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Development of Automatic System for Reducing of Occupational

Exposure Dose 1n Ir-192 Radiography
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Abstract

Using Ir-192 gamma source for radiography, it is difficult to reduce occupational exposure
and to do quantitative quality control because Radiographic Test is almost hand-operated and
is not improved for a long time in domestic. In this study, a controller with BLDC motor of
24V, 200W which has output of 54 kgf - cm and one-chip microprocessor which can control of
speed, position and exposure time of Ir-192 gamma source, a remote controller with RF
module and a automatic radiation alarm monitor device have been developed. The developed
system is predicted that the unit can be in many practical applications with benefits in
economical advantage. Also, occupational exposure will be reduced because of remote controller
of developed automatic system for Ir-192 radiographic test.

LA E
1960 ol m=iso] 4001 Azt At 7o ] WA FAAAE AEA e A%
Ao YAEE ot %5‘1 Ir-1 29} Co-60°] ird Zvbd F3a4A A8 A7) 1,000 o &



25000113 o) FAATE Aol A Fobm Agshs Aol AN 7% AEe goH o no
stoft. mek et R ol gH e FHe] AT ggAon st B FF B
A FF

e A g glow, dnielat HY 4 = 7SV A gobgol wheh AR
=

=
A =oAL dnh

Aol el ATAAAE AR AG@A o] defWriel AN Eo] FulEE 3D 7%
24 B2 J)9es Ade] rh eI ICRP 60 A3 98 Fatelolals Aol WAL
Z Azre AR estelorat” wely gufARaAAAe B Eo] FukHE S5
24712 RF 92440 A29s 458 42 AR PAAdae) v Egnsh ol
ANEY B, AR wEAY A4 Fon RagAe) B4, $ANMAY Fr 2 AYNE

FAS ZYE 2= 91e Ao
o] A& EE= 1,000 W«l Ir-192 Z=APE A9 OlFE2 1= Tech/Ops AF2o2 A=
FVsa AQANFE} £EF 247 TS o) §8te] gk Tech/Opsel Ir-1929F Co-60
o dd A5Y AAxz47]= AC A e wE @}717} gEskH o] glot DCxIgle o

E

& AAA ] ABH AU ket sro} /1< Ade] Bayel vk

o ATAME FA e FA ATHAEAEAS) $EY 2478 wgon UEM] gt %
g9 AA - AH, sholo] o) & &msh AU A Aol 71*, wE A Ao, FA AAxH A
sdle] A 9 A% ARAA BEE ATE A9 A% FEG A5 FET 5 Ax

Ir-192 ZvHd F3p4 AL ] 2bsstrle e 84S S8k
2. AP AAN ] AFEA 2 A

o192 A9E WA gridzssle] F £EY £471F 4505 9] BLDC 2H
o1 g3 TEAA, WA AA - ZAAL - o] B Alojaty] A ARvlo|a =z AN, 97
AlolZ 918 RE AlolA2g, 94 #9 olge P4 FEo¥E e

A R= I e

37 e A4S

o

21 +&ZA AA 2 A

=] ek FEat g Aol s wol o] &t Ir-192 AR E3 AL Al | 1ol M9 o] &
Y A7), Ir-192 A9 Pigtails HAs A9 A B FERE A HAUAY F5d =4
71 7loldl 3§ spolo] FRxAT|9 stolo] Ela golo] fFEIOo R St Lole oF
76melth. A= AESdE AHAR SAld S A Hpigtail F27F 1o "1‘30&‘44
o] Aol 1E 32m=z Hol Yk pnpd FaAAAN e AE A 2w AR glo]
A Azx E ANZE vyt o® Reverse Engineering 71 H-& AMg8le] Ir-192 A9 F2A%
AAsLG T FAF7 ] (projector) WHel 9= A9 pigtaile AAF RAEAR o]FA7]7] Yl
2%} o] -5 E(driver wheeD) ¥ Alo] Aol &(control cable)s AA ST} o &A= 7]
2 (Pulley)®] HF2Q Fx22A ddLEs AATFom WA T = Wo“ﬂ TEdAFY st
olty, ey FFEAl &go] EAStE THo] Ad+=dl, EFE(contact ratio)d] 7t Fo AA &
]

A AR Y 2 G a5

S 3w

ﬁu

L e ol o oX [z

—



Passive Remote Controller

Guide Tube

Source Projoctor

2% 1. The diagram of typical gamma radiography equipment

213 2. The Diagram of Drive Wheel and Drive Cable
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X 1. Reaquired torgue for operation of gamma radiography equipment

Geometry of Max. Requireq Torque Avg. Requireq Torque Avg. Required Torque
Guide Tube for Project for Project for Retract
(kgf - cm) (kgf - cm) (kgf - om)
Type A 20 10~15
(the opposite direction of 28 10~15 10~12
gravity, 30°) o) 10~15
Type A 26 10~15
(the opposite direction of 20 13~16 10~12
gravity, 60°) 30 12~15
Type A 20 13~20
(the opposite direction of 25 13~15 10~12
gravity, 80°) 30 13~20
Type B 20 15~17
(the parallel direction of 22 13~15 10~12
gravity, S¥ ) 30 13~15
Type B 28 9~10
(the parallel direction of 20 9~12 10~12
gravity, semicircle) ) 9~10
Type B 22 12~14
(the parallel direction of 20 10~12 10~12
gravity, oval ) o5 10~14
Toe G 22 10~12
(the direcii/gn of gravity) 24 10~12 10~12
20 10~12

* Maximum Required Torque for Retract @ 30 kgf - cm
= Model of Torqgue measuring apparatus : No. 120DB3-S of Tohnichi company
(Measurement Accuracy =3%)
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19 3. BLDC (Brushless Direct Current) Motor
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1980 o FWby-E s st A A W Reokd =% A&ska i, FHe DC
GearedRHE HAA o= diAlsta 9= FAleolth BLDC 2H9 F& 442 A7|4, 7144 =
olz=7l Arom AFEAdo] i, FAEFIE 28 glom 1E&s & MEG EEA I Jhsdtths
Zolrt, BLDC R2H | RA/EL/ZAMAZE AlojE & 29 49 Zo] dsafE o]&3t7] % A
2ol MY AHEE APstd trls Aozt 7bed BLDC EE O Ao]& =gholH
(Driver)7} 3802 By Ho] Wo] 2ol gle FAlolth & dAolA s REEZ ALY MC33035
BLDC RH ZEEY & o8& A& =gto|WE o] &35t BLDC EHE A3ttt

St mEel AL g9 ARAA 729 veAG AFA
& DC =HY BHd ueHs ARAd g ~9He
gate] AAAA 299 ow uH A4S BLDC 2E7}

Detecting Method

00 slito

Converter Inverter
................. - O — >

Photo 7} Sy LED

Ba } ——} i - Encoder  gopeor

1
! —— 1! : 1 BLDC oooo
AN i | —I | 1 Motor,” - \ " y

: T
................. HET i
f HE | — i Magnetic
- 1 il o 1 Sensor
E3TE | - ‘ el T -
- 1 i 4l LA M 0O0DD00O LOOP
1
10y
l....-H.-.... |
- Jrar= | DOODO Loop
- ]} |

T ;. 0ooo Loop

Input
Control Panel

1% 4. The schematic diagram of encoder with BLDC motor



BLDC BH % =go|HE o]&sle] Ir-192 #rldzAlr]el AYS Aojst= 22 (Logic) Al
A2 (Sequence) 3| 5 o] &3t A o] PLCE o]&3t Ao], Yxnfo]maR L2 N5 o] &3 Ao 5

ol Itk 1Y 6= FHAAM, REY Holv & AMESte] 7AT AdA Alo]F Ry

Photo Sensor(Through—-Beam type)

Source Arrive
Signal

tor Driver Exposure Time
i Terminal Signal

Source
Arrive Signal

BLDC Motor

Current
Controller Speed

Ccontrol Source Arrive Signal : Stop
Exposure Time
Terminal Signal : Backlashing r

% 5. The concept of controller by photo sensor, timer and BLDC motor
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219 6. The Electric Circuit of Developed System using PLC
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219 7. The Electric Circuit of Developed System using Microprocessor
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Power On

Variable
Initialize

Main Menu
1. Input Src Projection Speed

2. Input Projection Time

3. Input Projection Distance

4. Choose Automatic/Manual Op.
5. Start Radiographic Test

Variable
AM?

“Radiographic
Test *

Keypad Value?

Keypad Input

Spd, Tme, Dst, AM < Input

Keypad ?

Storage in EEPROM
Spd : &h7fff
Tme : &h7ffe BLDC MOTOR RUN BLDC MOTOR RUN
Dst : &h7ffd — Clockwise Direction — Counterclockwise Direction
AM : &h7ffc —Op. Speed : spd —Op. Speed : spd
— Projection Distance : dst — Retraction Distance : dst
Emergency Emergency
“= Input i i
P Keypad ? Stop Signal Stop Signal

Position of Src
; hall sensor Counter
value (i)

NO

BLDC MOTOR RUN
— Clockwise Direction
—Op. Speed : spd YES
— Projection Distance : dst
BLDC MOTOR RUN

— Counterclockwise Direction

BLDC MOTOR Standby —Op. Speed : spd
For Tme(&h7ffe) — Retraction Distance : 1 =0

—

BLDC MOTOR RUN
— Counterclockwise Direction
—Op. Speed : spd
— Retraction Distance : dst

19 8 The Flow Chart of Developed System for Projection of Ir-192 Source



29 9. The Electric Circuit of Radiation Alarm 2% 10. RF Transmitter and Receiver

Device using Microprocessor
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2% 11. Relation of Speed vs. Max. Torque 29 12. Relation of motor efficiency vs. rpm
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29 13. The experimental diagram 19 14. Relation of consumable current

of RF remote controller vs. motor rpm at max. torque
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