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Tom tat An mon day bon chira xing dau c6 thé dan dén 1o ri san pham co nguy co gay
chay nd lam thiét hai vé& ngudi va moi truong, do do, viée klem tra an mon day bdn chira
xang dau phai dugc thuc hién dinh ky dé ngadn chan sy xuét hién cua cac van dé trén.
Trong kiém tra khong pha huy, phuong phap tir thong bién dang (Magnetic Flux Leakage
— MFL) dua trén sy bién thién cta tir thong gay ra boi khuyét tat trén bé mat cua vat liéu
dé do tim cac vét an mon, rd hay khuyét tat cia mat dudi cac bdn thép, té ra kha hiéu
qua, chi phi thip. Dé tai duoc dé xuat va thyc hién nham phat trién thir nghiém mau thiét
bi do tim khuyét tat dudi ddy bon MFL dya trén cac két qua nghién ctru trén thé gidi
nham néng cao nang luc khao sat an mon trong céc thiét bi cong nghiép ciing nhu ning
cao nang luc chuyén mon cua Nhom dién tur, ty dong hoa trong linh vuc tir trudng va cam
bién tir. Két qua thyuc hién dé tai di tao ra mau thiét bi MFL sr dung nam cham vinh ctru
va cam bién Hall. Cac thi nghiém khao sat cho thdy may c6 thé phat hién cac khuyét tat
an mon >20% bé day thanh thép & dai toc dd quét tir 500mm/s dén 1130 mm/s. Tuy nhién
dé dap umg nhu cau khao sat thuc t& Nhom nghién ctru con phai tiép tuc cai tién thiét bi
vé do nhay, tbc do quét, kha ndng van hanh tu dong hodc ban ty dong va dang ky kiém
dinh an toan chay no. Thong qua thuc hién dé tai, kién thtc va kinh nghiém cua Nhom
nghién ctru trong linh vuc ché tao thiét bi khao sat in mon st dung tir trudng ciing di
duoc cai thién.

Tir khéa: Tir thong bién dang, Ro ri tir théng.

1. GIOI THIEU

Bon chita xing dau 1a mét trong nhitng hé thong chire nang quan trong trong cac
nha thiét bi loc hoa dau, héa dau, co so luu trir xing dau... 6 nhiém vu tiép nhan, tang
trit cac san pham xang dau mot cach an toan.

Trong cac cong nghe kiém tra khong pha hity, cong nghé kiém tra bang k§ thuat tir
thong bién dang (Magnetic Flux Leakage — MFL) 1a mt trong nhimg cong cu kiém tra
khong pha huy hiéu qua nhat cho kiém tra hién trang dn mon day bdn chtra ctia cac nganh
cong nghiép nhu dau khi, nhiét dién, dién hat nhan [1] ... Cong ngh¢ nay da dugc su
dung phd bién va hién nay van dang tiép tuc dugc phat trlen & cac nude tién tién voi
nhiéu k¥ thuat hién dai két hop v6i ky thuat siéu am. Hién nay, cong cu MFL la mot
trong nhitng cong cu chinh yéu trong kiém tra bao tri, bao dudng day bon chira xiang dau
trong cac nha may loc hoa dau. Cong nghé kiém tra khong pha huy bang MFL cho day
bdn chtra xang dau c6 wu diém 1a cho kha ning tAm soat nhanh, phat hién dn mon day
bon chira xing dau v6i do nhay cao, cho két qua tai hién truong va chi phi thap.

Tir nhu cdu thuc tién cua thé gigi va nganh cong nghiép Viét Nam, dé tai “Nghién
ctru, thiét ké, ché tao thiét bi kiém tra an mon day bon chira xang dau chon ngam dudi dat
bang phuong phap tir thong bién dang” duogc dé xuét thuc hién 13 viéc lam thiét thuec.
Muc dich dat ra cho dé tai nham ndi dia hoa mot céng nghé kiém tra méi dap tmg nhu
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cau kiém tra, danh gia tinh trang va du bao sy cd cac bon chira trong nganh cong nghiép
trong diem cua Vi¢t Nam. Mac khac, két qua cua dé tai gép phan nang cao nang luc
nghién ctru, ché tao thiét bi do phuc tap cao trong nudc. Cac muc ti€u chinh dé tai nhu
sau:

- Tao ra duoc mot mau may c6 kha ning phat hién cac khuyét tit an mon day bon
(thép) chtra xang dau bang phuong phap tir thong bién dang.

- Tang cuong nang luc nghién ciru, ché tao thiét bi trong linh vyuc tir théng bién
dang d¢€ khao sat khuyét tat thiét bi cong nghiép.

2. THIET KE, CHE TAO HE PO MFL

2.1 Nguyén ly Hall

Khi cap dién vao hai ddu miéng ban din (luc nay miéng ban dan dwoc xem nhu 1a
dién trd) cac electron chuyén dong c6 hudng tao thanh dong dién. it thanh nam cham
1én miéng ban dan sao cho dudng stic tir xuyén qua miéng ban dan va vudng goc véi
chiéu chuyén dong cua cac electron. Khi d6 theo dinh luat Junlenxo khi mét electron
chuyén dong véi van tde (V) va co tir truong (B) xuyén qua vudng goc v6i chiéu chuyén
dong cua electron thi khi d6 mit phing tao boi hai vecto (V) va (B) chiu luc tic dung cta
luc Loren 1én mit phing d6 theo cong thirc sau (Hinh 1):

F "=q[V ".B ”] => F= q.B.V.sina (sina: goc tao bsi hai vecto V va B) (1)
Vay: Fmax=q.B.V (khi a=n/2)
Dién thé Hall: Vi = (I.B)/q.p.d.sina )
Trong do:

Vi: dién thé Hall (mV)

p: mat d§ thanh Hall (cm?)

q: di¢n tich electron (C)

d: d6 day thanh Hall (cm)

I: cudng do dong dién cap thanh Hall (mA)

B: cuong d6 tu truong (mT)

sina: goc gitra cam ung tur B va dién tich electron thanh Hall
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Hinh 1 Lyc Loren tac dung Ién mat phéng Hinh 2 Hiéu ung Hall
tao bdi hai vecto

2.2 Mt s6 yéu t6 anh hwong dén chit lwong kiém tra
- Anh hudng ciia tbe d6 di chuyén 1én chit lugng kiém tra khuyét tat.

- Anh huong cua kich thudce khuyét tat 1én chat lugng kiém tra khuyét tat.



2.3 Thiét ké hé do MFL

Céu hinh do thiét bi MFL thé hé thtr nhét duoc thiét ké 1 ciu hinh don gian va phd
bién duoc tng dung trong viée kiém tra phat hién khuyét tat dudi day bon chira xing dau
bang thép [2,3]. Thiét bi str dung nam cham vinh citu tur hoa tam thép cacbon dén trang
thai bao hoa. Thong lugng tir di qua thép cacbon sé& bi ubn cong va Tur thong bién dang sé&
hinh thanh tai khu vuc c6 khuyét tat [4, 5]. St dung cac cam bién Hall [6] dé phat hién tir
thong bién dang, tin hi€u tir cac cam bién dén mach Arduino xtr Iy phan tich va danh gia
thong tin v€ tinh trang khuyet tat thong qua céc tang loc thong cao, bo khuéch dai, mach
chuyén d6i twong tu sang sb (Analog to Digital Converter — ADC). Sau d, tin hiéu duoc
hién thi trén man hinh tinh thé 1ong (Liquid Crystal Display — LCD) va luu trit lai s liéu
qua mach nhé ngoai (Secure Digital Card — SD Card).
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2.4 Ché tao hé do MFL

Sau khi nghién ctru mot s6 céu hinh thiét bi MFL trén thé gidi, dé tai xem xet va
diéu chinh mét sé co céu cho phu v6i khudn kho cua dé tai. Thiét bi s& c6 mot sd cac
thanh phan chinh nhu sau:

b

SD
card

Hinh 3 So d6 hé do MFL

1. Hop diéu khién va hién thi
2. Cau nam chdm

3. Thanh cam bién Hall

4. Encoder (ma hoa vi tri)

Dua trén cac thanh phﬁn chinh cua thiét bi da néu & trén, chung t61 da thiét ké, ché
tao mau thiét bi MFL duoc mo ta nhu hinh sau:



(1) Hgp diéu khién hién thj

4, Thauh cim bién Hall

Hinh 4 H¢ do MFL
2.5 Phin mém xir 1y, hién thi hé do
Phan mém cho hé do gom 4 phan: Nhoém dén tai da tu thiét ké phdn mém hién thi
va diéu khién }11.13 trén ma nguon mo tr Arduino. Phan mém ghi nhan & xu 1y tin hiéu,
di€u khién, hién thi thong qua man hinh LCD va luu dir li¢u ra thé nhd ngoai trong qua
trinh do. Giao di¢n phan mém dugc minh hoa trong Hinh 5.
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Hinh 5 So d6 xur 1y, hién thi va luu s6 liéu hé do MFL
3. KET QUA VA THAO LUAN

H¢ do sau khi xay dung dugc khao §z’1t dd do 6n dinh, do nhay va tdc do tai Phong
thi nghiém Dién tr ty ddng - Trung tim Ung dung k¥ thuét hat nhan trong cong nghiép.

Dé khao sat, danh gia d6 6n dinh cta thiét bi MFL, chung toi bd tri thi nghiém nhu
(Hinh 6). St dung nam cham tron (10x10x2 mm), ddt nam cham & khoang cach khong
ddi, tién hanh kiém tra 1an lugt 24 cam bién Hall trén thiét bi MFL, tin hiéu ra tr cam
bién Hall dugc do bang may hién song Tek DPO 3052 va s6 liéu luu vao thé nhé ngoai
SD.

Diéu kién thi nghiém:

- Nhiét do T=25.50C va d6 am H= 65%.
- Dién thé nudi hé do: 12VDC-6Ah.

- Dong tiéu thu: 500 mAh.



e Khio sit d dn dinh thiét bi MFL tai phong thi
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Hinh 6 Khao sat d6 6n dinh hé do; (a) So dd khao sat, (b) Két qua khao sat.

Két qua thi nghiém khao sat d6 6n dinh cta 24 cam bién v6i nam cham cho thiy
cac cam bién lam viéc 6n dinh, sy thang gidng s li¢u tai cach kénh cdm bién nhé £2 mV.
bi¢n thé 161 ra twong ung tai 24 kénh 510+£2 mV.

Danh gia tde do va kich thude khuyét tat anh huong 1€n d6 nhay cua hé do, trén hai
tam thép cacbon c6 do day Smm va 15mm (Hinh 7, 8) ché tao cac khuyét tat dang diém
(hinh try, day bang) c6 kich thudc thay doi 20%, 40% 60% va 80% bé day tim thép
cacbon (Bang 1). Tién hanh thuc nghiém 1 va thuc nghiém 2 (Hinh 7) dé lua chon toc do
do phu hop voi hé thiét bi do MFL.
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Hinh 7 Thiét ké ché tao mau khuyét tat trén tim thép cacbon 15mm
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Hinh 8 Thiét ké ché tao mau khuyét tat trén tAm thép cacbon Smm

Bang 1 Phan loai cac khuyét tat trén tdm thép cacbon

Ky Dang khuyét tat Do rong Do sau Bé day khuyét tat
hi¢u (Pit) (mm) (mm) (%)

a L khoan day phing 10 3 20

b L6 khoan d4y phang 10 6 40

C L4 khoan day phing 10 8 60

d L khoan day phing 10 12 80

e L6 khoan d4y phang 10 1 20

f L khoan day phing 10 2 40

g L) khoan day phang 10 3 60

h L khoan day phing 10 4 80

Hinh 9 Thyuc nghiém khao sat thiét bi MFL trén tim thép cacbon




Tin hiéu khuyét tat tadm thép cacbon 15mm
4000
3500
3000
2500
—=—20%

2000
40%

Dién thé (mv)

1500 60%

- o
1000 80%

500

o]
380 500 750 1130

T8c d6 (mmy/s)

Hinh 10 Kiém tra MFL t4m thép cacbon 15mm, khuyét tat 20%, 40%, 60% va 80% tai
kénh 13 (vi tri khuyét tat)
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Hinh 11 Kiém tra MFL tdm thép cacbon Smm, khuyét tat 20%, 40%, 60% va 80% tai
kénh 13 (vi tri khuyét tat)

Céc két qua do cho thdy do nhay h¢ do phat hién dugc khuyét tat lon 20%, 40%,
60% va 80% bé day tam thép cacbon Smm va 15mm.

Céc két qué thi nghiém cho thy sy thay doi téc do thiét bi MFL anh hudng dén kha
ndng phat hién khuyét tat. Cac khuyét tat c6 kich thuéc 20%, 40%, 60%, 80% c6 bién do
tin hiéu khac nhau vdi cac toc do khac nhau.

Db voi van tbe 1130/s, 750 mm/s va 500 mm/s cho tin higu khuyét tat tin cdy, v6i
téc,dé 320 mm/s khong phat hién duogc vi tri khgyét tat. Do do, toc do di chuyén phu hop
thiét bi MFL dugc lya chon khoang 500 mm/s dén 1130 mm/s.

4. KET LUAN

Mau thiét bi MFL c6 kha nang phat hién vi tri khuyét tat trén tim thép cacbon co bé
day Smm va 15mm, tdc do thiét bi dugc do béng bd ma hoa vi tri Encoder. Thong tin
kich thudc khuyét tat chwa thé danh gia va hién thi theo sy mat mat khuyét tat mot cach
chinh x4c ma chi c¢6 thé hién thi bang muc dién thé do thiéu thong tin vé pha.



Cac thuc nghiém kiém, tra déu phat hién tin ,cay duoc cac Qkhuyét tat (20%, 40%,
60% Vé.’ 80%) ché tao trén tam thép cacbon, véi toc d§ di chuyén thiét bi MFL tir 500
mm/s dén 1130 mm/s.

Gi(’),ri han d6 nhay thié't’ bi MFL >20% bé day thm thép cacbon 5 mm va 15 mm. Péi
vo1 khuyét tat dudi 20% thiét bi khong phat hién duoc.

D¢ chinh xdc khuyét tat bj anh huwéng boi toc do di chuyén thiét bj MFL. Toc do
phu hop thiét bi MFL phéat hién khuyét tat tr 500 mm/s dén 1130 mm/s.

Tir cac két qua nghién ctru thiét ké ché tao va khao sat thuc nghiém dé tai da ché
tao mau thiét bi kiém tra an mon day bon chira xang dau dap ung yéu cau dat ra:

- Bé day scan 5 mm dén 15 mm;

- Do rong scan: 100 mm;

- Téc do do tbi wu: 500 mm/s;

- Do nhay: >20% bé day scan;

- Thoi gian hoat dong lién tuc 8 gio.

Mau thiét bi MFL dugc ché tao hién thi LCD so véi mau MFL Handscan trén thé
gi6i cia Silverwing NDT va MFE Enterprise hién thi bang LED, nhung vé do nhay kém
hén so v6i hai mau thiét bi thé giéi. Vi day 1a budc dau tiép can ky thuat MFL nén can
tiép tuc nghién ctru dé hoan thién thiét bi MFL vé do nhay ciing nhu kha nang xtr Iy hién
thi s6 liéu ban dd khuyét tat thiét bi MFL.

Phuong phap kiém tra vi tri khuyét tit an mon bang phwong phap MFL da dugc
ap dung nhiéu tai Viét Nam. Hién tai Viét Nam chua c6 cac nghién ctru riéng vé phuong
phap MFL (chi thué hodc mua thiét bi nudc ngoai). bé nghi phai xay dung cac nghién
clru riéng cua Viét Nam vé phuong phap MFL dé co thé dua vao ap dung thuc té. Vi
phuong phap MFL trong kiém tra day bon chira (xing dau) 1a mot ki thuat phuc tap, can
su phéi hop ctia nhiéu nganh khoa hoc va cong ngh¢ nhu dién tir truong, dién tur ty dong,
toan va 1ap trinh phan mém.

V6i kinh phi han ché, san pham chinh cta dé tai nay du dap tGng cac yéu cau vé
chat luong nhung van con nhiéu han ché khi tién hanh thuc nghiém véi thiét bi MFL. Véi
san pham ban dau 13 mAu thiét bi MFL Handscan 1am tién dé, cac huéng nghién ctru va
cai tién nhu dé xuét sau ddy nhim ning cao hiéu qua, mé rong pham vi ing dung cua
mau thiét bi.

Vé phan cimg:

Thir nhat: Thiét ké ché tao thém phan xu 1y hién thi két qua bang sb v6i hé thu
nhan song song 24 kénh tin hiéu. Cai tién nay s& giup tiét kiém thoi gian va cho biét
thong tin chinh xéac vé khuyeét tat.

Thir hai: Thiét ké ché tao phan diéu khién ty dong. Cai tién nay s& han ché dugc
nhi€u do su thay doi toc do dot ngdt, cho két qua do chinh xac hon, nang cao do nhay va
gidi han phat hién cua thiét bi

Vé phan mém: Can nghién ctru phat trién thuat toan dung hinh 3 chiéu (3-
Dimension — 3D) d¢ cho thong tin chinh xac khuyét tat nhu do rong, chi€u sdu va do lon

khuyét tat. Pay 1a mot trong nhimng cai tlen quan trong nhat anh huong dén d6 chinh xac,
thoi gian do va hién thi tryc quan nhat vé khuyét tat.
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STUDY ON DESIGN AND FABRICATION OF A PROTOTYPE EQUIPMENT USED
FOR CORROSION INSPECTION ON PETROCHEMICAL TANK BOTTOM BY
MAGNETIC FLUX LEAKAGE METHOD

Centre for Applications of Nuclear Technique in Industry (CANTI),
01 DT 723, ward 12, Dalat city, Lamdong province

Abstract: Corrosion of the bottom of the petroleum tank may lead to a product leak that could
cause a fire or explosion resulting in damage to people and the environment, therefore the test of
tank bottom corrosion is necessary to be conducted periodically to prevent the occurrence of the
above problems. In non-destructive inspection, the Magnetic Flux Leakage (MFL) method relies
on the variation of fluxes caused by defects on the surface of materials to detect corrosion, pitting,
or imperfections, which is proved quite effectively with low cost. The project was implemented to
develop a prototype of the MFL bottom detection device based on the research results in the
world to improve corrosion survey capacity in industrial equipment, as well as to improve the
expertise in the Research Team of electronics and automation in the fields of magnetic fields and
sensors. As a result, an MFL model using permanent magnets and Hall sensors were fabricated.
Survey experiments showed that the machine could detect corrosion defects up to 20% of steel
wall thickness in the scanning speed range from 500 mm/s to 1130 mm/s. However, to meet the
actual survey needs, the team must continue to improve the device in terms of sensitivity,
scanning speed, the ability to operate automatically or semi-automatically, and register for a fire
safety inspection. Thanks to the implementation of the project, the knowledge, and experiences of
the research team in the field of manufacturing corrosion surveying equipment using magnetic
fields have also been obviously improved.

Keyword: Magnetic Flux Leakage, MFL.
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