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Tom tit

ai bdo trinh bay két qua nghién ciru hoat dong ciia thiét bi ma dién ding
B phwong phdp Taguchi. Ma dién la mot qua trinh quan trong, trang tri,

dong thoi chong dn mon, mai mon cho san pham béng cdch phii mot lop
kim logi lén ching. Pau tién, nhitng cong trmh nghién citu truée day vé quy
trinh ma dién va thiét bi ma dién c& nhé dwoc tong hop va phdn tich. Nhitng wu
nhuoc diém ciia cdc thiét bi nay dwoc phan tich mot cach cu thé va chi tiét dé
6 thé tim ra phwong dn thiét ké va ché tao phit hop. Cdc tdc gia da xdc dinh
duwoc 03 diéu kién quan trong anh huong dén chat luong bé mdt san phcfm ma,
bao gém thoi gian ma, cuong do dong dién va nhiét do. Déng thoi, mot thiét bi
ma dién c& nho ciing da duoc thiét ké va ché tao cho cdc thir nghiém. Két qua
nghién ciru budc dau diing phwong phdp Taguchi cho thay mire d anh huong
clia cdc thong sé dau vao lén két qua bé day 16p ma. Day sé la nhitng théng so
quan trong cho qua trinh ché tao thiét bi ma dién quy mé cong nghiép.

Tir khod: ma di¢n, phwong phdp Taguchi, ma dong, phii kim logi, bé day I6p ma.
Abstract

This paper presents the results of studying the operation of a lab-scale electroplating
equipment using the Taguchi method. Electroplating is an important process,
decorative, and at the same time prevents corrosion and abrasion of products by
coating them with a thin layer of metal. First, previous studies on electroplating
processes and lab-scale electroplating devices were synthesized and analyzed.
The advantages and disadvantages of these devices were analyzed in detail
so that an appropriate design and fabrication option could be found. Three
important conditions that affect the surface quality of plating products, including
plating time, amperage, and temperature were identified. At the same time, a
lab-scale electroplating device was also designed and built for the tests. Initial
study results using the Taguchi method showed the influence of the input factors
on the results of coating thickness. These will be important parameters for the
fabrication of industrial-scale electroplating devices.

Keywords: electroplating, Taguchi method, copper plating, metallization,
plating thickness.
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1. Gié6i thiéu

Ma dién 1a mot qua trinh st dung dong
dién dé khir cac kim loai hoa tan (cations - cac
ion tich dién duong) dé chung tao thanh mét 16p
pht kim loai két dinh mong trén dién cyc. Ma
mot vat thé lam cho no cung hon va cai thi¢n
kha nang chéng an mon cua vat liéu. Ma dién
c6 thé duogc sir dung dé tao 16p phit bao vé cho
cac vat li¢u s€ dugc str dung trong linh vuc co
khi cting nhu y té. Qué trinh ma dién dién ra
nhanh chéng va hiéu qua néu ngudn dién bén
ngoai 1a day di. Lép phu kim loai dugc tao ra
bang phuong phap nay di min va day dé bao
v¢€ vat liéu khoi bi hu hai [1].

Vi tam quan trong d6, sau khi dwoc chinh
thirc phat minh boi nha hoa hoc y Luigi V.
Brugnatelli vao nam 1805 [2], ma dién da duogc
nghién ctru rong rii. Le va cac cong sy dén tir
Vién Cong nghé Nano, Pai hoc quéc gia Tp.
H) Chi Minh da nghién ctu t6i wu héa qua
trinh ma dong 1én nén nhya PET (PolyEthylene
Terephthalate) [3]. Pay 1a mot nén ting quan
trong dé phat trién cac thiét bi dién tir uén déo
duoc (flexible electronic devices). Tuy nhién,
nhuoc diém ciia nghién ctru nay 13 chi c6 bén
thi nghiém dugc thyc hién véi hai nhan t6 dau
vao. Dé khéc phyc diéu nay, Hsu va cac cong
su dung phuong phap Taguchi va phan tich
phuong sai ANOVA nghién ctru qua trinh ma
d@)ng [4]. Tuong tu nhu vay, Park va cac cong
su cling dung phuwong phap Taguchi dé nghién
clru qua trinh ma dong [5]. Cac tac gia nay
nghién ctru vé dung dich ma, cuong d6 dong
dién va thoi gian ma. Cling dung phuong phap
Taguchi, Rosyadi va cac cOng su nghién ctru
qué trinh ma créom 1én thép [6]. Cac nghién
ctru nay cho thdy Taguchi 12 phuong phap
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don gian, d& thyc hién, nhung nhuoc diém 13
phuong phép roi rac, két qua dau ra bi gioi
han boi cac mirc dau vao ciia cac nhan to. Tiép
theo, dé giai quyét vin dé nay, Suryanto va
cac cong su [7] dung phuong phap bé mat dap
ung (RSM - Response Surface Methodology)
dé nghién ctru d6 bén cua 16p ma dong. Mo
hinh toan ma hoc dua ra c6 thé du doan duogc
d6 day 16p ma, nhung qua phirc tap dé c6 thé
dugc str dung trong thyec tién cong nghiép. Hon
nita, t6i wu hoa t6-pd duoc sir dung cung voi
mo phong dé nghién ciru qua trinh ma dién
no6i chung [8]. Nhung cling nhu nghién cuu
trén, mo hinh toan dua ra la qua phtc tap. Cac
thudt toan khac nhu mang than kinh nhan tao
(ANN - artifcial neural network) [9], NSGA-II
(Non-dominated Sorting Genetic Algorithm)
[10], hay cdc md hinh toan tu phat trién khac
[11] ciing duoc st dung dé nghién ciru cac
qua trinh ma kim loai dung phuong phép ma
dién. Nhung dic diém chung cua cac nghién
ctru ndy 1a tinh thyc tién khong cao.

K thuat ma dién v6n dugc hudng téi tng
dung trong céng nghiép va trong trang tri, ké
ca trang strc [12]. Do d6, qua khao sat, phuong
phap Taguchi dugc xem 1a phit hop nhat cho
nghién ctru & quy md phong thi nghiém ciling
nhu cho cac k¥ su tai xuong nghién ctiru quy
trinh cong nghé van hanh thiét bi sau nay.

2. Phwong phap nghién ciru

2.1. Phuong phap ma dién

Khéi niém vé ma dién déng rat don gian:
Nhung vat can ma vao bé dién phan, nbi dién va
cac ion ddng s& di chuyén tir cuc duong (anode)
va lang dong trén cyc am (cathode) [13]. Qua
trinh nay dugc trinh bay trong Hinh 1.
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Hinh 1. Qu4 trinh ma dién cho ddng

Ma dong 1a mot trong nhimg k¥ thuat ma
phé bién va ung dung nhiéu nhat. Ma dong
day trén thép dé tang do dan dién trong khi
tiét kiém duoc vat liéu d@)ng. Ma d@)ng trén bac
dé 13 giam ma sat. Ma dong con ding dé bao
vé chi tiét khoi bi thdm than trong qué trinh
nhiét luyén. Ngoai ra, 16p ma dong con 14 1op
trung gian cho cac 16p ma tiép theo nhu ma
niken, chrom, ... Lép dong trung gian khong
c6 16 xép, nang cao do bén 3n mon, dd bam
chéc 16p ma [14]. Do d6, ma dong da duoc
chon cho nghién ctru nay. C6 nhiéu dung dich
ma dong nhu dung dich xyanua, dong sunfat,
pyro photphat, floborat, ... [15]. Trong do,
dung dich dong sunfat duoc chon vi phd bién
va it doc hai.

2.2. Phwong phap Taguchi

Ngay nay, phuong phap Taguchi ngay
cang duogc ung dung rong rai trong quy hoach
thuc nghiém [16]. Phuong phap nay gop phan
nang cao ning suit trong qud trinh nghién ctru
va phat trién, tao ra san phdm chét lugng cao
v6i chi phi thip. TS. Taguchi da phat trién
mot phuong phép dya trén thi nghiém mang

tryc giao dé giam s6 lugng thi nghiém véi su
sap xép phu hop céc diéu kién thudn loi nhat
cta cac tham sb co thé kiém soat [17]. Céc
mang tryc giao tao ra sy can biang giita cac
thi nghiém. Va ty s6 Signal-to-Noise (S/N)
1a mot ham logarit ciia diu ra mong mudn,
dap Gmg muc dich tdi vu héa, thyc hién phan
tich va du doan két qua. Trong phuong phap
Taguchi, thuét ngfr “Tin hiéu - Signal” d& cap
dén gia tri trung binh (gia tri mong mudn) ctia
muc tiéu dau ra va thuat ngir “Nhiéu - Noise”
1a gia tri khong mong mudn [18]. Do dé, ty s6
S/N dugc sir dung dé tinh d6 1éch so véi gia
tri mong mudn. Sau day la cic cong thic dé
tinh ty s6 S/N [19]:

- Lén hon 1a tét hon:

s/v =101 |YuZ(Y,2)] )
- Nho hon 1a tét hon:
S/N = -10lg[Y/n 2(¥?)] ()

Thiét ké thi nghiém bang phuong phéap
Taguchi hi¢u quéa hon so véi cac phuong phap
thong ké khac. Thong qua viéc Iya chon phu
hop cac bién doc 1ap khac nhau, sé luong thi
nghiém giam dang ké. Ngoai ra, khong co bat
ky thong tin ndo bi mat do giam sb lugng thi
nghiém. Muc tiéu ctia phuong phap Taguchi
1a giam thiéu sy thay d6i xung quanh muc
tiéu va cai thién chat luong. St dung k¥ thuat
nay cho phép cac nha khoa hoc, kj su va nha
nghién curu danh it thoi gian hon cho viée lap
ké hoach thir nghiém va phan tich két qua. Vi
nhitng cai tién trong cong nghé may tinh, viéc
st dung phuong phap Taguchi trong céc ung
dung tr¢' nén dé dang hon. Pho bién nhat 1a
phan tich k§y thuat bang phan mém may tinh,
chang han nhu Minitab.

3. Két qua va thue nghiém
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3.1. Lwra chon céc yéu to va mang truc
giao

Thiét bi ma dién dung cho thi nghiém
nay dugc trinh bay trong Hinh 2. Day 1a mdot
thiét bi ma dién & quy mo phong thi nghiém

v6i hai do ga hai bén va mot dong co khudy
& gitta. Dung dich ma ¢ day la dong sunfat.
Thong qua viéc khao sat cac tai liéu tham khao
va cac thi nghiém tién kha thi, ba yéu t6 dau

vao voi ba muc dugc trinh bay trong Bang 1.

Hinh 2. Thiét bi ma dién

Bang 1: Cdc yéu to dau vao

Cic yéu to anh hwéng dén

chiéu day 16p ma
Thoi gian t (phut) 10 15 20
Cuong d6 dong dién I (A) 1.5 2 2.5
Nhié¢t do T (°C) 25 30 35

Vi¢e xdy dung mang truc giao dua trén so
yeu to va so bédc ciia moi yéu to. Trong nghién
ctru hién tai, voi 3 yéu t6, moi yéu to 3 muc,

mang truc giao (orthogonal array - OA) co
cau tric L, nhu trong Bang 2. Theo do, ¢6 tong
cong 9 thi nghiém dugc thuc hién lan luot.

Bdng 2: Bang quy hoach thwc nghiém

Thi nghiém t | T
1 10 1.5 25
2 10 2 30
3 10 2.5 35
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4 15 1.5 30
5 15 2 35
6 15 2.5 25
7 20 1.5 35
8 20 2 25
9 20 2.5 30

Céc kich thudc cua mau thép C45 dung cho céc thi nghiém ma dong dugc thé hién trong
Hinh 3.
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Hinh 3. Kich thuéc ciia miu thép diung cho thi nghiém ma

Cac muc trong Bang 1 dugc lya chon dua

trén khac thi nghiém tién kha thi. Khi cuong do
dong dién va nhi¢t do ma ¢ pham vi ngoai cac
khoang trén, mau ma hay bi giam chit luong
bé mat nhu trong Hinh 4. Ngoai ra, san phdm DAL
ma con duogc kiém tra kha nang bam dinh bang
bang keo. Ca bang keo trong va bang keo gidy
da duogc st dung. Két qua cho thiy ngoai mot
sO tinh thé dong nho khong dang ké bam 1én

bé mit bang keo thi khong c6 hién tugng bong BLEEN

tréc. Piéu nay cho thiy 16p ma c6 do bam dinh
dat yéu cau. Hinh 4. Sdn pham ma trong cac thi
nghiém tién kha thi
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3.2. Két qua thi nghiém trudc va sau khi ma dwoc do bang thudc panme
dién t. Bang 3 trinh bay két qua trung binh
cta kich thudc chidu day cia 3 diém bat ki
ctia mau trude, sau khi thi nghiém va chiéu
day 16p ma.

Can cir vao Bang 2, tong cong 9 thi
nghiém da dugc thuc hién. Hinh 5 trinh bay
mot san pham ma. Chiéu day san pham ma

Hinh 5. Sin phim ma

Bing 3: Két qud thuwe nghiém

it s t:ff‘;'c‘ 1t<lll:01:a Kich thuéc sau  Chiéu day 16p
i) khi ma (mm) ma (um)
1 1.968 1.989 10.5
2 1.969 2.007 19
3 1.965 2.007 21
4 1.956 1.995 19.5
5 1.968 2.013 22.5
6 1.971 2.015 22
7 1.969 2.011 21
8 1.968 2.020 26
9 1.966 2.048 41

Két qua chiéu day trung binh cia 16pma  binh theo timg mirc ctia yéu t6 dau vao duoc
trong Bang 3 sau d6 dugc phan tich bang phan  trinh bay trong Bang 4.
mém Minitab. Két qua phan tich gia tri trung
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Bing 4 : Két qud phdn tich gid tri trung binh theo tirng mikc ciia cdc yéu to

Level A B C
1 16.83 17.00 19.50
2 21.33 22.50 26.50
3 29.33 28.00 21.50
Delta 12.50 11.00 7.00
Rank 1 2 3
Main Effects Plot for Means
Data Means
A B C

;

Mean of Means

17.5

15.0 4

Hinh 6. Trung binh ciia tirng mirc theo tirng yéu t6 diu vao

Hinh 6 trinh bay trung binh ctia tirng murc
theo tirng y€u to dau vao.

cang tot, cong thie (1) duge sir dung dé tinh
ty s6 S/N. Két qua tinh ty s6 S/N cho timg muc
Vi két qua chiéu day 16p ma cang day cua timg yéu t6 duoc trinh bay trong Bang 5.

Bing 4: Két qua tinh ty s6 S/N cho tieng mike ciia cdc yéu to

Level A B C
1 24.15 24.22 25.19
2 26.56 26.97 27.88
3 29.00 28.52 26.64
Delta 4.85 4.29 2.69
Rank 1 2 3

Hinh 6 trinh bay gia tri ty s6 S/N cua timg mirc theo ting thong s6 dau vao.
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Main Effects Plot for SN ratios
Data Means

B C

Mean of SN ratios
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Signal-to-noise: Larger (s better

Hinh 7. Gia tri ciia ty s6 S/N ciia tirng mirc cho tirng yéu t6 dau vao

Két qua ty s6 S/N cho thiy, théng s6 nao
c6 do bién thién nhiéu nht s& c6 anh hudng
nhiéu nhét t&i két qua dau ra. Hinh 5 cho thiy
thoi gian ma c6 anh huong nhiéu nhat téi chiéu
day 16p ma. Thoi gian ma cang dai thi chiéu
day 16p ma cang tang. Tuong tu nhu vay, cuong
d6 dong dién 1 1a yéu t6 quan trong thir hai.
Cuong d6 dong dién dong bién véi két qua
chiéu day 16p ma. Trong khi do, nhiét dd ma T
anh huong it nhat téi chidu day 16p ma. Nhiét
dd cting khong nén qua cao, cling khong nén
qua thdp. Nhiét do 30 °C 1a phu hop cho viée
ma dong bang dung dich dong sunfat. Ngoai
ra, sy théng nhét ctia hai két qua gia tri trung
binh cua timg murc trong Hinh 6 va gia tri ty
s& S/N trong Hinh 7 ciing cho thay su phtt hop
ctia cac két qua thi nghiém.

4. Két luin

Trong nghién ctru nay, phuong phap
Taguchi dugc sir dung dé phan tich anh huéng
clia cac thong sd dau vao toi két qua du ra 1a
chiéu day 16p ma. Qua khdo sat cac cong trinh
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da cong b va tir cac thi nghiém tién kha thi,
thoi gian ma, cuong do dong dién va nhiét do
ma 12 ba yéu t6 c¢6 anh hudng 16n téi két qua
bé day 16p ma. Qua cac phan tich cia phan
mém Minitab, thoi gian ma 1a yéu t6 quan
trong nhit. Thoi gian ma cang dai thi 16p ma
cang day. Va cuong do dong dién cang cao thi
chiéu day 16p ma cang tang. Trong khi d6, nhiét
d6 cua dung dich ma nén duy tri ¢ 30 °C. Day
1a nhitng thong tin quan trong cho viéc tdi wu
hoa qua trinh ma, diéu khién chiéu day l6p ma.
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