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THIET KE CHE TAO MAY PHAT TIA K SU DUNG
BE CHUP ANH BUC KA TRONG CONG NGHIEP

PINH CHi HUNG, NGUYEN DUC HUYEN,

NGUYEN VAN SGN, VU TIEN HA
Trung tam Péanh gid khong pha hiy
Vién Naing luong Nguyén tid Viét Nam

Trong khudn khd bai viét nay, cac tac gia dé cap dén viéc thiét k&, ché tao may phat
tia X s& dung dé chup anh bic xa trong cdng nghiép véi dién ap phat 130-260 kV, dong
khdng ddi 5 mA va thoi gian chiéu tdi da 5 phat. Day 1a loai may thudc thé hé méi, sk
dung bién ap cao ap 1di ferit, lam ngudi bang khi SF6. Tinh toan Iy thuyét ciing nhu thii
nghiém thuc té& cho thay, san pham tao ra c6 thé chup anh bifc xa cadc mau thép théng
thudng co bé day toi da 40 mm.

Tir khéa: may phat tia X.

THE DESIGN AND
MANUFACTURE OF X-RAY
GENERATOR USED FOR

INDUSTRIAL RADIOGRAPHY

Summary

X-ray Generator used for industrial
radiography is composed of a head
of X-ray emission and a control unit.
In the Vietnamese market, there are
now many kinds of X-ray machine
produced by different countries.
However, in the scope of the paper,
we would only focus on the machine
with the main technical specification
of 130-260 kV, 5 mA and exposure
time upto 5 minutes and most
popularly used in Vietnam. This

is an upgrading generation of X-

ray machine, using HV ferrite
transformer and cooling by SF6 gas.
It allows to exposure a steel with
the thickness of 40 mm.

Keywords: X-ray Generator.

Mo dau

Tia X dudc Wilhelm Conrad Roentgen - Gido su tai Pai hoc
Wuerzburg (Buc) khdm pha nam 1895 trong qua trinh [ap lai cac
thi nghiém ctia Hertz va Lenard vgi 6ng Crookes, Roentgen da phat
hién ra mot loai tia méi, phat ra ti 6ng phat. Tia mdi nay cé kha
nang di qua tG gidy day va kich thich cac vat liéu l1an quang trong
phong. Ong ciing thay réng, tia méi c6 thé di qua hau hét cac vat
liu c6 mat dé cao, tao ra cac béng chi€u ctia ching Ién kinh anh,
ong da dat tén cho tia méi nay la tia X. TU phat minh ctia Roentgen,
cac may phat tia X da ra doi va ngay cang dudc cai tién, dong gop
rat nhiéu Igi ich cho tat ca céac linh vuyc cla ddi séng - xa hoi, ti y té
cho dén coéng nghiép, quan sy, an ninh... Hinh 1 mé ta nguyén ly
hoat dong clia may phat tia X.
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Hinh 1: nguyén ly cia may phat tia X
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Dua trén nguyén ly hoat ddong clia may phat tia X
cong nghiép va trén cd sé nghién cliu, khdo sat mot
s0 thié€t bi tuong ty hién cé trén thi trudng, ching
toi da nghién cuu, thiét k€ va ché tao thanh cong
mau may phat tia X xach tay vdi cac chi tiéu ky
thuat ddm bao yéu cau hiéu chuén va kiém dinh,
dudgc sl dung &n dinh tai cong trudng. Viéc ché tao
thanh cong thiét bi nay da gop phan nang cao ham
lugng ndi dia hda san phdm, gidm gia thanh, thay
thé& nhap kh&u va gilip lam chd céng nghé bao tri,
slia chiia va kiém dinh/hiéu chuén thiét bi vén la
van dé nan giai cia Viét Nam.

Thiét ke, ché tao may phat tiaX

Céau tao, nguyén ly hoat déng cua thiét bi phat
tia X chup anh buc xa trong céng nghiép
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Hinh 2: so dé khéi cda thiét bi phat tia X

Vé co ban, hé thiét bi phat tia X gbm hai phan:
ddu phat tia X va hé diéu khién.

DAau phat tia X: gém hai phan chiic nang chinh:
khéi bién thé cao ap tao dién ap gia téc dién ti
va dién ap dét cho katot 6ng phat; bong phat tia
X. Hai bd phan nay dugc dat trong éng hgp kim
nhém hinh tru kin chia khi cach dién SF6 ap suat
4,5-5 at. Bong phat tia X thuc chat la 6ng gia toc
dién tu théng, gbm cac bo phan chinh: Katot, Anot,
vd béng. V& béng phat tia X ¢6 thé bang thuy tinh
hay bang gém, bén trong la Katot, Anot va dugc giii
3 do chan khong cao. Katot gobm cé mét dién cuc
(cuc &m) cla cao thé, sgi d6t, hé gop electron. Anot
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gbm c¢é cuc dudng cla cao thé gia toc va bia W
(Vonfram). Bia W dugc n6i dat va néi vsi cac canh
tan nhiét phia ngoai vo bong phat tia X. Khi c6 dong
dién qua sgi d6t, sé tao ra dam may dién tl xung
quanh sgi dot. Dudi tac dung cla cao ap UAK céac
dién t& nay dugc gia toc, dap vao bia W va phat ra
blic xa ham, dé chinh la chum tia X.

Hé diéu khién: gém 6 khdi chiic nang.

- B6 bién d8i AC-DC: cung cdp nguén moét chiéu
dién ap thdp 5 V cho mach diéu khién trung tam va
12 V cho mach diéu khién thé&, diéu khién dong, ban
phim va chi thi.

- Bo diéu khién trung tam: kiém tra cac diéu kién
hoat dong cla hé thiét bi nhu nhiét do, ap suét,
dong, thé va Iénh diéu khién cla ngudi sl dung
thong qua ban phim diéu khién, déng thdi xuat ra
cac lénh ON/OFF viéc phat tia.

- Mach diéu khién thé&: nhan thé dat tu ngudi
st dung va phat xung diéu khién mach diéu khién
cong suat.

- Mach diéu khién dong: nhan tin hiéu phan héi
tU dau phat tia dé 6n dinh dong phat tia X duy tri 8n
dinh tai gia tri 5 mA (5%).

- Mach diéu khién cong sudt: nhan tin hiéu tu
cac mach diéu khién thé&, diéu khién dong dé diéu
khién bién thé& cao ap tao ra dién ap cao ap, dong
phat tia va dong sgi dot.

- Ban phim va chi thi: nhan 1énh diéu khién tu
ngudi st dung nhu thdi gian phat tia, gia tri cao ap
(kVp) va ON/OFF; déng thai hién thi trang thai phat
tia nhu gia tri dong phat, dém Iui thdi gian phat tia,
céac 16i trang thai hoat déng (qua dong, quéa ap, qua
nhiét..).

Thiét ké, ché tao

Trong qua trinh thiét k&, ché tao, diéu quan trong
nhat la chon lya mé hinh thiét k& phu hgp, ti do dat
mua cac linh kién ma Viét Nam chua san xuat dugc
nhu bdng dén phat tia X, bién thé cao ap, cling nhu
hinh thanh giai phap gia cong, ché tao phu hgp véi
diéu kién ctia Viét Nam. Chang han, ching téi da
thiét k€ va lam chd céng nghé ché tao cac mach
dién tu nhu hinh 3.



c)
Hinh 3: mach diéu khién dong (a), mach diéu khién cao p (b),
mach diéu khién trung tam (c)

Pé diéu khién dugc dong, cao thé& va toan bo
qua trinh hoat déng cia may phat theo mong muén,
chuong trinh diéu khién dugc viét trén ngén ngii 1ap
trinh KEIL C51 theo luu dé thuéat toan nhu hinh 4.
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Figure 7 : Thudt todn chuong trinh chinh

Hinh 4: luu dé thuét todn diéu khi€n hé thiét bj phat tia X
cbng nghiép
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Ché tao va ldp rap dau phat tia X

Mot trong cac van dé quan trong la do kin cla
than dau phat, bén trong can dadm b&o moi trudng
sach, kho, ddm b&o do cach dién dé giam thiéu hién
tugng phong dién lam hu hdng cudn cao ap va cac
linh kién bén trong dau phat... D& giai quyét cac van
dé nay, can co6 mot budng sach, thiét bi hat chan
khéng, nap khi argon lam kho va sach méi truéng
trong dau phat va nap day khi SF6 tao ra moi trudng
cach dién bao vé cac bd phan bén trong.

Tha nghiém, kiém dinh/hiéu chuan thiét bi

B4t ci mot san phdm cong nghiép nao ti khau
ché tao dén khi dua vao thuong mai hoa déu can
phai qua cac budc thli nghiém, hiéu chuan va kiém
dinh dé dam bao sy hoat dong tin cay, 6n dinh. Hé
thi€t bi phat tia X ngoai cac tiéu chi danh gia vé
chét lugng san pham théng thudng, con mot tiéu chi
quan trong niia 1a phai ddm bao vé an toan buc xa
theo quy dinh cta Luat Nang lugng nguyén ti. L6
san xuat dau tién gém 3 may da dugc hiéu chuén,
ki€m dinh va th nghiém tai phong thi nghiém, tai
cong trudng vGi cac ché doé lam viéc khac nhau
trong dai nang lugng cho phép... Két qua cho thay,
hé thiét bi dudc ché tao, I&p rap véi quy trinh cong
nghé hoan toan dap ung tinh &n dinh vé théng sé
ky thuat theo yéu cau ky thuat ciia mét thiét bi chup
anh buc xa ion héa.

Hinh 5: may phat tia X hoan chinh

May phat tia X s dung chup anh buc xa trong
cong nghiép do chung toi thi€t k&, ché tao (hinh 5)
c6 cac tinh nang dap ting yéu cau ky thuat va thuc
t€ sl dung tai hién trudng. May c6 model: X-ray
Generator-NDE; s6 Serie: 001/NDE; cao thé (HV):
130-250 kV; dong phat: 5 mA co dinh.
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Béang 1: théng sé ky thudt cla mdy X-Ray Generator-NDE

Chi tiéu Théng s6
Nguén nudi AC20 +10%, 50 Hz
Cong sudt tiéu thy > 2,5 kW
Cao thé 6ng phong 130 - 250 kV
Dong 6ng phéng (c6 dinh) 5mA +5%
Tiéu diém (mm) 2,0x2,0
Trong lugng may phat (kg) 35
Trong lugng hop diéu khién (kg) | 12
Géc chum tia buc xa 40°
Do day xuyén tia cuc dai 40
thép A, (mm)
Céch dién Khi SF6
Nhiét d6 lam viéc 10°C - 42°C
Do &m > 85%
Piéu kién lam viéc Khoang cach ,FFQ: 700 mm
Thdi gian chiéu toi da: 5 phut
Ap luc an toan cla khi FS6 0,3-0,5 mPa
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Hinh 6: biéu dé liéu chiéu cia mdy phat X-Ray Generator-NDE
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Sau hai nam nghién ctu, trong khuén khé clia du
an san xuat th& nghiém: Nghién ctu ché tao may
phat tia X chup &nh buc xa trong céng nghiép thudc
dé an Phat trién (ing dung buc xa va déng vi phéng
xa trong cong nghiép dén 2020, cac nha khoa hoc
thudéc Trung tam Danh gid khéng pha huy da thiét
k&, ché tao va lap rap thanh cong th& hé may phat
tia X chup &nh buic xa trong céng nghiép. Thiét bi
da qua th( nghiém, hiéu chuédn va kiém dinh cho
thdy, hé may hoat dong dap (ing yéu cau ky thuat,
dam bdo an toan bic xa va 6n dinh. Tinh toan so
bo cho thay, ty 1& ndi dia héa dat 57% (tinh theo gia
thanh san pham ban ra). Viéc ché tao thanh céng
thiét bi nay da giup cho Trung tdm md& rong dugc
huéng dich vu mdi trong linh vuc kiém dinh/hiéu
chuén thiét bj danh gia khéng pha huy phu hgp Véi
tiéu chuan ISO/IEC 17025:2005 (viéc hiéu chuén
va kiém dinh may phat tia X trong cédng nghiép hién
chua cé don vi nao & Viét Nam thuc hién mét cach
bai ban va nghiém tic) =
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