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by

Francis P. Hanes

ABSTRACT

This paper describes the engineering design and constructional

detaiJ s of a so1 id-state signal conditioning system developed for use

witl: the DX velocity gage . This circuit was originally deve’oped for

and used on HEST V. More recently the circuit was redesigned to add, a

reactive balance control, and 192 channels of these devices were built

for use on ROCKTEST II. The paper discusses dynamic response of the

system including frequency response , step function response , and over-

all system response with a fast-rise velocity pulse imparted to the

DX gage . Also included is a description of a novel method of synchro-

ni~ in~ the carrier oscillators in a multichannel system to avoid 
carrier

beats .
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lue ncies t . ’ “othor  ;-;itii tICe ir~o’: it’~~C 1,5 s t r- t , : 5[ o ’C ’. ti” ’ .~ .’ l b . ’ ‘[ C c - O  r
cc-<in t,: in : ;stem wir iar . Thin s- .Coiit i ’  .r~ i-s’o’iu’” -: 1 .: fl”-2),iOi,-:CJ, C C  ‘,c- ’
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b

amplifiers . The ob .)ection to this method is t :,~ t if t h ” ' O n ” '’  O ’ O’

lator J ails at a critical time in a test , th ’: “ “'at ir ” ; co:- ’r ios ::y: ’~’oCfi b.C

lost. Throig h the use of multiple (but s:1 nchr ’rCi ,:~ i) c u’ili;.t’r:, ~~,:

system designe d for ROC KIEST II is not :ut~~oct to th in  tITO of ( C ot’  - 

ti
strciphic failure . Loss of one oscillator will result  in 10:1 of :ril:
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lar l Lc data channel losses resulting fr~~ component failur e in ti~in
area.
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p1’ t i r~ 50 alhliorith~ of an inch thick . C omponents u ,,;od ;-i-:ro :t,C~no C ’ 0  C

tolerance d fvices rr ’rnli l , ,. available from ele :t r ’ i ij , ’ p or t s  ‘u~~ Jo I l - i : . -
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a ,: ‘: — ~ b.JCo.l C C ” C I ’ , C i tl  o r  ~:“r ,i:

la . I  
‘on , , ; J, m l  cm-Iit ioCCer ( : 1 ’ . 5)  C C - f l :  H I . . “c i’ -a ‘t r,offe r ‘ni :  11 C ii’!’ .

sc’II- 
o’rcJo; “ir’-ui t , I: ’modd-s tcr , z ’i tt r r , ant ‘~ aC1li t i”r .  Tt. o but t ’  r ‘n , I I —

am - 
Ii’ -r nor’,- - ,’ t -  i ::nl.o.tc’ tin: c -co i l  In ’, ~“ ‘.‘rom ‘to r cC h r,nCn 1,; , thus lo in ‘b c-

Powe r r cau i remc-nt s ci’ t he -. s cj lj ~~t-n r ‘c-id r c”JuCi~, the  h ilcelib ’ ‘ ii :1’

or .  :c-ta1~ between channels. Ai~ exc i tat ion  s r” i ;t r  1 is 3~~~ 1 . ’ l ’5tt ” C  - ‘it.’:

the b u f f e r amr-lifier iini ‘h o,1lo’~,’n -:har~n c-J — t i , — “ ; C t t it’,Ol “‘ ntr ’, I n J  c ; : ‘ it
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at r 
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dccil”t i’ .:‘,‘: ‘C, r- ’-n1c’~r

sClll’ :t C”r C: , SC :or - ’ .ei , r ( : 1 . - . 7) : ‘ w ’ t, i s I1e ; ;  tho me ets b’;’ ::. 1’’: .
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~~~~~~~ ‘ii: cu,u:es , I’: ‘s’s:’id C’ ’ ,” l’ j, ’ : c ’ b€ i o t n  . ~~~~ :; ,“ tc -cr ; rc n i z ”  r IC ,C O [r-C UsC-

of  ‘. r — : [ C j O  f ’ f lOO o:’. -i l l ’ t s’ ’, .” i t :,  a ;r ~’Jur~r ’Cou ~ O ’I’ ~~~’~~ci,’ :,ol’ t o.  b1’~~. The

3--oh: s~ c-n- i is ‘mellt ’ir” . ’J t C~r u, ’i ,  a powe r amplifier stone ‘.-t,i’:L, i C C

t ”rmir1mrte d in 50 ohm: . This circuit dia,°ram is ,:ti°~~p, in  f in  8. The

:‘ci’::c~;rr ;n izsr :c - si~~fla1 in wired,, by means of coaxial ‘cool-n , to mci i, co,rc 
;ai.

cmc’ °z .  Thi :ifnrcl is p re sented  to each c:: r ’ilJ, ut :Cr cart  tLr o-u,o~: a
died,- -r°si: toi, network loc ated ‘cu each cC.’.o-i llmstor bo ors .  Tb- ”' s’,’r:c,sr:’-

nizer will pull the oscillator anproximately 100 Hz frcii e i the r  i nr ’

hiCh or low frequency side of the desired 3 kHz. In pi actic”” , each

oscillator is set to 3 MIs after  warmup so that  in t in” i’•.:rn-: t’: pos si—

bi lity that the oscillator synchronizer fails , the uns3 00:hrc-n in”-d
oscillators will in’ opJ .r ’Tciirnatr ’11 correct. This is dc-C,’.’ because c-f tin:

e ffect  of’ carrier i’requc ricy on t.an’Ia’idtli and noise out~ ut.

C r  I’ .’ rifro r :- .C-
C ret

whe, ,t l lt !C  “h’ :r” ,e C, i’o:t
TheThe ° -kJ~- . Cy s t -  CS h- - rein cIe ;’,eribed a”o’ tr,:,;t~ d wit~ 2,000 feet of

cable ietwcer . t o  vel-’ ‘i ty r : W.~~ and the sir 1nm ’iJ, cond,itic-ner. The rt. ’:;id—
Dueual (C .arr ir ’r ‘intl 0- 1.0: ‘:t b.cl ’ iti c’~ won t ,or ”ic ’al ly 5 millivolt,C PC’Ci i” _ t ’ _

- . 
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rirpeak (1. 75 millivolts RIvIS). The noise voltahe C’t, full output of Sf v u ’ .:
ni~DC woo 25 r 11111 ‘it,’. oao~~t~ ’~~~” '’r b’ (t .75 mill !’: ‘lt, ,’C R M 3 ) .  Gain t’ [-r’
l~sjstrC rn 0± I i i ! : , : y r ” ’  is dJ.fficult to Ct’ t t - ’ -  in rn ‘ C l C : I f l C  ‘ui ‘. ‘ OCCC.: w i th  ui
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Figure h Oscillato r circu it bo ard
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SCALE: Verti cal 1 volt /cm

I h orizontal 1 msec/cm

Fi gure 12 R~.’sponse to step input



U pp e r  t r , t c O :  Si ,cna l  c o n d i t i o t ~er o u t p u t
Lowe r t r a c e :  A c c e l e r o m e t e r  o u t p u t
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SCALE: Upper trace Vert ical 1 volt/c m
Horizo n ta l I r f l Se C/ Crf l

Lower t race V e r t i c a l  200 mv/ cm
I f o r i z o n t a l  1 msec/ cm

Figure 13 Drop tower tests , acce leratio n ,ic -t velocit y
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U pper t ra ce:  3 k Hz c a r r i e r

Lowe r trace: Si gnal conditioner output

SCALE: Upper trace Vertical 500 mv/cm
H c r i z o n t a l  0 .5  msec/ cm

Lowe r trace Vertical 1 volt/c r ,,
Horizon tal 0.5 msec/c :C:

Figure  14 Drop towe r t e s t s , system input vs out put
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