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TOM TAT

Bdo dam do phang bé mdt la yéu cau then chot trong ché tao co khi chinh xac, dac biét tai
cdc vi tri ldp ghép, truyén lwc hodc yéu cau dg kin cao. Nghién ciru nay dé xudt mot hé thong do do
phang khong tiép xiic tich hop dau do laser vao thiét bi do sir dung hé thong dém khi. Khdc véi cdc
co cdu truyén dong co hoc truyén thong, viéc u’ng dung dém khi givip giam thiéu ma sat, han ché dao
dong vi mé va tang do on dinh khi di chuyen dau do. Dir liéu do dwoc thu thdp qua hé thong dzeu
khién sir dung Arduino va xi [y bangphan mém ldp trinh tity bién trén Matlab. Thir nghiém thirc 1é
trén cdc chi tiét gia cong cho thdy hé thong dat dé 1dp lai cao va sai s6 do nho. Ket qua nghlen clru
thé hién tinh mdi trong viéc tan dung két hop cong nghé dém khi voi do khong tiép xiic, dong thoi
khang dinh tiém ndng iing dung trong thiét ké cac hé thong do théng minh, linh hoat, dép vmg yéu
cau san xudt hién dai.

Tw khoa: Do do phcfng bé mat; He tho”ﬁg dém khi; Cam bién laser: Kiém tra chinh xdc; Do
lwong khong tiép xuc.

ABSTRACT

Ensuring surface flatness is a critical requirement in precision mechanical manufacturing,
especially at assembly interfaces, load transmission areas, or locations demanding high sealing
performance. This study proposes a non-contact flatness measurement system by integrating a
laser displacement sensor into a measuring device equipped with an air bearing system. Unlike
conventional mechanical drive structures, the application of air bearings significantly reduces
[riction, minimizes micro-vibrations, and enhances stability during probe movement. Measurement
data is acquired through a control system based on Arduino and processed using a customized
algorithm developed in Matlab. Experimental validation on machined parts demonstrates high
repeatability and low measurement error. The research highlights a novel approach that combines
air bearing technology with non-contact measurement, and confirms its potential for developing
intelligent, flexible metrology systems that meet the demands of modern manufacturing environments.

Keywords: Surface flatness measurement,; Air bearing system; Laser sensor; Precision
inspection; Non-contact metrology.
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1. PAT VAN PE

Trong bdi canh san xuat co khi hién dai,
yéu cau vé do chinh xac hinh hoc ngay cang tré
nén nghiém ngit, dic biét véi cac chi tiét c6 bé
mit lap ghép, truyén dong hodc can do kin khit
cao. Trong sb céc thong sb kiém tra hinh hoc,
do phfmg bé mat 1a mot chi tiéu quan trong co
anh huong truc tiép dén chit luong lap rap va
van hanh cta san pham. Tuy nhién, hau hét cac
phuong phép do truyén thong van chu yéu dua
vao tiép xtc co hoc, von t6n tai nhiéu han ché
nhu ma sat, 3 mon dau do, va khé dam bao do
chinh x4c khi do cac bé mit mong, mém hodc
c6 hinh dang phtc tap.

Trudce thyuc té d6, cac hudng tiép can do
khong tiép xuc str dung cam bién laser dang
dugc quan tAm phat trién dé nang cao do chinh
xac va mo rong kha nang ing dung trong cac
day chuyén kiém tra tur dong. Dong thoi, dé
dam bao sy 6n dinh trong qua trinh di chuyén
dau do, viéc tmg dung dém khi nhu mot giai
phap thay thé cho hé din dong co khi truyén
thong dang duoc xem la hudng tiép can hiéu
qua. Cac nghién ctru gan day nhu [1], [2] d3 chi
ra rang 6 dém khi c6 kha nang giam thiéu dao
dong vi mo, triét tiéu ma st tiép xac, tir d6 gop
phan nang cao do chinh xac va do tin cdy trong
cac hé thong do siéu chinh xac.

Tuy nhién, da phan cic cong trinh hién
tai mai tap trung vao tdi vu hoa dém khi trong
moi truong chan khong [1] hodc trong cac thiét
bi do tich hgp c6 gia thanh cao va phuec tap [3],
[4], [5]. Viéc tan dung cac thiét bi do hién co
nhu may do toa do ba chiéu (CMM) thé hé cii dé
tich hop hé thong cam bién laser va diéu khién
moi, két hop vai co cau dan dong dém khi, van
chua dugc nghién ctru mot cach hé théng va co
tinh thuc nghiém cao. Pay 1a khoang tréng ma
bai bao nay hudng dén.
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Nghién ciru dé& xuit mot phuong phap
thiét ké va xay dung hé thong do d6 phang
khong tiép xtc bang cach tich hop cam bién
laser vao may CMM sur dung dém khi, v6i muc
tiéu tan dung thiét bi sin c6 va cai thién hiéu
ning do. Hé thong dugc didu khién bang vi
diéu khién Arduino va phan mém xu 1y dir liéu
lap trinh trén Matlab. Bai bao khong chi trinh
bay quy trinh thiét ké, hiéu chinh, ma con thuc
hién thtr nghiém thuc té nham danh gia do lip
lai, sai s va tinh on dinh cua hé théng, tor do
khang dinh tiém ning Gng dung thuc tién trong
c4c co s san xudt vira va nho.

2.COSO LY THUYET

2.1. Do d9 phing bing phwong phap khong
tiép xic

Trong do ludng k¥ thuat, do phang la
mot trong nhirng chi ti€u hinh hoc quan trong,
anh huong dén kha nang 1ap ghép, phan bd tng
suat va do kin khit trong t6 hop co khi. Cac
phuong phap do tiép xuc truyén thong tuy co
do tin cdy cao nhung thuong bi gidi han bdi ma
sat dau do, ap luc tiép xuc, va kha ning do trén
bé mat c6 dd nham thép hodc mém.

Su phat trién cia cong nghé cam bién
quang hoc, dac biét 1a cam bién laser dich
chuyén, ¢ mo ra huéng do khong tiép xuc voi
d6 chinh x4c cao, dép (mg yéu cau trong do bé
mat phirc tap, mong hodc dé bién dang. Céac hé
théng nay thuong dura trén nguyén 1y tam giac
laser hodc giao thoa quang hoc, cho phép thu
nhéan dit liéu hinh hoc bé mat véi do phan giai
micromet va téc do cao [6]. Theo Wang et al.
(2020), viéc tich hop cam bién laser kép c6 thé
nang cao do chinh x4c trong giam sat o phang
truc tuyén tam kim loai, déng thoi cai thién kha
nang khir nhiéu nho két hop thuat toan xur 1y tin

hiéu [7].
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2.2. Ung dung dém Khi trong hé thong do

Dbém khi 1a mdt g1a1 phap cong nghé
tién tién thay thé cho cac 6 dan dong co khi
truyén théng trong moi trudng yeu caudo ch1nh
xac cao. V6i dac diém khong tiép xtc, 6 dém
khi tao ra mot 16p mang khi mong gita bé mat
chuyén dong va mit dan hudng, gitp triét tiéu
hoan toan ma sat va dao dong co hoc trong qua
trinh chuyén dong tuyén tinh hodc quay.

Fan et al. (2024) da chimg minh rang 0
dém khi vi 15 c6 thé duy tri d 6n dinh cao ngay
ca trong moi truong chan khong, qua do lam 1o
tiém nang cua dém khi trong hé théng do ludong
siéu chinh xéc [1]. Trong khi d6, Zhang et al.
(2023) da ung dung ludi khi vi luu dé cai thién
do phéng khi xtr Iy vat li¢u kinh ITO, m¢é rong
kha niang kiém soat bién dang bé mit nho dicu
ap cuc bo [2]. Pac bi¢t, dém khi dugc su dung
pho bién trong cac hé thong dinh vi tuyén tinh
phuc vu cho may do toa 6 (CMM), hé thong
wafer, va thiét bi in vi mé [8].

2.3. Tich hop cam bién laser va co cAu dém
khi trén CMM

Hé théng may do toa d6 ba chiéu (CMM)
1a cong cu do kiém hinh hoc quan trong trong
cac day chuyen san xuét ty dong. Tuy nhlen
nhiéu hé thong CMM thé hé cii st dung co cau
dan dong bang b bi co hoc, tiém an nhiéu sai
s6 do ma sat va rung dong. Viéc tich hop dong
thoi cam bién do khong tiép xtic va dém khi 1a
hudng cai tién m&i nham tai sir dung thiét bi cii,
giam chi phi dau tu va nang cao hiéu ning do.

Hinh 1. Chi tiét phang can do

Theo Jiang et al. (2020), xu hudng tich
hop hé¢ do vao chinh may gia cong da va dang
hinh thanh mot thé hé thiét bi “do tai chd”
(on-machine measurement), trong d6 cic yéu
t6 nhu dan dong khong ma sat va thu nhén tin
hiéu quang hoc dong vai tro c¢dt 16i [3]. Viée
nay khong chi giup giam thoi gian thao tac, ma
con cai thién tinh dn dinh va tai lap cua két qua
do. Kim & Choi (2023) ciing chi ra rang cac hé
thong dinh vi tuyén tinh st dung dém khi co
thé dat d6 lap lai duéi 0.1 um trong mdi trudng
phong sach, mé ra kha nang ung dung trong
cac day chuyén do théng minh hién dai [9].

3.THIET KE VA PHAT TRIEN HE THONG

Hé thdng do do phing dugc xay dung
trén nén tang may CMM Omicron DEA ¢6 san,
két hop nang cép ca phan co khi va phan thu
nhan — xtr Iy tin hiéu dé dép ung yéu cau do
khong tiép xtic d chinh xéc cao.

3.1. Thiét ké co khi

Hinh 2. Hé théng dén dong truc Z

Do yéu cau diéu chinh chinh xac truc
Z & muc micromet va dam bao c¢6 dinh trong
sudt qua trinh do, nhom tac gia da thiét ké thém
hé thong din dong truc Z st dung thanh ring —
banh ring. Diéu nay giup van hanh tron tru ma
khong anh huong dén két cau nguyén ban cia
may do.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

3.2. Tich hop diu do laser

Dau do laser ZX-L-N duogc gé tryuc tiép
1én truc Z thong qua hé thdng ga co khi tuy
bién (Hinh 3), cho phép diéu chinh hudng va
khoang cach do phu hop véi timg bé mit chi
tiét. Dai do ciia cam bién 1a 28-32 mm véi do
phén giai dudi 5 pm.

Hinh 3. Gd dau do laser lén truc Z
3.3. Thu nhan va xir ly tin hiéu

Tin hiéu do duogc thu thong qua bo didu
khién Arduino Mega 2560 va truyén vé phan
mém xir Iy Matlab. Giao dién duoc thiét ké
dé hién thi ddm may diém, tinh d6 phing theo
thuat toan binh phuong tbi thiéu va cho phép
luu trir dir liu dudi dang Excel phuc vu phan
tich.

Hinh 4. Giao dién PLX-DAQ
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4. KET QUA VA THAO LUAN
4.1. Quy trinh do thuc nghi¢ém

Pé danh gia hiéu qua cua hé thong do
khong tiép xuc sir dung dém khi, nhém nghién
ctru d4 xdy dung quy trinh do thyre nghiém gom
9 bude chinh, tir hiéu chinh vi tri cam bién laser
dén xtr 1y dir liéu trén phan mém Matlab.

Trudc tién, cam bién laser duoc ga dat
chinh x4c lén truc Z cua may do CMM. Sau do,
phan mém PLX-DAQ duoc két ndi véi Arduino
dé bat dau thu nhan dit liéu vi tri va do cao tai
cac diém do. Pau do di chuyén trén mat chi tiét
theo mé hinh zigzag nham bao phu déu toan bo
bé mat, sb luong diém do khoang tr 200-300
diém mdi 1an do, bao dam mat do diém va tinh
dai dién cho toan bd mat phéng.

Hinh 5. So do do quét chi tiét

Sau khi hoan tat viéc thu dit liéu trén
Excel, file s€ dugc nhap vao phﬁn mém Matlab
thong qua giao dién Flatness Measurement
(Hinh 6). Phin mém sé& tinh to4n mit phang
chuan bang thuat toan binh phuong tdi thiéu va
hién thi sai léch phang trén do thi 3D. D6 phing
dugc tinh 1a chénh léch giira diém cao nhét va

thap nhit so voi mit phang chuan.
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Hinh 6. Nhdp dir liéu vao Flatness Measurement

V&i moi mau, ta s€ do 5 lan bé mat dé
lay két qua mot cach chinh xac nhat.

Toc do lay mau: 200ms/lan; Tong sb
diém do: 306 diém; Do léch phang: 59.49um.

Flaknewn Mesucrment
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Hinh 7. Két qua do lan 1

Toc do lay mau: 500ms/lan; Tong sb
diém do: 205 diém; D 1é€ch phang: 56.01pm.
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Hinh 8. Két qua do lan 2

Téc d6 ldy mau: 500ms/lan; Tong sd
diém do: 212 diém; Do léch phang: 44.23um.
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Hinh 9. Két qua do lan 3

Téc do lay mau: 500ms/lan; Tong sb
diém do: 198 diém; D9 1é€ch phang: 55.95um.
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Hinh 10. Két qua do lan 5

Téc do 1dy mau: 500ms/lan; Tong sd
diém do: 225 diém; Do léch phang: 50.12pum.

4.2. KET LUAN

Mau do c6 kich thudc 48 x 27 x 18 mm
dugc tién hanh do d6 phing 5 1an lién tiép dé
kiém tra do 6n dinh va do lap lai cta hé thong.
Két qua cho thay gié tri d6 phang thu dugc dao
dong trong khoang tir 44.23 pm dén 59.49 pm,
v6oi do Iéch trung binh khoang 53.16 um. Sy
sai 1éch gitra cac lan do khong vuot qua 15 um,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

chung té do lap lai tt va hé théng c6 kha nang
van hanh on dinh.

Dir liéu do ciing cho thay mo hinh mat
phing duoc tai 1ap kha nhit quan qua cac lan
thir, thé hién qua hinh anh hién thi tir phin mém
Flatness Measurement. Sai s6 ngau nhién chu
yéu dén tir yéu t thao tac thu cong khi dich
chuyén dau do va dao dong méi truong, nhung
khong gdy anh hudng 16n dén xu hudng két
qua. Két luan cho thdy hé théng do dé xuit
hoan toan c6 thé ung dung trong danh gia do
phing co ban cho cac chi tiét kich thudc nho
dén trung binh trong diéu kién san xuét co khi
ph thong.

Két qua do thyc nghiém cho thdy hé
thong tich hop cam bién laser va dém khi hoat
dong 6n dinh, voi do 1éch phéng trung binh
khoang 53.16 um va d¢ lap lai tbt gilta cac
lan do. Su nhat quan cta dit liéu qua 5 lan thu
nghiém khing dinh tinh tin ciy ciia qua trinh
thu nhan va xu ly tin hiéu.

Viéc ung dung dém khi da giup giam
ma sat va han ché dao dong vi mo, cai thi¢n
d6 on dinh trong qué trinh dich chuyén dau
do. Giao dién phan mém xtr 1y trén Matlab cho
phép hién thi tryc quan va tinh toan do phing
nhanh chéng, thuan tién cho danh gia ky thuat.

Tuy van con anh huong nhét dinh tir
thao tac thu cong, hé thng cho thay tiém ning
{mg dung cao trong kiém tra d6 phang chi tiét
co khi kich thude nho — trung bmh bay la giéi
phép phu hop cho cac co 50 san xuét ¢6 nhu cau
nang cap thiét bi do truyén thdng véi chi phi

hop ly. <
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