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Nghién ctru img dung chat 16ng phi Newton
trong mai tinh bé mit cau

Nguyén Dtric Nam

Tom tit—Trwée diy, qua trinh gia cong mai
tinh cac bé mit cau ta phai trai qua nhiéu bwéc
gia cong phirc tap dé dat dé6 nham bé mit theo
yéu ciu. Pé don gian hoa qua trinh gia cong
nay, hat mai sé dwoc tron véi chit két dinh dé
tao thanh mot hén hep dung dich mai. Han hop
dung dich mai nay sé khdng tuan theo quy luit
Newton khi dwoc chuyén dong. Qué trinh nay sé
tao ra wng suat cat cho dung dich mai tac dong
lén bé mit gia cong. V6i phwong phap gia cong
bing chat long phi Newton thi bé mit cau phic
tap sé dwogc gia cong mai tinh bang mét qua
trinh gia cong don gian. Trong bai bao nay sé
nghién ciu anh hwéng cha téc dd mai, ndng do
dung dich mai va kich thwéc hat mai dén do
nham bé mat chi tiét. Két qua thi nghiém cho
thdy rang, tbc d6 mai anh hwéng rat l6n dén
chit lwong bé mit gia cong. Téc dd gia cong
cang ting thi 6 nham bé mit cang giam. Bén
canh d6, nong d dung dich mai ciing anh
hwéng dén chét lwgng bé mit gia cong nhw téc
d9 mai. Con Kkich thwéc hat mai dwong nhw
khoéng anh hwéng dén chit lwong bé mit gia
cong. Két qua dd nham bé mit ciu bing thép cé
dwong kinh @ 40mm sau khi gia cong giam tu
Ra=130 nm xuéng con Ra = 23 nm.

Tir khéa—Chét 16ng phi Newton, mai tinh bé
mat cau, toc d0 mai, nong d¢ dung dich mai,
kich thwéc hat mai, d) nham be mat.

1 GIOI THIEU

gdy nay, sy phat trién manh mé& cia nganh
cong nghiép chat ban dan, thiét bi quan sat,
dung cu quang hoc va quang dién tor da 1am ting
nhu ciu ddi v6i cac bé mat cong. Cac bé mit cong
dong vai tro quan trong trong cac linh vuc cia
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nganh san xut cong nghiép nhu cic canh quat cua
dong co phan lyc [1], cac thau kinh quang hoc [2],
khuén duc trong nganh san xudt san pham nhua
khép hong va khép gdi nhén tao trong linh vuc ciy
ghép y sinh hoc [3]. Cac bé mit nay doi hoi yéu cau
chat luong bé mit rt cao va cong nghé gia cong
hiéu suét cao. Trudc day, qua trinh gia cong tinh bé
mit duge ché tao thong qua phwong phép gia cong
truyén thong nhu tién, phay va két thic bang mai
tinh. Qua trinh nay yéu ciu mot luong thoi gian gia
cong 16n nén niang suét han ché. Bén canh d6, chat
luong bé mit sau gia cong chi & mot gidi han nhat
dinh. Hién nay, c6 rat nhiéu cong ngh¢ gia cong da
dugc phat trién va ap dung dé gia cong cac bé mit
cong, chang han nhu cong nghé gia cong bang birc
xa dan hoi [4], gia cong bang co — héa hoc [5], gia
cong bang thuy dong luc hoc [6], gia cong bing
chat 1ong tir bién [7, 8]. Phuong phap birc xa dan
hoi co thé gia c6ng bé mit cong dat chat lugng cao
nhung hiéu sut thap Phuong phap gia cong bang
co —hoa hoc c6 thé dat hiéu suit cao hon, tuy nhién
chat thai hoa hoc s& gdy anh huong dén méi truong.
Phuong phép gia cong bang chit 1ong tir bién dwoc
ap dung gia cong cac bé mat cong v6i do chinh xac
bé mit cao do dugc diéu khién bang may tinh. Tuy
nhién, phuong phap nay ung dung han ché do chi
phi trong ddi cao cho chét dién tir va thiét ké cac
dién cuec.

Dé cai thién hiéu suit va chat lugng bé mat gia
cong thi phuong phap gla cong ma1 tinh bang chat
long phi Newton 1a can thiét va cip bach. Trong
phuong phap nay, ung sut chat long phi Newton
duoc sir dung dé tao nén qua trinh cat got trong gla

cong [9]. Co hoc ciia qua trinh tao ra ing suit chat
long dua trén sy hinh thanh, két dinh cua cac hat
tinh thé dugc thé hién & hinh 1.

Hiéu qua cua chét long phi Newton 1a tao ra ung
suat cit nho sy chuyen dong cta chat 1ong. Dudi
tac dung cua luc chuyen dong, d6 nhot cua chét
long phi Newton s& thay ddi va phan tmg hoan toan
khic véi chat long thong thuong. Chét long phi
Newton nay c6 kha nang gia cong linh hoat voi cac
bé mit cong ma van dap tmg duoc yéu clu cit got
va chét luong bé mit, trong khi d6 dung dich mai
c6 thé str dung lai s& khong gay anh huong dén moi
truong.
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Trong bai bdo nay, mod hinh thi nghiém gia cong s AR
mai tinh bé mit cau dugc thiét 1ap dé nghién ciru 4
anh huong cua cic thong s6 gia cong dén chat [ e
luong bé mit dé danh gia kha ning gia cong cia 5 :
phuong phap. i e

/Bénﬂlchili&ghct.\o.g. ‘

b) Céu tric hat & trane thai tme suét

Hinh 1. Co hoc tuong tac clia cac hat tinh thé

2 PHUGNG PHAP GIA CONG BANG CHAT
LONG PHI NEWTON

Trong chét 1ong Newton, d6 nhét 1a mot hang sé
dbi v6i luc tac dong, chi thay déi néu co thay dbi
nhiét d6. Trong khi d6, d6 nhét cua chét 1ong phi
Newton khong phai 13 hing s6, c6 thé thay déi theo
nhiéu cach khac nhau dudi tac dong cia mot hay
nhiéu yéu td: luc, thoi gian, nhiét d¢... Khi d6 nhét
thay d6i, loai chat long nay phan Gng hoan toan
khac chét long thong thuong: 16ng hoa ran, rin hoa
long, day va xdp lén...

Su tuong tac gitta cac hat: khi chiu tic dong cua
lyc, khoang cach giita cac hat trong hdn hop thay
ddi. Tai vi tri chiu luc, cac hat chum lai, tao thanh
cum c6 hinh dang nhu tinh thé. Pay 1a nguyén nhan
khién dung dich rén lai.

Co hoc cua qua trinh gia cong dugc thé hién © Cic hat bj chia tich ra
trong hinh 2. Pau tién, dung dich mai dugc cho A
chuyén dong dé tao ra ung suat cat. Néu toc do
chuyén dong va chiéu sau cat khong da 16n thi qua
trinh cét got khong dién ra. Hat mai chi truot 1én
trén bé mat gia cong boi vi luc thuy dong tac dung
1én dung dich mai khong dat yéu cau (hinh 2a).

Sau khi lgc thuy dong tac dung 1&€n dung dich du
I6n thi hién twong dong dic va do nhét cua chat
long khong tuan theo dinh luat Newton trong ving
tiép xtc s& ting 1én nhanh chéng. Liic ndy, cac hat

phén tan trong hdn hop s& két hop thanh cac cum (d)
hg}t, trong d‘() hat mai S;é dugc bao quaqh boi (':éc hat Hinh 2. Co hoc ciia qua trinh gia cong bing chét long phi
két dinh (hinh 2b). Két qua 1a, dung dich mai trong Newton

ving gia cong s& hoat dong nhu mot chat ran tirc
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thoi, va mot dia mai linh hoat dugce hinh thanh
trong ving tiép xic, va cuong do mai sé tang lén
nhanh chong tac dong 1én phoi dé ting toc do loai
b6 vat liéu (hinh 2¢). Dé tang toc d6 loai bo vat ligu
thi can tang toc d6 cia dong dung dich mai vachiéu
sau tiép xuc thi khi d6 luc cét (Fsnear) s& 16n hon luc
can sinh ra trén vét nhap nho cua chi tiét (Fr). Khi
bé mit gia cong dugc mai phang va luc cit duge
loai bo thi cum hat két dinh s& bi chia tach ra va tro
vé nhu trang thai ban ddu nhu chit 16ng tuén theo
dinh luat Newton (hinh 2d) [10].

Do véy, tinh luu dong cua chét long phi Newton
s& tao ra mot dia mai linh hoat c6 thé phu hop véi
cic bé mit cong khac nhau. Dung dich mai s& két
dinh va dong dac trong gia cong va trd lai binh
thuong nhu chét long Newton mot khi luc cit duoc
loai bo. Vi vay, co thé dat duoc hiéu qua va chét
lrong mai bong cao. Hiéu qua cia phuong phap gia
cong nay phu thudc vao su chuyén dong tuong dbi
giita chi tiét va dung dich danh béng dé tao ra qua
trinh dong dic. Nguyén 1y ciia qua trinh gia cong
dugc thé hién ¢ hinh 3.

Cum hat khi két dinh

Hat xiic tac két dinh

Chi tiét \‘:‘

Viing gia cong

Vin tc chuyén déng cia dung dich

Hinh 3. Nguyén 1y ctia phuong phap gia cong bing chét 16ng phi
Newton

3 MO HINH THUC NGHIEM

Nguyén 1y hoat dong va tién trinh thuc nghiém
nhu hinh 4. Chi tiét duoc kep chat dudi truc chinh
va duge diéu khién boi mot dong co bude. Dong co
va truc chinh duoc lap dat trén truc Z, co thé di
chuyén theo chiéu doc truc Z bang mdt truc vit dan.
Ngoai ra, truc Z da dugc lrflp dat trén truc X, do do
chuyén dong qua lai c6 thé thuc hién duoc.Chi tiét
dugc quay tron va tinh tién 1én xudng theo phuong
Z trong qud trinh gia cong.

Bat di chuyén X
theo phuong Z

- Bit di chuyen theo phuong X

Chi tigt

TracZ Truc X

Dong co
truc chinh

Truc chinh

Chi tiét Pramil

Hinh 4. M6 hinh thi nghiém

Dung dich mai bong bao gdm hat mai va chat két
dinh dugc khudy tron thanh khdi dung dich. Khoi
dung dich nay s& duoc chira trong mdt ranh tron va
dugc diéu khién chuyén dong quay tron boi mot
dong co dit o dudi ciing cia thiét bi. Cac thong sb
clia qué trinh gia cong nhu dudng kinh chi tiét, toe
d6 quay cuia truc chinh, dudng kinh ciia dia mai, toc
do quay cua dia mai dugc liét ké trong bang 1. Cac
yéu td anh hudng dén d6 nham bé mit va tdc do cit
bo vét liéu bao gdm téc do gia cong, ndng do dung
dich mai va kich thudc hat mai duge thiét lap trong
nghién ctru nay.

Béng 1. Thong sb méy va chi tiét gia cong

Théng sb Giatri
Puong kinh chi tiét (mm) 40
Tbc d6 quay cua truc chinh (vong /pht) 0- 400
DBuong kinh caa dia mai (mm) 350
Tbc d6 quay cia dia mai (vong/phut) 0-200

Hat mai dugc st dung trong qua trinh thuc
nghiém 1a Al;Os. Chi tiét dugc sir dung trong thuc
nghiém 13 mat cau c6 duong kinh 40 mm. Céc
thong sb cuia qua trinh thyc nghiém dugc trinh bay
trong bang 2. D6 nham bé mat sau khi gia cong tmg
voi cac thong sb khac nhau dwoc tién hanh trén
may do do nham SJ-310.

Béng 2. Thong sb méy va chi tiét gia cong

Dung dich mai
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Thong sb Gia tri

Hat mai Al;,O;

buong kinh cua hat mai (um) 3,5;5;75;15
Nbdng d6 dung dich mai (wt%) 10, 20, 30, 35

Téc d6 quay cua dia mai (vong/phut) 50, 80, 120, 150

Téc d6 quay cua chi tiét (vong/phat) 200

Thoi gia gia cong (phat) 60

4 KET QUA THUC NGHIEM
4.1 Anh huong cia téc do cdt

Quaé trinh thuc nghiém anh hudng cua tdc do dia
mai dén do nham bé mat duoc thuc hién véi hat
mai c6 duong kinh hat mai trung binh 1a 7,5 pm va
nong d6 dung dich hat mai 30%. Két qua anh
hudng cua tdc do dia mai dén d6 nham bé mat nhu
hinh 5. O két qua thyc nghiém, d¢ nham bé mat cua
chi tiét giam khi tang toc do gia cong va thoi gian
gia cong. Po nham bé mat giam nhanh & 3 gid gia
cong dau tién, con sau d6 d6 nham bé mit co thay
d6i nhung tdc d6 giam twong dbi it. O thoi gian gia
cong 5 dén 6 gio thi d0 nham bé midt hau nhu
khong thay d6i nhidu. Véi téc do gia cong
150 (vong/phut) va sau 6 gio gia cong thi d6 nham
bé mit dat duoc cao nhét 1a khoang 23 nm.

—#-50 (véng/phit)
—8-80 (véng/phit)

—a— 120(véng/phit)
—+— 150 (vong/phit)

120

D nham bé mat Ra (nm)

Thei gian (h)

Hinh 5. Quan hé giita tbc d6 cit va d6 nham bé mit
4.2 Anh huong cia nong dé dung dich mai

V6i két qua & hinh 6 cho thdy ring, d6 nham bé
mat chi tiét giam rd rét twong thich véi sy thay déi
ctia ndng d6 dung dich mai. P6 nham bé mit giam
nhanh chong trong mot giv gia cong dau tién véi
ndng d6 dung dich mai 1a 30% va 35%. Do nham
bé mit dat gi4 tri tot nhét 1a khoang 24 nm vdi ndng
d6 dung dich mai 35%. Tuy nhién, v6i ndong do
dung dich mai 10% thi d6 nham hau nhu it thay doi
theo thoi gian gia cong. Diéu nay c6 nghia 13, khi
nong d¢ dung dich thap thi ty 1¢ hat mai trong dung
dich s& it, do d6 kha ning tao ra (mg suat cit, sy két
dinh va déng dic cia dung dich giam xubng. Két
qué chét lwong bé mat gia cong s& giam xudng.

140 ——10%
10 —-—20%

—h—30%

——35%

Do nham bé mit Ra (nm)

0 1 2 3 4 5 6
Thei gian (h)

Hinh 6. Quan hé giita ndng d6 dung dich mai va d6 nham bé mat
4.3 Anh huong cia kich thiuée hat mai

Nhu két qua ¢ hinh 7, anh huong ciia kich thudc
hat mai dén d6 nham bé mat chi tiét gia cong ciing
khong dang ké. P nham bé mat giam xudng nhanh
chong & gio gia cong dau tién. Sau d6, d6 nham hau
nhu khong thay ddi khi thoi gian gia cong ting 1én.
Do nham bé mat dat dugc sau 6 gio gia cong
khoang tir 28 nm dén 24 nm véi kich thudc hat mai
tir 3,5 um dén 15 pm. Piéu nay cho thiy rang, kich
thudc hat mai anh huéng khong dang ké dén do
nham bé mat.

180
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Hinh 7. Quan hé gita kich thu6c hat mai va ¢ nham bé mat

5 KET LUAN

Dua trén céc két qua thyc nghiém vé anh hudng
ctia toc d6 gia cong, ndng d6 dung dich mai va kich
thudc hat mai dén lwong vat lidu cit got va do
nham bé mit, c6 thé rat ra mot sb két ludn nhu sau:

Tbc d6 quay cia dia mai c6 anh huéng 16n dén
d0 nham bé mat. Téc dd quay cua dia mai cang
tang thi chat lugng bé mit cang tot. Véi toc do
quay cta dia mai la 150 (vong /phit) thi d6 nham
bé mat dat dwge Ra = 23 nm.

Nong d6 dung dich mai ciing 1a nhan t5 quan
trong quyét dinh d6 nham bé mit chi tiét gia cong.
Khi ndng d6 dung dich cang tang thi chét lugng bé
mit s& tét hon. Tuy nhién, néu néng d6 dung dich
qué 16n thi ing suét cat lai khong ting theo va nhur
vay hiéu qua gia cong khong dat yéu cau.

Kich thudc hat mai hau nhu khéng anh hudng
dén d6 nham bé mat chi tiét gia cong. Do nham bé
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mit giam xudng nhanh chong & gio gia cong dau
tién. Sau d6, d6 nham hau nhu khong thay doi khi
thoi gian gia cong tang 1én

[1].

2.

13].

[4].

[5].

[6].

TAI LIEU THAM KHAO

Zhang X, Kuhlenk Otter B, Kneupner K. An
efficient method for solving the signorini
problem in the simulation of freeform
surfaces produced by belt grinding. Int. J.
Mach. Tools Manuf., 2005; 641-648.

Kim DW, Burge JH, Rigid conformal
polishing tool using non-linear visco -
elastic effect. Opt. Express 2010; 2242-2257

Zeng SY, Blunt L. Experimental
investigation and analytical modelling of the
effects of process parameters on material
removal rate for bonnet polishing of cobalt
chrome alloy. Precision Engineering 2014;
348-355

Tsuwa H, Ilkawa N, Mori Y. Numerically
controlled elastic emission machine. CIRP
Ann. — Manuf. Technol., 1979; 193-197

Steigerwald JM, Murarka SP. Gutmann RJ.
Chemical Mechanical Planarization of
Microelectronic Materials. A Wiley -
Interscience Publication John Wiley & Sons,
Inc., NewYork, 1996.

Watanabe J, Suzuki J, Kobayashi A, High
precision polishing of semi-conductor
materials using hydrodynamic principle.
CIRP Ann. — Manuf. Technol., 1981; 91-95

[71.

[8].

[9].

[10].

nghién cu
phuong phép sb.

Tani Y, Kawata K, Nakayama K,
Development of high - efficient fine finishing
process using magnetic fluid. CIRP Ann. —
Manuf. Technol., 1984; 217-220.

Shorey AB, Kwong KM, Johnson KM,
Jacobs SD, Nanoindentation hardness of
particles used in magnetorheological
finishing (MRF). Appl.Opt.,2000; 5194 -
5204

Wagner NJ, Brady JF. Shear thickening in
colloidal dispersions, Phys.Today., 2009;
27-32.

Li M, Lyu BH, Yuan JL, Dong CC, Dai W.
Shear  thickening  polishing  method.
International Journal of Machine Tools &
Manufacture 2015; 88-99.

Nguyén Puc Nam, nhan
bang dai hoc, thac si tai Dai
hoc Su pham Ky thuat va
bing tién si (2012) tai dai
hoc Hunna (China). Hién tai
t&c gia la giang vién Khoa Co
khi, Truong Pai hoc Cong
, nghiép TP.HCM. Céc hudng
u cua tadc gia gia cobng chinh x&c va

7%



Tap chi Phat trién Khoa hoc va Cong nghé, tap 20, sé K5-2017 63

Study on the application of non-Newton fluid in
curved surface polishing

Duc Nam Nguyen

Abstract—Traditionally, the curved surfaces
are generated by a complicated machining
process to achieve the required surface quality.
To simplify this process, the abrasive will be
mixed with the binder to become a polishing
slurry. This slurry does not obey the Newton
laws when it moves. This process will produce
the shear stress for the slurry on the machining
surface. Based on the non-Newton fluid, the
curved surface will be machined by a simple
machining process. In this paper, the effects of
grinding speed, slurry concentration and
abrasive size on the surface roughness are
discussed. The experimental results show that

the polishing speed has an obvious influence on
surface finishing. With the increase of the
polishing speed, the surface roughness reduces.
In addition, the slurry concentration also affects
the surface quality like the polishing speed. The
abrasive size has a small effect on the surface
finishing. The surface roughness of steel
spherical workpiece @40 mm is reduced sharply
from Ra = 130 nm to Ra = 23 nm after
treatment.

Keywords—non-Newton fluid, curved surface,
polishing speed, slurry concentration, abrasive
size, surface roughness.



