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Tom tat

Bai viét gidi thiéu két qua nghién ciiu, thiét ké va ché tao nguyén mau robot phét hién d&n mon cho than bon néi hinh tru diing chiia
xang dau, dua trén phuong phap kiém tra ro ri dudng stic tir (magnetic flux leakage - MFL). Thiét ké tong thé, hé thong dong luc, dién,
diéu khién va bo kiém tra ro ri tir da duoc tinh todn, thiét ké t6i uu bang phan mém chuyén dung, #m bao cac yéu cau vé an toan chay nd
theo quy dinh cta IEC. Sau khi thiét ké, ché tao, nquyén mau robot ¢d trong luong 39 kg, van tc di chuyén tir 10 - 50 mm/gidy.

Nguyén mau robot sau khi Iap rap hoan chinh da dugc thir nghiém tai xudng trén mo hinh tam thép diing, mé phdong diéu kién lam
viéc thuc té clia cac bon chifa xang dau. Két qua thir nghiém cho thay robot dap ting cac chi tiéu quan trong: kha nang bam dinh trén bé
maét thang diing; di chuyén 6n dinh qua dudng han c6 chiéu cao t6i da 10 mm 6 van téc ti da 50 mm/gidy; co kha ndng phat hién khuyét

tat kich thudc nho véi do sdu 2 mm trén tam thép day dén 14 mm.

Turkhéa: Kiém tra an mon, kiém tra khong pha hty, phuong phép ro ri tir thong, robot leo bon chia.

1. Gii thiéu

Trong linh vuc tén trit xdng dau, s& dung cac phuong
phap phu hgp trong ki€ém tra an mon bon chira la rat quan
trong dé bao vé thiét bi, nhan su, mdi trudng va céng
dong xung quanh ngoai viéc giam thai gian ngling hoat
déng va chi phi b3o tri clia cac bé chua.

Trong phuang phép kiém tra thi cong, ngudi kiém tra
ti€p can bé mat can danh gia vaéi su hé trg ciia hé théng
gian gido quy mé I6n. Qua trinh danh gia tinh trang cac bé
chira dugc thuc hién theo hudng dan cta API 653 [1], véi
su ho trg ca thiét bi siéu dm cam tay. Danh gia nay gobm
théng tin chung vé bé chua, danh gia hién tugng lan va
do muic d6 an mon va do day cua vo, day, maéi han va cac
b6 phan khac clia bé chura.

Céng viéc nay mat nhiéu thai gian va nguy hiém dén
tinh mang con ngudi. Thém vao d6, phuong phap kiém
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tra truyén théng chi kiém tra dugc & nhiing vi tri duéi day
bén va phan than ké day bén. Déi véi phan trén cao cua
than bén, viéc kiém tra sé khé khan va cang trd nén nguy
hiém hon. Do vay, viéc tu ddng héa qua trinh kiém tra bon
bé bang robot nham tiét kiém thai gian, ting ndng suit va
dam bao an toan cho con ngudi la hét stc can thiét.

Mot s6 nudc phat trién da dua vao van hanh cac robot
hién dai phuc vu kiém tra tu dong trén cac bon néi chua
xang dau nhu Neptune [2], Maverick [3] va Robavatar [4].
Céc robot nay dugc trang bi cdc module phat hién an
mon dua trén cdng nghé kiém tra khéng pha hay (NDT)
[5]. Cac ky thuat NDT phé bién trong cac vat liéu thép la
kiém tra siéu am (ultrasonic testing - UT); kiém tra phat xa
am thanh (acoustic emission testing - AE); kiém tra dong
dién xody (eddy currents testing - ECT); kiém tra hat tu
(magnetic particle testing - MT) va kiém tra rd ri ti théng
(magnetic flux leakage testing - MFL) [5].

Trong Ung dung kiém tra an mon cau kién thép turtinh,
phucong phap kiém tra ro ri tir théng MFL dugc danh gia la
thich hap hon so véi phuang phap kiém tra NDT khéc, nhd
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cac uu diém sau: Phuong phéap nay khéng doi héi qua trinh
chuén bi (pre-processing) phuic tap, dé thu nhan tin hiéu,
dé thuc hién truc tuyén qua trinh do, phat hién da dang cac
loai khuyét tat nhu khuyét tat bé mat, 16 rdng, seo, vét niit,
an mon bén trong va bén ngoai bé mat, véi kha nang phat
hién khuyét tat rat nho, trén bé day tam thép 1én. Diéu nay
da dugc minh chiing ré trong nghién cliu clia Li va cong su
[6], theo d6, nhém tac gia da dé xuat mét dau do tir dé nhay
cao dugc st dung trong MFL dé phat hién cac vét nut nho,
vGi mau dugc thir nghiém la thép két cdu carbon Q235A va
cac khuyét tat c6 chiéu dai 6 mm, chiéu réng tir 60 - 80 um
va chiéu sdu tu 7 - 60 um. K&t qua thi nghiém cho thay tat
ca cac khuyét tat déu duoc phat hién.

Chinh vi vay, ky thuat kiém tra MFL da dugc ap dung
phd bién trong kiém tra an mon trén cac hé théng dudng
6ng dan khi dét [7 - 11]. Tu tin hiéu MFL thu dugc, viéc
dién giai cac dac trung ctia mau tin hiéu giup danh gia
kich thudc co ban (dai, rong, sau), tham chi la hinh dang
khuyét tat, day la cht dé nghién clu dugc thao ludn nhiéu
trong nhirng nam gan day [12 - 17].

V& nghién ctiu phat trién robot leo bon, nhiém vu
quan trong nhat 1a phat trién mét ca ché thich hop dé
dam bao robot bam chat vao thanh bén & cac bé mat cé
do cong khac nhau mét cach dang tin cady ma khéng lam
mat kha nang di chuyén va tinh ca déng cta no.

Phucng phéap bam dinh - di chuyén thudng dugc st
dung nhit trong phat trién robot leo tudng ding la két
hgp nam cham vinh ctiu véi co cdu banh xich [18 - 211. Kiéu
két ciu ving chac va dién tich ti€p xutc I6n da lam tang
tinh 6n dinh clia robot, nhung lai thiéu sy linh dong va kho
thich tng véi cac bé mit khdng bang phang hoidc cong.
Dé& khac phuc han ché nay, mot s nhém nghién ctu da
thém hé thong treo vao co cau banh xich, cho phép uén

Hinh 1. Thuc nghiém robot di chuyén trén bé it cong.

Hinh 2. Thuc nghiém robot di chuyén trén thanh bén diing, vuot qua dudng han.

cong phan banh xich va thich ting véi cac bé mat cong ma
khéng lam mét di tinh 8n dinh cta robot [22].

Mé&c du co cdu banh xich tir da dugc st dung réng
rai trong robot leo tudng trén cac bé mat sat tu, nhung
kha nang linh déng, t6c do di chuyén van la thach thic
I6n. D& gidi quyét van dé nay, mot s6 nhém nghién ciu da
dé xuat st dung ca ché bam dinh va di chuyén bang cac
banh xe tu tinh c6 trong lugng nhe [23]. Cac banh xe tu
tinh nay ma& rong pham vi ing dung tiém nang cla robot,
cho phép banh xe hoat déng trén cac bé mat cong [24] va
khéng bang phéng [25].

Trong thuc tién cong nghiép, cac bon néi chia xang
dau dang tru thudng dugc lam bang thép carbon (vat liéu
c6 turtinh). Vi vay, cac nghién ctu vé robot leo bon thudng
st dung co ché bam dinh bang nam cham, dac biét la
nam cham vinh ctru. Mdc du da cé mét sé robot leo bén
thuong mai héa dugc trang bi banh xich ti tinh, tuy nhién
cac nghién ctu thi nghiém cho thay hé théng déng luc
béanh xich lam gia tang dang ké trong lugng robot va lam
gidm kha nang co déng. Tt cac han ché nay, nhom tac gia
dé xuat st dung hé théng dong luc banh xe tu tinh, dung
nam cham vinh clu cho thiét ké robot leo bén, do tinh co
dong cao va trong lugng nhé. Do robot phai hoat dong
trong thdi gian dai, nén phuong phap bam dinh dua trén
nam cham vinh ctiu la lya chon phu hgp nham tiét kiém
nang lugng.

2. Thiét ké robot phat hién an mon bén néi hinh tru
diing chia xang dau

2.1. Thiét ké robot mang bé tir héa

& giai doan thiét k& nguyén ly, c6 2 van dé I6n can
gidi quyét. Thu nhat la t6i uu hoda thiét ké hinh dang, kich
thudc co ban cua robot va hé théng nam cham cung cap
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luc bam dinh, sao cho bdo dam da luc bam dinh, dong
thai gidm t6i da trong lugng robot. Thi hai la lua chon
phuang thuc di chuyén hgp ly, ddm béo robot c6 kha
nang di chuyén linh hoat trén bé mat thang dung, ban
kinh cong khac nhau va c6 thé vuct qua cac dudng han
¢6 chiéu cao dén 5 mm (theo khao sat thuc té). Hinh 1 va
2 trinh bay qua trinh thuc nghiém tai xudng nham hiéu
chinh cac phuang an thiét ké so bo robot.

Sau khi thir nghiém, phuong an di chuyén bang 4
banh xe tU, truyén dong doc lap dé thiét ké hé théng di

M@ hinh tinh todn dong
Iuc hoc robot leo bon

12

E-EJ

Thiét k& mach dién tdng thé

chuyén cho robot leo bén da dugc lua chon. D€ hoan
thién mo hinh nguyén mau robot, nhém tac gia da tinh
toan, thiét ké chi tiét toan bd robot vai su hd trg clia cac
phan mém chuyén dung. Cu thé, mé hinh toan dong luc
hoc dugc xady dung nham t6i uu hoa thiét ké téng thé
robot dua trén phan mém Matlab, gébm kich thudc co
ban, luc tir va moment truc banh xe, bé tri chung va trong
tam robot...; cac co cdu truyén déng nhu truc banh xe, co
cau giam chan dugc mo6 hinh héa va phan tich tng suat -
bién dang dua trén phuong phap phan ti hiu han (FEM)
trén phan mém Ansys; mach dién t8ng dugc thiét ké va

T R T e T T A e T e e T T e e ST o S e e S e e R e A e e T e Ry
Phén tich ting sudt - bién
dang cla truc banh xe

Thiét ké chi tiét robot

’
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Thiét ké hé théng dan hudng va diéu khién
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Hinh 3. T6i uu hda thiét ké robot leo bon mang b tir hda thong qua mé phdng va thuc nghiém.
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mo phong trén phan mém OrCAD; giai thuat
diéu khién robot cling dugc xay dung va mo
phong trén phan mém Matlab nham danh gia
dé 6n dinh va téc d6 dap ung trudc khi thi
nghiém. G giai doan thiét ké chi tiét va thiét
ké thi cong, toan bé mé hinh 3D va ban vé
thi cong déu dugc xay dung véi su ho trg cla
phan mém Solidworks. Toan bé quy trinh tinh
toan, thiét ké va ché tao robot leo bon dugc
mo ta trong Hinh 3.

Giai doan nay, nhém nghién cdu da budc
dau hoan thién nguyén mau robot leo bon
theo phuang thiic bam dinh bang tur tinh, véi
4 banh xe truyén déng doc lap. Cac thong s6
co ban cla robot dugc trinh bay trong Bang 1.

2.2, Thiét ké bé kiém tra ro ri tir théng

Bo tu héa ddéng vai trd quan trong trong
phuacng phap kiém tra ro ri tir théng. Trong do,
kich thudc va vat liéu cau thanh bo tir hda can
phai dugc thiét ké t6i uu sao cho giam trong
lugng clia toan bo robot trong khi t6i da hoa
dién tich bao phu (dién tich khdo sat bé mat)
va di kha nang cung cap tu trudng dat trang
thai bao hoa trén bé mat can kiém tra (nham
dam bdo tin hiéu ro ri ti thong dugc ghi nhan
tl cdm bién ludn “rd nét”).

Hinh 4 mé ta nguyén ly cllia phuong phap
kiém tra ro ri ti théng, trong d6, hé théng
gém 1 bo ti hoa dang thanh (backing bar)
va 1 bd cdm bién tu trudng, vai 2 cuc la nam
cham vinh ctiu. B6 tu hoa tao ra mét vung tu
trudng bao hoa, phan bé gan nhu déu vasong
song vGi bé mat két cau thép. Khi gap vét nat,
du rat nho, tir théng sé bi ro ri ra khoi bé mat
két cdu thép va dugc cdm bién ghi nhan. D
lieu nay chinh Ia biéu d6 m6 ta cudng dd ro
ri tU théng doc theo chiéu dai clia vét nut.
Qua nghién ctu tir tai liéu [26, 27], két hgp véi
mo phong s6 va thi nghiém trén cac mau tha
(Hinh 5), nhom tac gia nhan thay tin hiéu ro ri
tu thong bi anh hudng bdi cac théng s6 cong
nghé cta bo kiém tra ro ri ti thong, dac diém
két ciu - vat liéu bé mat kiém tra va kich thudc
khuyét tat.

Trong thuc tién, viéc thir nghiém sé lugng
I6n t6 hgp tham s8 thiét ké hé géng tu la rat
khé khan. Do vay, nhom nghién ctu da tiép

Bdng 1. Théng s6 ky thudt co ban ctia robot dugc thiét ké

Dac diém/Dac tinh ky thuat ciarobot  Théng sd ki thuat/Théng tin
Trong lugng 39kg

Kich thudc (dai x rong x cao) 450 mm x 350 mm x 150 mm
Van tdc di chuyén 10 - 50 mm/giay
Moment t6i da trén truc banh xe 17N.m
Ban kinh banh xe 50 mm
U-core
Nam cham vinh ctiu
Cam bién hall

Y LN\
3 P >

Tirthang bi ro i khi gip vét nit ~
Hinh 4. M ta phuong phdp kiém tra ro ri tir thong MFL.

can véi phuong phap mé phdng s, dua trén phuong trinh chl dao
Maxwell va gidi bang phuong phép phan tirhitu han FEM trén module
Ansys Maxwell, nhdam du doan anh hudng cla cac théng sé cong
nghé dén cudng do tin hiéu ro ri ti thong. Cac két qua mo phong
dugc xac nhan théng qua thuc nghiém trén mau thar véi cac khuyét
tat dugc gia cong chinh xac. Cuéi cung, tap hop théng sé cdng nghé
t6i uu theo huéng gidm trong lugng b tir héda va t6i da hda cudng do
ro ri tl thong da dugc ghi nhan. Toan bo phuong phép ti€p can nay
dugc mé ta trong Hinh 6, cau tao ctia bé tirhéa hoan chinh dugc trinh
bay trong Hinh 7. Phuang phép ludn va mé hinh toén thiét ké téi uu
bo tir hoa ciia nhom tac gia da dugce kiém ching trong mot nghién
ctu tién kha thi va dugc mo ta day da trong tai liéu [28].

Trong qua trinh thf nghiém, nhém tac gid phat hién ra di liéu
MFL bi anh hudng bai nhiéu hé thdng va cac tdc nhan méi trudng
trong qua trinh van hanh. Bén canh d¢, do hé théng van hanh s
dung nguyén ly MFL cho viéc phat hién khuyét tat dan téi su phat
sinh dong dién xody khi robot di chuyén. Viéc phat sinh dong dién
x0dy nay c6 thé dan tdi su anh huéng Ién cudng do va su thay déi
trong tin hiéu MFL, gay khé khan trong viéc danh gia di liéu. Do vay,
viéc xtt ly dit liéu thé tir cdm bién tra vé la viéc co ban can thuc hién.

Quy trinh x{ ly tin hiéu MFL dé xac dinh khuyét tat trén tdm kim
loai gém 4 budc chinh (Hinh 8). Dau tién, budc "Thu thap di liéu" 1a
qua trinh st dung cdm bién dé thu thap tin hiéu MFL tir bé mat tdm
kim loai. D{ liéu thu dugc thudng gém ca tin hiéu hiu ich lién quan
dén khuyét tat va tin hiéu nhiéu gay ra béi hé théng, méi trudng hay
cac yéu t6 khac. Tiép theo la budc "Loc nhiéu", nai cac tin hiéu khong
mong mudn dugc loai bé dua trén bién déi wavelet theo kinh nghiém
(EWT). Qua trinh nay gitp giir lai cac théng tin MFL quan trong, déng
thai lam min tin hiéu dé gidm anh hudng cta nhiéu, gitp phat hién
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Mo hinh tham s6 héa Ma hinh thyc nghiém

- by - hy Nam cham vinh c(iu Thanh do

Pham vi khao sat khoang cach gitta 2 nam cham

C-core yoke
Nam chém
Chéi tir

Chéi tir, nham khéo sét khoang cach t6i uu gitta nam cham va bé mét thanh bon

Hinh 5. Mé hinh tham s6 hda va thuc nghiém trong thiét ké hé tir hda.

r Tham s6 thiét ké :
: = Kich thudc, vat liéu nam chdm 1
i = Khoang cich gitta 2 cuc ctia bg tirhéa :
: = Khodng cach giita nam cham va bé mét kiém tra i
i = Khoang céch gitia cdm bién Hall va bé mét kiém tra :
: = Bé day, loai vat liéu bé mét kiém tra i
1 = Kich thudc ca khuyét tat (vét niit) :
L

B4 tir hda dugc thiét ké t6i uu

Data

; Feedback

Enviroment Sensor FEM Ansys

\ Communicate / 3D Cad model .

Day cam bién Hall

Hinh 7. Cu tao hé gdng tir dugc thiét ké va ché tao hoan chinh.
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Loc nhiéu

——

Thu thap dit ligu

——

Hinh 8. Quy trinh it ly dit liéu MFL.

Bdng 2. Bang thong s6 ky thudt ctia bon try diing chita xdng ddu khdo sdt tai (ong ty cd phdn Loc hda ddu Binh Son

Thdng s6 bon tru ditng chita xang dau dugc khao sat

Luu chat

Tiéu chuan bon chifa xdng dau

Butng kinh trong clia bon

Chiéu cao cta bon

Vétliéu lam bon

Chiéu cao duong han (ngang va diing): Max. 5 mm
Bé rong dudng han (ngang va ding): 15 - 20 mm
Son bé mat ngoai 3 Idp: (6

+ Ldp trong cing: Chong ri

+ Ldp gitia: Bdm dinh

+ L6p ngoai ctng: Son che phi

(ach dién (insulation): Khong 6

Bding 3. Thdng sd khuyét tat mdu

Tén khuyét tat Chiéu dai (mm) Do sdu (mm)
KT1 25 50
KT2 37,5 5
KT3 50 4
KT4 65 3
KT5 40 35
KT6 40 2
K17 25 3
KT8 65 2

r6 han cac ddu hiéu ctia khuyét tat. Tuy nhién, tin hiéu sau
khi loc van ¢6 thé chiu dnh hudng ctia dong dién xody
(eddy current), gay ra su khong déng nhat vé cudng do.
Do dé, trong budc "X ly, phan tich di liéu’, mét thuat
toan dugc st dung dé dong nhat va chudn héa du liéu
thu duagc, gilp cai thién d6 chinh xac trong viéc xac dinh
vi tri khuyét tat. Cudi cung, toan bé di liéu sau khi xtr ly
sé dugc "Vé ban do 2D" trén hé truc toa d6 cia tam kim
loai, qua d6 dinh vi chinh xac khu vuc c6 kha nang ton tai
khuyét tat.

3. Két qua nghién ciu ché tao robot phat hién dn mon
ban nai hinh tru diing chia xang dau

Dé déanh gia kha nang dap ng dong luc hoc (@6 bam
dinh, kha nang di chuyén, tinh co dong) va kha nang phat
hién &n mon cuta robot dugc thiét k& ché tao, nhém tac
gia trinh bay két qua thuc nghiém tai xudng, khao sat dac
trung két cdu clia cac bén tru ding chia xang dau, nham
cung cap ditliéu dau vao phuc vu thiét ké thi nghiém; Muc
3.2 sé trinh bay két qua ghi nhan dugc sau thi nghiém va
dua ra mot s6 nhan xét.

X1y, phan tich diliéu  fr——f=] Vé ban do 2D

MOGAS 92/95

API 650 10" Sept 2003, Add.3 (SI Unit)

28.000 mm

19.700 mm

A36M

Bé rong (mm) Phuang Vi tri
2 450 S1
2 Thang diing S2
2 Ngang S3
2 Xién gdc 60° S1
2 Xién gdc 120° S2
2 Xién gdc bat ky S3
2 Thang diing S4
2 Ngang S4
3.1. Thiét ké thi nghiém

Sau khi thuc hién khao sat cac loai bon tru diing chira
xang dau tai Céng ty c6 phan Loc héa diu Binh Son (BSR)
taikhu P1vaP3,nhom tac gid da chon bon tru ding (théng
s ky thuat nhu Bang 2) lam chudn dé gia cong tdm thép
th& nghiém, vi d{t liéu thiét ké, bang théng sé ky thuat va
pham vi chiéu day clia tdm thép than bon hoan toan phu
hagp véi dac tinh ky thuat clia robot dugc thiét ké.

Tu dirliéu khao sat nay, 1tam thép ding dugc ché tao
nham mé phéng lai cac dac trung vat ly ctia thanh bon
trong thuc té. Cu thé, tdm thép dugc cau thanh tir vat liéu
thép A36M, kich thudc (A x L) = 4.000 mm x 3.000 mm,
dugc han ghép tir cac tdm thép nhoé cé do day khac nhau,
pham vi d6 day 8 - 14 mm, cung vdi cac khuyét tat nhan
tao vdi kich thudc va hinh dang khac nhau, nham danh
gid toan dién kha nang phat hién dn mon cuda robot trong
thuc té. Hinh 9 va Bang 3 trinh bay chi tiét cac dac trung
vat ly ctia tdm thép thirnghiém da dugc mo ta & trén. Hinh
10 trinh bay hinh anh thyc té ctia tdm thép dugc gia cong
theo thiét ké.
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Hinh 9. Ban thiét ké tam thép thir nghiém. Hinh 10. Tam thép thi nghiém.

3.2.Két qud

Két qua thi nghiém thuc hién tai xudng trén tam thép
dat theo phuong dung (Hinh 11) nhu sau: Lyc hut cda
banh xe tir: 900 N; luc hut ctia géng ti: 2.000 N; chiéu sau
khuyét tat nhé nhat c6 thé phat hién: 2 mm.

Két qua nay chiing té hé thong MFL c6 d6 nhay cao,
vuat trdi so véi phuong phéap kiém tra bing dong dién
x0dy. Hinh 12 trinh bay biéu d6 cudng d6 tin hiéu MFL
thu dugc sau thi nghiém véi pham vi quét 2,5 m x 3,5 m.
Cu thé, cac khuyét tat véi kich thudc va hudng khéac nhau
déu dugc phat hién va biéu thi rd rang trong biéu d6. Luu

)

Hinh 11. Robot dang thir nghiém trén tdm thép duing tai xudng.

y rdng 3 dudng tin hiéu MFL ndm ngang phan anh cac 350 — 100
dudng han trén tam thép. %
Trong qua trinh th nghiém, [0 trinh quét cla robot LY
da dugc quy hoach t6i uu nham giam thai gian quét, dong N
thai ddm bao cac khuyét tat mau nam trong pham vi quét 250 40
ctia mach cam bién Hall. Do d6, cac dudng han doc khéng B
nam trong pham vi quét clia cac cdm bién Hall. 200
M6t mau tin hiéu ghi nhan dugc tir bd cam bién khi i
di qua mét khuyét tat dugc trinh bay trong Hinh 13a. Day 3y -20
la tin hiéu MFL khi robot quét qua khuyét tat co chiéu sau
nho nhat (2 mm) & khu vuc tdm thép c6 bé day 8 mm, 100 ok
tuong Ung vdéi khuyét tat KT8 trong Bang 3. Mac du di -60
lieu xuat hién nhiéu trong qua trinh thu thap, nhung 50
khéng anh hudng dén viéc phat hién khuyét tat. Cac tin .
hiéu nhiéu xuat hién & 1an can tin hiéu chinh do ro ri tu 0 -100
thong khi g3p khuyét tat, nguyén nhan 1 do mat do tir 0 30 100 150 200 250
théng phan bé gilra 2 cuc nam cham cda hé tir héa qua Hinh 12. Két qua kiém tra khuyét tat.
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(a) Tin hiéu MFL ban dau

(b)Tin hiéu MFL sau khi khi nhiéu

Hinh 13. Tin hiéu 0 ri tir thng (MFL) khi robot di qua khuyét tat 6 chiéu sdu
2 mm, tai tdm thép cd bé day 8 mm.

¥ (0,6;37,9) , (3,4;38,7)
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(b) Hai bdnh sau
Hinh 14. D6 thi moment ddng co khi di qua dudng han.

I6n (khoang 300 Gauss). Trén thuc té, cac tin hiéu nhiéu
nay dé dang dugc loai bd bang cac b loc (xem két qua
loc nhiéu & Hinh 13b).

Vé kha nang bam dinh va tinh co déng, két qua thi
nghiém cho thdy robot c6 thé di chuyén theo phucng
thdng dung trén tdm thép vai téc do t6i da 0,05 m/giay.
Nh& luc tur rat I6n, cung véi co cadu gidm chan va hé dong
luc déc lap clia 4 banh xe tu, robot c6 kha nang vuot qua
cac dudng han co chiéu cao t6i da 10 mm. Trong thuc té,

cac méi han thudng c6 chiéu cao rat nho so véi 10 mm.
Hinh 14 trinh bay d6 thi moment xodn tuong Ung vdéi 4
dong co khi robot vugt qua dudng han trén tam thép tha
nghiém. Do d6, v8i nguyén mau hién tai, robot hoan toan
dd kha niang bam dinh, di chuyén va vuot qua dudng han
an toan trén cac bon tru diing chiia xang dau.

4. Két luan

Két qua nghién cuu, thiét ké va ché tao robot phat
hién an mon trén bon hinh tru ding chia xang dau.
Robot va hé théng kiém tra ro ri tir théng (MFL) dugc thiét
ké t6i uu bang cac phan mém chuyén dung nhu Matlab,
Ansys, SolidWorks va OrCAD nham giam trong lugng va
tang hiéu qua kiém tra &n mon.

Dé& déanh gia kha nang di chuyén, tinh co dong va kha
nang phat hién khuyét tat, nhom tac gia da ché tao mot
mo hinh thanh bén tru ding véi tam thép kich thuéc 4 m
(cao) x 3 m (rong), ban kinh cong 14 m. Tam thép nay
dugc han tir cac tdm thép nho co bé day tu 8- 14 mm,
cling vGi cac khuyét tat nhan tao trén mat sau, nham mé
phong dac trung vat ly ctia thanh bén chia xang dau va
hoéa chat trong thuc té. K&t qua thir nghiém trén tam thép
ding tai xudng cho thdy robot da dat dugc céc chi tiéu
chéat lugng chinh nhu van téc di chuyén téi da 0,05 m/
giay; kha nang bam dinh va vugt qua dudng han cao téi
da 10 mm; chat lugng tin hiéu MFL ghi nhan cé kha nang
phat hién khuyét tat c6 do sdu 2 mm trén tam thép day
dén 14 mm.

Trong cac nghién ctu tiép theo, nhom tac gia sé tiép
tuc hoan thién nguyén mau robot, t6i uu hda thiét ké hé
théng dinh vi, dan huéng va diéu khién; phat trién bo di
liu va cac thuat toan tri tué nhan tao dé tai dung chinh
xac hinh dang va kich thudc khuyét tat tu tin hiéu MFL,
nham cung cap dit liéu hiu ich cho théng ké, danh gia
tudi tho bon chia va ra quyét dinh béo tri sém.

Tai liéu tham khao

[11 ATS, “Tank protocol APl 653"
[Online]. Available: https://www.atsenvironmental.com/
commercial/aboveground-storage-tanks/api-inspection/
api-653/#:~:text=What is APl 653%3F650 or API 12C
standards.

inspection

[2] Neptune Robotics, "A world class automated
biofouling management and robotic hull cleaning system".
[Online]. Available: https://neptune-robotics.com/.

[3] Maverick Inspection, [Online]. Available: https://
www.maverickinspection.com/.

DAU KHi - SO 3/2025 73




CHUYEN B0I S0

[4] Robavatar,
Available:

"Crawler robot chassis". [Online].
https://www.robavatar.com/products/basic/

crawler/.

[5]1 MariaInés Silva, Evgenii Malitckii, Telmo G. Santos,
and Pedro Vilaga, “Review of conventional and advanced
non-destructive testing techniques for detection and
characterization of small-scale defects’, Progress in
Materials Science, Volume 138, 2023. DOI: 10.1016/j.
pmatsci.2023.101155.

[6] Erlong Li, Yihua Kang, Jian Tang, and lJianbo
Wu, “A new micro magnetic bridge probe in magnetic
flux leakage for detecting micro-cracks’, Journal of
Nondestructive Evaluation, Volume 37,2018. DOI: 10.1007/
$10921-018-0499-8.

[71 Huaguang Zhang, Lei Wang, lJianfeng Wang,
Fengyuan Zuo, Jifeng Wang, and Jinhai Liu, “A pipeline
defect inversion method with erratic MFL signals based
on cascading abstract features’, IEEE Transactions on
Instrumentation and Measurement, Volume 71, pp. 1 - 11,
2022.DOI: 10.1109/TIM.2022.3152243.

[8] Bin Liu, Zihan Wu, Peng Wang, Luyao He, Lijian
Yang, Zheng Lian, and Tong Liu, “Quantization of magnetic
flux leakage internal detection signals for composite
defects of gas and oil pipelines’, Energy Reports, Volume
9, pp. 5899 - 5914, 2023. DOI: 10.1016/j.egyr.2023.05.025.

[9] Lin Jiang, Huaguang Zhang, Jinhai Liu, Xiangkai
Shen, and Lei Wang, “Pipeline irregular defect inversion
for magnetic flux leakage detection system based on
heterogeneous multiclass feature fusion”, IEEE Transactions
on Instrumentation and Measurement,VVolume 72, pp. 1-9,
2023.DOI: 10.1109/TIM.2023.3265110.

[10] Bingyi Mao, Yi Lu, Peiliang Wu, Bingzhi Mao,
and Pengfei Li, “Signal processing and defect analysis
of pipeline inspection applying magnetic flux leakage
methods”, Intelligent Service Robotics, Volume 7, Issue 4,
pp. 203 - 209, 2014. DOI: 10.1007/511370-014-0158-6.

[11] Jiatong Ling, Ke Feng, Teng Wang, Min Liao,
Chunsheng Yang, and Zheng Liu, “Data modeling
techniques for pipeline integrity assessment: A state-of-
the-art survey’, IEEE Transactions on Instrumentation and
Measurement, Volume 72, pp. 1 - 17, 2023. DOI: 10.1109/
TIM.2023.3279910.

[12] Jie Yuan, Mengtian Qiao, Chun Hu, Yufei Cheng,
Zhen Wang, and Dezhi Zheng, “A classification and
quantitative assessment method for internal and external
surface defects in pipelines based on ASTC-Net”, Advanced

74  DAUKHI- SO 3/2025

Engineering Informatics, Volume 61, 2024. DOI: 10.1016/j.
aei.2024.102492.

[13] Rongbiao Wang, Yongzhi Chen, Haozhi Yu,
Zhiyuan Xu, lJian Tang, Bo Feng, YihuKang, and Kai
Song, “Defect classification and quantification method
based on AC magnetic flux leakage time domain signal
characteristics”” NDT E International, Volume 149, 2025.
DOI: 10.1016/j.ndteint.2024.103250.

[14] Haotian Wei, Shaohua Dong, Lushuai Xu, Fan
Chen, Hang Zhang, and Xingtao Li, “Internal inspection
method for crack defects in ferromagnetic pipelines
under remanent magnetization’, Measurement, Volume
242,2025.DOI: 10.1016/j.measurement.2024.115907.

[15] Lin Jiang, Huaguang Zhang, Jinhai Liu, Qi Xiao,
Xiangkai Shen, and Hang Xu, “A physics-guided MFL
deformed defect recovery method’, IEEE Transactions on
Automation Science Engineering, Volume 21, Issue 2, pp.
2113 -2124,2024.DOI: 10.1109/TASE.2023.3260281.

[16] Pengpeng Shi, Pengcheng Zhang, Shuai Hao,
Wenshuai Wang, and Xiaofan Gou, “Classification and
evaluation for nearside/backside defect via magnetic
flux leakage: A dual probe design with SVM and PSO
intelligence algorithms’, NDT E International, Volume 144,
Issue 1,2024. DOI: 10.1016/j.ndteint.2024.103100.

[17] Lei
Xiangkai Shen, and Fengyuan Zuo, “Irregular defect size
estimation for the magnetic flux leakage detection system
via expertise-informed collaborative network”, [EEE

Wang, Huaguang Zhang, lJinhai Liu,

Transactions on Industrial Electronics, Volume 71, Issue 10,
pp. 13189 - 13200, 2024. DOI: 10.1109/TIE.2024.3357845.

[18] Zeliang Xu and Peisun Ma,"A wall-climbing robot
for labelling scale of oil tank’s volume®, Robotica, Volume
20, Issue 2,2002. DOI: 10.1017/50263574701003964.

[19] Weimin Shen, J.Gu,andYanjun Shen,“Permanent
magnetic system design for the wall-climbing robot", IEEE
International Conference on Mechatronics and Automation,
Niagara Falls, ON, Canada, 29 July - 1 August 2005. DOI:
10.1533/abbi.2006.0024.

[20] Patrick Schoeneich, Frederic Rochat, Olivier

Truong-Dat Nguyen, Roland Moser, and Francesco
Mondada, “TRIPILLAR: A miniature magnetic caterpillar
climbing robot with plane transition ability”, Robotica,
Volume 29, Issue 7, pp. 1075 - 1081, 2011. DOI: 10.1017/

50263574711000257.

[21] Yanheng Liu, HyunGyu Kim, and TaeWon



PETROVIETNAM

Seo, “AnyClimb: A new wall-climbing robotic platform
for various curvatures’, [EEE/ASME Transactions on
Mechatronics, Volume 21, Issue 4, 2016. DOI: 10.1109/
TMECH.2016.2529664.

[22] Junyu Hu, Xu Han, Yourui Tao, and Shizhe Feng,
“A magnetic crawler wall-climbing robot with capacity
of high payload on the convex surface’, Robotics and
Autonomous Systems, Volume 148, 2022. DOI: 10.1016/j.
robot.2021.103907.

[23] Wolfgang Fischer, Fabien Tache, and Roland
Siegwart, “Magnetic wall climbing robot for thin surfaces
with specific obstacles’, Springer Tracts in Advanced
Robotics, 2008. DOI: 10.1007/978-3-540-75404-6_53.

[24] Mansi S. Chabukswar, Ravikant K. Nanwatkar,
and Aparna M. Bagde, “Design and experimental analysis
of magnetic climbing robot’, Intnational Journal of
Research in Engineering Science and Management, Volume
2, Issue 12,2019.

[25] Raihan Enjikalayil Abdulkader,
Veerajagadheswar, Nay Htet Lin, Selva Kumaran, Suresh

Prabakaran

Raj Vishaal, and Rajesh Elara Mohan, “Sparrow: A magnetic
climbing robot for autonomous thickness measurement
in ship hull maintenance’, Journal of Marine Science
and Engineering, Volume 8, Issue 6, 2020. DOI: 10.3390/
JMSE8060469.

[26] Yue Long, Songling Huang, Lisha Peng, Shen
Wang,andWeiZhao,"A new dual magnetic sensor probefor
lift-off compensation in magnetic flux leakage detection’,
IEEE International Instrumentation and Measurement
Technology Conference (I2MTC), Dubrovnik, Croatia, 25 - 28
May 2020. DOI: 10.1109/12MTC43012.2020.9129204.

[27]1 Peng-Peng Shi, Shuai Hao, and Tian-Shou
Liang, “The defect depth evaluation based on the dual-
sensor strategy: Resisting the lift-off disturbance in
magnetic flux leakage testing’, Journal of Magnetism and
Magnetic Materials, Volume 582, 2023. DOI: 10.1016/j.
jmmm.2023.1710309.

[28] Quoc Minh Lam, Van Tu Duong, Hoang Long
Phan, TanTien Nguyen, and Huy Hung Nguyen,“Parametric
design methodology for yoke-magnetization in magnetic
flux leakage detection systems’, Results Engineering,
Volume 23, 2024. DOI: 10.1016/j.rineng.2024.102669.

[29]1 Nguyén Thi Lan, Huynh Khac Tam va Thai Lam
Cudng Qudc, “Nghién ctu tng dung robot va phuang
phap kiém tra khong pha hay trong danh gia an mon
bén cha nhién liéu’, Ddu khi - Khoa hoc, Céng nghé va
D6i méi sdng tao, S6 5, trang 69 - 78, 2024. DOI: 10.47800/
PVSI.2024.05-08.
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Summary

This paper presents the research, design, and fabrication of a prototype robot for corrosion detection on vertical cylindrical oil tanks
using the magnetic flux leakage (MFL) inspection technique. The robot's overall design, propulsion system, electrical components, control
architecture, and MFL inspection unit were meticulously optimized using specialized software, in compliance with IEC explosion safety
standards. The completed prototype has a total mass of 39 kg and operates within a speed range of 10 - 50 mm/s.

The prototype then underwent testing on a vertical steel plate fabricated to simulate the physical properties of actual gasoline and oil
storage tanks. Preliminary test results demonstrate the robot’s adherence to key performance criteria, including strong adhesion, efficient
mobility on vertical surfaces, and high sensitivity to micro-defects. Specifically, the robot can traverse weld seams up to 10 mm in height,
maintain stable movement at a maximum speed of 50 mm/s, and detect defects as small as 2 mm in depth on steel plates up to 14 mm thick.

Key words: Corrosion inspection, non-destructive testing (NDT), magnetic flux leakage, wall-climbing robot.
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