, air flow rate and nanoparticle
concentration an the axial cutting force F, and surface
roughness R, The obtained resuits show that the

reduction of the friction created by nanoparticles

combined- with- coeling-enhancement:- created by MQCL- -

environment. The experimental investigation of MQCL
technique using Mo$; nanofluid in hard milling of SKD
11 tool steel indicated that the enhancement of cooling

investigated-parameters-have-greater-influences-on-the
axial cutting force than the surface roughness. The study

~ also gives some technological guidelines to achieve the

desired smaller cutting force or surface roughness
values.

——— Keywords: MQCL, drilling, surface roughness, cutting . .

force, air pressure, air flow rate, nano cutting oil, Hardox
500 steel.

1. Introduction

. Hardox-500-steel-produced by SSAB, SWEDEN
[1] has been widely used in industrial production in
recent years. Commercial hardox 500 steel has been
fully heat-treated with fairly high hardness, high
strength, high toughness and good wear resistance.
According to the company's recommendations, it is
recommended to use Hardox 500 steel in the fully heat-
treated state provided by the company, so there should
be no additional heat processing,

However, Hardox 500-steel is classified as a
difficult-to-cut material [2]. When cutting this type of
steel, the cutting force and cutting heat are often very
large, and the severe tool wear is also the problem,
seriously affecting the economic and technical
efficiency [3-6]. Because Hardox 500 steel is widely
used in industry, it is necessary to have solutions to
improve economic and technical efficiency by using
machining processes.

Among the proposed solutions, Minimum
Quantity Cooling Lubrication (MQCL) is a novel
technique that has attracted a lot of attention of
researchers around the world because a minimum
amount-oflow-temperature-coolant-is-sprayed directly
into the cutting zone in the mist form. The study on the

and lubricating performance is reported by using MoS;
nanofluid, from which the white layer formaticn and
burn marks significantly reduce, and. therefore the
surface quality improves [8).However, there are very
few studies on the application of MQCL using nano-
cutting oils for machining difficult-to-machine

materials. Besides, the effectiveness of this method has
been proven especially for machining methods with
closed spaces like drilling [3]. In this article, the authors

" investigated the influence of technological parameters
of MQCLtechnique including air pressureqair-flow rate;- —————

and Al;Osnanoparticle concentration when drilling
Hardox 500 steel.

2. Material And Method

The experiment was carried out on a Vertical
center smart 530C - Mazak corporation and the
experimental set up is shown in Figure 1. Multi Drill
MDS127SK (Sumitomo Electric Industries, Japan)
carbide tool was used. MQCL nozzle was used with the
rice bran oil containing 1.0 wt.% Al,Oznanoparticles.
Measurement devices include S§)-210¢ Mitutoyo for
surface roughness and Kistler quartz three-component
dynamometer 9257BA for cutting forces. Hardex 500
sample (49+50 HRC) with the dimensions of 150mm
x100mm x15 mm were used. The chemical
composition and mechanical properties of Hardox 500
steel are shown in Table 1, 2. To ensure uniform
distribution of Alz03; nanoparticles 1.0 wt%. in the base
fluids of rice bran oil, the nanofluid is placed in
Ultrasons-HD ultrasonicater for 1 hours with 600W
ultrasonic pulses at 40 kHz and directly used for MQCL
systems [3]. The cutting condition was fixed ‘with

e U TN

i Y L ]

11y

cutting speed of 15 m/min and feed rate of 0.02

mm/rev.
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Figure 1.Experimental set up

Table 1.Chemical composition of Hardox 500 steel

} Element c Si Mn P ) Cr Ni Mo B -
Weight{%) | 0.3 0.7 1.6 0.025 0.01 1.5 1.5 0.6 0,005
. _ Table 2.Mechanical property of Hardox 500steel L
Toughness Tensile Elongation Hardness Hardness
, {MPa) strength{MPa) {%]} {HBW) {HRC)
1250 1400 10 470-530 49-50

The Box - Behnken experimental design with the support of MINITAB 19 software was used to investigate

-~ the effectof 4ir pressure, air flow rate, and nano concentrationon the surface roughness Rzand axial catting force Fy——

The input parameters and their levels are given in Table 3.

Table 3.Input cutting parameters and their levels

Input cufting parameters Symbol Low level High level Response

Air pressure p (Bar) 4 6

Air flow rate Q (1/min) 100 200 Sl;;i;i;::fhrfl:::j; (Ell:ll;]'
Nanoparticle concentration NC (%) 0.2 1.0 8 Y

3. Results and Discussion

The experiment was carried out according to the experimental plan and the measured surface roughness R, and
axial force Fyare given in Table 4. The cutting force is measured directly from the cutting process, while the surface
roughness was measured 3 times after each cutting trial and taken by the average values.

Table 4.Factorial experimental design and the measured surface roughness Ra and thrust force Fy

StdOrder | RunQOrder PtType Blocks p (Bar) Q (I/min) NC (%) Ra {pm) Fy (N)
2 1 2 1 6 100 0.6 0.184 5205
12 2 2 1 5 200 1 0.168 500.3
4 3 2 1 6 200 0.6 0.154 480.6
11 4 2 1 5 100 1 0.203 530.6
1 5 2 1 4 100 0.6 0.223 550.5
3 6 2 1 4 200 0.6 0.197 5245
15 7 0 1 5 150 0.6 0.185 510.3
B g 2 I R ) 156 |7 1 0.202 5133
© 2023, [JIRSES Page 25
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StdOvder | RunOrder PtType Blocks p (Bar) Q (I/min) NC (%) -| Ra (pm) Fy (N} — -
h 7 9 2 1 7 150 il 0.236 5306 "
— o 18 2 - 1 4 150 0.2 0,256 560.5
) 9 11 2 1 5 100 0.2 0.25 556.2
. 14 12 0 1 | 5 [ 150 | 06 0.248 540.5 o
o 6 13 2 i 6 . 150 0.2 0.228 538.6 H|
10 14 2 1 5 200 0.2 0.186 530.2
B BT 15 0 f——1 -5 -~ 150 |- 06| --0182 -} 5125 [ S—
Pareto charts with significance level a = 0.05 Fare c}m:ﬁ'rﬂr:ﬂﬂﬁfd Eltects

————- shows the limit line of the hypothetlcm rejection area -

variables whose histograms all exceed the right of the
limit line are the dominant factors. Those whose
histogram lies to the left of the limit line have little

influences.

The Iimit line of the surface roughness K, has a
coordinate of 2.571 (Figure 2), and the investigated

_ factors are air flow pressure (A), air flow rate (B), the
nanoparticle concentration (C) and their interaction
effects of these factors have little influences on the
surface roughness values of the machined surface.

Meanwhile, these three variables all have the great
. influences on the axial cutting force Fy, in which, the air
flow rate has the greatest influence, followed by the air
pressure and nanoparticle- concentration: (Figure-3).
-- The-interaction -effects -of -these- variables have litde —
effects on the axial cutting force Fy [9]

Pareta Charl'of-the Standardized Effects
iraspones & B (e, 0w 08

231

Tri M
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3 Ba it

an Ty " T
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Figure 2. Pareto chart of air pressure, air flow rate, and
nano concentration effects on surface roughness R,

Standafdized Effuct

Figure 3. Pareto chart of air pressure, air flow rate, and

—nano concentration-effects-on-cutting force Fy— ————————

The contour plot of the interaction effect of air
flow rate and air pressure on the axial cutting force Fy
-when NC = 0.6% is fixed is shown in Figure 4. Based on
thechart, @ =170-200 }/min combined with p = 5.2-6.0
bar should be used to reduce the axial cutting force Fy.
Moreover, Q- = 170-200 1/min-in combination with p =
4.2-6.0 bar will help to achieve the smaller surface
roughness values (Figure 7).

Contour Plot of Fy (N} vs Q.(I/min), pp (Bar)

Hakd values
NG o

Q (Ifrviim3

B

120 [

40 4% 50 55 60
p (Bar}

Figure4. The contour plot of the interaction influence of
air flow rate and air pressure on cutting force Fy
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Flgure 5. The contour plot of the interaction influence
of nano concentration and air pressure on cutting force

Figure 7. The contour plot of the interaction influence

Fy gf air flow rate and air pressure on surface roughness
The—contour plot—of-the—interaction— effect—of—clsnmmlmﬁna—(pmmﬂc—(%)—p—tﬂm
nanoparticle concentration and air pressure on the 10- ey
axial cutting force F, when @ = 150 1/min is fixed is o Bt
shown in Figure 5. Based on the obtained results, NC = Egi ¥
0.4-1.0% combined with p = 4.8-6.0 bar should be s 04 - gg:
« chosen to achieve the smaller cutting force F,. Besides, ol
~ - NC = 0.36-1.0% and p = 4.6-6.0 bar contribute to ——** s
achieve the smaller surface roughness values (Figure % 054
’ 8). Z
s
The -contour- plot -of the interaction-effect of
- - ---naneparticle eoncentration and-air-flow rate-en the - o4
axial cutting force F,. when | p= 5 bar is fixed is shown in 01
Figure 6. NC = 0.45-1.0% and Q = 170-200 1/min will R
contribute to reduce the axial cutting force Fy, and NC = oz Yy 50 e A
0.3-1.0% combined with @ = 190-200 1/min should be i (Bar}
selected to achieve the smaller surface roughness  Figure 8. The contour plot of the interaction influence
values (Figure 9). of nano concentration and air pressure on surface
roughness R,
Cantour Plat of Fy (M) vs NC (%), Q {I/min) Contour Plot of Ra (pm)'vs NC (%), Q {|/min)
10 g y
_ v _ R -
E-it;gf 5 o B2
am §emon
=54E; :55'0‘ u ‘ ~ 0324
Hold vl s
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: 2 g™l
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Figure 6, The contour plot of the interaction influence Figure 9. The contour plot of the interaction influence

of nano concentration and air flow rate on cutfing force’  of nano concenfration and air flow raté on surface

Fy roughness Ra

© 2023, IJIRSES Page 27

e e e T




International Journal of Innovative Research in Sciences and Engineering Studies ([JIRSES)

“www.ifirses.com

4, Conclusion

_..Advances in Mechanical Engineering. 2020;12(2).

drilling of Hardox 500 steel using Alz03 nanofluid,

article,
investigate

In this an experimental study was

canducted to the influence of the

doi:10.1177/1687814019888404

v parameters of air pressure air fow rate, and

an—the rillin g

[4]

Zhang, K, Deng, ], Meng, R, Gao, P., & Yue, H. —
Effect of nano-scale textures on cutting

nla A af
"lauupnl I-l\-l\: \-UII\-CIILI ﬁI-I.UIl UIT iUl IIIIIIE Pl OCES3Or

“Hardox 500 steel with MQCL environment. Based on

__performance _of WC/Co-based TiSSAlI45N coated ||

teols in dry cutting. International Journal of

~“the obtained Tesults, it can be seen that the survey
variables have the great influences on the axial cutting

force Fy and tittle influence-on the surface roughness R

(5]

Kumar, C.S.: Patel, S.K. Effect of WEDM surface

Refractory Metals and Hard Materials 2015, 51,
35-49. doi:10.1016/}.ijrmhm.2015.02.011.

traddition,-it-was-moticeable—that theapplication—of-
MQCL technelogy using Al:0: nano cutting oil has

_..improved the efficiency of the Hardox 500 drilling

process, the machinability of carbide drills, and the

texturing on Al;0; /TiCN composite ceramic tools
in dry cutting of hardened steel. Ceram. Int.2018,
44, 25102523+
doi:10.1016/}.ceramint.2017.10,236.

machined surface quality, and the hole surface is quite
good: Furthermore, the research results also provide
technological guidelines for achieving small surface
roughness values or smaller axial cutting force. Further
research will focus on optimization to determine

1]

Kang, M.C.; Kim, KH.; Shin, S.H; Jang, S.H,; Park; :
T.H:;Kimy, € -Effect—of —the—mininmum —quantity ———————
lubrication in high-speed end-milling of AISI D2 -
cold-worked die steel (62 HRC) by coated carbide

tools. Surf. Coat. Technol. 2008, 202, 5621-5624.

specific values for air pressure, air flow rate and
nanoparticle concentration as well as the cutting
condition.
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