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I. INTRODUCTION

As part of the development of a control and stability mathematical model of the SEAK1NG
Mk. 50 helicopter. a reqwrernenl eaastcd for a data acquisition package for ground and flight
tri als to validate the model. The essential features required in the package were that it shou ld
record ‘.2 channels of analogue signals at rates up to &) Hertz per channc l , for durations of
up to I ~ minutes This memorandum describes the package designed to fulfil these requirements.

A magnetic tape recorder was chosen as the basic record ing device. Because of reported
difficulties w it h magneti c tape recorders in helicopters due to the severe vibra ti on environment’
a recorder w ith a proven capabil ity in helicopters ’ was selected, the K UDEISKI NAGRA IV.SJ ,
wh ich has Iwo dali tracks and one voice commen tary t rack. To masi mize the capacity of the
recorder, data are recorded on each of the two data tr acks using a self- clocking code .

Analogue multiplexing and analogue-to-digital conversion art accompli shed using a corn-
merviall~ avadable module, and the control electronics were design ed around this module.

A quick-look facility is provided which enables an operator to esamin e in analogue form
hat has been recorded for any input channel immedi atel y after recording.

The package fulfils a requirement for an interm ediate capacity system falling between the
low -c os t low data rate cassette-based ;‘stem s (of the order of 200 bits/sec ) and the high-cost.
high data rile eqwpmcr u ~of the order of 30.000 bit.s seci.

The follo w ing sections describe the operation and construc t ion of the system.

2. (;ENERAL. DIM RIPI1ON

The has,., requirements of the system are lasted in Tab le I. The numb er of channels sampled
at a gi~en sampling rate ma, be altered within the bounds set by the total sampling capacity.

Figure I is a simplified block diagram of the recording electronics . The analogue signals
are sampled h~ the multiplexer . digitised, converted to serial form, encoded and written into
the tape rhe operation of aN parts of the system are synchronized by a master oscillator in the
c ” nt rol and timing unit The timing is arranged so that all the odd numbered analogue channels
are recorded on track I TR I). and all the even numbered channels are recorded on track 2 (TR2).

The recorded serial digital words , of 12-bits each, are grouped into frames of 12 words
iF g ~ on each track , and the frames are grouped into blocks of 1024 frames each. The words
and the frames are separated from each other h) gaps. The first two words of each frame
(F C and BC are timin g word’.

F igure a’. a simp lified block diagram of the in-~hghe quick.Iook (QL) facility. The serial
data from the selected track are decoded and converted to parallel form. The channel selected
b) the selec t switch is ext racted from the data stream by the channel select latch , converted to
analogue form and displayed on the oscilloscope. The QI facility may be used during recording
or play bac k

A ground-based QI facilit y which produces a post-flight hard copy outp ut of any 6
recorded channels is described in an.’ther memorandum.’ The arrangement is similar to the
recording package QL. but both tracks are decoded simultaneously and there are six channel
selection carcwt.

In addition, a transcription unit to convert the recorded serial data into a form suitable for
processing on a digital comp uter has been developed, and th is is descri bed in Reference 4.

A variety of signal conditioning circuits are employed because of the wide variety of
transducer types providing inputs.

The following sections deal in detail with the component parts of the s ystem.
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3. kR’ORDIN(; F L.E(1’RONI(’S

3,1 Control Settles

Four printed circuit boards arc inso ls ’cd in producing the contr o l pulses and addresses .
t he inierco nnect ions and outputs of these boards are shown in the bloc k diagram in Figure 4.
[ he heart of the control section is the ~l imin g and Control ( nit . PART A and PART B boards
57 24’ and ~~~ 24~ The timing of the entire recording syste m is synchronized by a 50kHz

IC1) master oscillator on the PART A board. All the control pu l ses and addresses are deriv ed
from this oscillator using combinational logic , as shown in 1 igure S (a), (hI and f r I .

3,2 Aaalogne Maltiplesiag and Analogne-lo-DlgitaI (‘osreesios

Ihe analogue mu ltiplcss -r and analog ue-to’dig i lal co ns ers ion section ( Mt t X ADC) is a
Rita Transla tion 1)11640 module ss uh a Di I6 F X expander module, pros,di ng 32 single -ended
analogue inputs , eac h ssith an input impedance of 1(M) kI). and il-hit analogue-to-digital
~on’.er’sion the masim um thr oughput rat e is 2~ k u , , and the module ass urac y is O 0 3~~ot full scale

I ater models ~f t he t1,~ht data recorder s’.ill hase the multiples channel address supplied by
a programmable rc’ .id-onl~ memory , hut in ihe se rsio n being described, the channels are selected
str ,tl’. in sequence Ihe ML \ A IX ’ s.,j ns 20 Inputs at .‘ r.ile . 4  W Hz each U ig 6). Three of
t he channels .irc sub-multiplesed by 2 I. to gise s is Input ~h,,nnci’. at Ml II, each , and three of
the Mt \ AI)(’ ch annels are sub-multiplesed by 4 I to  gise Iwelse ‘.hannels at 15 Hz.

The contro l signal’. for the \1( \ \ tW and the sub-multip lese rs some from the control
section ( Section 3 1

33 DigItal %Iiiltlpksrr and Timing

At the output .~t the digital muitapksc r t t )M (  \ I. the a~~ ia Sircam is grouped in the
fol iossi ng sequence firstl y . iss o timing sso rds . thc tr. ime count ( I ( and the bios I. count (BC),
follossed h~ a s. .mplctc s.,an of th~ 2o anai. .guc multip lc’ .er inputs , eac h input being conserted
in a I 2-hi t dagii,,. ) ibi. , s’ .ord The J )\ t  I \ , undcr the st’ntr..l • .4 the control Sc’. lion I ‘Sc’.. tion 3 I),
sss it..hcs the input dat.i sso rds s.. that the requirest f,.rmj t a’ . .ichi~~cd T hc intersonnections
ins. ’ls ing the 1)M 1 \ are outlined in I igure

‘The I C BC counter , ss hic h i sa  14-hit hinars ,.unter , is in.. rcmcntc’d l’s I count for eac h framc~

34 Trick Seleciio. and Data Ser*ah,lag

I hi’. part ol thc recording section U ig. II) select’. and stores a ssord from the DM1 X output
dat.i str ea m . per f..rm’. a parallcl’t is.ccrial s’onsersion and output’. a Il-hi: serial data ssord. ss ith
appropriate interssord and interfranic gaps These (unction’. arc duplicated for each irack

Ihe l)%l t \ address antI t rac k selec t signals arc sequenced ( l i g .  ‘~ (a) and (I’)) so that each
trac k reco rds the IC and the BC count’ . a’. the tirsi isso ssords of each frame The following
20 ssorits from the i)\ll “S .irc alternatel y selected by t he 42 - h it latches such that all the odd
numbered analocuc MI. \ inputs appear on track I (T RI) . sshilc the e’.’eii nu mbered inputs
appear on trac k I l IM I t . go ing t he record ing format of I-agurc 2.

lhc timing of the Il-hat serial-to-parallel conserler (SPC ) is shoss n in Figure 9. The
conscrs i.’n operition is ‘~ nchroni,ed by the (‘~ 4 clock derived from the master oscilintor.
Four’hit ‘side inter-sso rd gaps ( lW (,t  are inserted between the serial words by the SPC, sshik
1 2-hit (I sso rd) ssidc anterf ramc gaps ( IFG) arc inserted between the frames hs the SPC in
conj unction wit h the iI-G and reset circ ij it. Only one of the SPC hoards (the TR2 side) is

required to generate the mode control and shaft register clock pulses for both track ’ ..

3.~ Facodiog

3.~.l RPAM Facodlag

The binary pulse amplitude modulation (BPA M) code5 is a sing le frequenc y self -clocking
digital code in whic h a loss pulse ampli ude indicate s a logic while a hi gh pulse ampl itude
indicate’s a logic “I” l’he princip le diiadvantage of this method of encoding is that it is a

2
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F non-salurating method and amplitude sarial ions can cause detection ambiguities between a
logic “0” and “I” . lhe adsantages arc its simplicity and the fact that the recorder electronics
do not requir e modification.

figur e 10 is a timing diagram for the HPAM encoders, w hich are on printed circuit board
57 236(Kt

3.&2 1I*n.rd Eacedl.g
The lia rs ard or hi’phasc mark cosle~ is a sel l-doc king, sat urat ing, freq uency doubl ing code

in w hich a logic transition ossurs at the end of each bit period, with an additional transition
in the middle of t he hit period if th e hit to be encoded is a logic “I”. The method tends to be
independent .‘t recording amplitude changes. hu requires more complex electronics than the
BPAM mcthoJ . and a lso requires the h~passing of th e internal recorder electronics.

Figure II is -i timing dt.i~ram of’ the hi-phase mark encoder wh ich i on printed circuit
board ~7 264 Ihe board is pin compatible w it h the BPAM encoder and the change-over
requires no ssi r in~ m,idifi..at i,.ns to the rc..o rd in g package.

3.6 ,Slagk’ Step (‘ircvii

As part of the check .tnd ..alihration procedure. the single step facility allow’s the recording
electron ics ‘o be dis~hlcd , and each .irr ,iloguc input to be selected and esamined at the analogue
multap lcser output by operat ing the front panel sw itche s The circuit , w hich is on printed circuit
hoard “ 249 , a lso incorporates the dras ing ci rcuit (or the analogue multi plexer address F
indicator lights .

Ihe sequence of operations to esaminc c.a..h analogue input in turn is described in Section 9.

4. SI(.’s A l  (‘o~~Dli lo~~l~~
(;

4.1 I ilt~rx and ( onditioning .4mplitk’r’s
I he tillers arc I)\ III it  I- I.I’t.H~4) so-pole Hutte rssort h actise filters , wit h one filter per

printed c ircuit ho.ird (ho~r.1 number ~7 It.~ the cut-off frcquenc~ ( 1.  4 of each filter is
determined by a network of s i ’ .  identical res istors , the salues of which are determined from the
relation

R l(~ Ir  I

where R is in kil,,hnrs and I is in Hertz
Plots of the amplitude frequcns s response for the three cut-off frequencies of 3 . 6 and 12 Hertz
appear in I igure l~ t a t . I?’ ) .ind c)

The diffe rentia l conditioning .tnipliticrs are based on t he ‘Sational Semiconductor LM725
integrat ed circuit opcr.i:ional amplitier. with four amplifiers per printed ci rcu i t card (number

I”1 the c ir ... uit irrangeme nt f.. Ilow’. the intcgr.itcd circuit manufacturers recommendations .
1 he conditioning .amplit ie r input .ind kc’dh.i.. k resistor’. are selected to satisfy two cnten i.

l’irstl~ - the gain is set I.. ket p the :tniplitier output soltage swing within the range ‘ S to S
soltit . and secondly , where the .,ir, rat ’t instrument outputs are being conditioned, the input
res ist r’. are chosen s. . th.ii the loading on the instrument is less than I ~~~. and preferably 0’ I °.
w i th  a minimum sal ue .4’ I tt)  ~ilohms Where airc raft instruments are not involved , the minimum
re sist . sr s alue is 10 kili.hm’. The loading effect’ . will not a ffect the acv urac~ of the measurement
since t hese errors wal l  be calibrated out in the prv’flight checks

4,2 Ss’ach,osous Dq’mod&ator’s
this circuit demod ulate s is ’ . . .  s pes of input , amplitude modulated 400 Hz s gnals. e.g. the

S FAK l ~.(~ r.itc g~roscope output , and phase-reve rsin g amp litude mod ulated 400 Hz signals .
e.g I.l~~V ” SR outputs

Two sersions of the sy nc hronaws demodulator are asailab le. ‘T~ e Mk. II vef’sion (Fig. 13(a)J
for large phase shift ’.. use’s .i l~(li range acti ve phase shifter. The ?i~ ’~ttt version with a simpler
passise pha .c-chi It network fo r sit uations requiring a smaller range of shift is the preferred card
Iii, I ~ah ) )  Figure 14 is a timing diagram common to the tw o  versions. Reference 6 discusses
t he operation of the synchronous demodulator in more detail.

A total of eleve n synchronous demodulators are used in the package .
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4,3 Tachoseeler De odvlator

The SI .~\ KlM rotor tachometer produces a 21-sol t peak-to- peak a c output with a ft-c-
quency proportion a l to the rotor resolutions-per-minute (RPM). ‘The tachometer demodulator
co ns cr ts t he output (rcquenc~ to a soltage . in t he range S so l ts , proportiona l to t he rotor RPM.

(‘~ansi der the bloc k diagram in l ig ure IS . The rotor tachometer output frequency (f e .) ,
after attenuation by the input amplifier , passes to the input of a phase locked loop (P11).
The PIL. is arranged as .t frequcnc~ modulation (I’ M) detector with the P11 local oscillator
frvqucnc~ . 1 set to the centre of the input frequency range . The PU. output is of the form
/ r I... A four-pole a~ti ve filter remove -s the hig her . f the two frequencies. and the demodulated
Ii- 1.. . component is conditioned hs the output amplifier into the S solt range .

The nominal frequenc~ range is ~6 to ~.t’ Ifert, , which represents K~ to 1 2 7 ’ ,, of the normal
rotor s peed \.~ U ag lh

4.4 Teseperature Bridge

The temp erature measuring br idge is an adaptation of an AR ! stra in gauge bridge circuit ,~
w hic h has a trip le opc rat ao n.il ampl it t cr configuration a l ag  I’) The temp erature sensing element
is a Matthey “ihcrmafilm ’ temperature detector . wl~ile t he s.tal t age regulator , wh ich has a
long-term sta bility or - I ~~. is a \a ’ ional Semiconductor I M ~t7 integrated circuit. The gain
of the bridge amp lif ier i s  sct to  give a S s . !  to ~ s o U out put swi ng for a 10 C to 40 C
temp erature c hange

4.~ Ss.chro-(o-AaaIog.e ( onverlers

1 s’.o ‘.hanrels th ree -wire s’ .nchro output .ire recorded to  convert each of these synchro
signals t analogue form su itable I i  the MI \ .A IW unit ( Section 3 2 . t w o  modules are used.
Ihe first is the \A1 II sl)~ ~2\  s~nch ro- t o-digital co nscr t cr (SI)C ) which produces a 14-bit
bin,irs output .ind is mounted on printed circuit card S7 Is” 1 hr second module is a 10-bit
digit.il to- .in.ilogue ~onverter l)-\t , .an \n.il..~ uc l)e’ .icc-s DAC-l0~’-l . on pnnted circuit card
~‘ ‘ ~~ Ihc reduct on in ,i~cur ac\ due to the consers ion of onIs 10 of the 14 as ai lab le bits ,
is from a possible - 4 minute s . 1  ar~ down t. ’ ap pr os imatel ~ II minut es of arc .

~~- QI I(’K I 00k Il 1(1 R0’ I( ~s

~.I (,earral Descriptios
I rom I ig ure l~ one of the tw o replay o utputs fr om the recorder is selected. The decoder

es tracts fr o m th e rep la~eci recorder data three signals the data c l oc k , t he serial data and an
inter- w or d gap iIV.(,i puke these signals combine in the serial-to-parallel converter to arrange
the serial t ! . i t i  into ,a succession of I I-hit parallel data w ord s

To select a channel from these data words a number is dialled on t h~ “ QI channel select ”
thumb w heel sw it ~h I sing the thumb w heel switch input , t he data c loc k and the IWG pulses .
the quic k look iQL. channel select c i rc uit generates a correctly timed puls e to th e QI. latch
w hic h picks out the required data word from each 12-w ord frame . The digi tal ss ords stored in
t he Qi latch arc conse rted to analogu e form and display ed on a monitoring oscilloscope.

I or the ‘.uh-muttiplesesi channels the channel position (0 or I for 2 I sub-multiplexed and
0, I, I or 3 or 4 I ‘.uhs-multipleseiJ ) is set on the ..S(:K.M( \ select ” sw itc h. The SI B-MUX
channel select c ircuit , using the switc h input and the inter-Fr ame gap (11(3) pulse from the
QL channel sckc i cir c ui t , in hibits the QI latch contr ol puls e so that it selects the required sub-
multiple xed chann e l

‘ The fo ll owin g sections discuss in more detail the operation of the individual parts of the
QI sy stem

~.i Decodlag

~.2.I IsPA~I Dscodiag

The (unction of the decoder is to ex tr act from the recorder replay signal the signal data
and cloc k , and an inter-word pip UWG) pulse for each word.

- ~~~~~~~~~~~~~~~~ -.-~~~~~~~‘.—~~~~~~



rr I rom I’igurcs l’~ and 20, the recorder replay signal selec ted by t he switch appears , after
amplification, at the input .1  comparator I. Outputs corresponding to the logic l’s in the data
str ea m constitute the scr .iI data input to the next s t ~agc of decoding. Comparator 2 triggers on
eve ry ~y c le ot’ t he inserted rcp l.i~ signal to produce the “raw clock” . The raw cloc k trigger s a
delay monostahlc to proside the sj .ift register cloc k (see Section ~ 3) . The negati ve-going edge
of the s hift register ,,‘ loc k is timed to coincide w ith the position of the ser ial data logic l’ s

t h e  I~~(i pulse is generated t~,in the raw cloc k pulses The “on” time of t he monostable I
is greater than the period betwee n the new cloc k pul.~cs. so the output remains at a logic “I’ ,
throughout a wo rd W hen a gap otc urs. t he output falls , triggering monostab le 2 . thus producing
the IWG pulse

The Bl’ -~M dec oder as mount ed on two  printed circuit boards ~~~ 273 and 57 274

5,2.2 Ilarx ard Decoder
the fuuct ion of th~ Il,irs,ard (bi-pha’.cf decoder is the same as the SPA M decoder, namel y.

t.. ex tr ac t  from the repla~cd signal t he serial d,tt,i. serial d.at,i cloc k and lV~ (I pulses.
(‘onsictering I igures II and 22. the replayed signal from the recorder is amplified and fed

to the inputs of compara to rs . one of whic h detects posa t isc signals and the other negati ve
signals (w i th  respect to ground). t he combined out puts of these comparators constitutes the
serial dat.a

t he ser al dat ,i ~l.. ., I. and the l~t. ( pulse arc sicrised from the inverted se rial data , The
negator trans ition i the inserted serial data i t the start f each hit period sets the ‘‘Q ’ ’  . 1  the
clot I. t im i ii~ tlip-flop. which is connec ted as .i l,itch. 1.’ a logic ‘‘1’ ’  Ibis allows ~ulses from an
oscillator i. clot L a counter \f ier eight t~ulses, the counter “I)” line changes J.ate. resetting
the tlir-flop “Q’ to .i logic ‘‘U’ ’  and st~ ppang furt her counting t his sequence constitutes one
ceri,a l data clot k ~c fc  I he . “s ifl.it i frequcnc~ is _ irranged so that the time for eight pulse s is

of the hit period
I be serial d o ,, k .it this st. e h.as l~ pulses per frame instead of II The cloc k pulse limiting

circuit is emploscd i. eliminate the unwanted l,ist pulse I he “Q” I a latch-connec ted fiip-f~op
within the cloc k limiting c u t  cut is sCt t~\ the lW( .i pulse to a logic -. I’’ ‘\ counter in the limiter
counts Il incoming serial ~lo~ I pulses . then resets the flip-flop ‘‘ f) ’ to a logic “0”, cutting off
the . i s t  rulse

The l’s~. (~ pulse is deri sed in the same wa y  as in the IIPASI decoder.
the hI.irs ,ird dcco dcr is mounted on tw O r.rinted circuit h. .irds . ~ 2 ’ I  and 57 2’I . which

are d rec t rcpl.ic ements for the lIP \ St decoder hoards

S, Serial to I’.r,Ikl ( oss crier
I rom I’igure 2~ . t he serial dat ,a h o r n  the dec oder is clot kesi by the negative-going edges of

the se ria l tlat,t c loc k nt.’ -i Il-hit thifi register %~‘hen the registc~ is full, the IWG pulse transfers
t he I I.hit rarallel wo rd from the s hift register to the output latch I he circuit is mounted on
printed circuit I’. ‘a rd 57 2 ~S

5,4 Qalek I nok (‘haaseI Select los

Ihe fun ction ‘I the in-flight quick look tQ l f ac i l i t s  us to estract the successive samples of
a sing le channel f ro m the recorded data s tr eam m d  dis~ Lm~ it in ana logue form on a mon itoring
oscil l.’sc .’pe The operation of the 01. ss s t em . whi~h can he used during recording or on rep lay.
us described an tw o r.irts , the f i r s t  part being the basic QI. f.Ic dii’.. the second part being the
cu ls-mulfipkscr scction

In the QL channel seted i circuit . P igure 24 In), a number which is asso c iated with a particular
ch ,inn cl (Section ~~t is dialled ‘n the front panel channel select switch A digital comparator
compares thc number with a c~~uflt .1 t he lWG pulses. When the number and the count are the
same, t he comparator output goes to a logi~ “I” ~Fig. 24 i b t~ and assuming that t he St ’ lI- M(;X
on off switc h m c off, the ne” l’ .~. Ci pulse passes through the AM) gate to store the serial to parallel
conserter output word in t he QI latch. This word is converted to analogue form and displayed
on an oscilloscope (Fig 1k).

The QL. latch is the sa me is the I 2 ) - nt latch described in Section 14 , while the digi ta l to
ana logue converter is the ca me as that descri bed an Section 4 ‘~ 



Dealing now with the sub-multip lexer c hannel selec t circuit , it can be seen fr om Table 2 that
the sequence in w hich particu lar sub-multiplexed channels are recorded is related to the two
least signiticant hats (LSH’ sf of the frame count il-C) word , i e the first word of each frame
ti ag I From 1 igures 2~ and It., the first l’s~(.I pulse selector circuit allow’s the first IWG pulse
only of each frame through as the 2-hit latch control pulse t his pulse stores the two least
signi ficant hits of the I C’ word w hen -a 4 1 suh-multiple*ed channel is selected (BI is act to a
logic “0 ” when a I I sub-multip lexed channe l is sclectcd If the bits stored in the 2-bit latch
matc h the binary code of the number selected on the thumb wh eel switch, t he comp arator gives
an output w hich allows the QI latch control pulse to be transmitted during that frame. Ai
the switch number. ‘-i. is changed , the position in time of the comparator output changes
appropriatcl~

6. 15( 11.1 ~~~ (;RO( SI) EQL’U”D.S I

Three pieces of equipment hasc been constructed which are used in conjunction with the
fl ight dut.a recorder ‘I hese .t rc’ a test and calibration unit ,’ w hich simulates the input from
a ircr a f t instruments and other transducers to the .~l channels , anti provides a calibration facility ;
a b-channel ground-based quitk’loo k unit . 3 w hich pros ades a pos t -flight hard copy readout of
.Ifl% six channels smn,ult.tneously - and a transcriber unit ,’ whic h converts the recorded serial data
nt. standard computc r-ct’ .rnp.mti hlc form

POV.IR St 199 ll~.

[he direc t current power supplies I ‘ ~~. ‘ I~ and I ~ soits i to the electronic instrumentation
ire pr.~sidcd hs ten power suppl~ modules pow ered b u r n  the airsrift I I~ sol ts . 400 Hertz single
phase and . It’ s , ’ l ts  ci s. supplies lice .a r ,, rafl a .mnd d ~ pow er supplies are connected
throug h t w o  c i r ,,uit breaker protected input sockets on the main power supply box (see Section 8)’

the rcle’..mnt deta i ls of the power supplies ,ire detailed in able 3

*. %1I( IlA5l ( .4 l DIt ~~llS

The basic nhte.,ti’.e from the mechanica l design point of sm ew is a strong, accessible Unit
using ex is t ing f i ght rr ”.en designs and practices where possible

The electronic s are mounted on A RI standard 514 printed circuits in 10 A RE. standard
aluminium boxes manufactured to A RL drawing numbers ~~4t’ to 9~%50 ( p  to II printed circuit
cards can be accommodated in ea~h hoc the 51! \ AIX’ modules are mounted in one of the
stand.ird b.’ses wi th  special mount ing attachments , and si c ~‘f the ten power supp ly modules
are mounted in a special l ig htw ei g fu t hoc ‘b the same dime n si ns as the standar d boxes . The
total ‘b II hosct are mounted in .~ welded tubular stee l frame hited wit h integra l carrying
handles (Fig 2 ’  rhe frame h.a s been suc ,,essf’uf ly tested to 2~ g loading without permanent
distortion

The tape recorder and control panel oscilloscope assembl y are each mounted on four
ant i -s i hra t i. ’n mounts ‘b a t’ .pe suitable lor helicopter’s The main frame itself is intended to be
bolted direct ly to the ai rc raft flmwir

I ach box is connected to  the main wiring loom ‘.,a ( 5S()S DC 3”!’ and DC 17S plugs
and soc kets re ta ined h~ I) 2i) l’~ and 1) 2020 anta-sib rat ion catches ‘The wiring throughout is
w ith R-5~~

(’Ht’ Sf cross- linked pol~alkene insulated size 22 copper ware manufactured to
SIlt - ‘s~ .Sl044 ( AS i I ach solder point is insulated and supported hs RA~’CHFM heat-
shrinkable sleesing I abelling of plugs and sockets us in accordance with the MIL-I’ - 5400
specification.

The total weig ht of the package as 7~ ki lograms If necessary. t he total weight can be
reduced to approximatel~ 14 kilograms by replacing the filter boxes with a newer, lighter design
whic h is now asaitab(e. eliminating the quick-look system, arid selecting differen t active filters.

~~. OPERAT1O~
The following is a suggested senes of steps for operating the fl ight ’data recording equipment

on an aircra f t :

6
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( ml Replace recorder dr~ cells and chec k that oscilloscope batteries are charged . Connect
aircraft power supp l ies and sign.i l inputs and switch on Chec k that the lice M LX
A I)I)K I 55 lights arc on

B When switchin g t u o u t i  aux il iar y power units to the inter nal aircraft supp ly,
disconnec t the t w o  power suppI~ and the t is e signal leads to asoid t he possibility of
spikes and surges damaging t he equipment

(ii) [ .‘ ,md the recorder wi t h long-p la~ tap e l e g .  13551 l) P26 double play. 360 m long tape
on .i I ‘.0 mm reef ), t his gisex approximateI~ I S m inute s of run time it 381 mm second
recording speed

( i i i )  Rese t the sy stem w i t h the control panel reset switch and set the recorder to “record”,
is ) (‘ sing the ~ ui~ k ‘1cm . hcc~. ca~ h channel in turn , as follow’s:—

(a) Select t ra~ I. I on 5 n t  rol panel switch
tfr’ i l)ial numb e r it ~ \ II on the QI c hanne l selcçt swatch ,

• I or \ ii, chec k OS~ ulloscope h r  s low decrease in s oltage from 0 to IO in
“(1 seconds , w i t h  no dropouts , i e breaks in the tra ce

I.! I I ~u I . osc illoscope should be steady somewhere in the 0 to 10 colt  range .
.‘ I or I - S ‘ at the input l eg  mo s e the .. ‘.c l lc  control column) and check

the res ponse on lie . .scu l l . sc’ope lahlc 4 ca n be used to mde niiIs the input
I I i ‘4 5 ‘ tO . set the sub~rnuIt ip lexer select switch to “on’’ and select “2 I - .

sut’s.multup lex ing l)i,il 0 ‘ SI - I on the St H-S it X Channel select switch and
chec k the responses in im ’ l

( a r t  I - u  S I I , selec t “4 I” , and dial 0 51 - ~ on the St H’Si t X Channe l
sc iec t . d e s  k ing e,ic Ii , hannel j s before

I h) ‘se l s ’s I I u . ~ ~. .~ .ind repe.it /~ I to t a r )  w i th  I ~ S ‘ 
— in (e), S t’ in ( ( and

It ) ~ S ~ II in i~’I
S resume “f’ these step s .aprx- .irs in I igure It’ and Table ~

R i ( I ’) R t ) I \ ( ,
l it  li~stall a b r e s h tape i f required

(iii Rcsct the sy s tem and chec k the rec .’rdu n~ Iesel of each track on the monitor meter
(iii) Start the tCc r~f ing using the remote sto p start switch
l a x )  Identify the recording with the one microphone
ix  I Slonitor the most important channel(s on the QL, oss u llosc ope

l x i )  Vm hen the tape i’. a lmost finished , rewind and replace wi th a fresh tape

S /S i , ! !  S i / P  PR~ J f) ( Ri
If during calibration or s he5 iuig II becomes desirable to examine each channel separate ly .

the non-sul’s.multip lesed 5hannelc ma~ be ecanui ned at the input to the anakxgue~to-digitaI
c onser t r r  by taking the osci l losc ope input from the monitor point marked “ Si t S TEST’ on
the signal input st r ip  and performing the following steps

Ii) ,Set rese t swatch to ‘‘ rese t ’’
( i i i  let. . SIt S channel .id ,frccc by depressing and releasing the Mt \ stroke switch.

(iii) t~~pre’ss SI) S clear s w i b s t i , and step S it S channels h~ depressing and releasing t he
SIt S strobe switch

10. ( ( ) (  I !  SIOS

Thus memorandum describes a 4 2-c hann el flight -data recording system based on a
k I, 1)1 1 SIc,l S ‘S( R \  l V - S J  tap e recorder and a I)ATA\ Mt ~X, ADC module It features
alte rna t ise I HP 5Sj  or Ilarsard i code recording formats and a built-in quack loo k system.
It can record , with a commcn ars . data for up to I ‘~ minutes on a sing le 130 mm tape reel,
rest and g.ound repla~ equipment ha’.c a lso been constru cted to support the system , The flight
sss tem has been ruggedl~ constructed for the severe sibration ens aronment of the helicopter .

I s en t hough it has been designed for a specific pr ot ect , t he system is versatile enough to

he useful in a wide sariet, of data acquisition tasks

~~~~~~~~ -~~‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~‘ ~~~~~~~~~~—~~~~~-~~~~~~~~~,- -~~~~~-— -
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TABLE I

S~~~~~-~ .( Data R.c.rdl.g R.q4,a~~ah Is. SEAkING Mk. 50
Math...tksl Model ~slIdatlos

Total number of analogue inputs 32
Ana logue inputs at ~

) Hz sample rate 14
Analogue inputs at 30 Hz sample rate ‘ 6
Analogue Inputs at l~ Hz sample ra te 12
Total sampling capacity sec 1 200
Overall accuracy ( ‘ , i 0 2
Data word siz e (bits ) II
Masi mum continuous run time (mans )
Differential input impedance ~ 100

(in kdohms . as seen by analogue inputs)
Mass of package (k g)
Pow er consumption

from lI~ V . 34k) H,. s ing le phase (in wat ts )  200
from IS V d c supply (in wat ts )  27

TABLE 2

RdatloseIèp hetwee. the Trio 1 .*..t S&,.Jlci . BItt .~ the Fri.. Co~~ ..d the RrCOSdId
iob-a~~tpksed (Tba t~

l i w . .  c~ c lCS 4 I and four SclC ’  of 2 I sub-multiplesing shown)

Two Least Signi fic ant Track I Channels Track 2 Channels
Hit s of the Frame • ________ _____ _________

Count Word (FC) , Frame i Frame Frame Frame Frame Frame 
—-- ‘--- —---‘ Position Position Position Position Position Position

RI HO 10 i I) 1 1 1 2  h 1 2 ( 4  Ii 10 (2 I) 1 1 ( 4 . 1) 1 2 ( 4 . 1 )

o , ‘ I ’ S 19 2~ 17 21 29
a) I 16 20 26 IS 22 30

0 l~ 19 2’ • 17 23 31
I 16 20 2* 18 24 32

0 0 I~ 19 2 ’ S 17 21 29
0 I lb 20 26 IS 22 30
I 0 l’ S 19 27 17 23

I lb 20 2* 1$ 24 32

- -  ~1
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TABLE 3 .

D.C. Power ~~~~~~

Air- Moduk Moduk Output Total Output Current
cra ft Position T’.pe (so lts) Available Allocation

Supply Output (mA)

I Current
(mA)

— 

Sos 10 KLAASING- . S ‘ 2000
(A) R l t ’ V f  KS

lype 5-46

Has tO KI AASIN G- • 5 2000

II’ ~ (B) R F t V ) - R S

400 H;! 1~ pcs ~~
Single Sos 10 KI A.kSI~~(i- - l ’ S 300 ~‘ Has ‘~ I I50)~Phase RI I V FKS Ho~ 6 (  1~~)ftotaI 300

Ta pe .S66

Sos 10 KI ~ ASI~~
(
~. ‘ I S  300 Bo~~* (  ISO) )

t f l)  Rl ’ l ’ V l  RS H~ 9 I101j~totaI 260

Ros It) S(~I lape l~ l6~ Bos t 160)
‘S4~( 2 $  I’I)lb~

Has It) SCI 1%pc Ic . Ibc ,~ Hos4 (  I”)
a )  ‘0( 25 I ’ J ) l t . ’S

Hot II SCI Tape - I’ 16~ Bos l ( - 4 )
(5) ‘0C2S l~ [)l6~ Hos 4 (

~ 
total 15*

Has 111 ‘ *6)

Has l~ 
1 

~ I 1ape I’ 16’ Has 2 ( l7)~d~ ~~~IS l’St) I6~ Ha’ 6 1 ~*)
I k a s 7 ( - ’.3~~i’totaI .160
H o s S ( ’ ” S I
Hos9( • 37)

Has II SCI T~ pe IS 165 Has I I I
110 ) SIX’IS l ’ S t ) l ta ’

Has 12 SCI Ta.pe ‘ IS . 165 Has 3 (  ~SO)
( I I)  50C25 15Dl6~ Transducers(’- 70)
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TA BlE 4

SEAkIN(, Flight Tettt—Cha.mel Idrod&atlo. TaMe
•\ll signals are conditioned to be wit hin the range ‘S % for rea ording

Channel Qu.tntit’. t o be Measured Instrument Sample
• Number Sens itiaity Rate
• , ( Hz)

I ( ‘.J~ ~t i .).  p..’iii. .ri Pat~h t • IS , ~~~ 1 266 mV deg. 60
• I ( a .  ‘~ siaJ. position Roll a I ‘S a 322 mV deg 60

I Colkct iae s t i~ I position I . I’ to . 49 99 6 m\ deg 60
4 Pits h a,inc ~a) ~~ 13 mV 0 60

I .v.~ \tt push pull rod a 2’ mm) 198 9 rnV mm 60
6 I..istcral push pull rot) I - 1’ mm) 115) mV mm 60

( olIc~ti~e push putt rod a ~1 mm) I~4i rn’ mm 60
‘law push-pull rod 1’S mm) 200 m~ mm 60

9 ~idc slip sane It )  “ 64 1 i 13 mV 0 60
10 k ’  .itt it utc - 2 4  I 66 )~

‘ m’s deg. 60
I I  ‘. c r t i ~ ,iI a..cc lerati .an a I ‘S g mas a ~~ mV g 60
II I • n ~’a..dan.i l .t~ .~’ Ic i ,a t i . n I It) g m,is a ‘ ‘0() mV g 6()
13 1 atc’ ral .a~~cIei,stion 1° g mat I ‘00 mV g 60
14 ~~~~~ acceleration a lO g rnas a ‘4*) m’v’ g 60
( 6  l’,i~ att i tu de ( I’ ~~ ~ rn’s deg .10
16 ‘l,l w iv-d.i I r . s a ’ n  I I” 6 mini ‘ 2(5) m’s mm 30
I” ‘I ass angu l .ir ,i~~ e Icr .ati. .n a 30 sec ) 162 mV mm 30
I’. ‘a jas .atti iudc II) ~64~ a ‘ 2” “S m’s’ deg 30
19 I cable .an~ Ic a 12 I 40’ m’s deg 30
11) I . i t c r ..! .~ihlc .in~Ic a 1 2 a 16’~ mV deg. 30
I I  t .‘nc ,I..,l ,i, .a~ sc (,.,.ii~ t ‘ 144 ) . ~(i knots~ ‘S mV kt
II I .i(cr.il ach ’. . , i a  “fl k ra , . t sa  166 m’s kt 1~
I i  .•~arspeed aa i  IL’ LI’.. a I’ mV kt IS
14 Radar ..~a a ud e  r .ass a a l l 4451 f t )  24 92 mV . ft I~
I’ Radar altitude s r ia , th a it) 44*1 It )  24 92 mV ft I ‘S.

l’rcasurc altitude t ’ S  I Ii ) k Pal 200 mV It 15
I’ -~lt i tudc ~han~c 300 a I I’ 12 m’s ft I’
IS ICn lpcT . i t L i rC  I I)  4u t a  a _‘4I  ( ‘ C) Vi , 2 ’S4 ) mV C I S
29 torque I 1.w ri . hr.. . i i , 6 ‘S rmc , .100 11,1 0 IO0~, I~
~I) k . a a RI” tI ill V rir. ~ Hi mat I ~~~ Ir igure lb I S
i t  (‘able depth pot J Indirec t measurement I 612 (‘able heig ht pot .. .n~rutcd I
1) lame a~onhinuous ..~k a 60

I sent a.u~c icommentara microphone) —

For Quick I . seke: proa.edure for any channel a I to 13) sec Figure 25
• A swatch’se,eciaNe al tcrn at uae input t .  channel IS is engrne torque 2, wit h characteristics
similar t o channel 29
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TArn.I : ~
OVa Frame/Quick Look ReIstk~~klpa

TracI l ‘ ‘ J S  J9 ,‘26
Channel It lit I ‘ 5 7 9 I I 13 

/ 
‘ —

Allocation . lb / 20 8 /
2S

Qi Chan nel
Selec t t) I -‘ ~~~~~~ ‘ 6 ~~~~~ 8 9 10 II
Number

- 

‘ 

21 29 ’
Tra c k 2 F’ 22 30
Channel It BC 2 4 6 2” It) II 14 ( - -

Alliicat ion . iS 23 - 31
24 32

2 . 1  St H-Mt \ 4 I St H-MI \

SI H-Si t \ 1 St H- Mt  X
( h.inncl 

II I Channel L- I

I select 12
number ] number L ~

— 
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TO ENCODERS (57/236

DATA
ABLE

4 16 2

~~ TR I TRACK
TIMING SELECT

— 

~~~~ AND LINES
CONTROL (TO

Ck UNIT 
~ TR 2 57/246) (BOX 2)

~ 
PART A

— —~~~~- — (57/
245) 

~ STR OBE TO

__

~~~~~~f~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

CLEAR MUX/ADC (BOX 11)

~~~. TIMING 
~ Al l, DIGITAL MULTIPLEXER

cONTROL ~ 8 1 1  ADDRESS (57/241)

BLANKED UNIT — A2~ 2:1 SUB-MULTIPLEXER
DATA — PART B ‘ 82 J’ ADDRESS (57/251) (BOX 3)
ABLE -~ *31 4 1 SUB-MULTIPLEXER

—.‘-- 

— 

248) -
~~~ 83 ~ ADDRESS (57/250) (BOX 3)

FRAME (TO 57/244)

GENERATOR
AND

RESET
(57/244)

I N.~~
(i) 50KH~

_ _ _ _  DATA I
ABLE ( ii )  UNLESS OTHERWISE

I STATED PRINTED CIRCUIT I
~ BOARDS ARE IN BOX ’I

PAR A LL E L I J
TO

SERIAL
CONVERTER

(57~733)
Ck (80X 2)

1
F IG. 4 RECORDING ELECTRONIcS CONTROL SECTION — INTERCONNECTIONS

AND OUTPUTS.
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