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Table 1 Performance parameters of airborne radiation monitoring system

performance dose rate energy duration oht/k operating controlled
wei
indicators  range/(puSv e+ h') range/keV of flight/min & & temperature/ C distance/km
technical . 40~ about —5~
echnica 0. 1~10° abou <14 =9
parameters 3000 30 45

2 RFEITES
2.1 XITEEHEE

INERUERHAE A R E W RGN AT P&, KO A& RIFIHLMMERE, R EERE T MR E RS
AR IE R TAE, MRIELL LM EER, & EH T — 3R L ANAERNBE TG, ZEEINELA LT
R (D R\ BER BT, Ao A H s R AL, vl DR AL 58 /2 1Y 2 7 B RAT PR (20 HLAR Y SR ik £ 4R 25 44
FELRUERAR A 5 09 [) B DR AIE T 285 e 119 45 1 588
(3) HAT B 0y ] Py HE , Oy 5 09 ok 5 4t
.

F TR B e A B s A B R a2 K
9 1 B 1k T S 40 35 A 1Y) O D A% 5 B FE AL

(a) power module
(b) Nal (TT) detector
(c) GM tube

(d) ARM mainboard
(e) PC mainboard

RATANR oy T S 6 4% B 22 ] T R i G A (D radio
HA I solidworks #AFXF T i 4 I 2. 5T

BB A AT T A4 BT i E a2 B, Fig. 2 Internal design of detection unit
2.2 RGEEEHT B2 BRI R R A RO

2.2.1 WIEBIHRIT

BERGRHMER— 5V E AL (R BT 45 Fh 5 2 I 5 AR o AR — . B, e 5 2 ) 4 T
DA T i (0K B R PR G 4 i e PR AR Y T AT R R B A A PC B 12 V it B A
5.5 Vi DL R AR EMAY 3.3 V ke,

B 3Ca) A DC/DC T H 6 J50 2 1], B R el Ja i el 3 O 45 AR P el 25 1) i B e o FH S 2 1l
MOS 78 1 {55 45038 B 25 HL 25 I 52 e O e X ST R TR . B 3 AR R G 5 V It 12 'V HL B i J 2
K ,1Z DC/DC F i H % 3 FI TT 23 WA= 7= 1) LM3478 VB THEE S A 1Zu i BT 2. 97~40 V I 54 A L
JEAE R, B R AT R AE 100 kHz~1 MHz o] 98, [ 47 6 G i AR DR . Iz R EM AR Vi, =5 VUi LR
V=12 VI HH L, =1 A IGFO T 3308 7E 85 % L I

WE 3 Frn . 1 G GRS, 85— AN Sh B R FT LURR U5 5 5 40 o R AR 5, R AS 5
B2 AR PR S BT E O 4 S RS B R A VR T L 3B R B SR B L i B R 2 R Dk e
1,26 V., 4 oty 14 B2 el BELAH S S e 28 5 1 v BEL ) R /Nt R A Sk i e R V7 HEA T R ARG R S

- inductance l\l Ty 5 inductance| N
; _| I >l § — [

1
8 Ry,

6 MOS|
3

LM3478

in out in
4 5 7
R
L] R, R "
K v B

(a) (b)
Fig. 3 Schematic of DC/DC boost circuit

&3 DC/DC FtHE H fi I 2 &

1 'S

106004-2



R A A . /NI SRPLAL A8 B ER B I R e A Bt S S

1. 26 V:VOU‘RH/(RH +R}_7) (1)
7 IR AR S 8 TE AR AT DUE o O %5 | i B AT R BR R
R =4.503 X 10" f1% (2)

A R TR BHL, £ D9 TARBUR o A1 0 I 5 L I A g v A T o0 4 F A gt L 0 e BROAR o 22, o i R ML
/AN o D0 oL P 14 7 A S AR AR, DT S B0 A J A A — B (] LR L g R O & R G ey TARAE AR i 2 e
AT SRRV R BE R AEREAL IR 1 Gk M B0, 024 3l 2

\%

Ai,‘zDTféﬂmg (3
\%

Loe =7 o 4

avg Vin77 ( )

o Ady Oy HUBCR I WV AEL s T O TR OCJR s D O JF G A B ) 5 SR 22 L 5 1, R P B HL A 5 9 Ol B R
B, HGHRAR ()15 F)
Vi (Vow — Vin)
2V S Tou

PhV,=5V ., V=12 VA KEBERFH p=0.85,R.=26.7 kQ.I,, =1 A, fRAKX G A[E L=1 pH,
HIEEAA — T A, B — RO A f/IME Y 3~5 f5 . B HUBE LAY [ B A AR % A Ao R JRR Y R O 0
(B RN S e 4 LA M 08 ORI U A R A e J%, 75 DUDHE 2 o 300 e JR A R B 4, 3 5 S I

R T U /INSCE T L 7 R B R AT i P P R LA AT TR AL B, AN, S Tk e N O R A
I AB K H VR IE 674 S HE e IR T 8 4 o 7 R TR AR FRL R A A B T TR T T B R
2.2.2 WAKXBEHBET

i A UBEH B 2 GM BB R B R L P GM 4 L GPS $dg i seit RS Kk, WK 4 s, %
R 1 F (G 5 AT ALL RN 0 AN 0 4 RIS A R — A 5V ] 500 VY B R A B AT 4R R GM
RGPS Bs i SEi RS &% . Bl 4 SCRHEP LS R4 . i GM A5 0 4 H el A, T R 3 A
mA 9, MR YEH FE AR AL % DC/DC THE HL B A 3 il 8 T MAXIM 28 /4 1 MAX641, 3% 3500 R 5
T8 FH T e H TG H 90 L B TR R S T 8006 . T RRL B TR D 2 ) R R R I A R R L
T R A MOS 8 19 w55 45 38 7 S 28 S0 TH R D RE S 1 F R T8 S AR FB St S5t HL BEL R 1) BEL{EL K 14
MOS 4 1 by Ha 46 38 W7 0 FF 56 & B 1 8+ 4 2L, T vk AU 5 0 200 5L AT T2 8 B9 T R (B AT R AR . o T TH BR AR
A P X E TR 8 5 00, 7E F PR S AR T RC 38 PR D AR AT U B A B f T R R AR AR S AT R, O
T B L R A R X AR R B B 4y 7 A T AR AT PCB AR AR JR B R R S A AT T B B AL B

P A R R AE P i H I R B0 43 o B LPCL549 08 7 A felods il 4 » i s >R T Cortex-M3 N #%, 3%
Fr2.4~3.6 VRS JEAE e . 30k ) B 48 VB A G S i A R T, SEIHR ] GM A LGPS BUE i i S
K%, FE T MAX3232 WUk #8647 B F B 564, Bl 5 &% & PC AR IEAT SO0 A0 3 . S B4 ol 25 X L R 4L
P EOR B AR E 5 AR S AT BRI /D S0 09 T 90, BT LAV T 3 ol YRR B 42 AT rl P 1) 2 4615 3
3.3 V BYHL R, 172 e B AR i A 2 A b P i 4

L= (5)

HV part

' 1
\ [JTAG B 1
12V 500V, | GM | digital part 1
nput [| AN TRV ] tbe Coums% 1/0 :
§ 1 . . [}
5 | micro-  Jtransmit 1
z 1| controller MAX3232 |1
s | LPC1549 1
< I’ bus !
Z GPS  |e——t1/0 |

=3
S 1 ] |
[ S -

buck converter T 3.3V
SVDC GPS data

Fig. 4 Principle block diagram of embedded module
B4 A SR R AE ]

106004-3



oo ot 5 s TR

GM 15 5 R 4 HL B AT O B8 AR T 19 B a8 0 o AR SOl i il T — A NPNOBS =B 48 4 D I 56, SE 80 GM
EhKE S RE ., TR ARG I ES I, SRR BRAA T 3.3 V IR o, M 28 1/0
H 5 = A AR i R i POIRAS . 2 GMUAIE S B K 45 5 I, =B A BE A Bt 2 7 A — >
P 5 Ca) i 7 B 1E L Ko s A Vo >0, A Sl . IR Ak PR 8 5 A AR A RO A T/ O S 1 )
— M BT RO — . BT 5 (b) B R O SRR HEAT T OCGE W L 7R AR HUBR AR B R TR DK b O L BT X A I
BN GM L 5] T Ak b (55

F 3 F 3
(a) (b)
6
> 1000 ¢
8 z
> 3
g E
S 500 S
2 2
2k
0 2 4
0 1 1 1 :
time / ms 500 1000 1500

time / ps
Fig.5 Voltage pulse waveforms of transistor

P 5 A 5 R
2.3 REFIE MmN LZLMEEEMNUE

T ¥ B A G0 R ) R AR L AR W AR SR T ORUER I B T VER S L it Nal(TD R #85 GM 4
A Bk SIS R ) R 3 R R R A ORI RGN — RS IR R R E . R T R
255 14 791 23R 00 i 0 T L R A A ) R 2 D e 5 L 00 0 0 A T R S T 45 A R o e 0] 2R kS .
FEVLINAE VT BE i bn o 70 i 4 T A S B D 3, e 2658 3 origin BUA 75 2 T AN 6 F s 19 751 2 23 i) v il 2k .
H & 6 Ca) AT L& 3 Nal (TD #R I 8 7E 0. 01~ 120 pGy/h 138 B P, 700 5 238 mig 1o iy 28 i R P44, v T 120
pGy/h #45 H F R A8 & A 3650, i 26 2 iy ™ L i R M 2Rk dR 22 I IL R T 120 pGy/h 3843 FI A Nal(TD
I3 0 fE % L AR B R BOoR A R , RAEVI e = GM F k4T, GM & T gt L om 1
pGy/h~100 mGy/h, AAE RS %, 0 T IRAEH GM 45 (9 118505 1l 50 1 770 i 36 Fh O ok B nT A 70k L 647 T 5K
WM, TSR AR BRI X 400 pGy/h DUR #EAT T 82 BR L £5 2 & 6 (b) fr R 19 GM. 8 7] it S5 ) i
2k, i B AT L& B 1~400 pGy/h i [ 4 #h 22 B e PR 47 AR B GM 45 76 H AR I N 77 i R 5 T B0 4R
R PR — Rk AT LAHE 400 pGy/h DL E B 50 a2 ma b i R 2 PRI 00 . 456 DA LS g L, RIE £
FR G0 5]tk R0 Sk 8 M T L P DD B B B AE 100 pGy/h 2247 HE 100 Gy /h LUF Al NalCTD #8300 5
i, Mt 100 pGy/h APl 2= GM 450 & .

4000 800 Co-60
E - - 0-
Co-60 700
R’=0.9998
3000 600
500
£ £
O 20001 o 400
. 300
1000 / 200
Ve 100
/I
0 T T T T 0 T T T T
0 100 200 300 400 0 100 200 300 400
dose rate / (uGy-h™") dose rate / (uGy-h™)
(a) dose rate response curve of Nal(TI) (b) dose rate response curve of GM tube

Fig. 6 Dose rate response curve of detectors
P& 6 FRI 25 50 e 22 1 pth 28
2.4 HHEFiEit
BB EEA T I AR T T A AUEE A B R B AL T, IR A X F A CHHEF RS 5
B, EEIA GM B GPS $di R4 Lkl B EES . T O ALEE T 58 iR R 3 BRI DL SO U

106004-4



R A A . /NI SRPLAL A8 B ER B I R e A Bt S S

(R AR VAL PR S 3K R A BEOR AR AN 18T 7 s L 25 e A B S p B il Bk B ki = B L. b
PEALARAF 32 B S BURE T L0 38 A RO 1) S I 7S 3 2 5 B A 1A TR AT I o e PR SR R —
LR A SR A B P S TR 2 BB AR S

dose rate ’ exceeds switching
i switch to GM
( dsal ~
energy spectrum exceeds alarm automatic
analysis threshold alarming

J \

data
acquisition

detectors

Fig. 7 Data processing flow of lower computer system software

7 R ALER R B Ak B AR

3 EANAERMNEEGE

RO PR R AR AE R R RE R AR R —
X S B 400 o A rh AT o B AT R DL R N )] A S8
MEAAEENSEZE L., T NBIE W T %
S ) R S R U SR 3 BB /N AT R I T B (MDA SR
FEAE 8 5 W I 28 G 0 R A . MDA B i K /N 5 IR Fh 2%
P8 A IS RSE DL SR D e ) 45 PR 38 A 56, R £E E FTIR Fh
25 I A R] BRI BE B A A5 4T L A0 2% BT e 0 3 i) AR /N TR
R, XHEMH T MCNP5 24X $50 mm X 50 mm [ Nal
CTD R 5 76 AR 5] BE B9 4% 44 T A B0 2E A7 17 A5 480, A 4 8 )

SRS PR ROST AT s R Sk AR B A0 & 8 I s, AR o AR POl 1Sk Y Fig.8 Model of Nal(TD)
MaFE RS H RN, B8 Nal(TD# 3 fEm

TR A LB T Am-241,Cs-137,1-131,1r-192 Fl Co-60 T Bl STV o 153 T Ffr e S5 T 158 A o, 58 0 47

L, A AL I 18 A S B IR) R 10 s, B ARCEL T AA T A5 BOEE BN R A MDA A R
_2.71+4.65/B
OMDA —
T\ pe

A H : MDA H (ovpa) ALK Bas B A IREEA R s T W& B 18] 5 0 O~ v S5 2800 & SR s ey UG 8 D 50K
HEAJE B o] i SRl 45 3] e i 2 REWE PN 10805 TR R BT BB TR Z He AR B BRI T R A R A R
2 iR,

(6)

F2 AEEHET MDA EIHEER
Table 2 MDA of different conditions

source OMDA /Bq
distance Am-241 Cs-137 1-131 1r-192 Co-60 Co-60
/m (0. 059 MeV) (0. 662 MeV) (0. 364 MeV) (0. 355 MeV) (1.17 MeV) (1. 33 MeV)
0.5 4, 46X10" 1.81x10" 1.55X10" 1.59X% 10" 3.69X 10" 4,07 X10"
1 1.8X10° 7.03X10* 5.97X10* 6.09X 10" 1.41X10° 1.56X10°
5 4, 38X10° 1.73X10° 1.51X10° 1.53X10° 3.52X10° 3.75X10°
10 1.67 X107 7.11X10° 6.26X10° 6.55X10° 1.42X107 1.51 X107
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I RW, s i T oA E R R E L T AT RW L W, /W B AT A5 3 B R i A SRR e B

106004-5



oo ot 5 s TR

REE AR AE PR 23 7 20K 5 4 9 R P b AP e BEAT R Al AR b i B i B TRk A B R ALY
[ R 228 b A A0 IR A i S S vl ) JSEL 7 A A7 P 6 ) DR T o o DA iy BEL 78 52 o 4 o ) RS e b AT
SAL B T X — T

2.3 5 HOR R G850 AR I 2 A 2 M R EAT T E L R ELB S T R R A8 B D A . O 1
FR G0 i A A A P ORI R G R 2R ] A R T A o R B I A5 SR X L SRR 3 R, AT
AR BLARGEAE 0. 01~400 pGy/h (38 B A A 00 45 15 2 50 /0n o 15 10T 2 0 % 791 4 ) 00 5t JEL A e 1 o A 1
A GM AETEI 1 pGy/h~100 mGy/h %00 8 i Bl A 50 f2t = 0 7 2 R 45 RLAF 2Pk X — e i PS5 3R 6
~9 FHYSLE LR R ATHfE S 400 pGy/h LhE GM &4 A9 1R 2216 &0 » vl 0 &R S8l RLXTE 400 pGy/h RL_E R 23
Frim,

K3 RAREIVANEXSRERSHEX

Table 3 Comparison of system measured dose rate and standard dose rate

No. standard dose rate/(uGy * h™') measured dose rate/(uGy * h™") error/ %
1 0.08 0.082 2.5
2 0.4 0.416 1.5
3 1.5 1.524 1.6
4 5.0 5.152 1.4
5 15 14,232 5.1
6 50 47. 856 4.4
7 100 105. 707 5.7
8 200 206.126 3.1
9 400 421.158 5.3
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Design and implementation of minitype rotorcraft airborne
radiation monitoring system

Wen Liangsheng', Gong Pin'"?, Huang Xi', Wang Peng', Tang Xiaobin'*, Chen Da'**
(1. Department of Nuclear Science and Engineering , Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016, China;
2. Jiangsu Key Laboratory of Nuclear Energy Equipment Materials Engineering s Nanjing 210016, China)

Abstract:  With excellent mobility and environmental suitability of minitype rotorcraft, which is combined with traditional
nuclear radiation detection equipments, a set of airborne radiation monitoring system was implemented by development of hard-
ware and software.application of wireless communication, GPS and nuclear data processing technology. The terrain environmental
impact on system can be ignored, and radiation damage to workers can also be avoided well. This paper introduces the configura-
tion, operating principle and several key technical difficulties of the airborne radiation monitoring system, the design of key mod-
ules and measurement of dose rate response linear range are described comprehensively. The test result shows that the system can
give a real-time and accurate detection on the radiation of environment, which can be used for daily environmental radiation moni-
toring or searching for lost or orphan gamma ray sources. A new method for nuclear accidents emergency is provided.

Key words:  minitype rotorcraft; real-time; radiation monitoring; searching for gamma ray sources; nuclear emer-
gency
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