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Tém tit: Hu hong 6ng trao d6i nhiét 1a mot trong nhitng nguyén nhan chi yéu gay ra sy
cd ngung tr€ van hanh cac nha may nhiét dién. Dé co thé kiém tra, phat hién nhitng sai
hong d6 ma khong lam anh huéng dén sy hoat dong chung nha may thi viéc st dung
phuong phap kiém tra khong pha huy (NDT) - dong dién xoay (ECT) 1a hitu hiéu nhat boi
viée str dung dau do véi cac day cap dai co thé di vao siu trong cac 6ng dé kiém tra. Bao
c&o trinh bay két qua thuc nghiém ap dung phuong phap kiém tra dong dién xody sir dung
thiét bi dong dién xoay EddyMax cho kiém tra phat hién cac khuyét tat nhan tao trén ong
trao ddi nhiét 1am tir vat lidu phi tir tinh gdm thép khong gi 304 va ddng 90%. Nghién ctru
cho thdy cac sai hong, khuyét tat déu duoc phét hién tin cdy, dap ung cac tiéu chuan cta
ASME V, chuong 8 va cho hinh anh tryc quan, phat hién dugc khuyét tat nho.

Tir khéa: kiém tra dong dién xody, hu hong 6ng trao ddi nhiét, phi tir tinh, EddyMax.

|. MO DAU

Phuong phap dong dién xoay (Eddy Current Testing — ECT) 1a phuong phap kiém tra
khong phap hity dua trén hién twong cam Gng dién tir va co so 1y thuyét trudng dién tir coa
Maxwell. Sir dung phuong phap dong dién xody c6 thé kiém tra phat hién duoc mot cach
nhanh chdng cac bat lién tuc xuét hién trén cac ong trao ddi nhiét trong hé théng nha may
nhiét dién. Trén thé gidi, tir nhitng nam 1970 phuong phap di dugc phat trién dé kiém tra cac
6ng trao doi nhiét trong cac binh sinh hoi va dén ngay nay di phat trién boi nhiing k¥ thuat
cao nhung kiém tra dong dién xoay mang (Eddy Current Array — ECA). Con tai Viét Nam,
phuong phap 1an dau tién duoc trién khai nghién ctru tai Trung tdm Péanh gia khong pha hay
nam 2011 va dya trén cac nghién ctru d6 da trién khai cho viéc kiém tra hé thong ng trao ddi
nhiét tai mot sé nha may nhiét dién nhu Mdong Duong 11, Formosa.

Hi¢n nay, Viét Nam véi tién nang hang tram nha may nhiét dién, vi vay nhu cau kiém
tra 1a vo cung 16n. Tuy nhién, trong nuéc chua ¢ nhiéu don vi c6 thiét bj va nhan luc cho
viéc dp ung nhu cau nay. Vi vay, dé tai nghién ciru dugc thyc hién nham phat trién hon nita
tng dung phuong phap cho kiém tra cac dng trao d6i nhiét thong qua sir dung hé thiét bi dong
dién xoay EddyMax TMT. D¢ tai nghién ctru trinh bay két qua thyc nghiém ap dung phuong
phap dong dién xoay, sir dung thiét bj dong dién xoay EddyMax TMT cho kiém tra phat hién
cac khuyét tat nhan tao trén ong trao d6i nhiét 1am tir vat liéu phi tir tinh gdm thép khong gi
304 va dong 90%.

I1. NOI DUNG NGHIEN CUU
I1. 1. Poi twong nghién ciru va phwong phap
a. Nguyén Iy kiém tra dong dién xoay

Khi cip mot dong dién xoay chiéu chay qua cudn day dit trong dau do kiém tra, mot tir
truong bién thién s& dwoc hinh thanh xung quanh cudn diy d6, khi dat cudn day gan vat liéu
kiém tra, tor trudng cua cudn day s& gy ra mot dong dién chay trong vat li€u, dong di¢n nay
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duoc goi 1a dong dién xoay (Hinh 1). Khi dong dién xo4y chay trong vat liéu kiém tra, ban than
dong dién xody tao ra mot tir trudng thir cap lam anh huong dén tro khang cua cudn day, tir
truong gdy boi dong dién xody ludn c6 xu hudng chdng lai tir truong ctia cudn ddy. Khi trén bé
mit cta vat liéu kiém tra c6 khuyét tat thi s& 1am thay doi tir trudng thir cAp do d6 lam thay doi
tré khang cta cudn ddy. Thay d6i tré khang cia cudn day dugce do & ché d6 pha va bién d6 cho
phép phan tich, danh gia cac thong tin c6 gia tri lién quan dén cac khuyét tat xuét hién trong vat
lidu kiém tra [1].

Trong cudn ddy kiém tra, tré khang (Z) 1a su két hop cta hai thanh phan dién tré (R) va
cam khang (X,) tao nén mit phang tré khang [2]:

+ Cam khang X = 2nfL, trong d6 f 13 tAn s cua tir truong dong dién xoay chiéu
(Hz) va L 1a 0 tu cam cua cudn day.

+ Pién tro thuan R va tong tro Z ¢6 giatri Z = /R? + X?

Trén mat phang tro khang, cam khang X, duoc biéu dién ¢ truc tung va dién tro thuan R
dugc biéu dién ¢ truc hoanh, khi d6 tré khang Z ciia cudn day duoc biéu dién bang diém P. Khi
chua tiép xdc vat kiém tra, tré khang cia né duoc dugc dic trung boi hai thanh phan X, va Ry,
biéu dién diém Py (cudn day o trong khdng khi). Khi tiép xudc véi vat kiém tra trong tir truong
ctia cudn day, tré khang cua cudn day thay doi, diém Po s& dich chuyén dén diém Py tuong (ng
Véi gid tri cam khang X, 1 va dién tré méi Ry do sy anh huong cia vat kiém tra [3][4].

L

Cun ddy Tir trudmg gly

b4 cudn déy Po (d3u do trong khéng khi)

Khuy&t tat

Cam khang, %o

P1

Chi tiét
kiém tra

Tir trudg gy
béi dong dién
xody Dién tré, R

Hinh 1: Nguyén 1y ctia phuong phap dong dién xody
b. Pdi twong nghién ctru

Ong trao ddi nhiét 1a thanh phﬁn co ban cua thiét bi trao d6i nhiét, bé mat cua 6ng trao
d6i nhiét chinh 12 bé mat truyén nhiét giita luu chat chay bén trong va bén ngoai dng. Ong trao
dbi nhiét thuong duoc lam bang ddng hoic thép hop kim, trong mot s6 tmg dung, dit biét dng
trao d6i nhiét co thé dugc ché tao tir hgp kim Nicken, Titanium hozc hop kim nhom. Trong qua
trinh hoat dong, cac 6ng trao d6i nhiét bi dong can, xadm thuc, an mon gay ra cac hu hong trén
dng. C6 hai loai hu hong thuong gip trong dng trao d6i nhiétt d6 1a hu hong co hoc va hu hong
do an mon hoa hoc [5].

- Hu hong co hoc (Hinh 2): xuét hién do x6i mon kim loai, hoi nudc va hammer, rung, moi
vi nhiét, freeze-up, gian nd nhiét hodc mat nudce 1am mat.



Hinh 2: Hu hdéng co hoc
a) An mon kim loai, b) Hoi nuéc hoic Hammer, ¢) Rung, d) Freeze-up

- Hu héng do an mon hoa hoc (Hinh 3): xuat hién do cac phan trng gitra vat liéu ong
v6i cac luu chat chuyén dong trong ong, thuong gap do6 1a: an mon cuc b, an mon ro, an
mon Uung suat, an mon di¢n hda, ranh ngung tu.

Hinh 3: Hu hong do an mon hoa hoc
a) an mon cuc bd, b) an mon 10, ¢) an mon Ung suit, d) an mon dién hoa
¢. Thuc nghiém kiém tra
c.l. H¢ théng thyc nghiém

H¢ thyc nghiém st dung 1a hé thiét bi dong dién xody EddyMax TMT sur dung cong ngh¢
da tan s6, dugc thiét ké cho viéc kiém tra 6ng nhanh, 1a mot hé théng xach tay voi nhiéu tinh
nang cao (Hinh 4).
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Hinh 4: So d b tri thuc nghiém kiém tra




Dé kiém tra cac 6ng trao ddi nhiét phi tir tinh, bo dau do di kém thiét bj gdm cac dau do
Bobbin hoat dong & ché d6 vi sai (gdm hai cudn ddy mac ddi ximg nhau). Cac dau do hoat dong
trong cac dai tan sd khac nhau, phu thudc vao vat li¢u, duong kinh cua tung éng. Trén mdi dau
do c6 gan cac dai mau dé phan biét timg dai tan sé d6 nhu dai mau do dung kiém tra tan s tir 1
kHz dén 30 kHz, dai mau vang ding kiém tra tan s6 tir 10 kHz dén 200 kHz [6].

Bang 1: Hai mau ong va dau do st dung kiém tra

7
A

. Duodng kinh | B& day thanh | HEés0 Déu do
Tén Ong ‘s £ L .
ngoai (mm) ong (mm) | dién ddy | s dung (sd series)
Thép khong gi 304 19.0 1.2 0.90 10/206
Pong 90% 25.5 2.0 0.88 10/209

Hai mau chuan st dung kiém tra 1a thép khong gi 304 va dong 90% duoc tao cac
khuyét tat nhan tao gom 16 phing ddy, 16 xuyén thau (Hinh 5):
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Hinh 5: Hai mau ong kiém tra

¢.2. Thiét 1ap tham s kiém tra

- Tan so kiém tra:

Tan s6 kiém tra duoc thiét lap trong cong thirc:

f

530
T t2xo

(kHz)

Trong d6, o 1a do dan dién (%IACS), t 1a bé day thanh 6ng (mm), f 1a tan s6 (kHz).

Bang 2: Két qua tinh tan sé cua hai mau 6ng kiém tra

x A P din dién | Bé day thanh Puong kinh s %
Méu chuan (%I1ACS) 6ng (mm) ngoai dng (mm) Tan 5o (kHz)
Pong 90% 9.0 2.0 25.5 14.2
Thép khong gi 304 2.39 1.2 19.0 150

- Ché d6 hién thi: Thiét lap hién thi gom mot kénh chinh (CH1), mot kénh phu (CH2) va
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mot kénh hon hop (MIX) va mot kénh hién thi bién d6 tin hiéu.

- Thiét 1ap cac thong s kiém tra trén may: Cac thong sé can thiét 14p cho may EddyMax
TMT dé kiém tra 6ng bao gém céc thong sé chinh nhu: PreGain, Gain, Phase, Low Pass Filter
(loc thong thip), High Pass Filter (loc théng cao) [6].

¢.3. Tiéu chuan ap dung

Ap dung tiéu chudn ASME V, Muc 8, phu luc II (Eddy Current Examination of
Nonferromagnetic Heat Exchanger Tube): Tiéu chudn cho kiém tra dong dién xoay cac éng trao
d6i nhiét phi tir tinh. Panh gia do sdu khuyét tat 16n nhat caa khuyét tat dya trén co s& so sanh
v6i bé day ciia thanh 6ng. Chi tién hanh xem xét, ddnh gia cac khuyét tat c6 do sau tir 20% bé
day thanh 6ng tr¢ 1én. Mirc danh gia chép nhéan/loai bd phu thudc vao kinh nghiém cua cén bd
kiém tra va thyc té cua timg co s& can kiém tra [7].

I1. 2. Két qua

a. Két qua kiém tra ong thép khong gi 304
Két qua thu dugc tir kiém tra 6ng thép khong gi gom 4 khuyét tat (Hinh 6):
- Tin hiéu cta hai 15 xuyén thau va hai 15 phang day.

- Tir hinh anh hién thi c6 thé thay duoc dang tin hiéu cta 18 xuyén thau, 16 phiang
day vai goc pha, vi tri trén chiéu dai ng va bién do khuyét tat.

Bang 3: Két qua kiém tra 6ng thép khdng gi 304

Pj shu Saiso Dang Pha Bién d Vi tri Saiso
d¢ sau | Kkhuyet tat vi tri

95 % 5 % E 11.6° 9.3V 0.271m 1.45 %
95 % 5 % E 10.2° 76V 0.237 m 5.33 %
76 % 4% E 87.5° 118V 0.191 m 9.14 %
27 % 7% E 104.2° 19.2V 0.113 m 9.60 %
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Hinh 6: Tin hiéu thu duogc tir dng thép khong gi 304
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Hinh 7: Pudng cong hiéu chinh tin hiéu cta éng thép khong gi 304

b. Két qua kiém tra 6ng dong 90%

1
140

Két qua thu duogc tir kiém tra 6ng thép khong gi gom 2 khuyét tat (Hinh 6):

- Tin hi€u cua hai 16 xuyén thau.

- TUr hinh anh hién thi cling c6 thé théy dugc dang tin hi€u cua 16 xuyén thau, 15
phang day v&i goc pha, vi tri trén chiéu dai 6ng va bién do khuyét tat.

Bang 4: Két qua kiém tra ng ddng 90%

Dpsau | oMs0de | Dang Pha Bién dp viti | OMsOVi
sau khuyét tat tri
88 % 12 % E 23.7° 5.0 0.255m 7.27 %
84 % 16 % E 305" 51 0.222m 1.33%
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Hinh 8: Tin hiéu thu duoc tir dng thép dong 90%
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Hinh 9: Puong cong hiéu chinh tin hiéu ciia dng dong 90%

Il. 3. Ban luin

- MAu chuén dugc thiét ké voi bdn 16 16ch nhau 90° dbi vai cac khuyét tat 15 phang day
20% va 16 xuyén thau nho dé giup dam bao khuyét tat du 16n dé phat hién. Tuy nhién, khi
kiém tra 16 qua nho s& kho c6 thé phat hién dugc ma tin hiéu chi 1a mot dai bién doi nho. Néu
mudn nhan biét nhitng 16 xuyén thau nhé nay phu thudc nhiéu vao kha ning cia ngudi kiém
tra.

- Két qua kiém tra cho thong tin vé pha va bién d¢ cho biét loai khuyét tat, phan biét
dugc khuyét tat mat trong hay mat ngoai 6ng. Panh gia kich thudc ciia cac khuyét tat chinh
X4c, sai s6 nho hon 10%.

- Vi tri phat hién cac khuyét tat kiém tra thuc nghiém so v&i mau thuc té c6 két qua
chinh x4c cao, sai s6 nho hon 10%. Kéo dng cang xa thi sai s vi tri cang 16n do su rung lic
dau do 1am anh huong t6i két qua kiém tra.

- Két qua kiém tra 6ng thép khong gi cho két qua chinh xac phat hién day du ca bén
khuyét tat nhu mau thyc té, con mau dong 90% chi phat hién dwgc hai khuyét tat va sai s6 kha
16n, tuy nhién phat hién vi tri vdn dam bao nguyén nhan do: déng c6 d6 dan dién 16n 1am cho
dong xody chay trong dng bi thay doi 16n dan dén tin hiéu ciia khuyét tat giam, lam giam do
chinh xac phép do.

- Ap dung theo tiéu chuan tai Trung tim Panh gia khong pha huy, loai bo cac khuyét tat
16n hon 40% bé day thanh dng, vi vay viéc phat hién ra khuyét tat v6i phan trim 16n c6 thé du
co s& dé loai bo hay chap nhan khi thyc té kiém tra.

- Nguyén nhan dan dén sai sé ctia phép do hai miu dng: toc do kéo dau do chua dam
béo, dan dén su rung lac dau do 1am sai léch két qua do.

- Pé 6 thé hoan thién vé phuong phap ciing nhung timg dung rong hon thi dé tai s& phat
trién cho kiém tra cic vat lidu tir tinh va két hop phin mém WINDEVOS kém theo hé
EddyMax TMT dé cho hinh anh tong quan cua hé trao doi nhiét.

I11. KET LUAN

Béo c4o di trinh bay khai niém tong quan vé phuong phap dong dién xody va hé thiét
bi dong dién xoay EddyMax TMT. Sir dung hé thiét bi EddyMax TMT dé kiém tra hai mau
6ng chuan 1a thép khong gi 304 va dong 90%. Két qua thu duoc cho thong tin twong dbi chinh
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xéac vi tri, kich thudc cta hai mau nay, tir d6 c6 thé ap dung tiéu chuan dé loai bo hay chap
nhan. Tir két qua nghién ctru nay, hé thiét bi EddyMax TMT tai Trung tdm Panh gia khong
pha hay c6 thé hoan toan st dung duoc dé kiém tra cac 6ng trao d6i nhiét cho cac nha may
nhiét dién.
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APPLICATION OF EDDY CURRENT TESTING FOR EXAMINATION OF
NONMAGNETIC HEAT EXCHANGER TUBE IN THERMAL POWER PLANT

Abstract: The damaged heat exchanger tubes are one of the main reasons causing the
problem in ceasing operation of thermal power plants. In order to be able to detect such
defects without affecting the overall operation of the plant, the use of Nondestructive
Testing (NDT) - Eddy Current Testing (ECT) is the most effective method that can be used
to test these heat exchangers by using probes with long cables that can go deep into the
tubes for inspection. The report presents the results of empirical research using EddyMax
eddy current instrucments for the detection of artificial defects on the heat exchanger made
of nonmagnetic: stainless steel 304 and copper 90%. Research shows that defects, defects
are found to be reliable, meeting the standards of ASME V, Chapter 8. The research shows
that faults and defects have been found to be reliable, meeting the requirements of ASME
V, Chapter 8 and results test are visual imaging, without missing out on minor defects.

Keywords: Eddy Current Testing (ECT), The damaged heat exchanger tubes,
nonmagnetic, EddyMax.



