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Trong cong trinh nay, mot ky thudt danh bong méi két hop véi mot
phuong phap danh gia méi nham xéc dinh cac nhan t6 tac dong dén
chit luong khi danh bong bé mit vét lidu tir tinh di dugc dé suat. Bé
thuc hién cong viéc nay, cadc nhan td anh huodng t6i qua trinh danh
bong vat lidu tir tinh duge xac dinh thong qua khao sat sy phan bd clia
céc hat tir tinh MIGs va cac hat mai AGs t6i bé mit lam viéc ciia hdn
hop bun 16ng tir tinh (MLS). Cac miu hdn hgp bun tir tinh MLS c¢6
chua MIGs va AGs voi duong kinh khac nhau va khoang cach lam
viéc khac nhau dugc sir dung dé ddnh bong méau thép 20CrNi,Mo phu
Ni-P theo thiét ké thi nghiém Taguchi.
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In this work, a new polishing technique combines with a new
evaluation method to determine the factors that effect to quality when
polishing the magnetic material surface has been proposed. To do this
work, the factors influencing the magnetic material polishing process
are determined by investigating the distribution of magnetic iron
grains (MIGs) and abrasive grains (AGs) to the working surface of
magnetic liquid slurry (MLS). MLS patterns containing MIGs and
AGs with different diameters and different working distances were
used to polish Ni-P coated 20CrNi,Mo steel according to the Taguchi
experiment design.
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1. PAT VAN PE

Trong qua trinh san xuét, cac vat liéu tur tinh, dic biét thép 20CrNi;Mo ma Niken - Phét
pho da tré nén rat phé bién trong hau hét cac linh vuc nhu: nhua, hoa chit, dién tu, 6 t0, hang
khong vii try, va cong nhi€p khuon mau, do 16p ma dugc tao ra véi kha nang chiu mai mon,
chdng an mon tuyét voi, ciing véi do cimg cao [1, 2]. Trong d6 n6 dic biét hitu ich trong cac
khudn dap, khudn phun kim loai v6i kha nang va thoi gian lam viéc dugc cai thi¢n dang Kké, qua
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d6 giam chi phi san xut, nang cao hiéu qua kinh té [3-4]. Trudc day cac chi tiét khuon duge pha
Niken - Phét pho thuong duoc gia cong boi qua trinh mai [5-8]. Tuy nhién véi qua trinh mai
bang hat mai kim cwong don tinh thé chat luong bé mit gia cong thap. Do do, can phai c6 qua
trinh danh bong khudén nhim loai bo sai s6 in dép gy ra boi dung cu cit gdy ra va tao ra do
nham bé mit gia cong dat dén cip d6 nano mét.

Céc quy trinh danh bong thong thuong ciing c6 kha ning cai thién chat lrgng bé mit gia
cong, tuy nhién voi qua trinh nay cac hat mai voi d cing 16n ¢6 xu hudng cao xude, gam vao bé
mat gia cong dudi ap lyc 16n voi vat liéu gia cong mém, nén lam giam chit lugng bé mit 19, 10].
Tir day nhan thay rat kho tao ra bé mit 16p phu Ni-P voi d¢ bong va do chinh xac cao bang qué
trinh danh bong thong thuong. Do do, dé cai thién chat luong bé mit can phat trién mot phu:(mg
phap danh bong mdi, nham loai bo lwgng du vét liéu hiéu qua hon dong thoi ngin ngira sai sd in
dap ciia dung cu cat va cac hat mai bi gam trén bé mit gia cong do qué trinh danh bong gay ra.
Mot phuong phap gia cong cho d6 bong va do chinh xac bé mit day hira hen d6 13 qua trinh danh
bong duge hd tro boi tir truong duoc thuc hién trong cong viée ndy.

2. NGUYEN LY PANH BONG BE MAT SU DUNG MLS

Nguyén tic danh bong str dung MLS dugc minh hoa nhu trén hinh 1. M6t nam cham vinh
ctru hinh dia duogc gan vao mit dudi cua dia quay v6i khoang cach 1éch tim 1a R. Mot tAm nhom
mang vira MCF nam bén dudi nam cham va cdch nam cham m¢t khoang H. Trong qua trinh
danh bong nam cham va truc quay ciia dong co 2 c¢6 cung téc dd quay n,. Vi phuong phéap nay,
mot tir trudng dong duoc tao ra, trong d6 mat do tir thong 1a khong d6i nhung dong luc tir lién
tuc xoay quanh truc quay cua dong co 2. Khi nay hinh thanh nén mét loai tir truong méi va dugce
goi la tur truong quay. Phéi duge dat bén dudi tam mang chira vira MCF va cach bé mit lam viéc
voi khoang cach 1a K. Liic nay mot thiét 1ap vé MLS duoc sir dung cho qué trinh danh bong da
duoc thiét 1ap.

Khi khoang cach giita ph6i va tim mang vita MCF da duoc thiét lap. Duéi tac dung cta
tlr trudng cac cum cam tng tir hinh chudi dugc hinh thanh béi cac hat tir tinh c6 kich thude
nanoneter. Tai thoi diém nay cac MIGs c6 kich thudc micromet duoc hinh thanh ngay lap tic
theo phuong cac duong luc cam tng tu. Céc hat mai khong tr tinh AGs dudi tdc dung cta céc
cum MIGs két hop véi cac soi xenlulose c6 trong MLS trong qué trinh hoat dong ching s& dan
xen vao nhau. Thém vao do, tat ca cac cum duoc hinh thanh déu bi hut boi luc tir truong va tap
trung tai khu vuc c6 tir truong manh nhét. Luc nay, dudi tac dung cta ving tir trudng, cac hat
mai khong tur tinh chiu tac dong cua lyc trong truong va bi mét luc keo tac dong 1én [34]. Duoi
tac dong két hop cua hai thanh phan lyc nay, phan 16n cic AGs khong tir tinh trong 16p vira
MCF di chuyén xudng bé mit gia cong dong thoi tao ra mét luce tac dong 1én bé mit phdi gia
cong. Khi dia nhdm mang vira MCF quay voi tdc dd n; cac cum tir bi hut vao bé miat dudi cua
dia, khi dia quay s& truyén chuyén dong quay t6i AGs. Dudi tac dung cta lyc ma sat duoc tao
ra giita phoi va AGs, luc nay mot lwong du gia cong rat nho duge loai bo boi cac hat mai AGs
kich thudc micromet.
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Hinh 1. Nguyén ly danh bong su dung MLS
3. THIET KE THi NGHIEM THEO PHUONG PHAP TAGUCHI

Thiét ké thi nghiém Taguchi 14 mdt phuong phap dugc s dung phd bién trong qué trinh
khao sat cac nhan td tac dong, bao gdbm nhiéu yéu t6 va nhiéu muc [9]. N6 dd duoc ap dung
thanh coéng cho nhiéu linh vie khac nhau voi myc dich tiét kiém mot lwong thoi gian 16m dé co
dugc nhom ddi tuong t01 uu [10, 11]. Chia khéa cua phuwong phap nay la tao ra mot bang thiét ké
tryc giao dua trén cac yéu td va cac muc tac dong dugc dleu tra. Phuong phéap ndy c6 thé giup
ching cac tac gia chon cac truong hop dai dién dé giam s lugng cac thir nghiém. Trong cong
viéc nay, s6 lwong cac yéu td duoc diéu tra 1a bon va c6 cac cap do tac dong khac nhau, trong dé
thiét ké thuc nghiém dugc thiét lap theo Taguchi la can thiét nham giam s lwong cac trudng hop
thir nghiém. Phoi va céac chi tiét sir dung trong qua trinh danh bong boi MLS dwoc md ta nhu
trong bang 1.

Bing 1. Cac thong sb vat liéu sir dung trong nghién ctru danh bong.

M5 ta Vit li¢u Kich thuéc Tinh thAm twong déi | P9 16n (A/m)
Nam chim Nd-Fe ¢16 x 10 mm 1,09977 -890000
Tam d& ho vira MLS Al 1
Vita danh bong Hb vita MLS 5
Phoi gia cong tur tinh Nickel 016 x 10 mm 600
Phoi khong tir tinh Pong $16 x 10 mm 1
Thép 20CrNi,Mo phu Ni-P $16 x 10 mm

Céc yéu té dugc khao sat trong qua trinh danh bong gom: kich thuéc MIGs, khoang cach
lam viéc K, kich thuéc cac hat mai AGs, dugc thé hién nhu trong bang 2.

Bang 2. Thong s6 danh bong

Cip dd Kich thuwéc MIGs Kich thuéc AGs Khoang cach danh bong
1 ML (dcp =7 um) dy=1um K;=1mm
MM (dcy = 3 um) K, =2mm
3 MS (dcs= 1 um) dys=0.3 um =3 mm
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Su phan bd cac MIGs va AGs trén bé mat 1am viéc cia MLS d3 duoc nghién curu béng
kinh hién vi dién tir va thiét bi phan tich EDX. Thiét lap thi nghiém dugc thé hién nhu hinh 2.

Hé théng danh bong bao gém mot nam cham vinh ctru, mdt dia mang MCF va hai dong co
cung voi hé théng truyén dong dai nhu thé hién nhu trén so dd hinh 1, va dugc gin trén thiét b
truyén dong theo phuong z ctia mét may danh bong nhu trén hinh 2. Trong thiét bi danh bong,
mot nam cham vinh ctru dang dia c6 cuong do tu truong 0,45T duogc dat & do 1éch tam quay voi
ban kinh R = 4,5 mm (duogc thé hien trén hinh 1). Pong co thir nhét tao chuyén dong quay cho
dia mang MCF thong qua b6 truyén dai dai. Pong co thir hai truyén chuyén dong quay cho nam
cham thong qua khép ndi. Bia mang MCF dugc 1am bang vét li¢u ‘nh6ém khong tur tinh nhu thé
hién trén bang 3 va c6 khe hd H = I mm dé bao bao khong cé sy tiép xtc gitta nam cham va dia
mang MCF (nhu thé hién trong hinh 1). Qu4 trinh ndy nhim duy tri tir truong tac dong 1én vita
MCF manh nhat c6 thé. Dbi véi phoi gia cong, thép SKD11 dang try kich thude ¢16 mm véi 16p
bé mat trén duoc phu mot 16p ma Ni-P ma dién day 1 mm dugc str dung.
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Hinh 2. Anh thiét lap thi nghiém danh bong

4. KET QUA VA THAO LUAN

Céc tién trinh thuc nghiém dugc tién hanh véi phdi danh bong tir tinh (Ni) dwoc phan tich
hinh d4nh SEM va EDX cho két qua nhu trén hinh 3, 4 va 5. Tir két qua phan tich nhan thiy anh
hudng ciia dudng kinh cac MIGs t6i ti 1¢ AGs (théng qua phan trim phan tir Al) va MIGs (thong
qua phan trim Fe) v6i vat liéu gia cong tir tinh (Ni) tai céc vi tri khac nhau dugc thu thap nhu
trong hinh 6. Qua két qua phan tich nhan thiy: Vi cac hdn hop danh bong MLS;, MLS,, MLS,
(tuong tmg véi duong kinh MIGs ting dan), ham lugng ciia nguyén tir Al trén bé mit danh bong
tang 1én, trong khi d6 ham luong nguyén tir Fe giam. Ti 1¢ phan b ctia Al va Fe déu ting 1én &
nhitng khoang cach danh bong K 16n hon. Ciing can chu y rang ti ¢ phan trim ctia Al nho hon
25% bat ké duong kinh cac MIGs hoidc khoang cach lam viéc khi vat liéu tir tinh dugc sir dung



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

lam phdi gia cong. Ti 1& phan trim cua Al 1a cao nhat & khoang cach lam viéc 16n nhat voi MLS;,
trong do chtra cdc MIGs v6i duong kinh khao sat 16n nhat.

Hinh 4. Nhom dugc phan bd trén bé mat lam viéc MLS véi phoi gia cong tir tinh
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Hinh 5. Sit dugc phan bd trén bé mat 1am viéc MCF véi phoi gia cong tir tinh

Ti 1& phan trim cta Al phan b trén bé mit danh bong ciia MLS, véi vat lidu tir tinh tai cac
vi tri khac nhau dugc so véi MLS; hai hdn hop danh béng cung co ti 1& duong kinh kinh
MIGs/duong kinh AGs bang nhau nhung kich thude cac hat 1a khac nhau, nhu dugc biéu dién
trén hinh 6. Xét vé mit 1y thuyét, sé luong cac AGs khi tham gia vio qua trinh danh bong nhiéu
hon thi ti 1 loai bo lwong du vat lidu gia cong cao va bé mat lam viée tdt hon so voi s0 lugng it
cac AGs tham gia vao qua trinh danh bong; c6 nghia 13, mot bé mit tét hon da thu dwoc &
khoang cach danh bong K 16n dugc thé hién nhu hinh 6.
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Hinh 6. Ty 1é phan trim cta phan tir Al va Fe phan bd trén bé mit 1am viéc tir tinh
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Tuy nhién cong trinh trudc d6 [12] da ching minh ring viée ting khoang cach lam viéc s&
lam giam lyc danh bong, cudi cung giam tdc do loai bo vat liéu va han ché cai thién chat luong
bé mit trong viéc danh bong MCF cua phdi gia cong khong tir tinh. Diéu ndy mudn néi 1én hiéu
suét cta vira MCF trong qua trinh danh bong vat lidu tir tinh phu thudc vao hai yéu té: Khoang
cach lam viéc va sd luong AGs hoat dong tac dong 1én bé mit danh bong.

Tir két qua thue nghiém va phan tich cho thdy bé mit trudc khi ddnh bong va sau khi danh
bong 60 phut tai khoang cach K = 1 mm v&i MLS;-MLS, dugc thé hién trén hinh 7. RS rang ban
dau bé mit thd Ra = 40 nm duoc lam min dang ké Ra < 22 nm sau khi danh bong bang bat ké
loai vitra MLS. Tuy nhién két cau va do nham ctia bé mit 1am viéc khac nhau véi cac loai vira
MLS khéac nhau; bé mat lam viéc c6 dd nhin cao nhat dat duoc véi MLS, tuong ung cho
Ra = 3,6 nm. Nhin chung, v&i bat ky mot loai hdn hgp MLS nio tham gia vao qué trinh danh
boéng déu cho d6 nham bé mat lam viéc 16p ma Ni-P gidm, tuy nhién ti 1¢ gidm d6 nham bé mat
la khac nhau véi cac MLS khac nhau tuong ung véi cac vi tri 1am viéc khac nhau. So sanh do
nham trudc va sau danh bong trong hau hét cic truong hop déu nhan thiy bé mit dwoc danh
bong c6 chat lwong tét hon trude danh bong. Mic di nhu di d& cap & trén sd lwong AGs hoat
dong gidm khi khoang cach K gidm, dugc cho la gidm kha nang loai bd vat li¢u trén bé mit gia
cong thap hon. Tuy nhién két qua nhan thay trén hinh 7, véi khoang cach K nho hon cho chat
lwong bé mit cao hon. Nguyén nhan ndy xay ra do voi khoang cach lam viéc nho hon cho luc
danh bong cao hon, lam ting dang ké kha nang danh bong cho MLS.
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Hinh 7. D6 nham bé mit ban dau va cubi ciing sau qua trinh danh bong bang cach st dung cac lai vira MLS
khac nhau & céac vi tri lam viéc khac nhau

Nhu trén hinh 7 cho thiy chit luong bé mit danh bong giam theo trinh ty sau:
MLS; > MLS, > MLS; > MLS,4. Xem xét ti 1¢ duong kinh CIP dén duong kinh AP giam tu %
trong MLS, xudng con iﬁ voi MLS; va xa hon % v6éi MLS3, khong gian luu tra cua cac AGs
mé rong theo thir tw MLS; > MLS,> MLS;; dan dén ting sé lwong AGs hoat dong theo cing thir
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tu MLS; > MLS, > MLS;. Pay la 1y do tai sao d nham gidm theo tht ty MLS; > MLS, > MLS;.
Tuy nhién v&i MLS, va MLS, ¢6 ti 1& dudng kinh MIGs/duong kinh AGs gan giéng nhau va ti 18
phan trim cta Al trén bé mit danh bong gan twong duong nhau (hinh 6), tuy nhién d6 nhin bé
mit vdi MLS, thap hon nhidu so v6i MLS,. Nguyén nhan 1a do luc tac dong 1én cac MIGs trong
MLS, 16n hon nhiéu so véi tac dong 1én cac MIGs trong MLS, dan dén ap luc 1én cac AP ting
1€n, vi vay kha ning loai bd vat li¢u dugc cai thién dang ké. Nhu vay tur cac qua trinh phan tich
anh hudng cua vira MLS voi khoang cach danh bong K khac nhau trong qua trinh ddnh bong véi
phoi gia cong tir tinh, di cho thay MLS chira CL ¢6 duong kinh MIGs 7 pm va duong kinh AGs
1 pm nén duoc sir dung ciing v6i khoang cach danh bong K = 1 mm nén duoc thiét lap dé thuc
hién hoan thién bé mat guong cua thép 20CrNi;Mo ma Ni-P bﬁng su dung vira MLS duya trén
MIGs co ban.

5. KET LUAN

Céc thi nghi€ém dénh bong duoc thyc hién trén phdi tir tinh, mdt mau thép 20CrNi;Mo ma
Ni-P, st dung cac MLS chira cac MIGs va hat mai AGs voi cac duong kinh khac nhau véi cac
khoang cach K khac nhau dé tim ra su phan bd hat mai trén bé mit danh boéng. Cac két luan
chinh duge tom tit nhu sau:

Hon hop MLS ¢6 chita CS duong kinh MIGs 7 pm va duong kinh AGs 1 pm nén duoc sir
dung va khoang cach lam viéc K = 1 mm phai dugc thiét lap dé thuc hién hoan thién bé mat
guong ctia thép 20CrNi;Mo véi 16p ma Ni-P bang cach st dung CIP thong thuong duya trén vira
MLS. Trong diéu kién thi nghiém cua cong trinh nay, chat luong bé mit ma Ni-P duogc cai thién
dang ké va d6 nham bé mat guong Ra = 3,6 nm da dat dugc thanh cong ma khong dé lai vét trﬁy
xudc hodc hat mai bam dinh voi vita MCF trén bé mat gia cong.

Céc két qua trén da ching minh rang viéc sir dung vita MCF chira cac MIGs thuong mai la
mdt phuong phap thuc té dé tao ra bé mit gia cong c6 do chinh xac nano cho cac phoi tur khi cac
duong kinh MIGs 16n hon duong kinh cac AGs. Danh bong bai hdn hgp MLS nay co tiém ning
16n trong cac tmg dung vé& cong nghé, vé chi phi va hiéu suit so voi cac MLS dit tién c6 chira
cac MIGs dugc phu ZrO,.
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