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Toém tat: Ngay nay, ki thuat hat nhan ngay cang dwoc ung dung Vvéi céc
phuong phéap do dac hién dai str dung trong cong nghiép. Qua trinh tuong tac
cua birc xa vai vat thé can kiém tra mang theo thong tin vé cdu tric va mat do
cua vat thé do, do d6 bang cach ghi nhan chim burc xa truyén qua vat thé ta co
thé danh gia duoc cac tinh chat vat ly cua vat can kiém tra véi 6 nhay cao.
Mot wu diém nita cua ky thuat nay do 1a kha ning do dac khdng tiép xdc véi
vat thé nén qua trinh kiém tra c6 thé duoc tién hanh ngay trong khi hé théng
dang hoat dong, diéu nay thuc su hiru ich khi d6i twong kiém tra 1a thap chung
cat, duong 6ng dan chat long trong cac nha may hoa chat va nha may loc dau.

Muc tiéu cua dé tai 12 nghién ciu ché tao hé quét buc xa Gamma Scanner st
dung dé kiém tra cac bat thudong trong duong ong, kiém tra trang thai dong mo
ctia van véi do nhay cao, thiét bi ¢ kha ning hoat dong tét trong méi truong
cong nghiép, chi phi thap.

Sau khi két thic dé tai nhém tac gia da ché tao thanh cong thiét bi Gamma
Scanner st dung dau do nhap nhay Nal(Tl), toan b phan dién tr va khung co
khi duoc ché tao hoan toan tai Viét Nam. Hé thiét bi duoc trang bi két ndi
khong day nham dam bao tinh co dong khi 1am viéc tai hién truong, loai bo
kha nang hong hoc gay ra boi cap nbi dong thoi dam bao an toan cho ngudi sir
dung. Hé thiét bi da duoc sir dung dé kiém tra thuc té tai nha may loc dau Nghi
Son véi két qua duge danh gia rét cao.

Tur khéa: ky thugt quét gamma, gamma scan, kiém tra mdr d@g, quét ong, thap
chung cat

. MO DAU

Ki thuat Chup anh Buc Xa ndi chung hay ki thuét “gamma scanning® la ki thuat ghi do
birc xa gamma ung dung pho bién rong rai trong viéc kiém dinh, kiém tra khong pha hay
trong cong nghiép (NDT). Vi mét hé quét bic xa ki thuat, viéc két hop dé hé thong phat huy
t6t kha ning 1a cong viéc déi mit nhiéu kho khin nhung hoan toan kha thi, nhat 1a viéc tim
hiéu tng dung cong nghé s6 ciing nhu &p dung t6t kién thirc chuyén nganh dé ngay cang hoan
thién san pham cung ng cho nhu cau. T d6 chung t0i tlen hanh nghién cuu, ché tao, phat
trién mot thiét bi di dong ung dung cac cong nghé s6 hda gan day nham dap ¢ng, tng dung
C4c tiéu chuan méi. Thiét bi quét birc xa ki thuat “Gamma Scanner” tng dung cong ngh¢ chup
anh burc xa , dugc trang bi cac tiéu chuan khong day véi myc tiéu tré thanh giai phap tdi wu,
dap tng cho cac yéu cau khat khe trong cong nghiép.

II.  NOQI DUNG
1. Poi twong va Phwong phap nghién ciru

Céc dbi twong (ng dung ki thuat quét birc xa ma nhom tac gia hudng téi 1a cac ciu tric
trong céng nghiép loc hda dau bao gom duong dng, duong van, thap chung cit,.. cac ciu kién
nay déu duoc cau tao tir cac vat lidu kim loai. Anh hudng thay ddi tinh chat vat ly trong qua
trinh van hanh c6 thé gay phéa hay cau tric vat ly nhu ran ntt, an mon, vd,... déu co thé dugc

1


mailto:ha.buingoc@hust.edu.vn
mailto:tunglam20132208@gmail.com

phat hién ngay 1ap tirc thong qua danh gia két qua thay doi bé day vat ligu hay kiém tra chu ki,
du doan tudi tho cua cau trac dua trén danh gia mat do vat liéu.

a. Co sé ly thuyét

Ki thuét quét btrc xa (gamma scanning) dua trén tinh chat truyén qua vat liéu caa birc xa
gamma[1] phu thudc vao bé day, mat do khdi va loai cua vat liéu dwoc chiéu chum buc xa
gamma song song. Tuong tac gitra chUm tia gamma véi vat liéu xuat hién nhiéu hiéu tng
phtic tap nhu tan xa Compton, hip thu quang dién, tao cip,... Tuy vay dé giam doé phac tap
vat ly, trong tdm co so ly thuyét cua dé tai chi dé& cap toi ti sb cuong d6 chum tia gamma
truyén qua so véi cudng do chum tia gamma ban dau, thong qua d6 c6 thé danh gia thong sb
bé day va mat o khdi caa cau kién.

p*d:—u*]n]i (l)

0
Véi: I:Cuong do chum tia gamma xuyén qua vat liéu
1, : Cudng do chum tia gamma ban dau
i : Heé sé hap thu tuyén tinh cua tia gamma qua vat liéu (cm?/g)
p : Mat do khéi caa vat lieu (g/cm?)
d: Bé day vat lidu (cm)
b. Céu hinh — thiét dit khoi dau do bic xa

Dya trén co so |y thuyét, ciu hinh ghi do dugc thiét 1ap nhu sau: Nguon phong xa phai
duoc dit huéng vao bé mat cau kién, sao cho chuan truc nguon phong xa - cau kién — dau do
duoc dam bao. Nguon phéng xa va dau do dugc che chan sao cho dau do cé thé thu nhan
duoc téi da chum bic Xa téi va anh hudéng cua hiéu wng tan xa khéng mong muén 1a téi thiéu.
Khéi dau do cing vai ngudn phéng xa duoc di chuyén song song ciing van toc doc theo mat
cit ciia cau kién da duoc ¢b dinh véi myc tiéu ghi do thay d6i doc theo mat cat cau kién[2].
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Hinh 1: Tuong quan vi tri gita nguén phéng xa (vang), vat thé éng — van, dau do (xanh)
Vi cac thong so, tinh chat cua dau do nhap nhay Nal(TI)[3], so do khdi twong tu di
keém dau do duoc thiet ké nham dam bao dap wng hoat dong thu nhan, xur ly tin hiéu.

Blrc xa téi

Ll

Khoi dau do | Hién thi | | Lwu trly |
f ! ) ((!)) T—y—T
Nguén kit 1y th')iqgl'!i npén
nuéi 5V tin hiéu XV s

Hinh 2: So d6 khéi ly thuyét



V6i so @b nhu trén, toan bo khdi xir Iy dwoc cung cidp mot ngudn pin 5V, khbi ngudn
cao ap dau do, khdi xt Iy tin hiéu. Toan bo khébi dugc che chin sao cho anh huong do tan xa -
nhidu dién tir téi khdi xtr Iy tin hiéu 1a téi thiéu, va chi cho buc xa t6i dwoc ghi nhan bai dau
dd qua mot khoang khong gian ctra sé6 dwoc gigi han nham dam bao béc xa téi 1a chum song
song. Khéi dau do s& ghi nhan va tin hiéu dugc dua téi khdi xir ly tin hiéu bao gom mach tién
khuéch dai dé xir ly, khuéch dai tin hi¢u dé xu 1y tai khéi vi diéu khién. Lac nay khéi vi diéu
khién c6 nhiém vu dém théng ke, truyén dir liéu 1én khéi truyén phat khong day.

Tj.n hiéu tir Khéi tidn Module
ong nhan > £ . Bluetooth HC- . )))
khuéch dai
quang 05
Mach chuan Ll i gidy khidn
bién do

Hinh 3: So dd khéi xtr ly, truyén phat tin hiéu (viing xam)

Khdi tién khuéch dai dugc xay dung dua trén ly thuyét co s cia dang Tién khuyéch dai
nhay dién tich, ¢6 nhiém vu phdi hop tré khang véi dau do, nang cao ti sé tin hiéu trén tap am
va tich phan cac tin hiéu dién tich nay va bién d6i chiing thanh xung dién thé tai 15i ra ti 1¢ véi
tin hiéu dién tich 16i vao ma khong phu thudc vao dién dung ky sinh cuaa detector.

Ci R

o> f————2 ] —

Hinh 4: So db tién khuéch dai nhay dién tich
C,Va Ry tao thanh mot mach vi phan: chi cho phép tin hi¢u hoat dong tir tan sb cat tré
di, cac tin hiéu tan s6 thap s& duoc loai bo.

1 2
f citviphan = m

R,Va C; tao thanh mot mach tich phan : chi cho phép tin hiéu hoat dong tir 0 -> tan sb
cit, c4c tin hiéu tan s cao sé dugc loai bé.

1 (3)
f cattichphan = m

Dé loai bo nhidu tan sé cao va nhidu tan sb thap khoi tin hiéu, can lva chon dién tro va
tu di¢n sao cho: fca“itviphén < ftl’nhiéu < fcéttichphﬁn

Bién d9 tin hiéu ra 0 (4)

Di kém voi khéi tién khuéch dai nhay dién tich 12 mach chuan bién do véi muc dich tao
xung vubng chuan 5V tir tin hiéu ra caa mach khuéch dai cho bo dem.



—OUTPUT

Hinh 5: Dang tin hiéu tir Tién khuéch dai (tréi) thong qua xir Iy boi mach chuén bién d (gitra) tao
thanh tin hiéu chuan bién do 5V (phai)

c. Khéi xir Iy, truyén din va hién thi

Tin hiéu twong tu sau khi dugc xir Iy va 1am rong dinh xung dugc dua t6i vi diéu khién.
Tin hiéu lGc nay s& duoc sé hoa, théng ké dua trén bo dém Timer/Counter. Timer/Counter Ia
cac module doc lap vai CPU (Central Processing Unit). Chic nang chinh cua cac bo
Timer/Counter, nhu tén goi cua chung, 1a dinh thoi (tao ra mot khoang thoi gian, dém chinh
xé4c thoi gian...) va dém su kién. Cac bo Timer/Counter duoc chia theo d6 rong thanh ghi
chta gia tri dinh thoi hay gia tri dém caa ching, cu thé trén chip ATmega 328P [1] duoc st
dung 1am vi diéu khién c6 trang bi 01 bo Timer/Counterl 16 bit.

Thanh ghi TCCR1B
Tin hiéu ra
“Mach chuén bién d6” Thanh ghi TCNTI

xung vuong 5V

Diéu
kién chu
ki

Thanh ghi TIMSK 1 S6 dém thong ké

Hinh 6: So do co ché hoat dong bo dém trong vi diéu khién

V6i vu diém ti gian hoa ciing nhu dam bao qua trinh truyén phat khéng bi mat tin hiéu
do anh huong dut - nit day dan day dan két ndi, co ché truyén phat khéng day Bluetooth [3]
gitta khdi dau do va bo phan hién thi luén dam bao sé dém thong ké lac nay duoc gui t6i thiét
bi hién thi - lyu trir théng qua giao tiép “ndi tiép khong dong bo” UART (Universal
Asynchronous serial Reveiver and Transmitter), cac thiét bi hién thi - Iuu trit Iic nay s& 13 noi
thé hién dit liéu dudi dang d6 thi 2D khai quat, biéu didn mdi tuong quan gitra s6 dém — thoi
gian. Thong tin thoi gian duge quy d6i vé thdng tin vi tri tuong quan trén mau vat théng qua
quéa trinh chuyén dong caa khdi dau do theo cdu hinh do mau vat. Tuy nhién do anh huéng
ctia co ché truyén phat khong day Bluetooth ciing nhu thanh ghi TIMSKI1 phai méat mot
khoang thoi gian gitra mdi lan gui tin hiéu nén cé thé goi day 1a khoang thoi gian “chét” cua
bo dém. Dé dam bao anh huong thoi gian “chét” cua bo dém 1a tdi thiéu va bai viét chi co tinh
chat tng dung chtr khong di sau vao phan tich co ché két ndi Bluetooth nén vi diéu khién
duoc 1ap trinh dat mac dinh khoang thoi gian dém 1a 100 mili-gidy mdi lan doc gié trj thanh
ghi TIMSKL.

Sau khi s6 dém thdng ké duoc gui di, thiét bj thu tin hiéu tién hanh dong bo va luu trix
s6 dém, dong thoi hién thi truc quan dang dd thi 2D thé hién méi quan hé vi tri (hoanh do) véi
s6 dém (tung d6). Tuy nhién véi chu ki 100 mili-gidy dwoc thiét 1ap mac dinh & khéi phét thi
véi mot s6 truong hop mau vat day, khong da lugng sé dém can thiét tai mot vi tri can thiét
dam bao d6 léch chuan cua phép do. Dua trén xac dinh quy luat thng ké Poisson:



(6)

ﬁ )
ON = E

N : S6 @ém trung binh trén mdi diém do

Vi oy : d6 léch chuan

k : s6 diém do trén mau vat
Xac dinh N duya trén yéu ciu s6 diém do dé c6 thé wéc chung Chu ki thdng ké. Vi chu
Ki gui tin hiéu cua Khoi bo dem va truyén Bluetooth thi s6 dém tai mot diém do trén mau
duogc ghi véi thoi gian theo boi so cua 100 mili-gidy.

@
Bluetooth
(UART)
Théng sé diéu kién:
- Thé&i gian ban ghi Théng ké s6 dém
- Chu Id théng ké

Diéu kién chu ki
théng ké va thoi Db thi
gian ban ghi > tnxe

ulyéu

|
Pé thi ban ghi
| triv

Hinh 7: So dd co ché thu tin hiéu khong day va xi 1y sé hda trén thiét bi cudi

Khéi xiz 1y dit liéu s6 hoa

2. Kétqua

Tir phuong phap nghién ctru nhu trén chiing t6i da tién hanh khao sat, tinh toan, ché tao,
lién két cac thanh phan cua thiét bj Gamma Scanner. Dau tién la dya trén myc tiéu chi phi va
yéu cau t6i uu kich thugc, ching tdi lya chon loai dau do tinh thé nhap nhay Nal(TI) kich
thudc 2x2 inch véi myc tidu ghi nhan cuong do buc xa diang hudng chiéu tir nguon phat ra
gamma. Mic du dé gia ting hiéu qua ghi do thi c6 thé gia tang kich thudc tinh thé nhap nhay
Nal(Tl) nhung cling s& gia tdng ti SO tan xa Compton trén tong la yeu t6 can loai bo dé dap
rng mire do vat Iy can thiét. Nén véi kich thudc 2x2 inch thi tinh thé nhap nhay Nal(TI) 12 lya
chon phii hop can ddi chi phi va dap tng ghi do. Ddi vai khbi dau do da dugc lya chon 1a dau
do nhap nhay Canberra Model 802 do héng Canberra san xuat, thong sé kich thudc khdi tinh
the nhap nhay Nal(TI) 2x2 inch, ctra s6 nhom day 0.5mm, di kém 1a khbi 6ng nhan quang
duoc cap cao ap hoat dong 1100V, dugc boc 16p kim loai Mu (hop kim Niken va sat) o tac
dung chdng hiéu tng nhiéu tir. Tién hanh ché tao mach tién khuéch dai thuc té va khao sat:

Hinh 8: Tin hiéu 16i ra sau 6ng nhan quang (trai) va tin hiéu 16i ra mach tién khuéch dai (phai)



Tin hiéu ra tir anode caa dng nhan quang (cao ap 1100V) la xung nhon am, bién d6
2mV, Vgys = 10.7mV, do rong xung 2.5pS, xung nhon ¢6 budu duong 10mV véi do rong
budu duong la 7uS. Ti so tin hiéu trén tap am la:

SIN =20.log (-222%) = 20.log (Z2) =165 dB (8)
RMS .

Xung ra tir tang khuéch dai nhay dién tich ¢6 bién do 1.1 V, Vgys = 118.4mV, d6 rong
xung 8uS, budu am bién d6 100mV, do rong budu am 4uS. Ti o6 tin hiéu trén tap am:

SIN = 20.log (@) = 20.log (1735) =19.36 dB 9)
RMS .

Do rong budu am da giam dang ké va ti s6 tin hiéu trén tap Am da ting 1én so véi tin
hi¢u ra tir dinode, chirng t6 mach khuéch dai nhay dién tich la viéc hiéu qua, khir nhiéu tot.
Thong s dap umg ki thuat caa Khéi xir 1y tin hiéu cé toc do dém cuc dai 5SMHz, trg khang 16i
vao 1020, ngudn nudi + 5V, tin hiéu dau ra la xung vudng bién do 5V, cong suit tiéu thy
100mW.

Tién hanh ché tao khdi vi diéu khién — truyén phat khong diy dap ¢ng tan sb xung
vudng cuc dai 5MHz, ngudn nudi 5V, cdng suat tiéu thu 50mW va sir dung tiéu chuan khong
day Bluetooth 2.0, sai s6 bo dém trong khoang 0.2%, khoang cach dap (ng 15m.

Toan bo khdi dau do, khdi xir 1y tin hiéu duoc thiét ké dit gon trong khbi hop tru. Dya
trén bo s6 liéu kich thudc 6ng danh dinh, chung toi da thiét ké hé khung véi kich thude dap
g t6i da 1én t6i 800x800mm, hé khung dam bao co thé chiu lyc, chdng in mon.

— Ngudn bizc xa sit dung | Cs-137(hoat d6 22mCi)
~ |Khéi dan do Canberra Model 802
Ngudn nudi toankhéi  |Pin Lidon 3.7V

Bap ing kich thude 800x800 mm

Kich thudc vo chira D400 x $63 mm

Kich thudc chita ngudn  |D89 x ®94mm

Téng khéi hrong toan hé |= Tkg

Hinh 9: San pham hoan thién hé Gamma Scanner (trai) va thong sé san pham (phai)

Thiét bi cam tay “Gamma Scanner Handheld” xay dung voi kich thudc nho gon
(178x110 mm), lap trinh vi diéu khién STM32F103C8T voi module man hinh cam ung 3.2
inch, module thé nhé, module thoi gian thuc, module Bluetooth. Muc tiéu phuc vu cdng tac
ghi do mot cach linh dong, d& dang thao tac ciing nhu di chuyén, kich thudc nho gon, hoat
dong trong thoi gian dai (> 8 tiéng) hd tro dac luc cho cong tac danh gia truc tuyén. Phan
mém “Gamma Scanner RealTime” ¢ng dung lap trinh bang cong cu NI LabVIEW duoc cai
dat trén moi truong hé didu hanh (phan mém hd trg da nén tang Microsoft Windows, Mac
OSX, GNU/Linux). Phan mém hd tro luu trit ban ghi cling nhu trich xuat ban ghi sang dinh
dang PNG nham dinh kém, luu trit va st dung dit liéu trong trich xuét bao céo.

+ CPU: STM32F103C8
L&i ARM 32-bit Cortex-M3 MCU
Ba nhd flash 128 Kbytes

Xung CPU Ién t¢i 72 MHz

Hé tro két ndi USART vat Iy, SPI, 12C, USB két ndi ddng bo
&1 may tinh ca nhan

+ GPU: Module hién thi gend 32" Diablo16

L&i Diablo16 Processor

Kich thude hién thi: 3.2 inch

+ Truyén dn: Phirang thirc Bluetooth

Hinh 10: Thong s6 co ban cua thiét bj Gamma Scanner Handheld (trai) & mo ta khdi(giia): 1-
vo mat sau; 2- vo mat trudc; 3-, nut Qém; 4- man hinh cam ung; 5 — nap pin & Giao dién man hinh
thiét bj cam tay Gamma Scanner Handheld



=T
Relative time (sec): [0 Highest 0 ﬂ

Hinh 11: Phan mém Gamma Scanner RealTime trén hé diéu hanh Windows 7 SP1

Resolution Time:

1 £ 100 ms)

Measurement Time:

60 (x1s)
Lend

Messenger: =
S

SNEEP pesigned by SNEEP

3. Banluan

Qua trinh do dac tai hién truong va két qua kiém tra duoc thé hién trong hinh 11. Dua
trén yéu cau kiém tra trang thai cua mot co cau van khoa dang trong trang thai khoa, nhan
vién van hanh di tién hanh dat thiét bi vao vi tri than van, sau dé tién hanh mé khéa van rdi
dong khoa van lai theo toc d6 vin khoa van déu. Dir lidu sau d6 duogc ghi lai truc tiép bing
phan mém Gamma Scanner cho két qua nhu sau:

1. .

Counts

1s 30 as 60  Times)

Hinh 1: Hinh anh h¢ Gamma Scanner thiét 1ap ciu hinh do (trai) va két qua kiem tra
(phai) cua mau vat van

Tur két qua thu dugc[4], ching t6i nhan thiy rang hé quét bic xa ki thuat Gamma
Scanner hoat dong rat hiéu qua ciing nhu dap tng dwoc yéu cau ma nhom nghién ciu da dé
ra. Thiét bi da boc 16 rd nhitng wu diém vé khdi luong nhe, chat lugng tot, dam bao ki thuat
ciing nhu dé dang van hanh, thiét lap/thiét ké quy trinh kiém tra. Véi cac nhan xét, danh gia,
dong gop rét tich cuc tir phia dat hang 1a cong ty PV NDT trong qué trinh thir nghiém cho
thiy san pham “Hé quét birc xa ki thuat Gamma Scanner” 1a mot san pham rat tét va dap tng
phl hop vai cac yéu cau vé ki thuat ciing nhu sin sang thwong mai hoa.

Mic du vay thiét bi van trong qué trinh phét trién nén khong thé tranh khoi céc 16i ki
thuat gap phai nhu thiét ké van chwa duoc téi wu, van phai van hanh bang tay mot s6 khau
nhu van van khéa, kéo chinh hé dau do khong déu van téc dan téi dir liéu thu thap van bi anh
hudng va chwa thuc su chinh xac theo mong mudn caa nhém nghién ciu.



IV. KET LUAN

Hé quét buc xa “Gamma Scanner” 1a mot san pham dugc thiét ké va gia cong hoan toan
tai Viét Nam, voi muc tiéu tim hiéu sau céc ung dung da c6 cia ki thuat “gamma scanning”,
phuc vu cong tac kiém tra khong pha huy tng dung trong cong nghiép. Viéc tap trung vao dbi
tuong ban dau la cac cau kién trong nha may loc dau nhu duong 6ng, dudng van, thap chung
cat,.. giip cho nhoém nghién ciu c6 thé mé rong ddi twong tng dung rong réi. Hé quét anh
birc xa “Gamma Scanner” dugc ung dung tiéu chuan khong day, lap trinh trén nén tang moi
nham lam diém twa dé c6 thé tiép tuc phat trién, tng dung IoT ciing nhu xdy dung cac hé
thdng phan tich g dung chung chirc niang. Nhom nghién ctu mong mudn phat trién Heé quét
birc xa “Gamma Scanner” trd thanh cdng cu hd trg dac luc, cai thién chét luong lao dong cua
cac ki su van hanh ciing nhu dam bao bat kip phét trién cong nghé theo nhip d6 cong nghiép
hoa hién dai hoa, ting co hoi canh tranh véi cac san pham, dich vu cung tng dang c6 trén thi
truong.
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Abstract: Nucleonic measurement methods are frequently used in
modern industrial measurement systems. lonizing radiation responds to the
fundamental physical properties of materials such as density and the
interaction of ionizing radiation can be used for measurement of physical
properties of object with high sensitivity. Also, these methods are non-
contacting and mostly performed while the units are operating therefore they
are suitable for inspecting objects such as distillation columns, pile, valve in
chemical or refinery factories.

The purpose of this project is manufacture of a Gamma Scanner system,
which is used to inspect, troubleshoot abnormalities in the pipeline, check
valve statute with high sensitivity. Gamma Scanner system can operate well in
an industrial environmental and have a low operating cost.

After finishing project, we successfully manufactured the Gamma Scanner
system, this system using Nal(TI) detector from Canberra, the entire electronic
circuit and mechanical parts were made in Vietnam (by our team). To ensure
the mobility of system when working in field, system was designed to have
wireless connection and power by battery. The wireless connection can
eliminate the possibility of damage caused by cable connection and increase
radiation safety for worker during testing process. This system was used for
actual inspection at Nghi Son Refinery and got high evaluated by users.

Keyword: gamma scanning technic, gamma scanner, density profile,
troubleshooting, Distillation column
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