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This paper presents the experimental investigation comparing the
performance of deep hole drilling on SUS 304 stainless steel using two
configurations: rotating drill and stationary drill. The experiments were
conducted under reduced quantity lubrication conditions, with a coolant
flow rate of 0.25 L/min and a pump pressure of 1.5 bar. The nanofluid
coolant was prepared through a two-step process: first, graphene
nanoparticles were dispersed into an emulsion using ultrasonic agitation;
then, the resulting mixture was diluted with tap water to obtain the final
working fluid. The results indicate that the nanofluid coolant enhances
chip evacuation efficiency, thereby improving the stability of the drilling
process. Comparative analysis between the two configurations reveals
that the rotating drill setup provides better chip breakability, generating
fragmented chips that facilitate smoother evacuation. Furthermore, this
configuration yields lower and more stable thrust forces, smaller burr
height at the hole exit, and extended tool life.

SO SANH HIEU QUA KHOAN LO SAU THEP SUS 304 GIUA MUI KHOAN
QUAY VA KHONG QUAY TRONG PIEU KIEN BOI TRON TUOI TRAN
GIAM THIEU DUNG DICH NANO
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Bai bao nay trinh bay két qua nghién ciru thuc nghiém so sanh hiéu qua
khoan 16 sau trén thép khong gi SUS 304 theo hai phuong an: mili
khoan quay va mili khoan khong quay. Cac thi nghiém dugc thuc hién
trong diéu kién boi tron tudi tran giam thiéu, voi luu luong va ap luc
bom lan luot 1a 0,25 lit/phut va 1,5 bar. Dung dich tron ngudi nano
dugc chuin bi theo quy trinh hai budc: dau tién, phan tin nano
graphene vao emulsi bang phuong phéap siéu am; sau d6, dung dich thu
duogc dugc hoa tan véi nude may dé tao thanh dung dich st dung trong
qua trinh gia cong. Két qua nghién ctru cho thiy, dung dich tron ngudi
nano gop phan cai thién kha ning thoat phoi, tir 46 nang cao d6 6n dinh
Clia qua trinh khoan. So sanh giita hai phuong an cho thay, phuong an
sir dung miii khoan quay c6 kha nang bé phoi tét hon, tao phoi vun hop
ly, giap cai thién hiéu qua thoat phoi. Ngoai ra, phuong an nay con cho
lyc doc truc nho va én dinh hon, chiéu cao ba via ¢ cudi 16 thap hon, va
tudi bén cua mii khoan cao hon.

DOI: https://doi.org/10.34238/tnu-jst.13428

" Corresponding author. Email: hkythanh@tnut.edu.vn

http://jst.tnu.edu.vn

37 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.13428

TNU Journal of Science and Technology 230(14): 37 - 44

1. Gigi thigu

Khoan la qua trinh gia cong cit got phd bién nhat trong san xuat co khi [1]. So véi cac qua
trinh gia cong cat got khac, khoan dugc dénh gia mot qua trinh gia «cong phuc tap, diéu kién khic
nghiét hon, kha nang thoat phoi va thoat nhiét kém hon do vang cat chim sau trong long chi tiét,
Nghién ctru trude day cho thay, dung dich tron ngudi khong thé cap tryc tiép dén ving cit bang
phuong phap tudi tran tir bén ngoai khi ti 1& chiéu sau 16 va duong kinh miii khoan (ky hiéu 1a
L/D) 16n hon 3 [2]. Do vay, diéu Kién gia cong cang trd nén khac nghiét hon khi khoan 16 sau, 1a
cac 16 ¢o ti 1¢ L/D 16n hon 5 [3]. Trong khoan 15 sau, do bi can tr& nén lugng phoi tao thanh
thuong 16n hon so v6i luong phoi thoat ra, tao nén xu hudng ket phoi trong ranh xoin [4]. Do
ranh chaa phoi nho nén ket phoi la mdt trong nhirg nguyén nhan chinh lam giam hiéu qua va
kha nang ap dung cta khoan 15 sau khi dung miii khoan xoan chinh [5]. Hién tuong ket phoi xay
ra lam giam chit lugng bé mit 15, 1am gy mili khoan. Do vay, cai thién kha ning thoat phoi la
diéu kién tién quyét giup cai thién hiéu qua qué trinh khoan 13 sau.

Nhiéu giai phap khac nhau da duoc nghién ctru dé cai thién didu kién thoat phoi va nang cao
hiéu qua qua trinh khoan 13 sau. Khoan gian doan c6 thé cai thién kha ning thoat phoi, giam mai
mon dung cu nén ting duogc s 15 khoan [6], [7]. Tuy vdy, khoan gian doan can thiét bi hién dai,
lap trinh chinh xé4c, hiéu qua san xuat thap do c6 thoi gian ding gia cong. Khoan ¢ rung dong
siéu 4m tro gitip cling 1a mot giai phap dwoc quan tim nghién ciu gan day [8], [9]. Tuy nhién,
giai phap nay lam tang chi phi dau tu va khong linh hoat do phai thiét ké, ché tao hé thong ga kep
dung cu kha phuc tap. Mot huong nghién ctru khéac dugc trién khai 1a 4 ap dung giai phap boi tron
tdi thiéu (MQL) [10]. Tuy vay, hé thdng MQL doi hoi ap luc 16n, thiét bi phuc tap nén kho ap
dung trong thuc tlen san xuat. Ngoai ra, hiéu  qua boi tron va lam mat béng MQL kha han ché khi
khoan 15 sau. Mot s6 nghién ctru khac dé xuat giai phap khoan 15 sau dudi diéu kién boi tron lam
mat & ap suat cao, sir dung miii khoan cé 16 din dung dich tron ngudi bén trong [3], [11]. Tuy
nhién, dé thoat phoi hiéu qua thi ap luc doi hoi phai dat tir 40 bar tré 1én, dan dén gia ting chi phi
san xuat do phai dau tu vao hé thong cong nghé.

Giai phap st dung dung dich tron ngudi nano graphene boi tron bang phuong phép twéi tran giam
thiéu (Reduced Quantity Lubrication — RQL) lan dau tién duoc ap dung thanh cong khi khoan 16 séu
thép khong gi SUS 304 (vai ti 16 L/D = 8) [8]. Trong do, luu lwong va ap suit cap dung dich tron
ngudi lan luot 1a 0,25 L/ph va 1,5 bar. Két qua thuc nghiém cho thdy, hiéu qua cua giai phap RQL
bang dung dich nano khi ap dung d6i khoan 13 sau theo phuong phép khoan thong thudng kha twong
ddng so véi khi khoan c6 rung dong siéu am trg gitp, tuy nhién thiét bj don gian hon. Ché do cét hop
1y khi khoan trong diéu kién RQL da dugc xac dinh va duoc kiém chimg sau do [12]. Mic du vay, cac
thi nghiém chi thyc hién theo phuong an miii khoan khéng quay (gia cong trén may tién) [8], [12] it
gap trong thuc té san xuét. Do do6, viéc trién khai nghién ctru, so sanh phuong an miii khoan khong
quay (khoan theo phwong ngang) véi phuong 4n miii khoan quay (khoan theo phuong thing dimng)
cho phép khang dinh higu qua thuc sy cia giai phap boi tron RQL trong khoan 15 sau.

Bai bao nay c6 muc ti€u so sanh, danh gia hiéu qua cua qua trinh khoan 16 sau theo hai
phuong an: mii khoan khong quay va mii khoan quay. Trong do, cac thong s6 dau vao va két
Qua nghién ctiu vé phuong dn mii khoan khong quay, da dugc cong b trude day [12], duoc st
dung 1am gia tri tham chiéu. Vat liéu gia cong duoc lya chon 1a thép khong gi SUS 304, mét loai
vat liéu kho gia cong cit got dién hinh [13]. Viéc phan tich, so sanh giira hai phuong 4n khoan
dugc thuc hién theo cac tiéu chi dinh tinh gdm kha ning hoan thanh 16 khoan va hinh thai phoi
tao thanh; va cac tiéu chi mang tinh dinh lugng gom luc doc truc, chiéu cao ba via, $6 15 co thé
khoan thanh cong & ché do cit hop 1y.

Céc ndi dung tiép theo cua bai bao dugc trinh bay theo bd cuc sau: Phan 2 trinh bay chi tiét vé
thiét 1ap hé thng thi nghiém, chuan bi vat liéu va dung dich tron ngudi, thiét ké thi nghiém. Phan
3 trinh bay va thao luan vé cac két qua thi nghiém so bo (tiéu muc 3.1), va cac phan tich chi tiét
(tiu muc 3.2). Phan 4 1a két luan va dé xuat cac nghién ctru tiép theo.

http://jst.tnu.edu.vn 38 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14): 37 - 44

2. Phwong phap nghién ciru
2.1. Xdy dwng so dé thi nghiém

Hé thdng thiét bi thi nghiém twong Gmg phuong an mili khoan khong quay va phuong an miii
khoan quay dugc xdy dung. Hinh 1.a 1a hé thdng thi nghiém khoan theo phuong 4n miii khoan
khong quay, thiét bi duoc st dung 1a may tién van nang c& nho, model Takasawa 550. Khoan
theo phwong 4n nay, miii khoan duoc ¢ dinh trén dai ga dao nhd hé thong kep chit tich hop cam
bién luc (load cell) do lyc doc tryc. Phoi gia cong duoc kep chat trén mam cdp ba trau cia may
va thyc hién chuyén dong quay véi toc do n (vong/phut). Trong khi d6, dé trién khai khoan theo
phuong 4n mili khoan quay, hé thong thi nghiém dugc xay dung trén may phay van ning, model
Niigata 2UMB (xem Hinh 1.b). Mili khoan dugc kep chit trén truc chinh quay voi tée do n
(vong/phut). Phoi duoc ¢b dinh trén ban may nho hé thdng kep chat. Hé théng kep chat nay ¢b
dinh trén luc ké 3 thanh phan (model Kistler 9257B) dé do lyc doc truc khi khoan.

Ll

P

(1) Ong dan dung dich; (2) Collet; (3) Mii khoan;
(4) Dong dung dich; (5) Kep chat phéi; (6) Phéi gia cong;
g dung dich arp gia cong
(7) Luc ké 3 thanh phan; (8) Truc chinh

Hinh 1. Anh chup hé théng thiét bj thi nghiém: (a) phwong dn miii khoan khéng quay,
thuc hién gia cong trén may tién, (b) phuong dan miii khoan quay, thuc hién gia cong trén mday phay
Miii khoan xodn Nachi Aqua DEXOHS8D duong kinh 5 mm c6 hai 16 dan dung dich tron
nguoi duoc st dung cho ca hai phuong 4n gia cong. Miii khoan nay c6 chiéu dai phan ranh xoan
55 mm va goc dinh miii khoan 135°. M6t bom ¢& nho ¢6 luu lwong 0,25 lit/phat va ap suat 1,5
bar duoc sir dung dé cip dung dich tron ngudi truc tiép vao ving cét. Didu kién boi tron duoc sir
dung cho toan b cac thi nghiém 1a boi tron tudi tran giam thiéu.

2.2. Chudn bi phoi

Phéi thép khong gi SUS 304 duoc chuan bj phi hop cho mdi phuong 4n thi nghiém. Phuong
4n mili khoan khong quay sir dung phoi hinh tru c6 dudng kinh 10 mmm, dai 40 mm, mdi phoi
gia cong mot 16 khoan. Trong khi d6, phuong 4n miii khoan quay sir dung phéi c6 duong kinh
150 mm, chiéu cao 40 mm, mdi phoi co thé gia cong nhiéu 15. Qua trinh khoan tao 15 théng trén
sudt chiéu dai (hodc chiéu cao) cua phdi, do do ti 16 L/D = 8 trong toan bd cac thi nghiém. Ngoai
ra, tit ca cac 13 truée khi khoan déu duge khoan tdm dé dinh vi chinh xac vi trf 15 khoan.

2.3. Chudn b dung dich tron ngugi

Dé boi tron 1am ngudi khi khoan, trong nghién ciru nay, dung dich tron nano graphene duoc
sir dung. Dung dich nay co thanh phan theo thé tich gdm 90% nudc may va 10% emulsi tron
nano graphene. Trong d6, Caltex Aquatex 3180 1a emulsi duoc lya chon do kha ning dé hoa tan
vao nudc va hidu qua boi tron lam mat tot. Qua trinh chudn bi dung dich nano dwgc thuc hién
theo quy trinh hai budc [12]. Trude tién, nano graphene dugc tron voi emulsi Caltex Aquatex
3180 theo ti I¢ khéi lwong 0,1% nano graphene va 99,9% emulsi. Qua trinh phan tan nano
graphene trong emulsi duoc thuc hién bang cach sir dung mot dau khudy siéu 4m c¢& nho, hoat
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dong & tan sé 20 kHz, phan tan trong 30 phut. Sau d6, dung dich emulsi phan tan déu nano
graphene dugc hoa tron véi nudc may thong thuong do emulsi dé dang hoa tan vao nudc.

Trong qué trinh thi nghiém, mét loai dung dich tron ngudi khac ciing duoc sir dung dé tham
chiéu. Dung dich tron ngudi niy c6 thanh phan theo thé tich 90% nudc may va 10% emulsi, goi
la dung dich emulsi thong thuong.

Sau khi chuan bi, d6 nhot cua cac loai dung dich tron ngudi dugc do theo phuong phép quay
bang may do do nhét NDJ-8S. Qua trinh do dugc thuc hi¢n ¢ nhiét do phong voi téc do quay la
60 vong/phut, trong khi cac didu kién khac dugc ¢ dinh. So véi nuéc may, do nhot tuong doi
cua dung dich nano graphene 1a 1,35, 16n hon so véi cua dung dich emulsi thong thuong 1a 1,20.

2.4. Thiét ké thi nghiém

Nhiam so sanh hiéu qua khoan I8 sau giita hai phuong an, miii khoan quay va mii khoan
khong quay, cac thi nghiém duoc trién khai theo hai nhém, gdm: (1) thi nghiém so bg; va (2) thi
nghiém so sanh, danh gia vé hiéu qua qué trinh khoan. Trong d6, thi nghiém so bd duoc trién
khai nham danh gia kha nang hoan thanh 16 khoan & cac ché do gia cong khac nhau. Mdi ché do
gia cong sir dung mot miii khoan méi va dugc thuc hién ba lan. Ché do cat duoc lya chon gom
tdc d6 quay n va luogng chay dao vong f, nhu téng hop trong Bang 1.

Thi nghiém so sanh, danh gia hiéu qua qua trinh khoan duoc thuc hién sau d6 nham phan tich
chi tiét vé hinh thai phoi tao thanh, luc doc truc thu dwoc, ba via hinh thanh & cudi 16 khoan, s6 15
khoan duoc va bién dong luc doc tryc khi khoan lién tiép cac 16 bang cach sir dung mot mii
khoan hoan toan mai & ché do cat hop 1y.

Luu y rang, do sy khac biét v& thiét bi cong nghé nén toc d6 quay va lugng tién dao trong
truong hop miii khoan khong quay va miii khoan quay c¢6 su chénh léch nho. Trong do, ché do
cit khi khoan theo phuong an mili khoan quay duoc lya chon trén co s¢ tham chiéu két qua cong
bé trudc day ddi véi truong hop miii khoan khong quay [12]. Cac két qua phan tich, danh gia
ciing tap trung so sanh theo ché do cit hop 1y da cong bd khi khoan phwong 4n mii khoan khong
quay (n = 500 vong/phut va f = 0,07 mm/vong, diéu kién bdi tron RQL bing dung dich nano).

3. Két qua va thao luan
3.1. Thi nghiém so b

Két qua thi nghiém so bd vé kha ning hoan thanh 1§ khoan dugc tong hop trong Bang 1.
Trong d6, ché do gia cong hoan thanh 16 khoan ky hiéu 1a “v, trudng hop khong hoan thanh
dugc ky higu 1a “x”. Co thé nhan thay, khi khoan trong diéu kién béi tron RQL bang dung dich
nano graphene, tit ca cac ché do gia cong theo ca hai phuong an déu c6 thé hoan thanh 15 khoan.
Trong khi d6, sir dung dung dich emulsi thong thudng véi cing diéu kién bodi tron RQL nhu véi
dung dich nano, qué trinh khoan chi c6 thé hoan thanh 16 & ché do cit nho. Véi phuong an miii
khoan khéng quay, miii khoan gdy khi khoan & lugng tién dao f tir 0,07 mm/vong trd 1én. Khi
khoan theo phuong 4n miii khoan quay, kha ning hoan thanh 16 khoan chi ¢ thé thuc hién & tdc
d6 n nho hon 870 vong/phut va luong tién dao f tir 0,06 mm/vong tré xudng. Két qua thi nghiém
s0 b c6 thé nhan dinh, so véi dung dich emulsi thong thuong, viéc sir dung dung dich nano véi
d6 nhét cao hon nén ¢ kha ning béi tron t6t hon, qua do giup cai thién kha ning thoat phoi,
giam ket phoi [14]. Do d6, dung dich nano gitp tang kha ning hoan thanh 15 khoan, ké ca khi gia
cong & ché do cat lon.

Tuy vay, gitra hai phuong an khoan c6 su khac biét dang ké vé hinh thai phoi tao thanh. Khi
khoan theo phuong 4n miii khoan khong quay, phoi tao thanh thuong c6 dang day dai, quin xung
quanh miii khoan & cudi qua trinh gia céng (xem Hinh 2.a). Nguoc lai, phoi tao thanh theo
phwong 4n mii khoan quay trong diéu kién béi tron RQL bang dung dich nano thudng c6 dang
day ngin (Hinh 2.b). Trong khi d6, véi dung dich emulsi thong thudng, phoi tao thanh c6 xu
huéng bi nghién vun khi chiéu sau 16 khoan ting 1én (xem Hinh 2.c).
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Bang 1. Két qua thi nghiém so b Vé kha ning hoan thanh 16 khoan

Ché dp cat Loai dung dich tron ngudi

Thir ty T;)‘;Zg;l;;);)n Luwong chay dao f (mm/vong) Nano Emulsi thong thwong
A. Phwong dn khoan miii khoan khong quay (khoan trén mdy ti¢n)

1 300 0,05 v v

2 550 0,05 v v

3 300 0,07 4 x

4 550 0,07 v x

5 300 0,09 v x

6 550 0,09 4 x
B. Phwong dan khoan miii khoan quay (khoan trén mdy phay)

1 430 0,04 v v

2 610 0,04 v v

3 870 0,04 v v

4 430 0,06 v v

5 610 0,06 v v

6 870 0,06 v x

7 430 0,10 v x

8 610 0,10 v x

9 v x

870 0,10

Hinh 2. Hinh thdi phoi dwoC tao thanh khi khoan trong dicu kién boi tron ROL véi cdc ché dg cat khdac nhau:
(a) miii khoan khéng quay, n = 500 vong/phit va f = 0,07 mm/vong, dung dich nano;

(b) miti khoan quay, n = 610 vong/phit va f = 0,06 mm/vong, dung dich nano;

(c) miii khoan quay, n = 610 vong/phiit va = 0,06 mm/vong, dung dich emulsi
Nghién ciru trude ddy cho thay, tng suat kéo, nén phirc tap trong qua trinh tao phoi, thoat phoi 1a
nguyén nhan gay ra hiéu ung phoi rang cua [15]. Khoang cach rang cua giam khi s dung dung dich
tron ngui nano so vai khi st dung dung dich tron ngudi thong thuong. Khi khoan theo phuong én
miii khoan khong quay, do mili nam ngang, phoi duoc tao ra mac du xuat hién higu ung rang cua
nhung nim trong long ranh xodn nén hau nhur it bi bé gay ma chi bi day thoét ra ngoai. Qua trinh thoat
ra phoi trong diéu kién boi tron bang dung dich nano dé dang hon nén hién tuong ket phoi it xay ra.
Trong khi do, phoi dugc tao thanh khi khoan theo phuong an mui khoan quay s& nam trong ranh
X0an, quay cung mui khoan va chuyén dong thoat ra ngoai theo phuong thang dtimg. Khi d6, ngoai ma
sat can tré chuyén dong thoat ra ngoai, phoi con chiu tac dung cua trong hre ciing c6 xu huéng can tr
su thoat phoi. Chuyén dong phic tap nay két hop véi hiéu tng ring cwa cta phoi khi khoan c6 thé 1a
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nguyén nhan lam cho phoi dé bi gay hon so véi phuong an miii khoan khong quay. Khi khoan trong
diéu kién boi tron RQL bang dung dich nano, can tré do ma sat nho hon nén phoi thoat ra ngoai dé
dang hon. Ngoai ra, chiéu dai phoi bi bé gy hop 1y hon 12 nguyén nhan phoi khong bam dinh 1én miii
khoan. Trong khi do, str dung dung dich emulsi thong thuong, do kha nang boi tron kém hon nén phoi
khong thoét kip ra ngoai khi ting chiéu sau 15. Vi vdy, ching ¢ xu huéng bi nghién vun, bam dinh
trén ranh thoat phoi, gy ket phoi, c6 thé pha hity miii khoan khi ché do cit tang.

3.2. So sdnh, ddinh gid hiéu qud qud trinh khoan 16 siu
3.2.1. So sdanh vé luc doc truc

Kha ning thoat phoi c¢6 thé danh gia dinh lugng qua luc doc truc nhan dugc khi khoan. Hinh 3

minh hoa luc doc truc khi khoan theo hai phuong an véi cac ché d6 gia cong khac nhau.

(a)

800

Emulsi

Nano

(L=25,02mm; Giy)

2000

(b)

— Emulsi|

1600 4
600+

1200 4
40[) B

F,(N)

=
S
800

200 -
4004

T T T T 0 - T T T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

L (mm) L (mm)
Hinh 3. So sdnh luc doc truc nhdn dwoc khi khoan trong diéu kién béi tron ROL bang hai logi dung dich
emulsi va nano: (a) miii khoan khong quay, n = 500 vong/phut va f = 0,07 mm/vong;
(b) miii khoan quay, n = 610 vong/phut va f' = 0,06 mm/vong

Hinh 3 cho thdy, luc doc truc khi khoan trong diéu kién béi tron RQL bang dung dich emulsi
(duong lién mau den) c6 xu hudng gia ting dot ngot khi chidu sau dat khoang 25mm (tuong tng
khi L/D = 5). Pidu nay c6 thé 1a do hién twong ket phoi xay ra. Hién tuong ket phoi lam gdy miii
khoan khi khoan theo phuong an miii khoan khong quay. Trong khi do, voi phuong 4n miii khoan
quay, qué trinh phoi bi nghién vun (xem Hinh 2.c) c6 thé 1a nguyén nh4n 1am cho mii khoan
khong bi gdy. Hinh 3 ciing cho thiy, luc doc truc thu dugc khi boi tron RQL bang dung dich
nano (dudng nét dit, mau do) trong trudng hop miii khoan quay nho hon, 6n dinh hon so véi
truong hop miii khoan khong quay. RS rang, hién tugng phoi bi bé gy vai chiéu dai kha hop 1y
khi miii khoan quay béi tron RQL bang dung dich nano gitip cai thién kha ning thoat phoi, giam
hién tuong ket phoi 1a nguyén nhan giap giam luc doc truc thoat phoi. Pay cling 1a nguyén nhan
gitip luc doc truc 6n dinh hon va nho hon so véi phuong an miii khoan khong quay.

-

0

3.2.2. So sanh vé ba via hinh thanh cuéi 16 khoan

Hinh 4 trinh bay két qua x4c dinh chiéu cao ba via & cudi 16 khoan nhan dugc khi khoan & cac
ché do gia cong khac nhau. Ba via khi khoan trong diéu Kién boi tron RQL bang dung dich nano
(xem Hinh 4.a va c) thap hon dang ké so véi khi st dung dung dich emulsi thong thudng (xem
Hinh 4.b va d). Nguyén nhan c6 thé lién quan truc tiép dén kha ning boi tron dan dén thoat phoi
kém hon cta dung dich emulsi, 1am cho phoi dién day ranh thoét khi chiéu siu 16 khoan ting lén.
O thoi diém mili khoan thoat ra khoi 13, hién twong dun vat liéu chiém wu thé manh hon so véi su
boc tach vat lidu dé tao phoi, din dén viéc tao ra cac ba via voi chiéu cao I6n hon. Bén canh do,
S0 Vi chiéu cao ba via nhan duoc & ché do cit hop 1y khi mii khoan khong quay (xem Hinh 4.a),
két qua nhan dugc khi khoan theo phwong 4n mili khoan quay & ché do cat gan tuong dong (xem
Hinh 4.c) nhé hon dang ké. RS rang, khoan trong diéu kién miii khoan quay c6 tac dung bé phoi
tt hon, cai thién diéu kién gia cong, tir 46 giam chiéu cao ba via.
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Hinh 4. So sdnh chiéu cao ba via & cdc ché do gia cong khdc nhau: (@) n = 500 vong/phiit va = 0,07 mm/vong,
dung dich nano, (b) n = 500 vong/phit va f = 0,05 mm/vong, dung dich emulsi; (c) n = 610 vong/phut va f =
0,06 mm/vong, dung dich nano; (d) n = 610 vong/phut va f = 0,06 mm/vong, dung dich emulsi

3.2.3. So sdnh sé luong 16 khoan dwoc va bién dong lyc doc truc gitta cac 16 khoan

O ché do cét hop 1y (n = 550 vong/phut va f = 0,07 mm/vong), mot miii khoan mdi c6 thé
khoan lién tuc 20 16 khi khoan theo phuong 4n miii khoan khong quay [12]. Vé&i phuong 4n miii
khoan quay, khi thuc hién ¢ ché do cét tuong dong (n = 610 vong/phit va f = 0,06 mm/vong), két
qua cho thiy mot miii khoan mdi ¢6 thé khoan lién tuc 28 15. Bién dong luc doc truc ghi duoc
theo ting 16 khi khoan cuia hai phuong an nay dwoc thé hién trén Hinh 5.

a Y
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Hinh 5. Lyc doc truc khi khoan lién tuc trong diéu kién béi tron ROL bang dung dich nano:
(a) miii khoan khong quay, gia cong o Ché’dé cat hop Iy n = 500 vong/phut va f = 0,07 mm/vong;
(b) miii khoan quay, gia céng ¢ ché dé cat n = 610 vong/phut va f = 0,06 mm/vong

Két qua tir Hinh 5 cho thdy, luc doc truc khi miii khoan khong quay 16n hon khoang 20% so
v6i khi miii khoan quay. R3 rang, viéc phoi bi bé giy phu hop giup cai thién diéu kién thoat phoi,
qua d6 gitip qué trinh khoan 6n dinh hon va giam lyc doc tryc. Rd rang, sy on dinh khi khoan
theo phwong 4n miii khoan quay gitp cho luc doc truc it bién dong hon giita cac 16 khoan, nghia
la mai mon dung cu it hon.

4. Két luan

So sanh hiéu qua khoan 16 sau trén thép khong gi SUS 304 giita hai phwong 4n: miii khoan
quay va mii khoan khéng quay, du6i diéu kién boi tron tuéi tran giam thiéu di duoc thuc hién.
Két qua thuc nghiém cho thay, dung dich tron ngudi trén hat nano graphene c6 kha nang cai thién
dang ké hiéu qua thoat phoi, gop phan cai thién kha ning gia cong. So sanh giita hai phuong an
khoan cho thiy, phuong 4n miii khoan quay dat hiéu qua vuot trgi vé kha niang bé phoi, luc cit
doc truc 6n dinh, chiéu cao ba via thip hon va tudi bén dung cu cao hon. Nhiing két qua nay cho
thiy tiém ning tng dung thuc tién cua phuong an miii khoan quay két hop véi dung dich nano
trong gia cong 16 sau vat lidu kho gia cong cat got.

Céc nghién ciru tiép theo co thé tap trung vao toi uu hoa ché do khoan khi miii khoan quay
nham giam mon dung cu va tiang s6 luong 16 khoan. Bong thoi, can danh gia anh huong cua
thong s cat dén chat lugng hinh hoc 15 khoan nhu d6 try, do tron va do chinh xac duong kinh.
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