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NGHIEN CUU UNG DUNG PHUONG PHAP SIEU AM
TRONG KIEM TRA KHUYET TAT VAT LIEU KIM LOAI

NGUYEN VAN HUNG’

TOM TAT

Hién nay, c6 nhiéu phwong phdp khéng pha hiy (NDT) dé kiém tra cdc khuyét tt
bén trong vat lieu kim loai ung dung trong cong nghiép. Bai bdo nay, trinh bay ung dung
ciia phwong phdp siéu am (UT) véi viéc sir dung may Tokimec dé xdc dinh cdc khuyét tit
trong vat lieu kim loai nhom va thép. Két qua thuc nghiém voi mau nhém TC4 (xdc dinh
dwoc 5 khuyét tat) va mau thép SA4 (xdc dinh duwoc 8 khuyét 1Gt, c6 so sanh voi két quad xac
dinh bang phirong phdp chup anh phong xa tia-X, RT) cho thdy phwong phdp siéu dam rat
tién loi va co ich trong viéc kiém tra khuyét tdt vat lieu. Nghién cuu nay rat ¢é ich cho viéc
dao tao ki thudt vién vé linh vuc kiém tra khuyét tat trong vat liéu kim loai bdng phuong
phap siéu am.

Tir khéa: kiém tra khong pha hity (NDT), kiém tra bang siéu am (UT), kiém tra bang
chup anh phong xa (RT).

ABSTRACT
Applied research in ultrasonic method for examination of defects in metallic materials

There are many methods on none-destructive testing (NDT) for examination of
defects in metallic material applied in industry today. This paper presents the application
of ultrasonic method (UT) with using Tokimec device for determination of defects in
metallic materials of aluminum and steel. The experimental results with aluminum sample
of TC4 (5 defects were determined) and steel sample of SA4 (8 defects were determined, in
comparison with the result determined by method of X-ray radiographic testing, RT) show
that the ultrasonic method is very convenient and useful for examination of defects in
materials. This research is very useful to train technicians in the field of examining defects
in metallic materials.

Keywords: non-destructive testing (NDT), ultrasonic testing (UT), radiographic
testing (RT).

1. Mé dau thity, hang khong, 10 phan ung va nha

Hién nay & trén thé gidi ciing nhu
trong nudc, phuong phap kiém tra khong
pha huy (NDT) dong mdt vai tro quan
trong trong kiém tra chét lugng san pham
cong nghiép (Irng dung rong rai trong cac
nganh cong nghié€p co khi, xay dung, tau

" TS, Trung tam Hat nhan TPHCM
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may di¢n hat nhan,... ), trong d6 phuong
phap siéu am (UT) c6 nhiéu vu viét va
pho bién. Uu diém cta phuong phap nay
1a c¢6 thé phat hién cac khuyét tat nho,
cho phép kiém tra cac chi tiét day, co do
chinh xac cao trong viéc xac dinh vi tri
va kich thudc khuyét tat ciing nhu chiéu
day vat liéu, va chi can tiép xuc tir mot
phia cua vat li¢u.
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Co so 1i thuyét cua phuong phap
nay la st dung song si€u am (1a mot dang
dao dong co hoc) co dai tan sb tr 0,5
MHz dén 10 MHz. Séng siéu 4m dugc
phat ra tir dau do, khi dén mit phan giGi
giita hai moi truong thi chii yéu s& phan
xa nguoc tro lai va mat ph?m s¢ khuc xa

(phén khiic xa rit nho, nhat 13 mat phan
gi6i gitra vat liéu va khong khi, noi co
khuyét tat hoac mat phan cach). Mot
nguyén li co ban cua phuong phap UT dé
kiém tra vat lidu duogc trinh bay trén hinh
1[1,2].

Xung phat Xung khuyét tait Xung day
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Vat liéu kiém tra

Hinh 1. M4t nguyén i cia phwong phdp UT kiém tra khuyét tt vt liéu

Tuy theo dang, hudéng va vi tri
khuyét tat ma nguoi ta sir dung loai dau
do thang (Normal probe) hay dau do goc
(Angle probe) dé phat song siéu am.
Trong phuong phap UT c6 mot sb6 ki
thuat thuc nghiém dé xac dinh kich thudc
ctia khuyét tat, nhu str dung dudng cong
DAC (Distance Amplitute Correction),
biéu d6 DGS (Distance Gain Size), giam
20 dB hay 6 dB [1, 3].

2. Thuc nghiém
2.1. Thiét bi, dung cu thuc nghiém

May siéu am va cac dau do (dau do
thang va dau do goc), mau chuan va miu
can kiém tra co tai Trung tam dao tao
(Vién Nghién cou hat nhéan) dugc su
dung trong thyc nghiém nay.

a) May phat siéu am dang Analog
TOKIMEC, Series SM-101 va cac dau do
do Nhat Ban san xuét (hinh 2). Man hinh
CRT (Cathode Ray Tube) cua may dugc

ding dé hién thi cac xung phan xa tir day
va tir khuyét tat, tir d6 ta co thé tinh duoc
vi tri va kich thudc cua khuyét tat [5].

Hinh 2. Céc logi dau do va may siéu am
khuyét tat TOKIMEC
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b) Mau chuin nhém TC3 va mau kiém
tra nhdom TC4: Ching dang hinh khdi
chit nhat, c6 mdi han dang chtt V voi
cung kich thude (16x196x200 mm®) nhu
chi ra trén hinh 3. Mau chuan TC3 c6 céc

khuyét tat nhan tao (c6 2 15 cach 12 va 8
mm so v&i bé mit phia trén), ding dé xay
dung duong cong DAC. Dudng cong nay
dugc str dung dé kiém tra khuyét tat trong
mau TC4 [5].
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Hinh 3. Kich thuoc, khuyet tdt nhan tao, vi tri dat dau do (twong g véi cdc vi tri
ddnh $6) doi véi mau chudn TC3 (Hinh trén la mdt nhin tir trén xudng,
hinh dwoi la mat nhin phia bén)

¢) Mau kiém tra thép SA4: Dang hinh

khéi  chit  nhat,  kich  thuée
18x180x200mm’ c6 cac khuyét tat nhan
tao nam & bén trong khdi mau [5]. Miu
nay duogc kiém tra khuyét tat va duoc so
sanh v&i phuong phap chup anh phong xa
tia-X (RT) vé1 viéc st dung may
Radioflex-200EGM c¢ tai Trung tdm dao
tao.
2.2. Két qua thuwe nghiém

Trong thyc nghiém da st dung hai
phuong phap dé xac dinh khuyét tat:
phuong phap duong cong DAC va
phuong phap giam 6 dB.

Phuwong phap dwong cong DAC

Trén hinh 4, vi tri danh s6 1, 2, 3 va
4 tuong Ung véi do sau 3T/4, 5T/4, 7T/4
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va 10T/4 (T 1a bé day mau kiém tra). Dat
miéng plastic mong 1én man hinh, dat va
quét dau do goc tai Sy, diéu chinh nim d6
lgi sao cho bién d§ xung c6 do cao 80%
man hinh (Full Scale Heigh - FSH). Banh
dau 1én man hinh vi tri cia dinh xung.
Thuc hién lai viéc danh dau vi tri dinh
xung trén man hinh vdi cac duong S,, Ss,
S4, Ss. Néi cac diém trén lai v&o1 nhau ta
xay dung dugc duong cong DAC (Hinh
4). Pudng cong niy biéu dién bién do
ctia cac xung phan xa tir nhitng khuyét tat
¢6 cung kich thudc nhung nam ¢ cac do
sau khac nhau. Mtrc d¢ cao xung (chon la
80% do cao man hinh) dugc goi 1a muc
so sanh co ban (Primary Reference Level
- PRE) [3, 4].
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Hinh 4. Duong cong tl%u’c nghigm DAC (Truc tung la c]hiéu cao man hinh,
ldy bang 100%, truc hoanh la chiéu dai, tinh bang cm)

Kiém tra mdu nhom TC4

St dung dau do goc 56,5°, tan sb 2
MHz dé quét kiém tra mau TC4. Dé dam
bao chum tia song 4m chiéu vao mot
vung thé tich tdi da cta vat nham khong
bo sét khuyét tat can phai tinh toan qué
trinh dich chuyén cua dau do. Véi mau
TC4 thi can xac dinh duong trung tim L
ciia mbi han, bé rong mii gia cudong cua
mdi han (W = 28 mm), khoang cich mot
budc quét (S = 48,4 mm). Do do, vung
do quét cia dau do trén mau 1a tir S/2
(24,2 mm) dén S+W/2 (62,4 mm).

Két qua do quét: Pé phat hién moi
khuyét tat, ta dat do nhay cia may cao
hon muc d6 nhay danh gia PRE, bing
cach tang nim d¢ lgi (Gain) cia may l1én
6 dB (ting d6 khuéch dai ciia may lén
gip d6i). Qua trinh do quét phat hién 3
khuyét tat tng véi 3 vi tri ctua dau do, c6
khoang cach tir 3 bi tri cua dau do dén
duong trung tdm da dugc do nhu trén
hinh 5 (3 khuyét tat d6 cho 3 xung trén
man hinh CRT c¢6 bién d§ vuot qua
duong cong DAC).
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Hinh 5. Ving quét ciia dau do va vi tri dau do img véi cdc khuyét tit A, B va C
(Hinh trén la mat nhin tw trén xuong, hinh duoi la mat nhin phia bén)
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Giam num d6 loi cia may di 6 dB dé quay vé muc d6 nhay danh gia thi thiy c6 2
khuyét tat c6 bién do xung van con vuot qua dudng cong DAC, ching t6 2 khuyét tat
d6 c6 kich thude 16n hon khuyét tat nhan tao trong mau chuan nén 2 khuyét tat nay
phai bi loai bo. Vi tri va so do cac khuyét tat nay duoc xac dinh nhu trén hinh 6 va hinh 7.

{ S/2+W/2

. ~
Puong trung tdm moi han /! Sr2 }, /
\ 7
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___________ 2_._._._._._._._._m._._.
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Hinh 7. Vi tri va kich thwoc cac khuyét tdt trong mau kiém tra nhém TC4
(Hinh trén la mat nhin tw trén xuong, hinh duoi la mat nhin phia bén)
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Kiém tra mdu thép SA4

St dung dau do thang va phuong
phap giam 6 dB dé xac dinh kich thudc
khuyét tat nhu sau: Xéac dinh vi tri dau do
sao cho thu dugc bién do xung cuc dai tur
khuyét tat; diéu chinh bién do xung
khuyét tat dén mot do cao thich hop
(chang han bang 80% FSH); dich chuyén
dau do sang mot phia sao cho bién do cia
xung khuyét tat giam xudng con mét nira,
tic 1a bién d6 xung chi con bang 40%
FSH. Ghi lai vi tri ctia tim dau do trén bé
mit cua mau kiém tra; dich chuyén dau

do theo chiéu nguoc lai, khi d6 bién do
xung khuyét tat lai tang dan 1én, dat gia
tri cuc dai roi lai giam xudng, cho dén
khi bién d6 xung con bang 40% FSH thi
dung lai. Ghi lai vi tri méi cia dau do &
trén mau. Khoang cach gitra 2 diém dénh
du ¢ trén chinh 1a kich thudc ctia khuyét
tat theo phuong do6. Tu d6 xac dinh duogc
vi tri va kich thudc cac khuyét tat trong
mau kiém tra SA4 (hinh 8). Két qua do
duoc so sanh v6i két qua sir dung phuong
phap RT, dugc néu trong bang 1 [4].
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Hinh 8. Vi tri va kich thuéc cdc khuyét tdt trong mau kiém tra SA4
(Hinh trén la mat nhin tw trén xuong, hinh duoi la mat nhin phia bén).

Bing 1. So sanh két qua diing phwong phdp siéu éam (UT)
voi chup anh phong xa tia-X (RT).

Piém do 1 2 3 4 5 6 7 8 9 10

UT (mm) | 20,0 | 72,0 | 31,0 | 30,0 | 81,0 | 26,4 | - - | 11,0 | 15,0
RT (mm) | 19,0 | 70,0 | 34,0 | 32,0 | 80,0 | 26,0 | 1,0 | 2,0 | 12,0 | 15,0
Saisd (%) | 5,0 | 2,8 | 88 | 63 | 1,2 | 1,5 - - 83 | 0,0

3.  Kétluan

Nhu vay, stt dung phuong phap UT
c6 thé xac dinh duoc cac khuyét tat trong
cac vat lieu: ddi v6i mau nhém TC4 xac
dinh duoc 5 khuyét tat (trong do co 2

khuyét tat qua to va bi loai bo theo tiéu
chuan chat luong vé khuyét tat) va méu
thép SA4 xac dinh dwoc 8 khuyét tat
(riéng diém do 7 va 8 thi chi phat hién
dugc khuyét tat nhung khong xac dinh
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duoc kich thude cua chung do diéu kién
A/2 =2 mm, vé1 A4 1a budc song si€u am
ctia dau do phat). Trén co s d6 dua theo
cac tiéu chuan danh gia chat luong san
pham dé dua ra két luan san pham dé cé
dugc chip nhan khong hay phai bi loai
b6 hodc phai gia cong lai. V& két qua cta
hai phuong phéap kha gidng nhau vdi sai
sO trong pham vi cho phép (nho hon 9%).
Phuong phap RT c6 uu diém 13 co thé
x4c dinh dugc duong kinh cua cac 16

khuyét tat, con phuong phap UT lai c6
thé xac dinh chinh xac vi tri khuyét tat
cling nhu chiéu day vat liéu. Tom lai, trén
thiye té nhiéu truong hop can co su bd
sung ctia cac phuong phap khac nhau dé
dat két qua kiém tra cao hon. Ngoai ra,
két qua nghién ctru nay c6 thé giup ich
cho cong tac dao tao ki thuat vién vé
kiém tra khuyét tat vat liéu kim loai ung
dung trong cong nghiép [1, 3, 4].
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