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Tom tat

Nham dap (ing nhu cau kiém tra dinh ky tinh trang siic khde cac hé thong dudng 6ng da dau ndi trong nha may (nhu nha may loc
dau hay nha may dam), nhém tac gia da nghién ciiu ché tao thiét bi kiém tra khuyét tat cdm tay bang phuong phap ro ri dudng stic tit
(magnetic flux leakage - MFL). Thiét bi nay khong chi cd kha nang kiém tra nhanh, ma con ¢d chiic nang tao &nh mau nh mang cam bién
2 chiéu, co cdu quét 2 chiéu, cdng nghé mau héa va tich hop ban d6, chua tling cd trén thé gidi.

Thiét bi dugc Iap dat 64 cdm bién Hall phang, bo tri thanh mang 2D, gan trén dé cong phu hop véi ban kinh dudng 6ng. Mang cdm
bién va dé cong dugc Iap dat trén khung c banh xe cling véi hé thdng tir héa. Hé thong tirhda gom 3 khai lién két qua co cau tam trugt,
cho phép diéu chinh dé& 6m khit céc dutng 6ng cd dudng kinh khac nhau. Khi st dung, thiét bi dugc ddy doc theo dudng dng.

Dé tang do phan gidi anh, sau méi lan do (chup dnh), toan bd mang cdm bién duac dich chuyén mét budc 1 mm theo chiéu doc 6ng
va chu vi dng. Cac hinh anh thu dugc sé dugc tich hap, tao thanh hinh anh cé do phén gii 1 mm.

Tut khéa: Thiét bi chup anh tii, thiét bi kiém tra khuyét tat dudng ong dau ndi, MFL, kiém tra khong phé hdy bang phuong phap t,

phuang phap ro ri duding stic tu.

1. Giéi thiéu

Hé théng dudng 6ng trong cadc nha may ché bién dau
khi chti yéu dugc ché tao bang thép, dau néi c6 dinh va
dan xen phic tap. Sau thai gian van hanh, do tac déng cla
mai trudng va dac tinh héa hoc ctia sdn pham van chuyén,
cac dudng 6ng bi an mon, tiém &n nguy cd mat an toan
thiét bi. Do d6, can thuc hién kiém tra dinh ky bdng céc
phuacng phéap khéng pha hiy (NDT) dé c6 bién phap xt ly
hodc thay thé kip thai [1, 2].

Tai mét s6 don vi thudc Tap doan Cong nghiép - Nang
luong Quéc gia Viét Nam (Petrovietnam), cdng tac kiém
tra khuyét tat dudng 6ng bang phuong phap khéng
pha huy dugc thuc hién thudng xuyén. D6i véi hé théng
duéng 6ng dai, lién tuc va c6 kich thuéce I6n, cac don vi
st dung phuong phép phéng thoi (pipeline inspection
gauge - PIG). Dé8i vdi cac dudng ng ngan, thang, rai, cac
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daon vi st dung thiét bi kiém tra dién tu (electromagnetic
inspection - EMI). Tai cdc nha may, viéc kiém tra hé théng
dudng 6ng da dau ndi thusng stir dung phuong phap siéu
am. Tuy nhién, phuong phap nay bi han ché bai téc do
kiém tra cham.

Xuat phat tu thuc té trén, nhom tac gia da nghién
clu ché tao thiét bi kiém tra khuyét tat khédng pha hay
vGi t6c dé cao. Phuong phap dugc chon la phuong phap
rd ri dudng suc ti (MFL) nhd cac uu diém la téc do kiém
tra nhanh, chi phi thap. Dac biét, thiét bi dugc gigi thiéu
trong bai viét nay c6 chiic nang chup anh ttr, cho phép tao
hinh anh truc quan vé khuyét tat trong hé théng dudng
ong.

2. Nguyén ly hoat déng cta thiét bi

Phuang phép MFL cé nhiéu uu diém, dac biét |a toc
dé do nhanh [3 - 7]. Tuy nhién, nhugc diém cla phuaong
phéap nay la thiéu théng tin truc quan vé kich thudc va
hinh dang cta khuyét tat. Viéc ché tao dugc thiét bi
chup &nh tu sé via phat huy uu diém téc do kiém tra
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cl@a MFL, vira b6 sung chiic nang tao hinh anh truc quan
vé khuyét tat.

Theo nguyén ly ctia phuong phap MFL, vat liéu sat
tur can kiém tra dugc tir hda dén trang théi gan béo hoa
bang nam cham dién hodc nam cham vinh clu. Tai vi tri
c6 khuyét tat nhu khe nut, vét an mon, 16 hdng, mét phan
dudng suic ti trong vat liéu sé ro ri ra ngoai. TU trudng ro ri
nay dugc phat hién bai cac cam bién tu.

Cau tao clia thiét bi gém: hé théng tir hoa, co cau dich
chuyén, cac cdm bién ti, mach dién ti va hé théng hién
thi, xt ly, luu tri dir liéu. Thiét bi dugc thiét ké nhé gon
(ki€u cam tay), dé st dung dé kiém tra khuyét tat cho hé
théng dudng 6ng da dau noi. Thiét bi c6 2 chiic néng la
kiém tra nhanh va chup anh tu.

- Chuc nang kiém tra nhanh: Thiét bi dugc ddy doc
theo 6ng véi toc do l1én dén 0,5 m/gidy. K&t qua hién thi
dudi dang d6 thi tin hiéu theo khoang cach véi 8 kénh
doc 1ap, cho phép phat hién vung nghi ngd c6 khuyét tat.

- Chuc nang chup anh ti: Thiét bi s&r dung 64 cam
bién Hall phang (PHR sensor) tao thanh mang 2D dé kiém
tra chi tiét cac khu vuc nghi ngd co khuyét tat da phat hién
bang chiic nang kiém tra nhanh. Thiét bi dimng tai khu vuc
can kiém tra, thuc hién quét theo 2 chiéu (doc than 6ng va
theo chu vi) véi khoang quét 13 mm, budc quét 1T mm. Két

Hinh 1. Mé td nquyén ly cia phuong phdp chup dnh tir,

qua phan b6 tur trudng ro ri dugce hién thi dudi dang anh
mau, thé hién chinh xac kich thudc va hinh dang khuyét
tat. Hinh 1 mé ta nguyén ly cia phuong phap chup anh tu.

C4c théng s6 co ban gila thiét bi MFL cam tay dién
hinh trén thi trudng va thiét bi do nhom tac gia PVU ché
tao dugc thé hién trong Bang 1.

3. Cosd thiét ké

Pé lam co s& cho viéc thiét k&, ché tao, cac nghién
clu chi tiét dé t6i uu héa cau hinh, kich thudc thiét bi da
dugc thuc hién. Cau tric 3 khéi tir héa: Khéi tir hoa co
chuic nang tao ti trudng dé tir hoa déi tugng can kiém tra.

- Kich thuéc ngang cta khéi tir héa: V& nguyén tac,
khai tir héa co kich thudc ngang cang 16n sé c6 nang suat
kiém tra cang cao. Tuy nhién, khung tir héa 16n sé ting
khoi lugng cuda thiét bi, gay kho khan cho ngudi st dung.
Nhom tac gia lua chon chiéu ngang cua thiét bi la 150
mm, dugc chia lam 3 khéi, méi khéi 50 mm. Viéc chia lam
3 khéi tao ca ché thay d6i do 6m, thich ting véi dudng dng
c6 dudng kinh khac nhau. Chiéu ngang 150 mm phu hgp
vGi kich thudc 100 x 100 mm clia mang cam bién 2D.

- DO day gong tl, vé nguyén tac phai lén hon do day
thanh 6ng. Vé&i d6 day cia cac 6ng tur 5 - 10 mm, nhom tac
gid lua chon d6 day gong tula 15 mm.

- Chiéu dai ctia géng tu 1a kich thudc dugc tinh toan
c&n than do vla phai tao tir trudng tir héa du I16n dé tao
tin hiéu, vira phai ddm bao vung déng nhat vé tu trudng
cho mang cdm bién 2D. Viéc nghién ctu chon chiéu dai
gong tir da dugc thuc hién qua moé phong bang phuong
phap phan ti hiru han (FEM ) cho cac dé dai 300 mm, 350
mm va 400 mm.

Phuong phap phan t& hiu han (finite element

method - FEM) la phucng phép s6 dung dé phan tich cac
phuong trinh dao ham riéng trén mién xac dinh c6 hinh

Bdng 1. So sdnh cdc théng s6 co bén gidia thiét bi MFL cam tay thuong phdm va thiét bj cia PVU ché tao

Thong sé
Chdic néng kiém tra nhanh G
Chic nang chup anh tur Khong
(6ng nghé MFL
Phuong phap dich chuyén Day tay
Loai cdm bién Hall thudng
Do phan gidi cao nhat 7mm

Kha nang phat hién khuyét tat
Kha ndng phat hién khuyét tat qua |p phu
Dutmg kinh 6ng tdi thiéu

Day 3 mm
127 mm

Thiét bi MFL thuong mai [8, 9]

30% pitting vdi 6ng day 6 mm

Thiét bi MFL PVU ché tao
(6
(6
MFL
Déy tay
Hall phang (PHR)
Tmm
20% pitting v6i 6ng day 8 mm
Day 3 mm
114 mm
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dang va diéu kién bién phuc tap, ma khéng thé
giai bang phuang phap giai tich [7, 8]. Trong s6
cac phan mém ung dung phuong phéap phan
t& hitu han, ANSYS 1a c6ng cu phé bién nhat
dé phan tich tur trudng (mat doé dudng suc tu,
cudng do tur trudng va thé vector tur) va cac dac
trung dién tU co ban (d0 tU cadm, luc dién tu).

Phan mém ANSYS dugc thiét ké dé gidi
cac phuaong trinh Maxwell va c6 kha nang moé
phoéng céc loai truong dién tu (dién trudng, tu
trudng, dong xody hay nam cham vinh clu).
Phuaong phap FEM mo ta chinh xac truong dién
tUr va dé dang khi thay d8i cdu trdc hinh hoc
cling nhu céc théng s6 dau vao. Trong nghién
cliu nay, nhom tac giad st dung phan mém
ANSYS 2021R1, trong dé ANSYS Maxwell dugc
ap dung dé giai cac bai toan dién tu.

Vi hé tir héa gébm 3 gong tu giéng nhau,
nhém tac gia chi thuc hién mé phéng trén 1
géng tu. Cau truc hé tirhéa cdia 1 gong ti cling
mau kiém tra dugc thé hién trong Hinh 2. Ngoai
ra, sé c6 moét két qua moéd phong cho 3 khéi &
trang thai da két noi.

Mot s6 két qua su phan bé tu trudng dién
hinh clda gong tu véi do dai khac nhau va tin
hiéu MFL dugc thé hién trong Hinh 3 - 6.

K&t qua mé phong nhu sau:

- Gia tri cdm Ung tu By tai tam tam thép
gidm khi d6 dai géng tang, cuthé131,85T, 1,78
Tva 1,74 T tuong Ung d6 dai gong tu 300 mm,
350 mm va 400 mm. Céc gia tri nay du dat trang
thai gan bao hoa, dam bao gay tin hiéu MFL.

- Su phan bé By bén ngoai tdm c6 dang
hinh long chdo. D6 phéng cda long chdo ting
khi d6 dai gong tu tang. Xét trong gigi han 100
mm quanh tam (vung dat cdm bién do), d6 léch
By & mép va ¢ tam la 59 G, 27 G va 18 G tuong
Ung gong dai 300 mm, 350 mm va 400 mm. Nhu
vay, nén chon cdu hinh L = 400 mm dé dam bao
su déng nhat.

- Su dong nhat cta tu trudng tao bai 3
gong tu theo phuong ngang & vung gilia cla
géng tu kha tot.

- Cac khuyét tat da tao nén cac tin hiéu
MFL.Tin hiéu MFL cho thanh phan song song c6
dang 1 cuc dai, d6 16n tang manh theo d6 sau
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Hinh 3. Phdn bd tir truong By (thanh phdn song song vdi tdm thép) bén trong tdm thép vdi
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Hinh 4. D4 thi phdn b tir truong thanh phdn song song (By) & khodng cdch 3 mm trén bé

mdt tdm thép ctia cdu hinh géng tir dai 300 mm, 350 mm va 400 mm, nam chdm day 25 mm,

chdi tir dai 40 mm (15 mm déva 25 mm soi thép).
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Hinh 5. Hinh dnh mau phdn bd'tir trudng cda bd 3 gong ti; dat cdch nhau 5 mm.
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Hinh 6. D4 thi tong hap tin hiéu MFL cho cdc khuyét tt rong 1 mm thay d6i g sdu
tr1-5mm.
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Hinh 7. Két qud mé phdng luc huit giiia cuc tir va tdm thép déi véi cdc khe hd khong khi
tir0 - 4mm va chiéu dai chdi tir 20 - 60 mm.

khuyét tat. Vi khuyét tat sau 1 mm, tin hiéu c&
vai chuc Gauss. Cac cdm bién Hall phdng hoan
toan cd thé phat hién trong kiéu do nhanh.

Do dai chéi tu: DE giam luc hut gilia cuc tu
va bé mat 8ng, nhém téc gia st dung 16p chéi
thép tu tinh lam dém. K&t qua moé phéng luc
hut gilta cuc c6 chéi va tdm thép dugc thé hién
trong Hinh 7 cho 3 trudng hop khong c6 khe hé
khong khi, khe ha khong khi bang 2 mm va khe
h& khong khi bang 4 mm. Két qua cho thay luc
hut gidm di nhiéu 1an khi c6 thém mét I6p chéi
tu tinh. Vi du, néu chéi tir dai 40 mm, luc hat cho
trudng hop cuc ti dinh sat tdm thép 1a 85 N va
déi vai truang hgp cé khe hg khong khi 2 mm,
luc hut la 70 N. Xét trudng hgp khe hé khéng
khi 2 mm, néu tinh toan cho ca 6 cuc tu, téng
Iuc hat 1a 280 N, da dé gir thiét bi c6 khdi lugng
khodng 20 - 25 kg.

Két qua do luc hut gitta géng tur va tam
thép cho thay luc hat clia cuc turlan lugt 1a 120
N, 60 N va 32 N d6i véi khoang cach 0 mm, 2
mm va 4 mm gilra cuc tUr va tam thép. Tu két
qua nay, nhém téc gia dé xuat do dai chéi tu toi
uu la 40 mm.

Kich thuéc nam cham: Kich thugc nam cham
phai ddm bao du tao ra mat do dudng suc tu du
I&n, nhung khong qua 16n lam anh huéng kich
thudc chung cda thiét bi. Ngoai ra, kich thudc
nam cham phai phu hop véi loai nam cham cé
san trén thi trudng. Chiéu ngang nam cham nén
bang 50 mm, dung bang chiéu rong gong tu.
Chiéu doc nam cham, vé nguyén tac phai lon
hon d6 day mau kiém tra vai lan. Vé chiéu day,
dé manh cia nam cham khéng tang tuyén tinh
theo d6 day nam cham ma tuan theo cong thuc:

AB

B _
B, = = (tan N —
T 2x4x2+A2+B2

—tan~

1 AB )
2(2L+x)/4(2L+x)2+ A% +B2

Trong do:

B: Cdm Ung tu du cGla nam cham;

A, B, va L: D6 dai, rong va day clla nam cham;

x: Khodng céch tu mat nam cham.

Vi cac tinh todn trén, nhom tac gia chon bé
day nam cham la 25 mm. Kich thuéc nam cham
sé1a 50 mm x 50 mm x 25 mm.
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Co cau thich nghi dé cong 6ng kiém tra: Do thiét
bi lam viéc v&i cac 6ng c6 dudng kinh khac nhau nén
thiét bi can c6 co cau thay déi d6 cong. Nhém tac gia
thiét ké ca cdu diéu chinh kiéu dé quat vai 6 cap tam
trugt, 4 cap &6 2 dau va 2 cap & gilra. Day la thiét ké
mai ¢4 nhiéu uu diém thay thé cho kiéu 6¢ vit ma céc
san pham thuong mai st dung. Cac san pham thuang
mai chi thiét ké cho céc 6ng thay d6i trong pham vi
hep. Thiét bi dugc thiét ké cho cac 6ng c6 dudng kinh
thay déi tir 4% inch dén 20 inch. Néu ap dung kiéu 6¢
vit sé can thém bac tu do, dan dén co cau phuc tap,
khé can chinh va khéng dam bao d6 chac chan. Hinh
8 mé t& co cau thay d6i d6 cong clia thiét bi.

Kich thuéc mang cam bién va s6 lugng cam bién:
Hé cdm bién bao gém 8 x 8 = 64 cdm bién gan thanh
mang hinh vuéng 100 mm x 100 mm. Trudc hét,
8 cdm bién dugc gan vao mot thanh PCB, sau dé 8
thanh dugc gén vao moét tam nhua déo, cudi cung
tdm nhuya déo dugc déan vao mét gudéc nhom ¢ do
cong phu hgp véi loai 8ng can kiém tra. BE mat gudc
cam bién dugc phd bang mét I6p vat liéu phi tur tinh
dé bao vé cam bién. Gudc cdm bién sé gin véi mot
hé ca khi dich chuyén 2 chiéu doc 6ng va theo chu vi
thanh 6éng. Viéc chon s6 lugng cdm bién dugc quyét
dinh bsi quy mo cla nghién cidu, téc d6 ghi nhan
va xU ly tin hiéu do cta cac mach dién t hién hanh
cling nhu téng céng suat dién tiéu thu. Kich thudc
100 mm x 100 mm ctia mang cam bién dugc tinh tu
kich thudc ngang téng cdng ctia hé 1a 150 mm. Nhu
vay, mang cam bién sé nam trong vung dong nhat
cUa tlr trudng, ca theo chiéu doc va ngang.

Co ché chuyén déng 2 chiéu va tao hinh anh:
Thiét bi st dung co ché dich chuyén vitme 2 chiéu
dugc truyén dong tir 2 dong co buéc. Co ché dich
chuyén doc 6ng la vitme théng. Co ché dich chuyén
theo phuong chu vi st dung truc mém dé chuyén tu
chuyén déng thdng cda vit me sang chuyén déng
cong, cho phép gia d& mang cam bién trugt trén cac
ranh cong.

Chu trinh quét clla mang cam bién dugc thuc
hién theo trinh tu sau: (i) tur vi tri ban dau, mang cam
bién dich chuyén 1 mm theo phuong chu vi; (i) dich
chuyén 13 budc (mbi budc 1 mm) doc theo than 6ng;
(iii) dich chuyén ti€p 1 mm theo phuong chu vi; (iv)
dich chuyén 13 buéc nguoc lai doc theo than 6ng.
Qua trinh quét hoan thanh khi mang cam bién da
dich chuyén du 13 budc theo phuong chu vi, mang
cam bién sé ty dong trg vé vi tri ban dau.
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(o ciu thay d6i dd cong ctia thiét bi

(o cau vitme

(o cdu khdp cac dang
| chodich chuyén da chiéu

Motor budc vdi do
phén gidi cao

Hinh 9. Co cdu dich chuyén mdng cdm bién 2 chiéu.

Tai méi vi tri, hé théng ghi lai két qua phan bé tur trudng
dudi dang 1 dnh gém 64 6 vudng (méi 6 cé kich thudc 1 mm
x 1 mm, cach nhau 13 mm).Téng céng 13 x 13 = 169 hinh 4nh
dugc tich hgp thanh 1 hinh anh duy nhat kich thudc 104 mm x
104 mm, phan anh chinh xac kich thudc va hinh dang khuyét
tat ctia dudng 6ng. Hinh 9 mé t& co ché dich chuyén 2 chiéu
cing mang cam bién.

Mach dién t: Tin hiéu tuong tu thu dugc tir cdm bién tu
tinh Hall phdng dugc khuéch dai, loc nhiéu qua mach loc dai
tan s6 tur 0,01 - 1.000 Hz. Mach tin hiéu dugc chia lam 8 thanh,
moi thanh cho mét day 8 cam bién. Tin hiéu cila méi thanh sé
dugc glii dé€n moét kénh chuyén déi tin hiéu tuong tu sang tin
hiéu s6 (analog-to-digital, ADC). Nhu vay 8 thanh cam bién sé
can 8 kénh ADC dé chuyén tin hiéu clia cd mang cdm bién Ién
vi diéu khién. D& gidam nhiéu sau khuéch dai tin hiéu ctia cdm
bién, nhém tac gia sir dung loai mach loc vai cac théng s6 nhu
dai tan s6 lam viéc, s6 mét loc, d6 phadm chat ctia mach loc da
t6i uu hoa dé€ loc lua tin hiéu tuong tu trudc khi gui 1én may
tinh. So @6 ctia mach dién tir dugc thé hién trong Hinh 10.

Vi diéu khién nhan tin hiéu ti 8 kénh ADC theo phuong
thiic déng thoi hodc tuan ty, dam bao toc dé truyén tin hiéu
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Hinh 10. S0 d6 mach dién ti cho hé 64 cdm bién.

PYU AAITIS (A SAMDECAH DA BLLER R

Hinh 12. /inh chup mt trén (a) va mdt duéi (b) ctia 1 thanh cém bién gom 8
cdm bién Hall phdng.

tir 64 cdm bién lién tuc véi tan s6 > 100 lan/gidy. D€ dap
Ung yéu cau nay, theo tinh toan ctia nhom téc gia, téc do
truyén dir liéu ctia chip ADC 8 nhan can dat tir 200 - 500
kBit/s.

Pé t6i uu t8c dd truyén, nhom tac gid st dung
phuong thiic ma hda tin hiéu theo hé luc phan (hex).
T6c dé truyén sé liéu cao sé gay ra sai s6 vé bién dé va
pha cla tin hiéu nhan dugc trén mdy tinh do anh huéng
nhiéu ctia méi trudng do. Do d0, tin hiéu thé nhan dugc
trén may tinh can phai loc lua, loai boé nhiéu clia moi
trudng dé phép do dugc chuin xac. Dua trén diéu kién

do thuc t€, nhom tac gia dé xuat sir dung 3 thuat toan loc
nhiéu bao gém: b loc théng thap, bé loc théng cao va
b6 loc cdm dai (notch filter).

4.Két qua ché tao va thirnghiém thiét bi kiém trakhuyét
tat cam tay bang phuong phap ré ri dudng suc tur

Hé ca khi: Hinh 11 1a toan bé thiét bi da duoc ché tao.

Mach dién ti: Hinh 12 1a dnh chup mat trén (a) va mat
dudi (b) ctia mét thanh cdm bién gém 8 cam bién Hall
phang. Mat trén ctia thanh cdm bién gém bd chuyén kénh
vi sai, khuéch dai vi sai va mach loc. Mat dugi cia thanh
cdm bién bao gém 8 cam bién, khoang cach gilra cac cam
biénla 13 mm.

Hinh 13 1a anh chup mach thu thap tin hiéu bao gom
ADC 8 kénh (t6c d6 doc tin hiéu 500 kbps), bd 6n ap 3.3
V va céac chan thu nhan tin hiéu, cdc chan diéu khién bd
chuyén kénh. Mach dugc thiét k& dé tuong thich véi vi
diéu khién clia may tinh Raspberry Pl 5. Hinh 14 13 dnh
chup mang cam bién da dugc gan vao gudc cong.

Cac mau 6ng c6 khuyét tat: Nhom tac gia ché tao 2
loai 6ng cé cac khuyét tat nhan tao, trong do 1 loai 6ng
c6 dudng kinh 4% inch, dai 3.000 mm, day 8,56 mm va
1 loai 6ng c6 dudng kinh 20 inch, dai 6.000 mm, day 9,5
mm. Day ciing la 2 loai 6ng c6 kich thudc nhod nhat va lon
nhat doi véi pham vi cla thiét bi. Trén cac 6ng dugc ché
tao cac khuyét tat nhan tao dang khe c6 d6 rong 1 mm,
dai 40 mm va cac d6 sau T mm, 2 mm, 4mm, cach nhau
400 mm; 2 khuyét tat dang khe cé d6 sdu 2 mm va 4 mm
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Hinh 14. Ainh chup mdng cdm bién da dugc gdn vio guéc cong
(chua che Idp bdo vé).
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(b)

Hinh 15. Két qud do nhanh trén 8 cam bién qua cdc khuyét tdt dang khe
tirtrdi qua phdi sdu 1 mm, 2 mm va 4 mm (a), 6ng c6 I6p boc day 3 mm véi 2
khuyét tat khe sdu 2 mm va 4 mm (b).

& bén trong 6ng, cach nhau 420 mm ciing dugc ché tao.
Vat liéu lam 6ng la loai thép duc theo tiéu chudn ASTM
A106 c6 ham lugng carbon 0,2% va dé tir tham trung binh
khoang 1.000. D€ kiém tra kha nang cua thiét bi khi kiém
tra 6ng c6 I6p phu bén ngoai, tac gia boc bén ngoai mét
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Hinh 16. Két qud chup dnh tir trén khuyét tat khe sdu 7 mm.

doan 6ng mot I6p vat liéu sgi nhua nhom day 3 mm. Luuy
la moi loai vat liéu phi ti nhu khong khi, nhém, nhya déu
€6 d6 ti tham bang 1 nén ¢6 &nh hudng nhu nhau dén
tin hiéu do.

Két qua do bdng chic nang quét nhanh: Phép do
nhanh dugc thuc hién bang cach day thiét bi doc éng. Két
qua phép do nhanh dugc thé hién trong Hinh 15a va 15b
G d6 c6 8 dudng dé thi tin hiéu phu thudc vi tri ting véi 8
cam bién. Su xuat hién cac khuyét tat dugc thé hién bang
cac dinh nhon trén do thi.

- K&t qua do nhanh da phat hién dugc cac khuyét tat
sau tu 1 mm tr& [én mdc du dé I16n tu truong MFL cuc nhd
(chi vai Gauss).

- Ong c6 16p boc day 3 mm, thiét bi c6 thé phat hién
khuyét tat 2 mm tr& 1én

Két qua do bang chiic nang tao anh: Két qua do bang
chuic nang tao dnh dugc thé hién trong Hinh 16. Két qua
cho thay trén nén mau vang (ing vdi tu trudng nén co 1
vlng mau do Ung vdi tir trudng ro ri gay bagi 1 khuyét tat
dang khe nam ngang sau 1 mm.

- K&t qua quét 2D tao anh mau da thuc hién thanh
céng véi toc do 1 phut 30 giay trén cac khuyét tat vai do
phan gidi 1 mm. Anh mau phan anh chinh xac su phan bé
tu trudng MFL gay bdéi khuyét tat, cho hinh anh truc quan
cla khuyét tat.

- Viéc tang hé s6 khuéch dai két hgp thuat toan loc
nhiéu thich hgp c6 thé ting kha nang phat hién khuyét
tat nho.

5.Két luan

Thiét bj ki€ém tra khuyét tat dudng éng kiéu cam tay
st dung phuong phap ro ri dudng suc tir (MFL) da dugc
nhom tac gid ché tao va thir nghiém thanh cong. Thiét
bi c6 chic nang chup danh mau dugc thuc hién béi mang
cam bién 2D két hgp co cau quét 2 chiéu, cong nghé mau
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héa va tich hgp ban dé, tao ra hinh anh truc quan vé kich
thudc va hinh dang khuyét tat. Day la gidi phap mai so voi
céc thiét bi MFL thuong mai hién nay.

Ngoai ra, thiét bi con c6 cac uu diém: co cdu thich nghi
cho phép kiém tra dudng éng c6 dudng kinh khac nhau;
c6 d6 nhay cao va tiéu thu dién nang thap nh& st dung
cadm bién Hall phdng; kha nang tao anh véi d6 phan giai
1 mm nh& cong nghé quét budc nho. Thiét bi da dat cac
tiéu chudn ky thuat dé ra va nhom tac gia sé tap trung
hoan thién sdn phdm va mé& rong kha nang ting dung ctia
thiét bi.
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RESEARCH AND MANUFACTURE OF PORTABLE DEVICE TO DETECT
PIPELINE DEFECTS USING THE MAGNETIC LEAKAGE FLUX METHOD
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Summary

To meet the needs of periodic health inspections of interconnected pipeline systems in factories such as refineries and ammonia plants,
the research team developed a portable defect inspection device using the magnetic flux leakage (MFL) method. This device not only enables
rapid inspection, but also features color imaging capability through a two-dimensional sensor array, 2D scanning mechanism, colorization
technology and integrated mapping - features not previously available worldwide. The device is equipped with 64 flat Hall sensors arranged
on a 2D array mounted on a curved base that conforms to the pipe’s radius. The sensor array and curved base are installed on a wheeled frame
integrated with the magnetization system. The magnetization system consists of 3 blocks connected by a sliding plate mechanism, allowing
adjustment to tightly fit pipes of different diameters. During operation, the device is manually pushed along the pipeline.

To enhance image resolution, the entire sensor is shifted by 1 mm along both the longitudinal and circumferential directions of the pipe
after each measurement (image capture). The captured images are then integrated to produce a final image with 1 mm resolution.

Key words: Magneticimaging device, pipeline defect inspection, MFL method, non-destructive magnetic testing, magnetic flux leakage
method.
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