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Neutron generator for the array borehole logging 

Abstract 

Lu Hong-Bo．Li W en．Sheng，Guo Jing-Fu，Yue Cheng-Bo， 

(Northeast Normal Univc,。sity，Changchun I~oo24) 

Zhong Zhen．Qian，Shi J Jan，Luo Fu-Kang and Chen Bao 

fLogging Institute ol Jianghan，Qianjiang 433123，Hubei Provincf：J 

The performance mechanism of the array neutron generator to be used to 

porosity logging is presented．The neutron generator utilizes a drive—in target ceramic neutron 

tubc．wlIich bursts neutron with fast．slow period selectively pressure．R egulation of tile llClltrOll 

tube is accomplished by pulse width modulation．Tlle high voltage power supply is operated 

at optimum frequency． 
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1 Intr0ducti0n 

The lleutroll generator is applied to a Hew 

neutron porosity logging tool(APS)，the detect- 
ing part of which includes five high cfficiency 

3He tubes arranged a8 array．Thc four of them 

are used to(1eteet epithermal neutron，and tile 

rcst one is used to detect thermal neutron．Bc． 

cause of utilizing the pulsed neutron generator， 

the harm related to a radioactive isotope nell- 

tron sourcc is overcoinc，tile following nleasUre- 

ments Call 1)c carried on： epithermal neutron 

slow．down time；formation capture cross seE- 

tion ∑：epithermal neutron attenuation time； 

the epithermal neutron count ratio in the two 

kinds of source space；the space between log- 

ging tool and borehole casing and so OH．W ith 

these inea．surelnents an(1 handling techniques， 

vertical distinguishability is improved，tile ef- 

fcct of space between tile logging tool and bore- 

lrole casing is cut,down，the more precise poros- 

ity can be given．But，tile pulsed neutron gen- 

erator with this nleasurelnent method requires 

a higher neutron yield，emitting neutron with 

f~．st and slow period，which can emit 30 neutron 

bursts with Hilts width in tile 1 200its and 1 Hell- 

tron t)urst with 100p．s width in the 800#s_I。， J 

According to this pattern，we develop this Hew 

neutron generator． 

2 Major specifications of neutron 
generator 

(1)Eufitting 14 MeV fast neutron，neutron yield 
being larger than 4 x 10。n／s． 

(2) There are two operating modes in 

one neutron pulse period： lO／ts／30／ts× 

30+100／Ls／700ps x 1．This means neutron pulse 

sustaining duration／pause time x pulse IlUlll- 
bers． 

(3)In a continuous operation for 4 h，tile change 
in neutron output yieM is less than five lmreent． 

3 C0n矗guration 0f the neutron gen— 

erator aDd circuit principle 

Thc neutron generator includes a sp,~cial 

ground and regulated power supply．an(1 all 1111- 

der well neutron generator．Thc lattcr consists 

of a neutroll tube and a high voltage nmltiI)lier， 

both of which are installed iI1 a 74ram diam- 

eter sealed stainless steel tu be．which is fille(1 

up with dimethyl silicon oil．Expanding-proof 

method is adopted here． Thc COlltrol circuit 

is installed Oil the two sides of the “I” shape 

franle．The electric circuit diagran l is given i11 

Fig．1．There are an iOH source control circuit，a 

reservoir control circuit．a target electrode DC- 

AC converter and a high voltage nmltiplier in 

the borehole part． 

4 Neutron tube 

Neutron generator utilizes a NT503f 50ram 

in diameter1 drive．in target ceramic llelltroil 

tube．which includes a cold cathode Penning 

ion s0ur‘：t：．a mixed deuterium-tritium reservoir 

and a drive．in target．W hell neutron generator 

operates，the nfixed deuteriun卜tr illnl篮as will 

bc released by heating the reservoir．DellterollS 
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and tritons produced in the Penning SOllrCe 

are accelerated and bombard the target to pro- 

duce i1Clltrolls with an energy of approximate 

l4 MeV．N1211 Cron tube exhaust is finished by 

high ternt)C．1'ature exhausting technology，which 

gets the optinnnil condition．Neutron output is 

23 

maintained at a stable state by replenishing the 

target with a mixed deuterium—tritium beam． 

The lifetime of neutron tube is relatively long 

ail(1 exceeds 400 lI． Ttie neutron tube(；all I)e 

stably operated at up to 150。C． 

Fig．1 Tile circuit diagram of lleutron generator 

1，2 Gromld ad,iustablc voltage 
pOWel‘sup1)ly； 

3 Regulated voltage ciz’ctfit； 

4 Plflsc width m odulation； 

5 Rcscrvoix·convex·ter； 

6 Ion SOIIX‘CC controlling cix‘cuit； 

7 Sampling； 

8 PI regulating； 

9 DC-AC COXlvertex‘； 

10 High w)ltagc nmltiplier cix'- 

cxzit： 

11 Neutz，‘)1I tube 

5 Ion source controlling circuit ceased，the output voltage is 

Ion sour(-e controlling circuit is utilized to 

form about 2 kV anode pulsed voltage，the cir— 

cult diagranl is given in Fig。2． The oscillator 

gives a square waves with 401zs period alld a 

monostable multivibrator I gives a pulse volt— 

age with about 301Ls width，which are input iIltO 

an analogue oI)eration amplifier 10—5．W hen the 

3 1st pulse arrives．R—S trigger transfers to low 

electric level，tile fast operating nlode is(；ea~qe(t． 

a moilostable multivibrator lI，which Call be 

used to adj llSt delay interval between fast and 

slow operating nlode， 

Pulse width is about 

triggers at the Same time． 

30tts． The third monos— 

table nlultivibrator produces a pulse with about 

1001zs pulse width．W hen the 51st pulse arrives， 

tlle R-S trigger returns to the higher level，tile 

slow operating mode is ceas ed and tile fast op— 

crating mode is resurlled． The anti—excitation 

COilverter using BG1 as the core gives 2 kV fast 

pulsed voltage．a positive—excitation converter 

using B G2 as the(：ore gives 2 kV slow pulsed 

voltage．A set of pulse being composed by pass— 

ing through a diode or gate circuit supplies to 

the ion source anode，the timi ng sequence is 

shown in Fig．3． 

Magnetic current of the anti—excitation 

converter CO1nposed of the BG1 is in the contin— 

UOUS state，which llleans that transformer sec— 

ondary coll(：ill'rent and tl'ansformer magi【letic 

flux to be larger than zero before tile BG】is 

1=礼1 1／(1— 1)] 

where is all applied voltage，61 t ／T 
is tile duty factor of the fast pulse，n1 is the 

coll ratio of the transformer [3I
， parametcrs 

of乃 decide mainly the fast pulse fall—time 

which is lCSS than 3tss。 An output voltage of 

positive—excitation converter consisting of BG2 

is 2 n262 ，where n2 is tile coll ratio of"the 

transforlner ， 2 is the slow plfise duty factor． 

The two output voltage amplitudes can be the 

same by changing th eparameters related to )1 

and Vo2． 

6 Reservoir controlling circuit 

The operation of tile reservoir delrlallds 

about 1-2V voltage and 1 A lmating current． 

which controls tile gas pressure within tile nell— 

tron tube．The reservoir controlling circuit 1lti— 

lizes a set of alone excitation converter circuit 

for producing an unsine wave heating current 

and the same power supply with the iOil source， 

which is not stationary voltage．Tlie inethods 

for controlling heating current have two ways： 

one is manual control by changing supply volt— 

age巧 Oll the ground；the other is automatic 
control under wel1．using pulse width inodu— 

lation．Automatic adjustmcnt under wcll can 
be accomplished by changing the surface power 

supply voltage within 5 V． 
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Fig．2 The principle diagram of ion source~llode controllin置circuit 

1 Regulated voltage circ~fit；2 25 kHz oscillator；3 Monostable m~fltivibrator I；4 A|i oguc operatjon aIllI】lifier 

5 R-S trigger；6 NAND gate and negative buffer(fast．style)；7 Me，nostable multivibrat0r II：8 Monf堪t；山h： 

multivibratorⅢ 

(1)25 kHz oscillator 

(2)Monostable lnltl— 
tivibrator I output： 

(3)Set 1 plflse 

(4)Set 0 pulse 

(5)Trigger output 

(6)F,'rst style driver 

(7)Delay single sta- 
tionary state； 

(8)Slow s r 1c drive 

(9)2kV output 
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Fig-3 The timing sequence diagram of ion source anode controlling circuit 

TL494 iS utilized for modulating pulse 

width． Anode current modifies the duty fac．． 

tor of the pulse．The sampling signal from the 

returning circuit of the ion source anode is sup— 

plied to the error—amplifier of TL494 by propor— 

tional ail(1 integral regulation．The circuit di 

gram iS shown i11 Fig．4．Because the process of 

releasing and absorbing gas lags obviously be． 

1find the change in electric current．the integral 

time constant of PI regulation iS about 30s．14j 

7 T
．

arget electrode high voltage cir— 

cuit 

The independent excitation push—I)lfil oil，一 

cuit is adopted for DC—AC converter，the two 

way mode is adopted for high voltage multiply— 

ing rectifer circuit．The ion beam is pulsed I)e— 

cause of Imlsing operation of ion source．W hen 

the pulse occurs，the pulse ion beam currellt 

is 4-8 times of the average beam current fthe 

④ ⑥ ⑥ ⑦ @ 
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duty factor of fast and sh)w pulse iS 1／4 aIl(1 

1／8．respectively1．While tile ion beam current 
occurs，tile capacitors in the multiplying circuit 

are discharged．The effective output voltage of 

tile multiplier descends．This time iS for emit— 

ting neutron．If tile high voltage descends too 

inuch，it lnigllt decrease the neutron yield obvi— 

ously．tile snlaller the internal resistance of lligh 

voltage power supply，the better it would be． 

The internal resistance and frequency 

features of'this circuit llave been studied 

experimentally． It can be seen from Fig．5 

that．in tlIC pairs of curvcs there are the same 

1．PI regulator 2．PW M drcmt 

To r~ Fvoir 

Fig．4 Reservoir controlling circuit 
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