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I. INTRODUCTION

In sta lled  in the D epartm en t of E ngineering  P h y sics  of The A u stra lian  N ational 
U n iversity  is  a la rg e  hom opo lar g e n e ra to r  (H. P . G .). T his g e n e ra to r  is  a su itab le  so u rce  
of la rg e  am ounts of s to re d  energy  and h as  been  d esc rib e d  in d e ta il e lsew h ere . I t w ill 
be  outlined  only b rie f ly  below.

The co n stru c tio n  of the H .P .G . is  depicted  in F ig u re  1. The ro to rs  a re  r e ­
s tra in e d  la te ra l ly  by an o il- f ille d  guide b ea rin g  and a re  pulled  a g a in s t la rg e  a i r  b ea rin g s  
(which r e s t r a in  m ovem ent in a v e r tic a l plane) by o il-f ille d  guide b ea rin g s . A fte r the 
m ain  fie ld  is  e s tab lish ed  (perpend icu lar to the ro to rs )  by p assin g  c u r re n t  fro m  a m o to r-  
g e n e ra to r  s e t through the field  w indings, the ro to rs  a re  a c c e le ra te d  fro m  s ta n d s till by 
supplying c u r re n t  fro m  a m e rc u ry  a rc  r e c t i f ie r  in a rad ia l d ire c tio n  through the ro to rs  
v ia  a ’'m o to rin g ’' s e t  of co p p e r-g ra p h ite  b ru sh e s . When the ro to rs  have reached  the d e ­
s ire d  speed , a la rg e  am ount of ro ta tio n a l energy  is  s to red . T h is energy  is converted  
back  to e le c tr ic a l fo rm  by applying the a i r  actuated  "pu lsing" b ru sh g e a r  and ra is in g  the 
e le c tro ly tic  bath in the e lec tro ly tic  sw itch  until the e le c tro d e s  a re  im m ersed . The p u lse  
c u r re n t  du ra tion  and shape a re  co n tro lled  by v ary ing  the depth to w hich the e le c tro d e s  
a re  im m ersed . To enable insu la tion  le v e ls  to be m on ito red  and to reduce  the likelihood 
of a full s h o r t-c irc u it ,  the live p a r ts  of the H .P .G . a re  n o rm ally  not grounded.

At p re se n t, the H .P .G . is  m anually  co n tro lled  from  a c e n tra l con tro l room ; 
the H .P .G . "o p e ra to r"  d ire c tin g  ac tiv itie s  w ith the help of se v e ra l a s s is ta n ts  and ex ten ­
s iv e  in s tru m en ta tio n  to g e th e r w ith  v a rio u s  au tom atic  co n tro ls .

B ecause  of the H. P. G. ’s com plexity  and its  c r i t ic a l  dependence on the c o r r e c t  
o p e ra tio n  of such a u x ilia r ie s  as  o il and a i r  sup p lie s , som e fo rm  of o v e ra ll au tom atic  co n ­
tro l sy stem  is  d e s ira b le .

The im plem en tation  of the su p e rv iso ry  function of such  a sy stem  w ill be s im ­
p lified  by the la rg e  am ount of d a ta , re la tin g  to the no rm al p e rfo rm a n c e  of the H. P . G. , 
w hich has been  co llec ted . S evera l b asic  con tro l sy s te m s , such as the ro to r  speed equa­
lis in g  co n tro l, have a lread y  been  developed and a re  o pera ting  s a tis fa c to r ily . T hese , in 
com bination  w ith the ex tensive  ex isting  in s tru m en ta tio n , w ill a lso  be of su b stan tia l a s ­
s is ta n c e .

T h ree  p o ssib le  app ro ach es to the re a lis a tio n  of a su itab le  con tro l sy s tem  a re :

(a) the co n stru c tio n  of a sp ec ia l p u rp o se  con tro l sy stem  co n sis tin g  la rg e ly  of d i s ­
c re te  se rv o m ec h an ism s , o p e ra tio n a l am p lif ie rs  and logic c irc u itry .

(b) the p ro g ram m in g  of a d ig ita l co m p u ter to p e rfo rm  the  sam e functions as the 
d is c re te  c irc u itry  and additional functions w hich would be im p rac ticab le  using  
approach  (a).

(c) a com bination of the m ethods of (a) and (b), using  those  fe a tu re s  of each  s y s ­
tem  w hich a re  m o st read ily  p e rfo rm e d  by i t—the "hybrid"  approach .
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The extended capab ili t ie s  and flexibility  of the th ird  approach make th e ’’hybrid" 
solution ap p e a r  the m ost p rom ising . The la rge  amount of data  logging to be perfo rm ed  
during  the opera tion  of the H .P .G .  and assoc ia ted  experim en ts ,  m akes the availab ility  of 
a digital co m p u te r  d e s i ra b le  and it is a s im ple  m a t te r  to p ro c e s s  data  fo r  control pu rposes  
once it has been acqu ired  fo r  logging, assum ing  tha t p ro c e ss in g  tim e will not be a l im i ta ­
tion. Fortunate ly , a digital com puter (an IBM/360 Model 50) and a data contro l unit (a  
model 1827). a r e  ins ta lled  a t A. N. U. The data  contro l unit, toge ther  with its so lid -s ta te  
m u lt ip lexe r  and analogue to digital (A-D) co n v e r te r ,  will be req u ired  in the convers ion  of 
analogue t r a n s d u c e r  outputs to digital form  and as  an " in te r face"*  to the /360  data  chan ­
nel. By m eans  of th is  in te rface ,  the digitized t ra n s d u c e r  outputs can be t r a n s fe r r e d  to 
the computing sy s tem . F ac i l i t ie s  fo r  analogue output have been insta lled  in the 1827 and 
fac i l i t ie s  fo r  d igita l input and output a re  available  but have not yet been insta lled . The 
digital com puting sy s tem  w ill be r e f e r r e d  to as simply /360  ("system  360") and the data 
contro l unit as  the 1827. The re la tive  ease  with which analogue c i rc u i ts  can p e rfo rm  
such functions as  a la rm  scanning m eans that in the overa ll  sy stem  they will have many 
applications.

It is the pu rp o se  of this study to exam ine and a s s e s s  some methods by which 
the "hybrid"  type of sy s te m  can be applied to the H. P. G.

2. SYSTEM REQUIREMENTS

Set out below a r e  som e genera l req u ire m en ts  fo r  the proposed system  of con­
tro l  and da ta  logging. In section  3. a method of im plem entation is outlined and examinee 
fo r  com pliance with the following req u irem en ts .

2. 1 Data Logging

A ssoc ia ted  with the operation  of the H. P. G. and the experim en t 
connected to it (h e rea f te r  r e f e r r e d  to as the "experim en t" ) ,  will be a la rge  quantity of 
data  which is to be acqu ired  and reco rded .  The data, will have to be obtained as  e le c ­
t r i c a l  s ignals  by su itab le  t r a n s d u c e rs  and then converted  to a form  accep tab le  to the 
c o m p u te r 's  1827 data  con tro l unit. Some of the reco rded  data  will be requ ired  p e r ­
m anently and will have to be p rin ted  out, p resen te d  g raph ically  o r  s to red  digitally  in 
rem oveab le  s to rag e .  O ther  reco rded  data, p a r t ic u la r ly  tha t re la ting  to the H. P .G .  
will no rm ally  be req u ire d  only in the event of u n sa tis fac to ry  o r  unusual operation  and 
a s u m m a ry  of m ain  events  such as m axim um  oil te m p e ra tu re s ,  will usually  suffice.

* The " in te r fa ce"  is a com m unica tion  link between data channel e lem en ts  and control 
units  in /360 . In form ation  such as data, sense  and s ta tus  inform ation, control s ignals  
and I /O  device a d d re s s e s ,  is  t r a n sm it te d  in both d irec tio n s  o ver  the tim e and function 
sh a red  signal lines  of the in te rface . All t r a n s m is s io n s  a r e  in terlocked  with c o r r e s ­
ponding re sp o n se  s igna ls ,  pe rm itt ing  sy s tem  input and output opera tions  that a r e  not 
dependent on c i rc u i t  speeds .
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This sum m ary  should contain  su ffic ien t in form ation  to enable the o p e ra to r  to decide w he­
th e r  o r  not m ore  deta iled  inform ation  w ill be req u ire d . W here p rac tic a b le , the output 
da ta  should be w ell docum ented, ed ited  and condensed, so that in te rp re ta tio n  w ill be s im ­
p lified .

2. 2 D ata P ro c e ss in g

F a c ilit ie s  fo r  p e rfo rm in g  a wide range of m a th em atica l and log ical 
o p e ra tio n s  on acqu ired  data  w ill be re q u ire d . P ro g ra m s , such as one fo r de term in ing  
the H. P . G. configuration  and p a ra m e te rs  n e c e ssa ry  fo r  a given output pu lse , should be 
ab le  to be called , when req u ire d , to m anipu late  da ta  en tered  by the o p e ra to r . Some 
tra n s d u c e r  outputs, such as the in su la tion  level m on ito r, do not b e a r  a lin e a r  re la tio n ­
ship to the variab le  (e. g. in su la tion  re s is ta n c e )  being m e asu red  and m athem atica l o p e ra ­
tio n s  on. the sam pled values w ill be req u ire d .

2 .3  A utom atic C ontrol

A utom atic con tro l w ill have to be applied a t s e v e ra l lev e ls , ranging 
up to an o v era ll " su p e rv iso ry "  co n tro l. V arious con tro l functions m ay be n e c e ssa ry  fo r  
d iffe re n t experim en ts  and the con tro l sy stem  should be suffic ien tly  pow erful and flexible 
to handle a wide and changing fie ld  of con tro l re sp o n s ib ilitie s .

The su p e rv iso ry  con tro l sy stem  should co -o rd in a te  the whole range 
of no rm al H .P .G . o p era tio n s  and have the ab ility  to handle m alfunctions and em erg en c ie s. 
T hese  su p erv iso ry  fa c ilit ie s  should a lso  be availab le  to the experim en t.

2 .4  A larm  Scanning

F o r each  of the functions upon w hich su ccessfu l opera tion  of the 
H. P . G. and experim en t depends, the lim its  of sa tis fa c to ry  p e rfo rm an ce  can be es tim ated  
fo r  any phase of opera tion . T hese  e s tim a te s  depend on p a s t experience  as w ell as on phy­
s ic a l co n sid era tio n s  (such as the m axim um  te m p e ra tu re  fo r w hich the p ro p e r tie s  of lu b r i­
ca ting  o il a re  sa tisfac to ry ). A "m alfunction" is  any ex cu rs io n  of a v a ria b le  ou tside th is 
range  of sa tis fa c to ry  p e rfo rm a n ce , w hether actual o r  ind icated . When a v a ria b le  being 
m o n ito red  is  w ithin its  lim its , an ind icated  m alfunction is  a d iffe ren t type of m alfunction 
(this tim e  w ithin the m e asu rin g  and com paring  equipm ent), and the sy stem  should be d e ­
signed  to m in im ize the o c c u rre n c e  of th is  type.

All m alfunctions m u st be detected  w ithout undue delay and, w here 
p o ss ib le , v e rified  b efo re  tak ing  fu r th e r  action.

2. 5 C om m unication w ith the O p era to r

A sa tis fa c to ry  tw o-w ay com m unication  link  betw een the com puter 
and the o p e ra to r  m ust be e s tab lish ed . In the in itia l s tag es  of im plem enting  the con tro l 
p ro g ra m , the o p e ra to r  could be asked  fo r, and would have to give, approval of any m a ­
jo r  dec isio n s  m ade by the com p u ter p ro g ra m s . This com m unication  link  could also  be
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used  fo r  w arn ing  m e ssa g e s  to the o p e ra to r  and fo r re q u e s ts  by the o p e ra to r  fo r  p a r tic u ­
la r  s e rv ic e s .

2. 6 R elationsh ip  to O ther U se rs  of the /3 6 0

C o n sis ten t w ith p e rfo rm an ce  re q u ire m e n ts  of the H. P . G. p ro g ra m s 
and w ith the c o s t of in s ta llin g  sp ec ia l equipm ent, as li t t le  in te rfe re n c e  as  p o ssib le  should 
be experienced  by o th e r  com p u ter u s e rs  (both on -lin e  and o ff-line). This com m ent applies 
to th re e  dom ains w ithin the /3 6 0  viz:

(a) C en tra l p ro c e s s o r  tim e

(b) M ain co re  s to rag e  and random  a c c e s s  s to rag e

(c) Inpu t/ou tpu t (I/O) dev ices com m on to the H .P .G . p ro g ra m  and o th e r
u s e r s .

2 .7  R eliab ility

D uring im plem entation  of the con tro l and data  logging sy stem , as 
l i tt le  change as  p o ssib le  should be m ade to ex isting  in s tru m en ta tio n  and con tro l sy stem s. 
By the use of th is  approach , m anual co n tro l can eas ily  be re in s titu ted  in the event of fa i l­
u re s  in the au tom atic  sy stem . If p o ssib le , the fa ilu re  of com ponents in the au tom atic 
con tro l sy stem  should cause  reduced  se rv ic e  r a th e r  than sudden to ta l fa ilu re , i . e .  it 
should ’’fa il so ftly” .

A m e a su re  of redundancy should be em ployed in the m easu rin g  and 
p re lim in a ry  p ro c e ss in g  of im po rtan t v a r ia b le s  so tha t som e fa ilu re s  in tra n sd u c e rs  and 
c irc u itry  could be to le ra te d .

B ecause of the p o ssib le  se rio u s  consequences of an acc iden t w ith the 
H. P . G. , the "fa il safe"  technique m u st be applied.

2. 8 P h ased  Im plem entation

To en su re  a sm ooth tra n s itio n  from  m anual to au tom atic  con tro l, 
the da ta  logging and con tro l functions should be capab le of being in s ta lled  in s tag es , with 
each stage  being "debugged" befo re  p roceed ing  to the next. A suggested  phasing  is:

(a) D ata logging

(b) O p era to r -  /360  com m unications

(c) M alfunction detection

(d) D ata p ro cess in g

(e) A utom atic con tro l -  f i r s t  level (elem ental) e. g. ro to r  speed b a lan c­
ing con tro l

-  in te rm ed ia te  level (functional), e. g. "m o to rin g ” sequence
-  su p e rv iso ry  (overall)
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3. PROPOSED METHOD OF IM PLEM ENTATION (see F igu re  2) 5

The v a ria b le s  to be logged, a la rm  scanned  a n d /o r  con tro lled  fo r  the H'. P . G. 
and the experim en t, w ill be converted  into e le c tr ic a l s ignals  by su itab le  tra n sd u c e rs  
(many of those fo r the H. P . G. being a lread y  in s ta lled  and operating ). T hese s ignals  
w ill be converted  (e .g . by iso la tion  a m p lifie rs )  to a fo rm  accep tab le  to the 1827 data  
co n tro l unit w hich w ill in tu rn  fu r th e r  tra n s la te  them  into a fo rm  accep tab le  to the /360  
da ta  channel. W ithin the c o m p u te r 's  c e n tra l p ro c e ss in g  unit (C .P . U .), a sm all "m ain  
line"  p ro g ra m , w hich w ill alw ays be availab le , w ill recognize v a rio u s  re q u e s ts  fo r s e r ­
v ice  (en te red  e ith e r  au tom atically  o r by the o p e ra to r)  and ca ll su b -p ro g ram s re s id e n t in 
the sy s te m s  lib ra ry  (located on the 2311 d isk  d riv es) into the m ain  co re  s to rag e  of the 
C .P .  U. T hese su b -p ro g ram s w ill be designed  to handle specific  re q u e s ts  such as data  
logging and m alfunction handling.

The com pu ter w ill com m unicate  w ith the o p e ra to r  v ia  the com m unication con­
so le , and with the v ario u s  c o n tro lle rs  a t its  com m and via the d ig ita l and analogue output 
fe a tu re s  of the 1827.

D ata w hich has been  acqu ired  and is  to be logged, w ill be s to red  on one of the 
com puting sy s te m 's  2311 d isk  d riv e s  until req u ire d , when it w ill be outputted on the s y s ­
te m 's  line  p r in te r , an X -  Y p lo tte r  connected to the 1827 analogue output, o r  a data  link 
e s tab lish ed  in the H. P . G. con tro l room .

In those c a se s  w here  the re lia b ility  and p e rfo rm a n ce  w ill not be se rio u s ly  
affected , equipm ent w ill be " tim e  sh ared "  by se v e ra l inputs o r  outputs to reduce c a p i­
ta l expenditu re .

In the following su b -se c tio n s , the p roposed  m ethod is outlined in g re a te r  d e ­
ta il and exam ined in the ligh t of the re q u ire m e n ts  of sec tion  2.

3 .1  O p e ra to r -  /360  C om m unication

3 .1 .1  /360  M essages to the O p era to r (see F igu re  3)

When the /3 6 0  has a m e ssag e  to p a s s  to the o p e ra to r , 
th is  m essag e  m ust be s to red  in a su itab le  output a re a  of m ain s to rag e . An "execu te  
channel p ro g ram " in s tru c tio n , issued  by the p a r t ic u la r  su b -p ro g ram  w ishing to send 
the m e ssag e , w ill s ta r t  off a channel p ro g ram  w hich takes ov er the function of t r a n s ­
fe r r in g  data  and re le a se s  the C. P . U. fo r  o th e r  p ro cess in g . The output device a d d re ss , 
the output a re a  and m essag e  length in the channel p ro g ram  w ill be nom inated. The data  
channel w ill f i r s t  d e te rm in e  w hether o r  not it can  com m ence to execute the data tr a n s fe r  
by try in g  to locate  the ad d re ssed  device and sensing  its  s ta tu s . If the device is ready  to 
rece iv e  data  (indicated by a " read y "  s ignal to the 1827), the channel w ill suspend the op­
e ra tio n  of the C. P . U. at the end of a m ain  s to rag e  m em ory  cycle . When the C . P .  U. 
o p era tio n  has been suspended, the next s to rag e  m em ory  cycle  w ill be used to tr a n s fe r  
one byte (i. e. 8 b its) of data  fro m  the output a re a  to the ad d re sse d  device (in th is  case  
one of the d ig ita l outputs of the 1827), con tro l then  being p assed  back  to the C. P . U. 
w hich c a r r ie s  on with its  c u r re n t  ta sk . When the com m unication  conso le  has s ta r te d  
to p r in t the c h a ra c te r  re p re se n te d  by the d ig ita l output, it w ill send a "busy" signal to
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the 1827. This signal will p e rs is t  until the ch a rac te r  has been prin ted  and the typew riter 
is ready to receive  another ch a rac te r, the ’’ready” signal then being sent. The channel 
p rogram  will detect the ’’ready” signal and send another c h a rac te r . The data tra n s fe r  
will continue in this m anner until the com plete m essage has been placed. The p rocess 
whereby the operation  of the C. P . U. is suspended for a sto rage  cycle is re fe rre d  to as 
’’cycle stealing". At the com pletion of data tra n s fe r  the channel will inform  the p a rticu ­
la r  sub-p rogram  involved, via an I/O  in te rrup t, that the m essage has been placed. In 
the m ultiprogram m ing environm ent, this will occur only a fte r some in te rru p t p rio rity  
p rocessing  by the operating sy stem 's  superv iso r, but ap art from  tim e delays (dependent 
on the su b -p ro g ram 's  p rio rity ) th is p rocessing  will not be perceived .

3 .1 .2  O perato r M essages to /360  (see Figure 4)

F or the o p era to r and control system  functions to com ­
m unicate with the com puter system  at random  tim es, som e method of a lerting  the com ­
pu te r to various se rv ice  requests  is needed. The usual method of achieving this is to 
in te rru p t the com puter via the /360 D irect Control F eatu re . This fea tu re  is not installed  
on the A. N. U. 's  computing system  and to avoid the high co st of installing it, an a lte rn a ­
tive approach is suggested. The digital input to the 1827 is available in modules of 16 
points, each module appearing as a sep ara te  input device to /360 . A data-channel p ro ­
g ram  can be w ritten  to read one byte of data from  this input module and place it in a fixed 
location in m ain s to rage  w henever a " read y ” signal fo r th is module is received. The 
"read y ” signal w ill be activated by a request fo r serv ice  a f te r  a coded m essage, desig ­
nating the orig in  and general type of se rv ice  request, has been placed on the digital in­
put te rm in a ls . The channel will signal the main line p rogram , via an I/O  in te rrup t, that 
it has ju st read  a new byte of data from  this input point, w hereupon the main line program  
w ill decode the se rv ice  request, call into m ain sto rage a suitable sub-program  and in­
form  the point issu ing  the request to proceed . In the case  of o p era to r m essages to the 
/360 , serv ice  w ill be gained via a "se rv ice  request” key on the com m unication console, 
the request being acknowledged by a "PROCEED” m essage from  the /360 to the opera to r. 
The opera to r will then type a codeword indicating the specific se rv ice  that he req u ires .
A second sub-p rogram  (the f ir s t  being one to Handle com m unication console-input gen­
erally ) will be called  into main sto rage to handle this specific request. On being told to 
"CONTINUE” by the /360 , the o p e ra to r w ill l is t  any input data necessa ry  fo r the request 
to be serv iced .

M essages between the o p era to r and /360 could be in con­
versational English but a fa irly  rig id  fo rm at will be requ ired . This lim itation  will not 
apply to docum entation m essages such as might be used by the o pera to r fo r recording 
the cause of c e rta in  m alfunctions fo r la te r  re fe rence . W ithin the various sub-program s, 
th e re  will be a s tr ic t  o rd e r  ot p rio r ity , with m alfunction and em ergency handling sub­
p rog ram s assum ing contro l, reg a rd le ss  of what o ther sub -p rog ram s w ere operating. 
This assum ption of control w ill be achieved by suspending o ther le ss  im portant op era ­
tions.
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If the m a in -lin e  p ro g ram  and su b -p ro g ra m s  do not re c o g ­
n ize  any m e ssag e  from  the o p e ra to r , they w ill respond  w ith a "MESSAGE NOT RECOG­
NIZED", r a th e r  than by abo rting . They w ill then re tu rn  to the point w here  they w ere  
o rig in a lly  ready  to rece iv e  the (unrecognized) m essag e .

It is  im p o rtan t to note tha t in som e c a se s , the /360  may 
have an u rgen t m essag e  to p a ss  to the o p e ra to r  w hile the o p e ra to r  is p assin g  a m essage  
such  as  a re q u e s t fo r  da ta  tr a n s fe r ,  to the /3 6 0 . The o p e ra to r  could be w arned  of the 
o c c u rre n c e  by an aud ito ry  o r  v isua l a la rm . A b e t te r  so lution m ight be to u se  the data  
link  recom m ended  in section  3. 2. 6 fo r  a ll o p e ra to r  m e ssag es  to the /3 6 0 , except fo r the 
c a se  w here the o p e ra to r  is  answ ering  questions asked  of him  by the com pu ter, the com ­
m unication  console then being used.

3 .2  D ata Handling (see F ig u re  5)

3 . 2 . 1  D ata A cquisition

The outputs of the v a rio u s  tra n sd u c e rs  w ill be re fe r re d  
to by /360  v ia  the analogue o r  d ig ita l input fe a tu re s  of the 1827 da ta  con tro l unit, depend­
ing on w hether they a re  analogue o r  d ig ita l in fo rm . The 1851 unit is  a high speed so lid - 
s ta te  m u ltip lex er which can, in conjunction w ith the A-D co n v e rte r , d ig itize  up to 10, 000 
sam p le s  p e r  second taken fro m  random  o r  sequen tia l po in ts. T ra n sd u c e rs  req u irin g  a 
sam pling  ra te  of le s s  than ap p rox im ate ly  twenty sam p les  p e r  second w ill be connected 
v ia  m echan ical o r  solid  s ta te  sw itching netw orks to tim e -sh a re d  iso la tion  am p lifie rs  and 
1851 m u ltip lex e r te rm in a ls . By m aking the sw itching netw orks random ly ad d re ssab le , 
the v a rio u s  su b -p ro g ram s can  sen se  the output am plitude of any of the tra n sd u c e rs . The 
a d d re s s  of the tra n sd u c e r  re q u ire d  w ill be supplied to the sw itching netw orks by a d ig ital 
output m odule of the 1827.

A num ber of sp a re  input lines  w ill be m ade availab le  fo r 
additional in form ation  reg a rd in g  e ith e r  the H. P . G. o r  the exp erim en t and a s  a back-up  
in c a se  of fa ilu re  of a sw itching netw ork  o r  iso la tion  am p lifie r . T ra n sd u c e rs  req u irin g  
a high scanning  ra te  w ill be connected v ia  th e ir  own iso la tion  a m p lifie r  o r  a tten u a to r to 
an 1851 m u ltip lex er te rm in a l, u n le ss  a high speed so lid -s ta te  sw itching netw ork is  s u it­
ab le .

A so lid -s ta te  sw itching netw ork is  su itab le  only fo r r e a ­
sonably  high signal lev e ls  and low c irc u it  im pedances, u n le ss  a reduction  in speed of 
o p e ra tio n  is  allow able (because of the need to allow tra n s ie n ts  to s e tt le  befo re  sam pling 
the output). S o lid -s ta te  sw itch ing  netw orks w ill not be su itab le  fo r app lica tions in which 
th e re  is  a d ifference in com m on-m ode voltage of g re a te r  than 10 vo lts  o r  so betw een the 
channe ls  to be ad d ressed .

A " re a d "  in s tru c tio n , issu ed  by the su b -p ro g ram  a c q u ir ­
ing the data , w ill nom inate the o rd e r  and a d d re s se s  of the inputs to be read , the actual 
in s ta n t of read ing  being synchron ized  ex te rn a lly  by m eans of a " read y "  s ignal. This signal
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w ill allow fo r the tim e delay n ecessa ry  for the closing of m echanical and so lid -sta te  
sw itches together with the associated  am plifier "se ttling” tim e.

2 33 . 2 .2  Data Logging ’

The sim plest approach to data logging is to se t a scan­
ning ra te  fo r every variab le  which, fo r any phase of operation, is sufficiently fast to 
cover all contingencies. Every sam ple taken would be recorded, with all data being 
prin ted  out at the end of a day’s run. This approach has two m ajor shortcom ings, f i r s t ­
ly an excessive quantity of data is collected, thus .using up la rge  blocks of storage space 
in the computing system  and secondly, it is difficult to pick out the data of in te re s t from  
the m ass which is p resen ted . By examining various fac to rs , it is possib le to vary  the 
scanning ra te  to su it the p a rtic u la r  c ircum stances and to decide which of the acquired 
sam ples to record . In this m anner, a la rge  reduction in the volume of data recorded  
becom es possib le . The f ir s t  of these fac to rs  is the im portance of the p a rticu la r v a r ia ­
ble. During any phase of the H. P . G. 's  operation, some variab les will be of d irec t in­
te re s t ,  some of ind irec t in te re s t and o thers of little  in te re st. An example is the case  
of m otoring the H . P . G . , w here the ro to r speeds and m otoring brush  cu rren ts  a re  of 
d ire c t in te re s t, the various oil p re s su re s  and tem pera tu res a re  of indirect in te re s t and 
the pulse c u rre n t—supposedly being z e ro —is of little  in te rest. F or the variab les of 
d ire c t in te re s t, such as pulse c u rre n t during a pulse, sufficient readings to accurately  
plot the v a riab le ’s h isto ry  may be required . This will involve scanning ra te s  of up to 
sev era l hundred points p e r second. In o ther cases of variab les  of d irec t in te re st, such 
as ro to r speeds during the m otoring phase, a fa r  low er scanning ra te  (of say two points 
p e r  minute) will suffice. F or v a riab les  of ind irec t in te re st, it may be sufficient to r e ­
cord  typical values every few m inutes. If a m alfunction is detected, an increased  scan ­
ning ra te  will be used. F or variab les  of little  in te rest, it may not be necessary  to reco rd  
any values, un less a malfunction is detected. Another facto r to be considered in red u c­
ing the amount of p rim ary  data gathered is the expected maximum ra te  of change of the 
variab le  being logged o r  m onitored, during any phase of operation. This maximum ra te  
can usually be estim ated from  physical considerations, such as the ra te  of d ecrease  of 
oil p re s su re  fo r a b u rs t oil line, if not from  p ast experience. The maximum allowable 
in terval between sam ples (i. e. the minimum sam pling rate) for each variab le can thus 
be determ ined fo r each phase of operation. This minimum sam pling ra te  will in many 
cases  be se t by the need to detect a m alfunction without undue delay and to allow accu­
ra te  record ing  of associated  sudden changes. In a typical case , the opera to r m ust be 
inform ed of a m alfunction within a few seconds, but during norm al operation the re c o rd ­
ing of one sam ple every few m inutes will be satisfac to ry . It is c lea r  that a la rge  p e r ­
centage of the sam ples taken during norm al operation need not be recorded . If som e 
ex ternal method (to /360) is available of detecting a m alfunction without undue delay, a 
slow scanning ra te  can be used until a m alfunction occurs, a fa s te r  scanning ra te  then 
being employed.

3 . 2 . 3  Data P rocessing

Because of the adverse  environm ent and the long leads 
n ecessa ry  to connect some of the tran sd u ce rs  to th e ir associated  m ete rs  and am plifiers ,
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a fa irly  la rge  noise component will often be p resen t in the signal received at the control 
room . If the noise component can be described  s ta tis tica lly  o r defined m athem atically, 
a sam pling ra te  and m athem atical p ro cess  which will yield a considerable im provem ent 
in signal to noise ratio  can usually be found. The g re a te r  the difference in the ch arac ­
te r is tic s  of the signal and noise, the e a s ie r  such a p ro cess  is to find and apply. As an 
exam ple, a slowly varying d .c . signal d isto rted  by a la rge  componentof a . c .  50 cycle 
m ains pickup, will be m easured m ore accura te ly  by taking the average of two sam ples 
spaced 10 mS apart than by taking a single sam ple.* In o ther cases, p a rticu la r variab les 
a re  of such im portance that they will each be m onitored by severa l tran sd u ce rs , perhaps 
using different physical p rinc ip les . A form  of co rre la tio n  will help d iscover the v a r ia ­
tions common to the d ifferent tran sd u cers  fo r each variab le, i. e. the signal (and com ­
mon noise). A type of m ajority  logic p rocessing  can also be applied, with a warning 
being sent to the opera to r in the event of d isagreem ent. Functions such as these can be 
achieved using special purpose c ircu itry  operating on the tran sd u cer outputs, but the 
digital com puter approach is m ore flexible and may be used to determ ine the optimum 
c h a rac te ris tic s  fo r any d isc re te  c ircu its  which a re  to be installed.

Another aspect of the data p rocessing  requirem ents is 
the p rocessing  needed on some tran sd u cer outputs (e .g . the insulation m onitor), when 
the tran sd u ce r output is not a lin ea r function of the variab le  being m onitored (i. e. the 
insulation resistance). In o ther cases  it may be desirab le  to use calibration  resu lts  
and co rrec tio n  fac to rs to obtain a m ore accura te  m easure  of the variab le  being moni­
tored .

3 . 2 .4  Data Reduction and C om pression

In addition to the methods already outlined in section 
3 . 2 . 2  fo r reducing the amount of p rim ary  data, fu rth e r reductions can be effected by 
not record ing  the readings from  tran sd u cers  m easuring  such quantities as tem p era ­
tu re s  and p re s su re s , unless they a re  outside norm al operating lim its . If this la tte r  
method is used, it is possib le that in some cases of a m alfunction being detected, the 
v a riab le 's  p r io r  h isto ry  (with that of re la ted  variab les) will be requ ired  and th is would 
not be available. Although this method substantially  reduces the amount of data r e ­
corded, it should not be applied unless operating experience indicates that satisfacto ry  
perform ance will be achieved.

Another possib le method of reducing the volume of 
s to red  data, without losing essen tia l inform ation, is to reco rd  transducer readings 
only when they differ from  the p rev iously -recorded  reading by a given percentage, 
say 1%. This method will reduce the overall accuracy by the percentage specified

* This method of sam pling re lie s  on there  being no appreciable even harm onics in the 
d isto rting  waveform and is based on the p rincip le  that fo r each odd harm onic two 
sam ples 10 mS apart will be equal in magnitude but opposite in polarity , the sum 
of these two sam ples ideally being zero .
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but th is can be varied  to suit the m easuring  accuracy and im portance of the p a rticu la r 
va riab les . A search  fo r the c lo sest recorded  value will have to be made if the o p era to r 
req u ests  the value of a specific variable at a previous tim e. This problem  will not oc­
cu r in printing out the re su lts  sequentially, since the cu rren t value will be s to red  in 
m ain storage to enable the m issing readings to be filled in.

As fa r  as the computing system  is concerned, the sav ­
ing of random access sto rage space will have to be balanced against the additional cen­
tra l  p ro cesso r tim e necessary  to achieve this saving.

3 . 2 . 5  Data Form at

The m ost economical form  for data sto rage in /360 is 
in sim ple binary. The unit of inform ation is an eight b it "byte" which yields 256 p o ss i­
ble com binations, i. e. a le a s t count of 0.4% of the total. This accuracy should be ade­
quate for logging the data associated  with the H.P.G. and can be increased, when n eces­
sary , fo r storing experim ental data. Within the C. P. U. , th is one byte of data w ill be 
accom panied by an additional one o r two bytes of identifying inform ation such as channel 
(transducer) num ber, tim e of day and polarity . When the reco rd s  a re  stored on the 2311 
disk drive, they w ill be w ritten  in blocks based on the tim e of day. Each block w ill have 
a header record , which will contain detailed identifying and status inform ation and a 
count field indicating the length of the associated  block in bytes. This header reco rd  
will be followed by the data reco rds of two bytes each—one byte for data magnitude and 
one byte having seven b its  as a channel iden tifier and one bit as a data polarity  indicator. 
The absence of a reco rd  for any p a rticu la r channel will mean that e ith e r the channel had 
not been read  at the tim e given in the header label o r that its value had not deviated from  
the previously recorded  value by a sufficient amount to requ ire  a new reco rd  to be w ritten . 
The channel num bers with a high scanning ra te  can have a la rge  num ber of en trie s  in any 
given block. These readings can be synchronized externally , in which case no fu rth e r 
tim ing inform ation will be requ ired . If readings a re  taken at a tim e nominated by the 
C. P. U. , an additional byte giving m ore accurate tim ing inform ation can be attached to 
selected  data reco rd s. A lphanum eric data (such as m essages and instructions to the 
operato r) can be s to red  away as com plete m essages, o r as w ords, ph rases and sym bols 
from  which requ ired  m essages and instructions can be synthesized.

3 . 2 . 6  Data Output

There a re  at le a s t four d ifferent output devices which 
can be used, each device having its own application a rea . These devices are:

(a) The o p e ra to r 's  communication console.

(b) The high speed line p r in te r  in the com puter cen tre .

(c) An X-Y p lo tte r attached to the analogue output featu re  
of the 1827.

(d) An additional data link to be se t up in the H. P. G. 
control room  or o ther suitable location.
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The o p e ra to r 's  com m unication console m ust not be used 
fo r putting out la rg e  quantities of data while the H. P. G. is in operation, since it is likely 
that the data output will have to be in terrupted  while the /360 passes  control and warning 
m essag es  to the opera to r and receives rep lies. The communication console will be b e st 
suited  to the output of short data sum m aries that a re  of in te rest to the operato r. One func­
tion of the "m ain -line" p rogram  will be to keep a running sum m ary of the H. P. G. Ts ope­
ration . This sum m ary will log the maximum an d /o r minimum values for as many v a ria ­
b les as a re  requ ired , together with details re levant to each entry. A log of detected 
m alfunctions will also be kept. At the end of a day 's operations, these sum m aries will 
aid the o pera to r in deciding what data will have to .be re triev ed  from  storage before the 
sto rage  a re a s  a re  re leased  to the computing system . Another type of sum m ary will be 
a rep o rt p resen ted  to the o p era to r at the conclusion of each pulse and will include such 
item s as:

(a) Date, tim e of s ta r t  and finish of the pulse and pulse 
number.

(b) Peak load cu rren t

(c) R otor speeds and d irections before and a fte r pulse

(d) Field cu rren t

(e) Charge tran sfe rred

(f) Output voltage

(g) Any malfunctions detected during pulse

(h) Data relating to the electro ly tic  switch

(i) A sum m ary of data re la ting  to the experim ent

(j) Sufficient inform ation to reconstruct the cu rre n t w ave­
form  in an approxim ate m anner.

It is anticipated that the com puter's  high-speed line 
p r in te r  w ill be used for all la rge  quantities of data output in prin ted  form . Added flex­
ib ility  will be achieved by installing an additional data link for the H. P. G. , using the 
sam e approach as that outlined for setting up the communication console (see section 
3. 1). An im portant fea tu re  of this addition will be that no additional load will be placed 
on the line p rin te r  by the im plem entation of the H. P. G. control and data logging p ro ­
g ram s. Another featu re  will be that data will be available in the control room  with 
little  delay and the need fo r traffic  between the com puter cen tre  and the control room 
w ill be elim inated. Since the e lec tric  typew riters a re  rela tively  slow speed output 
devices (about 15 ch a rac te rs  p e r second), data which a re  known to be required  p e rm a­
nently will be prin ted  out as they a re  acquired. A part from  reducing the peak loading 
on the typew riter, this technique will also save on the usage of random access sto rage 
in the computing system . By installing the data typew riter next to the com m unications
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conso le , the s itua tion  w here  the com pu ter w ants to com m unicate  w ith the o p e ra to r  but 
cannot b ecau se  the o p e ra to r  is typing out an o th er m essag e  on the console, w ill be avoid­
ed (as explained in sec tion  3. 1, 2).

The analogue output of the 1827 w ill be used  to o p era te  
an X -Y  p lo tte r . P lo tting  w ill n o rm ally  be as  d is c re te  po in ts but can be a rra n g e d  as  a 
s tra ig h t line  segm ented  graph . The X -Y  p lo tte r  can be s itua ted  in the H. P. G. con tro l 
room  o r  a t som e o th e r  convenient location.

To in itia te  da ta  output, the o p e ra to r  w ill re q u e s t se rv ic e  
on the com m unica tion  conso le  and then re q u e s t a su itab le  data  fo rm atting  su b -p ro g ram  
w hich w ill, in tu rn , a sk  the o p e ra to r  fo r  the n e c e ssa ry  p a ra m e te r s  such as channel num ­
b e rs  re q u ire d , s ta r tin g  tim e  and fin ish ing  tim e. The da ta  fo rm attin g  su b -p ro g ram  w ill 
be re sp o n s ib le  fo r b in a ry  to decim al tra n s la tio n , editing and docum entation. F o r m ax i­
m um  accu racy , the analogue tra n sd u c e r  outputs w ill be am plified  o r  a ttenuated  to have 
a full sc a le  value approach ing  the + 5 V m axim um  input level of the A-D co n v erte r. B e­
cau se  of th is , each s to red  b in a ry  value w ill be m ultip lied  by an ap p ro p ria te  sca le  fac to r 
befo re  being converted  to decim al.

The editing  cap a b ilitie s  in /360  a re  quite ex tensive and 
the output can be p re se n te d  in a wide range of fo rm a ts , vary ing  fro m  sp a rse ly  docum ent­
ed g roups of decim al d ig its  up to fully docum ented decim al data  w ith in sign ifican t z e ro s  
su p p re sse d  and tra n sd u c e r  d e sc rip tio n s , tim es  of read ing , decim al po in ts, and units of 
read in g  being included. V arious su b -p ro g ra m s  can be ca lled  to p e rfo rm  d iffering  d eg rees  
of ed iting  and docum entation, depending on the im m ediate  need.

3. 3 M anagem ent of M alfunctions in the H. P. G. and the E xperim en t
(see F ig u re  6)

3. 3. 1 In troduction

Involved in the o p era tio n  of the H. P. G. a re  se v e ra l fa c ­
to r s  such a s  o il supp lies, a i r  supp lies  and insu la tion  lev e ls , the c o r r e c t  p erfo rm an ce  of 
any one of th ese  being v ita l. By m onito ring  the outputs of tra n s d u c e rs  a sso c ia ted  w ith 
th e se  fa c to rs , an e a r ly  w arn ing  of p o ssib le  fa ilu re  can often be obtained. F rom  the la rg e  
am ount of accum ulated  da ta  re la tin g  to the p e rfo rm a n ce  of the H. P. G. , a p ic tu re  of n o r ­
m al behav iour of these  v a rio u s  outputs has been fo rm ed . In m o st c a se s  upper a n d /o r  
lo w er lim its  of am plitude and ra te s  of change fo r  s a tis fa c to ry  p e rfo rm a n ce  can be e s t i ­
m ated . T hese lim its  m ay dependon functions such as ro to r  speed and w hether o r  not a 
p u lse  is  in p ro g re s s . By de tec ting  m alfunctions in the c r it ic a l  fa c to rs  a t an e a r ly  stage, 
s te p s  can  be taken to m in im ise  dam age, typ ically  by b ring ing  the H. P . G. to a halt.
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O r / '

3. 3. 2 A larm  Scanning ’ ’

As w as m entioned in sec tio n  3. 2. 2, the scanning  ra te  
n e c e s s a ry  fo r the v ario u s  tra n sd u c e rs  from  m alfunction detection  co n sid e ra tio n s , is 
o ften  co n siderab ly  h ig h e r than th a t n e c e ssa ry  fo r da ta  logging. In such c a se s , all the 
sam p les  taken  would be checked fo r  lim it v io lation  but only a sm all p e rcen tag e  would 
be s to red  as  data. Two p o ssib le  app roaches to the lim it com paring  function a re  to p e r -  
fo rm  th is e ith e r  inside the com p u ter by p ro g ram m in g  o r  ou tside  w ith sp ec ia l pu rpose  
c i rc u itry  w hich w ill a le r t  the com pu ter if a m alfunction is detected . The second ap ­
p ro ach  involves som e additional c irc u itry  but th is  w ill be m o re  than o ffse t by the reduced  
dem ands m ade on the com puting sy stem . To be able to effectively  su p e rv ise  a ll t r a n s ­
d u c e r  outputs, read ings should be lim it-ch eck ed  every  few seconds, w h ereas  fo r  data  
logging, a b u rs t  of read ings every  few m inu tes w ill be sa tis fac to ry , fo r  a la rg e  p ro p o r­
tion  of the tim e th a t the H. P . G. is  in operation .

M ost of the tra n sd u c e r  outputs to be checked fo r lim it 
v io la tion  w ill be connected in g roups (such as te m p e ra tu re s , p r e s s u re s ,  in su la tion  lev e ls  
and ro to r  positions) via m echan ica l or so lid  s ta te  sw itching netw orks and iso la tio n  a m p li­
f ie r s  to 1851 m u ltip lex er te rm in a ls . A dditional banks of con tac ts  on the u n ise le c to rs  o r  
sw itching re la y s  can be used  to s e t upper and low er lim its  fo r each input. As each input 
is  se lec ted  it w ill be com pared  w ith its  lim its . D uring the in te rv a l betw een b u rs ts  of 
d a ta  logging, the sw itching netw ork  can be m ade to sequence through the inputs w ith one 
co m ple te  cycle  about every  five seconds o r  in w hatever tim e is co n sid ered  n e c e ssa ry .
F o r  those tra n sd u c e rs  connected to 1851 te rm in a ls  v ia th e ir  own iso la tion  am p lifie r , a 
m echan ica l (u n ise lec to r) sw itching netw ork can be connected to the a m p lif ie r  outputs, fo r 
the pu rp o se  of a la rm  scanning a num ber of such tra n sd u c e rs . Any lim it v io lations w ill 
be used to in te rru p t the co m p u te r and ca ll the m alfunction handling su b -p ro g ra m  into 
opera tion . So that the v a ria b le  giving troub le  can  be continually  m on ito red  w ithout in te r ­
fe r in g  w ith o th e r  op era tio n s , a sp a re  u n ise le c to r  (having su ffic ien t con tac ts  to ad d re ss  
any of the tra n sd u c e rs )  coupled to an iso la tion  am p lif ie r  and 1851 m u ltip lex e r te rm in a l, 
w ill be availab le . As w ell a s  m on ito ring  the tra n sd u c e r  outputs, each  u n ise le c to r  and 
iso la tio n  a m p lif ie r  p a ir  can to som e ex ten t m on ito r itse lf  by having two s tan d ard  inputs, 
one of zero  volts (to check  a m p lif ie r  d rift)  and the o th e r  of say +4 volts (to check am p li­
f ie r  gain and c o m p ara to r  operation ).

As has a lre ad y  been m entioned, som e of the lim its  of 
u.iiowable opera tio n  w ill depend on such fa c to rs  as  ro to r  speed and w hether o r  not a 
p u lse  is in p ro g re s s . To p re s e n t the c o r re c t  lim its  to the co m p a ra to rs , som e analogue 
com putation  w ill be n e c e s sa ry  in th ese  c a se s . A dditional c irc u itry  w ill a lso  be req u ired  
w hen the ra te s  of change of v a r ia b le s  as  w ell as  the m agnitudes a re  to be checked.

D uring  the data  logging o p era tio n  the sw itching netw orks 
w ill o p e ra te  a t m axim um  speed , to reduce  the length  of tim e  spen t on the /360 . The 
sw itching netw orks w ill be synchron ized  w ith the com pu ter (or v ice v e rsa )  du ring  th is  
o p e ra tio n  and to sim plify  th is  function, an additional bank of con tac ts  can  be used  to gen­
e ra te 'b in a ry  tra n sd u c e r  channel a d d re s se s  w hich can be en te red  via the d ig ita l input 
fe a tu re  of the  1827.
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A spec ia l c irc u it  w ill be re q u ire d  fo r  the ro to r  position  
m on ito r. Sm all tra n s ie n t deflec tions in the ro to r  m ight not be detected  by taking sa m ­
p le s  of ro to r  position  once every  few seconds and som e fo rm  of peak detection  could 
avoid the u se  of a f a s te r  scanning ra te . U nfortunately, the ro to r  position  m onitoring  
c i rc u it  is  sub jec t to la rg e  am ounts of ex tran eo u s no ise such as r e c t if ie r  sp ikes and 
b ru sh  no ise  and th ese  com ponents w ill have to be rem oved by low p a ss  f i l te r s  befo re  
any s a tis fa c to ry  peak  detection  could be achieved. In the event of a high peak read ing  
the sp a re  iso la tio n  a m p lif ie r  w ill be sw itched to the m on ito r output indicating troub le  
and a h igh -sp eed  b u rs t  of read in g s w ill be taken  so tha t the ro to r  p e rtu rb a tio n  (or in ­
d ica tion  of it) can be reco n s tru c ted .

It m ay be d e s ira b le  to em ploy a d eg ree  of m a jo rity -lo g ic  
p ro c e s s in g  w here  m o re  than two tra n sd u c e rs  m e a su re  the sam e v a ria b le , so that in the 
even t of a lim it v io lation som e e lem en ta ry  dec ision -m ak ing  about the ex istence  o r  o th e r­
w ise  of a re a l m alfunction can  be p e rfo rm e d  befo re  the com pu ter in itia te s  fu r th e r  action.

3 . 3 . 3  M alfunction Handling^

An indication  of a m alfunction w ill cau se  a m alfunction 
handling su b -p ro g ra m  to be ca lled  into co re  s to rag e  by the m a in -lin e  p ro g ram . The f i r s t  
function of th is su b -p ro g ra m  w ill be to try  to d e te rm in e , by m eans of exam ination of r e ­
la ted  v a r ia b le s  and execution of check ro u tin es , w hether the m alfunction is re a l o r  only 
ap p aren t. If the check ro u tin es  ind icate th a t no re a l m alfunction e x is ts , a m essag e  with 
the re le v an t in form ation  w ill be p assed  to the o p e ra to r  and the dec isio n  as  to w hether to 
o v e rr id e  b ring ing  of the H. P . G. to a ha lt w ill be le ft to the o p e ra to r .

When the H. P. G. is  tu rn ing  a t speed and a re a l m alfunc­
tion  is  detected , a com plete  a s s e s sm e n t of the opera tio n  and s ta tu s  of the m achine w ill be 
re q u ire d  befo re  a dec ision  is m ade w ith re g a rd  to the b es t m anner fo r  reducing its  speed. 
Such an a s se s sm e n t can be m ade fa ir ly  read ily  when the m achine s ta tu s  and m alfunction 
a r e  p u re ly  hypothetical and when th e re  is  am ple tim e  to co n sid e r the v a rio u s  a lte rn a tiv e s . 
In ac tua l opera tion , delay in in troducing  c o rre c tiv e  action  could have se r io u s  consequences 
and only a sh o rt tim e  m ay be availab le  to re a c h  a decision . The d ig ita l com puter, by v i r ­
tue of the fac t tha t it has a ll the in fo rm ation  concern ing  m achine s ta tu s  im m ediately  a v a il­
ab le , w ill be able to p e rfo rm  th is  d ec ision -m ak ing  v ery  quickly and it w ill not be a d ifficu lt 
ta sk  to catalogue the v a rio u s  m ethods fo r halting  the H. P. G. and the p re re q u is i te s  fo r 
each  m ethod. By lis tin g  th e se  m ethods fo r t r ia l  in the o rd e r  of le a s t  se v e re  (rev e rs in g  
the m ain  fie ld  and reg en e ra tio n ) to m o st se v e re  (the em ergency  w a te r  b rake) the method 
w hich cau ses  le a s t  d is ru p tio n  w ill be a r r iv e d  at.

The im plem en tation  of m alfunction handling can be u n d e r­
taken  in th re e  s tag es . In the in itia l s tag es  of opera tion , the su b -p ro g ra m s  w ill p a ss  m e s ­
sa g e s  to the o p e ra to r  in form ing  him  of m alfunctions and o th e r  re la te d  inform ation. A 
second m essag e  suggesting  a c o u rse  of action  w ill then be sen t. If the o p e ra to r  decides 
th a t the c o u rse  of action  suggested  is not ap p ro p ria te  he should docum ent h is  re a so n s  so 
th a t su itab le  additions and a lte ra tio n s  to the su b -p ro g ram  can be m ade. If the o p e ra to r
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decides that the course  of action suggested is appropriate , it will be up to him to see that 
it is im plem ented, since, in the initial stages com puter control will not be operational and 
the m alfunction handling sub-program  will not have the ability to act on its own advice.

When the malfunction p rogram  has evolved (by c o rre c ­
tion of any m istakes) to the point w here it is operating sa tisfac to rily  and automatic con­
tro l le r s  a re  available to the com puter, the sub-program  will not only suggest a course 
of action but w ill, with p r io r  approval from  the operato r, c a r ry  it out. It is possible 
that a fte r  an extended period of sa tisfac to ry  operation in this mode, the com puter could 
be allowed to look a fte r a range of m alfunctions without having to obtain p rio r approval 
from  the opera to r. The tim e requ ired  to check the operation of the malfunction handling 
sub -p rogram  can be reduced to quite reasonable proportions by using a "simulated™
H. P. G. which would sim ply consist of potentiom eters and switches at the inputs of the 
various data acquisition netw orks. A m alfunction will be sim ulated by adjusting a volt­
age to a point outside the allowable lim its  and cu rren t machine status will be indicated 
by the various o ther sw itches and potentiom eters.

If so requ ired , a se t of ""warning" lim its, tigh ter than 
those defining a malfunction, can be introduced so that the operato r can be inform ed of 
impending m alfunctions. It is  anticipated that by receiving p r io r  warning of a m alfunc­
tion, the opera to r or, eventually, the autom atic control system , will be placed in a 
state  of vigilance and can take steps to see that conditions a re  co rrec ted  before a m al­
function occurs.

3 . 3 .4  A larm  Scanning for the Experim ent

Any of the functions available for a larm  scanning of the 
H. P. G. can be made available to the experim ent. A ssociated with the switching networks 
and isolation am plifiers provided fo r the acquisition of experim ental data will be fac ilities 
for setting  lim its  and alerting  the com puter of violations. These violations could be hand­
led by standard  sub-p rogram s res id en t in the system ’s lib ra ry  (on 2311 disk drive) o r by 
special sub-program  w ritten  fo r the p a rtic u la r  experim ent being conducted. If necessary , 
an additional set of digital input and output points could be installed  on the 1827 data con­
tro l unit and a d irec t com m unication link between the staff perform ing the experim ent and 
the com puter system  could be se t up. In th is m anner all of the data handling and p ro c e ss ­
ing fac ilitie s  of the /360 could also  be made available to the experim enters and a link 
with the H. P. G. opera to r would be provided.

3 .4  Automatic C ontrol^’ ^

Once the data logging and a la rm  scanning functions have been in s ta ll­
ed, m ost of the inform ation n ecessa ry  fo r the application of severa l levels of autom atic 
control w ill be available to the com puter. Some item s of inform ation, such as " te s t bay
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c le a r  of p e rso n n e l" , a re  d ifficu lt to m on ito r e lec tro n ica lly  and when such inform ation  is 
re q u ire d  the com pu ter w ill ask  the o p e ra to r  to fu rn ish  it, v ia the com m unication console.

To put the c o m p u te r 's  con tro l d ec isio n s  (a rriv e d  a t by p ro cess in g  
the av a ilab le  inform ation) into effect, a num ber of se rv o m ech an ism s, re la y s  and decod­
ing m a tr ic e s  w ill be req u ire d . A part fro m  these  dev ices, how ever, the im plem entation 
of au tom atic  con tro l to a lm o st any d eg ree  of com plexity  w ill only involve additional co m ­
p u te r  p ro g ra m s  and com pu ter tim e, to g e th er w ith tra n sd u c e rs  fo r req u ire d  v a ria b le s  not 
a lre a d y  m onito red  e le c tr ic a lly .

The low est level of au tom atic  con tro l w ill involve ta sk s  such as 
m a in ta in ing  the ro to r  speeds constan t p r io r  to pulsing. The next level of con tro l w ill 
c o -o rd in a te  th e se  and o th e r  e lem en ta l con tro l p ro c e s se s  involved in p a r tic u la r  phases 
of the H. P . G. 's  operation , such as the m otoring  phase.

At the h ig h est level of con tro l all p h ases  of the H. P . G. 's  operation  
w ill be co -o rd in a ted , including the a la rm  scanning and m alfunction handling rou tines. 
When th is  stage  has been reach ed , the con tro l p ro g ram  w ill be given data  re la tin g  to the 
req u ire d  output from  the H. P . G. and w ill p roceed  to ca lcu la te  the conditions and config­
u ra tio n  n e c e s sa ry  to achieve th is  output. A fte r the c o r r e c t  configura tion  has been ob ta in ­
ed (e ith e r  m anually  o r  au tom atically ) the con tro l p ro g ra m  w ill b rin g  the au x ilia r ie s  into 
o p e ra tio n , m o to r the H. P . G. up to speed and hold it in a condition " read y  to pu lse"  until 
s ignalled  by the o p e ra to r , then p roceed  to take the pu lse  and continue the m o to ring -pu lsing  
cycle  (with o r  w ithout o p e ra to r  in itia tion  of each pu lse , as requ ired ) until the req u ired  
n um ber of p u lses  has been taken and the H. P. G. can be shut down.

The pow erful com putational and log ical fa c ilit ie s  of the com puter 
sy s tem  can be v ery  usefu l in au tom atic con tro l app lica tions w hich a re  d ifficu lt to re a liz e  
using  n o rm al se rv o m ech an ism  techn iques. T his is p a r tic u la r ly  tru e  of situa tions w here 
a h ie ra rc h y  of con tro l m ethods is availab le . With s im p le  feedback type con tro l sy stem s, 
th e re  is  a tendency fo r the v a rio u s  m ethods of con tro l to in te ra c t adv erse ly . An exam ple 
of such a sy stem  is a pu lse  c u r re n t  co n tro l w hich u se s  the e lec tro ly tic  tank position , r e s i s ­
tive  shunts a c ro s s  the e lec tro ly tic  tank, and fo rc in g  of the m ain H. P. G. field  as m ethods 
of co n tro l. By exam ining the pu lse  c u r re n t  and knowing the c h a ra c te r is t ic s  of the vario u s  
c o n tro l le rs ,  the com pu ter con tro l p ro g ram  can m ake them  w ork in harm ony to achieve a 
b e t te r  r e s u l t  than tha t n o rm ally  obta inable . A fu r th e r  advantage of the pow erful on -line  
com puting fa c ilit ie s  availab le  is  tha t adaptive and se lf-ad ju s tin g  con tro l sy stem s can be 
used  in s itu a tio n s  w here  optim um  p erfo rm a n ce  is  d e s ired . A typical situa tion  w here 
th e se  sy s tem s  yield  su p e rio r  re s u lts  is  the s im ple  position  con tro l servom echan ism . 
W ith a p red ic tiv e  type con tro l sy stem , a step  input cau ses  m axim um  a cc e le ra tio n  until 
the co n tro lled  object is  app rox im ate ly  half way to the d e s ire d  position  and then m axim um  
d e c e le ra tio n  until the co n tro lled  o b jec t re a c h e s  the d e s ire d  position . It w ill have ju s t b e ­
com e s ta tio n a ry  as it re a c h e s  th is  position  and th e re fo re  th e re  w ill be no overshoo t and 
the tim e  n e c e ssa ry  to reac h  the final position  w ill be a  m inim um .



PROPOSED METHOD OF IMPLEM ENTATION 17

The im plem entation  of an o v e ra ll sy stem  of au tom atic  con tro l w ill 
be undertaken  in s tag es , w ith the e lem en ta l con tro l sy s tem s  being developed f i r s t  and 
o p era tin g  sm oothly b efo re  the h ig h e r le v e ls  a re  attem pted . In im plem enting  the vario u s  
p h ases  of au tom atic  con tro l, a m inim um  of in te rfe re n c e  to ex isting  in strum en ta tion  and 
in te rlo ck s  w ill be m ade, so th a t during  the evaluation  of the v a rio u s  d ig ita l rea liza tio n s  
of th ese  functions, m anual con tro l can ea s ily  be re - in s ti tu te d  if n e c e ssa ry .

It should be noted th a t th e re  w ill be m any app lica tions in w hich a 
m e a su re  of d is c re te  con tro l c irc u itry  w ill be p re fe ra b le  to a pu re ly  d ig ita l solution. The 
concept of hybrid  c i rc u itry  w ill be exam ined in ceases w hich o th e rw ise  would involve con ­
tinuous atten tion  by the d ig ita l com puter. A nother a sp ec t of the hybrid  approach  is that 
functions such as  addition, su b trac tio n  and tim e  in teg ra tio n  w hich a re  p e rfo rm ed  s a t i s ­
fa c to rily  by analogue m ethods, can be p e rfo rm e d  ex te rn a lly  to the d ig ita l com puter and 
so re le a s e  com puting capacity  fo r the ta sk s  w hich a re  m o re  e a s ily  handled in a d ig ita l 
env ironm ent.

It w ill p robab ly  be w orthw hile to evaluate  and ad ju st p roposed  d is ­
c re te  sy s tem s  by f i r s t  inco rpo ra ting  them  as d ig ita l p ro g ra m s . A fter th ese  sy stem s 
have been ad justed , by p ro g ram  change, to p e rfo rm  sa tis fa c to r ily , they can then be im ­
p lem ented  as d is c re te  c irc u itry . T his approach  takes  advantage of the flex ib ility  of the 
d ig ita l com pu ter d u ring  the developm ent of the " c irc u it"  and w ill allow the com plete 
au tom atic  con tro l sy stem  to be im plem ented  sooner than if a la rg e  quantity  of d is c re te  
c irc u itry  is  re q u ire d  in itia lly . A fu r th e r  advantage w ill be tha t the load on the com put­
ing sy stem  w ill tend to d e c re a se  ra th e r  than in c re a se  w ith  the evolution of the con tro l 
and a la rm  scanning sy stem s.

The au tom atic  co n tro l sy s tem s  a lread y  in sa tis fa c to ry  o pera tion  on 
the H. P . G. w ill not be su p ersed ed , but ra th e r , su p e rv ised  by the d ig ita l p ro g ram s.

In addition to the co n tro l fa c ilit ie s  ava ilab le  to the H. P . G. , the v a r ­
ious inputs from  the a sso c ia ted  ex p erim en t can fo rm  the b a s is  fo r  any con tro l, sy n ch ro ­
n ization  and co -o rd in a tio n  functions to be p e rfo rm ed  fo r  the experim en t. The availab ility  
of the da ta  logging and su p erv is io n  fa c ilit ie s , in com bination w ith the functions m entioned 
above, w ill be of im m ense value in reducing  the am ount of spec ia l equipm ent req u ire d  to 
p e rfo rm  th ese  ta sk s  fo r  ex p erim en ts  w hich w ill u se  the H. P. G. as an energy  sou rce . By 
changing the ap p ro p ria te  p ro g ra m s , a w ide range of ex p erim en ts  could be p e rfo rm ed  with 
a m inim um  of se ttin g  up tim e  and delay in acqu iring  the a sso c ia ted  con tro l equipm ent. In 
the p lace  of the la rg e  am ount of the "h a rd w are"  u sually  req u ire d , w ill be "so ftw are"  r e ­
s iden t in the sy s te m s  l ib ra ry  o r  s to re d  away in "o ff-lin e"  s to rag e  such as punched ca rd s . 
A fu r th e r  im p o rtan t advantage of re a liz in g  som e of the v a rio u s  s e rv ic e  and con tro l func­
tions in the com puting sy stem  is the e a se  w ith w hich such functions can  be ad justed  o r  
expanded when com pared  to the equ ivalen t d is c re te  c irc u its .
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3. 5 The R elationsh ip  betw een the H. P. G. P ro g ra m s  and O ther U sers  of
/  360.

It is  assum ed  in the following d iscu ss io n  tha t by the tim e the H. P. G. 
p ro g ra m s  a re  opera tio n a l, the com puting sy stem  w ill support m ultip rogram m ing . The 
co m p u te r p ro g ra m s  to be used  in conjunction w ith the H. P. G. w ill be opera ting  in an "o n ­
lin e"  (or re a l tim e) env ironm ent. ^  T his m eans th a t if buffering  s to re s  a re  not used, 
d a ta  w ill be lo s t  u n le ss  the com pu ter s e rv ic e s  the data  acqu isition  fa c ilit ie s  as the data 
becom e availab le . S im ila rly , un less  con tro l dec isio n s  m ade by the com pu ter a re  im ­
p lem en ted  w hile the in form ation  on w hich they have 'been  based  is s til l  c u rre n t, se rio u s  
m is ta k e s  could be m ade. In c o n tra s t to th is  situa tion , the n o rm al "o ff-lin e"  com puter 
u s e r  is m e re ly  inconvenienced by delays in execution of h is  com pila tions and p ro g ram s, 
b eca u se  h is  da ta  is s ta tic . F o r these  rea so n s , the "o n -lin e"  u s e r  m ay re q u ire  se rv ice  
to h is  re q u e s ts  w ith m uch le s s  delay  than tha t accep tab le  to the "o ff-lin e"  u ser.

The v a rio u s  p ro g ra m s  being executed on the com pu ter w ill be a s s ig n ­
ed a p r io r ity . When two o r  m o re  p ro g ra m s  a re  com peting fo r the sam e fac ility  of the 
com puting sy stem , the p ro g ram  w ith the h ighest p r io r i ty  w ill take p recedence. The com 
puting  sy stem  w ill app ea r to each p ro g ram  as if it alone is  operating , but those with the 
lo w est p r io r i ty  w ill ap p ea r to be o p era tin g  in a fa ir ly  slow sy stem  w hile those w ith high 
p r io r i t ie s  w ill, a p a r t fro m  ta sk - ta sk  tra n s itio n  and p r io r i ty  p ro cess in g  delays, o p era te  
a t m uch the sam e speed as  they would on a s ing le  p ro g ram  system .

At the p re se n t m om ent th e re  a re  two o th e r u s e r s  w hose opera tio n s  
could p ossib ly  be c la ss if ie d  a s  "o n -lin e" . The f i r s t  of th ese  is the link betw een the /360  
and the I. B. M. 1800 p ro c e s s o r -c o n tro lle r  being used by the N uclear P h y sics  D epartm ei 
of A. N. U. D iscu ssio n s w ith D r. H ibbard of the above d ep artm en t have de te rm in ed  that 
no d a ta  w ill be lo s t if the /3 6 0  does not respond  to a s e rv ic e  re q u e s t w ithin a reasonab le  
p e rio d , but tha t inconvenient delays in p ro c e ss in g  w ill re su lt. It is accep tab le  fo r  the 
H. P . G. p ro g ra m s  to take p reced en ce  o v e r the 1800 link, p rovided  that delays of m ore  
than five seconds in re sp o n se  from  the /3 6 0  to re q u e s ts  fo r s e rv ic e  from  the 1800, a re  
un likely  to occu r. Such de lays w ill in fac t be r a r e  b ecause  the likelihoodof both the 1800 
and H. P . G. req u estin g  s e rv ic e  at the sam e tim e is sm all and even in the case  w here  the 
H. P . G. p ro g ra m s  a re  opera tin g , th e ir  use  of the C. P . U. Ts tim e should be sufficiently  
sm a ll to allow c o n cu rren t p ro cess in g .

The second of the "o n -lin e "  o p era tio n s  is the se ism ic  data  p ro c e s s ­
ing being  p e rfo rm e d  by M r. M uirhead of the D epartm en t of E ng ineering  P h y sics  of the 
A. N. U. In th is  app lication , the input da ta  is reco rd ed  on m agnetic tape and w ill not be 
lo s t  if the com pu ter fa ils  to se rv ic e  the da ta  input unit, although som e inconvenience will 
r e s u l t  from  having to re p ro c e s s  da ta  by rew inding the m agnetic tape. Such a fa ilu re  is 
not likely , how ever, as  th is  da ta  w ill be tr a n s fe r re d  into input a re a s  of co re  s to rag e  via 
a "cy c le  s tea lin g "  o p era tio n  and the p ro c e ss in g  w ill be done in a conventional "o ff-lin e"  
m an n er. The 1827 da ta  co n tro l unit and som e of its  fa c ilit ie s  w ill be used  in the t r a n s ­
f e r  of da ta  from  the m agnetic tape to the com puter. The H. P . G. p ro g ram  w ill u se  these  
sam e  fa c ilit ie s , and to save duplication , M r. M uirhead has ag reed  to p e rfo rm  h is  p ro ­
c e s s in g  a t tim es  when the H. P . G. p ro g ra m s  a re  not being used.
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With both of the above "on-line" u se rs , there is no rea l danger of 
any data being lo s t and a p rio rity  as high as that requ ired  by some of the H. P. G. p ro ­
g ram s will probably not be necessary .

The proposed data logging and a larm  scanning functions of theH .P.G . 
p rog ram  have been arranged  so that minimum in terference  and delay to o ther u se rs  of the 
/360  will re su lt. This is achieved in the following ways:

(a) During norm al data logging operations (i. e. not during pulses), the 
data will be logged in high spee'd b u rs ts  of about 1 second approxi­
m ately once every two m inutes. The C. P. U. would be in use for 
only a sm all frac tion  of th is second. This approach will reduce the 
in terrup tions to o ther p rogram s and the tim e spent seeking disk a reas  
that would be experienced if the data logging is spread  over the two 
minute in terval.

(b) A la rge  proportion  of the lim it checking for various transducer out­
puts will be done externally  to the com puter and only in the event of 
a m alfunction will the com puter be called.

(c) Data logging during pu lses will be perform ed using two input and two 
output a re a s  in the cen tra l p ro cesso r. The input readings will be 
ex ternally  synchronized and the C. P. U. will be used by the H. P. G. 
fo r only about 20% of the in terval between successive readings. This 
sm all usage w ill allow tim e fo r the C. P. U. to handle o ther p rogram s 
concurrently . The m ain source of in terference between program s 
will be the additional "seek" tim e involved when the H. P. G. p ro ­
g ram s and o ther concurrently  operating p rogram s a re  accessing 
the sam e 2311 disk drive.

It is suggested that the p rogram s associated  with the H. P. G. which 
depend on a fas t response from  the computing system  should be given top p rio rity . The 
percentage of computing system  tim e used will be sm all and the effect on "off-line" jobs 
should not be d iscern ib le. If th is suggestion is not com pletely acceptable, the data acqu ir­
ed fo r data logging could be read  into fa irly  la rge  input a re as  in co re  storage and then put 
onto a disk drive to be p ro cessed  la te r  "off-line". The m alfunction and control routines 
would s till requ ire  a high p rio rity , howeyer.

3. 6 The R elationship between the H. P. G. P ro g ram s and Other U sers of
the 1827 Data Control Unit

While the H. P. G. program  is in operation, it  will not be satisfacto ry  
fo r another u se r  to ad d ress the sam e input and output te rm ina ls  of the 1827. The equip­
m ent used by the H. P. G. p rog ram  is e lec trica lly  connected to these te rm inals and re lie s  
on the data path for com m unication with the com puter system  in the event of trouble. There 
w ill be a num ber of te rm in a ls  of the 1851 m ultip lexer which a re  not used by the H. P. G.

f a  R S  P H Y S .S  ^  

l i b  r a r '*
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and the analogue output fac ility  w ill be availab le  to o th e r u s e r s .  The 16 b it d ig ita l input 
m odules and 16 b it d ig ita l output m odules used by the H. P . G. w ill not be availab le . F o r ­
tuna te ly , the 1827 data  con tro l unit, toge ther w ith its  input and output con tro l and ad ap te rs  
has the capab ility  to expand to a la rg e  num ber of a d d re ssab le  input and output points fo r 
both d ig ita l and analogue in form ation . By adding a suffic ien t num ber of these  points, the 
1827 data  con tro l unit could be used s im ultaneously  in two o r  m ore  app lica tions w ith little  
in te r fe re n c e . As has been pointed out in sec tion  3. 1, the 1827 data  co n tro l unit can be 
used  to fo rm  a con tro l unit fo r an input-output ty p e w rite r and it is  po ssib le  tha t o the r 
u s e r s  m ay have an application  fo r such a com m unication sy stem .

3 .7  A dditional F a c ilitie s

The link betw een the com pu ter and the H. P . G. o p e ra to r  (via the 1827 
da ta  con tro l unit and the com m unication  console) enables the o p e ra to r  to have availab le  
m any of the com putational and data  handling fa c ilit ie s  of a la rg e  sca le  com puting sy stem . 
T hese  fa c ilit ie s  w ill be m ade availab le  by the "m ain  line"  p ro g ram , w hich w ill recognize 
the o p e ra to r ’s code-w ord  req u estin g  a p a r tic u la r  se rv ic e  and ca ll into m ain s to rag e  a 
su itab le  su b -p ro g ram . The su b -p ro g ram  itse lf  can be en te red  via the com m unication 
conso le , but a s im p le r  solution w ill be to load th is  p ro g ram  into the sy s te m 's  l ib ra ry  
fro m  punched c a rd s . The fa c ilit ie s  m entioned below a re  p ossib le  exam ples:

(a) All sam pled  values of se lec ted  v a ria b le s  could be p rin ted  out on the 
com m unication  console until a given tim e o r  until the o p e ra to r  d is ­
p en ses  w ith th is  function.

(b) A su m m ary  of the m axim um  a n d /o r  m inim um  values of se lec ted  
v a r ia b le s  to g e th e r w ith o th e r re le v an t in form ation  could be output­
ted on the com m unication console o r  the line p r in te r .

(c) P ro c e s s in g  su b -p ro g ra m s  could be ca lled  to o p e ra te  on data  en tered  
via the com m unication  console o r  located  in random  acc ess  s to rag e .

(d) A check on lo s se s  in the H. P . G. could be m ade by calcu la ting  the 
input pow er n e c e ssa ry  to m ain tain  constan t speed, o r  by calcu la ting  
the lo s s  pow er expended from  the ra te  of change of ro ta tional speed 
w ith no input pow er. This function would re q u ire  se v e ra l read ings 
o v er a p erio d  of 3 o r  4 m inu tes.

(e) A ca lcu la tion  of the conductivity  of the e lec tro ly te  in the e lec tro ly tic  
sw itch could be m ade from  data  acqu ired  during  the la s t pu lse . This 
data  would include pu lse c u rre n t, depth of im m ers io n  of p la te s , e le c ­
tro ly te  te m p e ra tu re  and voltage d rop  a c ro s s  the sw itch. The c a lc u ­
la tion  could p e rfo rm  an es tim a te  of the conductivity  fo r se v e ra l 
po in ts d u ring  the pulse and so give an indication of the change in 
conductiv ity  w ith tim e and te m p e ra tu re .
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If the system  outlined in section 3 is to be im plem ented, sections 4. 1 to 4. 9 
detail the m ajo r item s of new equipment which w ill be required . Section 4. 10 gives ap­
proxim ate costs  fo r the basic  system  and the additional costs  for some extensions to this 
system .

4. 1 Additional F ea tu res Needed for the 1827 Data Control Unit

The 1827 data control unit will have analogue input and output fac il­
ities  installed , but for com m unication with the o p era to r and control system s, together 
with m anipulation of digital input and output, digital fac ilities  w ill be required .

F o r digital output, a digital output control (A$430), digital output 
adap ter (A$430) and severa l se ts  of digital "electronic contact opera te" (E. C. O. ) out­
puts of 1.6 b its each (A$580 e a . ), w ill be requ ired . The num ber of E. C. O. ’s will 
depend on the range of control and com m unication functions to be perform ed. A m ini­
mum of th ree  of these outputs is suggested (one for supplying ad d resses  to m ultiplexer 
netw orks, one fo r o pera to r com m unication, and one fo r digital control).

F or digital input, the digital input basic  fea tu re  (A$2, 000), digital 
input adapter (A$580) and severa l se ts  of "digital input contact" 16 bit inputs (A$230 ea. ) 
will be needed. Again, the num ber of inputs requ ired  depends on the range of functions 
to be perform ed and a minimum of th ree  is suggested (one fo r serv ice  requests , one for 
o p e ra to r com m unication and one fo r digital input from  transducers).

Any additional fac ilitie s  to be used on the 1827 should be ordered  
from  I. B. M. , without delay, because of the due delivery date of A. N. U. ’s own unit 
(i. e. as opposed to the rented unit at p resen t installed).

4. 2 Decoding M atrices

To tra n s la te  the various digital signals from  the computing system  
to meaningful control signals fo r the autom atic con tro lle rs  and tran sd u ce r accessing  ne t­
w orks and to tran sla te  the signals from  these devices into meaningful signals fo r the 
com puter system , coding and decoding m a tric e s  will be required . Each of the digital 
input and output modules of the 1827 has 16 b its. F rom  com binations of these 16 bits, 
up to 65, 536 input o r  output m essages could be coded (but th is would requ ire  an exces­
sive num ber of diodes in the decoding m atrix). Using sixteen diodes for each line 
carry ing  a m essage to (or from ) the H. P. G. , any output (or input) line being "on" 
would correspond to a definite combination of the 16 bits coming from  (or going to) the 
1827.

The m a tric e s  will not have to operate  a t very  high speeds and fairly  
slow (and cheap) diodes could be used. About th ree  m a trices , each having eight lines 
one way and perhaps 30 lines the o ther way, w ill be required .
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4. 3 E le c tr ic  T y p ew rite rs

One e le c tr ic  ty p e w rite r, e. g. an I. B. M. "S e le c tr ic "  a t about $1200 
w ill be req u ire d  fo r  the com m unications link  betw een the com puting sy stem  and the op­
e ra to r .  A dditional com m unication  fa c ilit ie s  such as  data  links w ill re q u ire  additional 
ty p e w rite rs . A da ta  link  using  such a ty p e w rite r  w ill rem ove the need to use  the com ­
puting sy s te m ’s line  p r in te r  and fo r  th is  re a so n  alone the da ta  link  could be w orthw hile.

4. 4 Sw itching N etw orks

To red u ce  the cap ita l expend itu re  re q u ire d  fo r  iso la tion  am p lif ie rs  
and additional 1851 m u ltip lex e r po in ts, to g e th e r w ith the need to p e rfo rm  lim it checking 
ex te rn a lly  to the com p u ter sy stem , se v e ra l s e ts  of random ly  ad d re ssa b le  so lid  s ta te  o r  
m echan ica l sw itching netw orks w ill be req u ire d . T hese  netw orks w ill sequence through 
the inputs a t about two po in ts p e r  second during  a la rm  scanning  but w ill be req u ire d  to 
o p e ra te  a t about tw enty po in ts p e r  second during  da ta  logging and to be able, on com m and 
fro m  the com puter, to a d d re ss  any input. A u n ise le c to r  bank could be used, but som e 
additional c irc u itry  would be req u ire d  fo r  random  ad d re ssab ility . A ssocia ted  w ith the 
netw ork , e lec tro n ic  a d d re s se s  w ill have to be g en era ted  and, in som e c a se s , upper and 
lo w er l im its  p rov ided  fo r  each  point being  acc essed . C o m p a ra to rs , such as  the F a ir -  
ch ild  gA711C, w ill be needed to p e rfo rm  the lim it checking.

M r. C an to r of the D epartm en t of E ng ineering  P h y sics  has developed 
a (re lay  based) sw itching netw ork which, w ith m odifications to p e rm it random  ad d ressin g , 
should be sa tis fa c to ry  in the app lica tions fo r  w hich a m echan ical m u ltip lex er is requ ired . 
In o th e r  c a se s  a s o lid -s ta te  sw itching netw ork  using d u a l-e m itte r  tr a n s is to r s  w ill be m ore  
su itab le . D eta ils  of su itab le  sw itching netw orks fo r the v a rio u s  tra n sd u c e rs  on the H .P.G . 
a re  outlined in sec tion  7. 2.

4. 5 Iso la tio n  A m plifie rs

Although m ost analogue tra n sd u c e rs  w ill re q u ire  an iso la tion  am p li­
f ie r  during  the period  th a t th e ir  output is  being d ig itized , som e iso la tion  a m p lif ie rs  can 
be sh a red  by se v e ra l tra n s d u c e rs  by m eans of the sw itching netw orks of section  4. 4. The 
p rob lem  of se lec tin g  su itab le  iso la tion  a m p lif ie rs  is exam ined in sec tio n  7.1 and the c i r ­
cu its  chosen a re  shown in sec tion  7. 2.

4. 6 E lec tro n ic  C o n tro lle rs

F o rtu n a te ly , since  m o st of the con tro l of the H. P. G. in its  p re se n t 
fo rm  is p erfo rm ed  via e lec tro n ic  s ig n a ls  from  the con tro l room , only re la tiv e ly  sm all 
pow ers a re  req u ire d  to e x e rc is e  these co n tro l functions. The analogue and d ig ita l ou t­
puts of the 1827, a f te r  su itab le  pow er am plifica tion , could e x e rc is e  th ese  sam e functions. 
T h ere  a re  o th e r functions such as the c lo sing  of a i r  lin es  du ring  shut down, w hich a re  not 
co n tro llab le  e lec tro n ica lly  and if th ese  functions a re  to be availab le  to the com pu ter p ro ­
g ra m s , e lec tro n ica lly  o p e ra ted  c o n tro lle rs  w ill have to be insta lled . A dditional c o n tro lle rs
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w ill be re q u ire d  when the com pu ter p ro g ra m s  s ta r t  p e rfo rm in g  con tro l functions, such 
as  fine  p u ls e -c u r re n t  con tro l, w hich a re  not a t p re se n t in sta lled .

4. 7 A dditional T ra n sd u c e rs

A ssocia ted  with the in s ta lla tio n  of the c o n tro lle rs  m entioned in s e c ­
tion 4. 6, additional tra n sd u c e rs  w ill be req u ire d  so that the com pu ter p ro g ra m s  can be 
m ade aw are  of the position  and p e rfo rm an ce  of the v ario u s  co n tro lled  functions. Some of 
the functions a re  now re p o rte d  v e rb a lly  to the con tro l room  o p e ra to r , and th ese  w ill have 
to be m on ito red  e lec tro n ica lly  so that the com pu ter p ro g ra m s  can be au tom atically  in fo rm ­
ed, if it is not convenient fo r the o p e ra to r  to e n te r  su itab le  re p o r ts  by the com m unication 
conso le .

A few v a ria b le s , such as d ie se l g e n e ra to r  output frequency , w ate r 
p r e s s u r e s ,  and oil p re s s u re s  a re  m on ito red  in the H. P. G. by m e te rs  w hich a re  not op­
e ra te d  by a d .c .  voltage (but by a .c .  vo ltages and bourdon-type gauges) and additional 
tra n s d u c e rs  w ill be re q u ire d  to p re se n t a d .c .  voltage dependent on the v a riab le  being 
m onito red .

The outputs of som e tra n sd u c e rs  have la rg e  noise com ponents o r  a re  
a ffected  by ex traneous sw itching su rg es . T hese effects could eas ily  cause  o u t-o f- lim it 
read in g s  and u n le ss  the m alfunction handling su b -p ro g ra m s  can be m ade to d iffe ren tia te  
betw een such ind icated  m alfunctions and actual m alfunctions, it w ill be n e c e ssa ry  to r e ­
duce th ese  ex tran eo u s effec ts , possib ly  by in sta lling  new tra n sd u c e rs .

4. 8 In te rlo ck  O v errid e  C on tro ls

It so m etim es  o ccu rs  tha t in an em ergency  o r  fa ilu re , the p re sen ce  
of som e in te rlo ck s  can be e m b a rra ss in g , the p u rpose  fo r w hich they have been insta lled  
being a t tha t m om ent ir re le v a n t. It is p o ssib le  th a t a f te r  due co n sid e ra tio n  of m a tte rs  of 
safe ty , in exceptional c irc u m s ta n c e s  the com pu ter p ro g ra m  could be given the ab ility  to 
o v e r r id e  c e r ta in  in te rlo ck s . If th is  p ro ced u re  w as ag reed  upon, in te rlo ck  sensing  t r a n s ­
d u c e rs  and o v e rr id e  co n tro ls  w ill be req u ired .

4. 9 A la rm -lim it C om putation C irc u itry

The a la rm  lim its  fo r som e v a ria b le s  a re  not fixed but w ill vary  with 
m ach ine  conditions. An exam ple is  the ca se  of the ro to r  expansion m onito r w here the a l ­
low able expansion is a function of ro to r  speed squared ; a rad ia l expansion of . 015 in. from  
the 100 r. p. m. s ize  being allow able a t 900 r . p. m. but th is  expansion being lim ited  to . 004 
in. a t 450 r . p. m. In such  situ a tio n s , to save v irtu a lly  continuous a tten tion  (once every  5 
seconds) from  /3 6 0 , sp ec ia l p u rpose  analogue com puting c irc u its  could usefully  be e m ­
ployed. It is an tic ipa ted  tha t the to ta l co s t of th e se  c irc u its  would not exceed $400.
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4. 10 M as te r Synchronization Unit

To re liev e  the com puting sy stem  of the burden  of deciding when to 
p e rfo rm  the v a rio u s  read in g s fo r data  logging, a m a s te r  c lock  w ill be req u ire d  to syn ­
ch ro n ize  the o p era tion  of the slow speed m u ltip lex e rs  m entioned in 4. 4 w ith the o p e ra ­
tion  of the high speed 1851 m u ltip lex e r and analogue to d ig ita l co n v e rte r . This sy n ch ro ­
n ization  unit could be b ased  on a c ry s ta l  o sc il la to r  w ith b in a ry  d iv id e rs  and gating c ircu its , 
o p e ra ted  by the v a rio u s  slow speed m u ltip lex e rs , w hich would p rev en t the 1827 and 1851 
from  taking read in g s until the req u ired  tra n s d u c e rs  have been a cc essed  and the am p lifie rs  
have se ttled . This un it would also  in itia te  b u rs ts  of da ta  logging at w hatever in te rv a l is 
req u ired . A lte rna tive ly , the synchron iza tion  unit could be based  on the e lec tro n ic  clock 
a lre ad y  in sta lled  in the H. P. G. con tro l room , w ith the addition of som e logic c irc u itry  
and a 10 k. c. o sc il la to r .

4. 11 E stim a ted  C osts of Im plem entation

B asic  System $

(1) D igital Input and Output fo r 1827 = 5, 870

(2) Decoding M atrices == 500

( 3 ) Switching N etw orks = 1, 000

(4 ) Iso la tion  A m plifie rs = 765

( 5 ) M aste r Synchronization Unit = 200

(6) O ther Logic C irc u its = 200

( 7 ) A larm  L im it C om putive C irc u its = 400

( 8 ) P ow er Supplies = 300

( 9 ) C ontingencies = 400

(10) T y p ew rite r = 1, 200

= $10, 835

A dditional C osts

(1) D ata Link -  T y p ew rite r 1, 200

A dditional D igital input and output 
m odules fo r  1827

= = 810

$2, 010

(2) A larm  L im its  -  p e r  tra n sd u c e r , 
y A711C co m p a ra to r

= 18

C ontribution  to pow er supplies and 
additional logic c irc u itry

= = 20

A pproxim ate co s t $38
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M ethods of im plem enting  a sy stem  of da ta  logging, autom atic con tro l, and a la rm  
scanning  fo r the H. P . G. and a sso c ia te d  ex p erim en ts  have been exam ined. D eta ils  of a 
p roposed  sy stem  have been given in sec tion  3 and th is  sy stem  has been exam ined fo r co m ­
p liance w ith the req u ire m en ts  of sec tion  2. In g en era l, th ese  req u ire m en ts  may be s a t i s ­
fied  a t a reaso n ab le  co s t (see sec tio n  4. 10).

In sec tion  3. 2 it is shown tha t data  logging can be p e rfo rm ed  w ith a m inim um  
of m anual e ffo rt and the data  so acqu ired  can be p ro c e sse d , docum ented, edited  and su m ­
m a riz e d  so th a t its  in te rp re ta tio n  is  g re a tly  sim plified .

A utom atic con tro l can be p rovided  in a w ide range of app lica tions fo r both the 
H. P . G. and the experim en t, as ou tlined in section  3 .4 . Full use can  be m ade of the d ig i­
ta l c o m p u te r 's  flex ib ility  in im plem enting  and a lte r in g  the v a rio u s  co n tro ls .

In sec tion  3 .3  it is po in ted  out th a t the p e rfo rm an ce  of a w ide range of supp lies 
and functions can be m on ito red  au tom atica lly  w ith a g re a te r  level of aw aren ess  and p r e c i­
sion  than tha t a tta inab le  m anually . In the event of im pending fa ilu re  of any c r it ic a l  functions, 
u se  can be m ade of the co m p u ter p ro g ra m 's  speed and u p -to -d a te  inform ation  to decide on 
the b es t c o u rse  of action  and e i th e r  to im plem ent th is  d ire c tly  o r  via the o p e ra to r . By the 
u se  of a la rm  lim its , e a r ly  w arn ing  of poor o p era tion  of m o st functions can be given, so 
th a t em ergency  action m ay so m e tim e s  be avoided.

An effective but re la tiv e ly  cheap o n -line  link  w ith the pow erful fa c ilitie s  of the 
com puting sy stem , can be e s tab lish ed  by using  an I/O  e le c tr ic  ty p e w rite r  connected to the 
1827. T his link  enab les the o p e ra to r  to use the fa c ilit ie s  of the com puting sy stem  and to 
se le c t a wide range of su b -p ro g ra m s  fo r p e rfo rm in g  specific  ta sk s  re la tin g  to the o p e ra ­
tion of the H. P . G. and ex p erim en t as w ell as to the p ro c e ss in g  of acqu ired  o r  o p e ra to r  
en te red  data. The 1827 da ta  co n tro l unit is capable of expanding to handle a la rg e  num ber 
of such o n -line  links and it is p o ssib le  tha t o th e r co m pu ter u s e r s  could find use fo r a s y s ­
tem  such as tha t outlined in sec tio n  3 .1 . The additional co s t fo r each of th ese  links would 
be approx im ate ly  A$2, 010, including the co st of the ty p e w rite r.

The p roposed  sy stem  has been designed  to cause  as li ttle  in te rfe ren ce  as is 
p ra c tic a b le  to o th e r  "on-line" and "o ff-lin e"  u s e r s  of the com puting sy stem , d e ta ils  of the 
m ethods used to achieve th is  being given in sec tio n s  3. 5 and 3 .6 . The lack  of buffering 
s to re s  and the fa s t re sp o n se  tim e re q u ire d  fo r  au tom atic  con tro l and em ergency  s itu a ­
tions, re q u ire  tha t som e of the H. P . G. su b -p ro g ra m s  be given a very  high p r io r ity . By 
se ttin g  up in te r -p ro g ra m  com m unica tion  a re a s ,  e i th e r  in c o re  o r  d ire c t a cc e ss  s to rag e , 
the H. P .G . su b -p ro g ra m s  w hich can  o p era te  sa tis fa c to r ily  w ith a low p rio r ity , can be 
so assigned . W ith the in c re a s in g  u se  of the com puting sy stem  by the H. P .G . and o th e r 
u s e r s ,  it m ay at som e fu tu re  s tag e  be p ra c tic a b le  to p u rch ase  a sm all additional com pu­
te r  to re liev e  the /3 6 0  of the bulk of the w ork  asso c ia ted  w ith the H. P. G.

In te rfe re n c e  to o th e r  u s e r s  of the 1827 can be m in im ized  by insta lling  additional 
analogue input and output fa c i l i t ie s .  The p re se n t usage of the 1827 does not ju stify  th is  ex ­
pense .
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V ery li ttle  change to the ex isting  con tro l sy s tem s  and in stru m en ta tio n  fo r the 
H. P . G. is needed and fo r  th is reaso n , the fa ilu re  of any of the com ponents in the new 
sy stem  w ill not put the H. P . G. out of action . It should be noted tha t som e of the p re se n t 
tra n sd u c e r  outputs a re  contam inated  by no ise  a n d /o r  affected  by ex traneous sw itching 
su rg e s . It m ay be n e c e ssa ry  to reduce  th e se  effec ts , if n e c e ssa ry  by in sta lling  new 
tra n sd u c e rs , so tha t th e se  ex traneous s ignals  do not cause  o u t-o f- lim it read in g s. An 
a lte rn a tiv e  approach  is  to try  to build into the com pu ter su b -p ro g ra m s  the ab ility  to d is ­
c r im in a te  betw een o u t-o f- lim it read ings caused  by ex traneous no ise  and those caused  by 
an ac tua l m alfunction. The sy stem  re lia b ility  should be sa tis fa c to ry , the m ost likely  
so u rce  of troub le  being the m echanical com ponents. To im prove re lia b ility  by rem oving 
th ese  com ponents, it m ay be w orthw hile to in c re a se  the num ber of iso la tion  am p lifie rs  
and 1851 m u ltip lex e r po in ts w hile reducing  the num ber of m echan ical m u ltip lex e rs . T his 
approach  would involve additional co st, w hich can be o ffse t by using  the range of am p li­
f ie r s  outlined in sec tion  7. 2. This co s t w ill a lso  be o ffset by the in c re a sed  sam pling 
ra te s  p o ssib le  and consequently  the reduced  tim e spen t on the /3 6 0  du ring  data  logging.

The various functions of the d a ta  logging and con tro l sy stem  can be m ost easily  
im plem ented  in c le a r ly  defined s tag es , as outlined in sec tion  2. 8, w ith each stage  being 
in s a tis fa c to ry  o p era tio n  befo re  the next stage  is a ttem pted .

F rom  the view point of ex p erim en ts  to be conducted in a sso c ia tio n  w ith the 
H. P . G. , the p rov is io n  of da ta  logging, con tro l and a la rm  scanning functions w hich can 
be ta ilo red  and ad justed  to su it the p a r t ic u la r  exp erim en t in use , p ro v id es  a very  fav o u r­
ab le ex p erim en ta l env ironm ent. T hese  functions w ill be very  helpful in reducing  the 
am ount of tim e req u ire d  to se t up any p a r t ic u la r  experim en t. The da ta  logging and p ro ­
c e ss in g  sy stem  could p re s e n t the ex p e rim e n te r  w ith p ro c e sse d  re s u lts  and opera tion  
su m m a rie s  w ithin seconds of the e x p e rim e n t's  com pletion, thus enabling quick d ec isions  
a s  to w hat co u rse  to take in the succeeding  p u lse s . All of th e se  fa c to rs  would be of g re a t 
a s s is ta n c e  in in c re a s in g  the ex p erim en ta l th roughput of the H. P . G . , as w ell as to e x p e r­
im e n te rs .

The e ffo rt involved in getting  w orkab le com p u ter p ro g ra m s  w ill be substan tia] 
T h is  phase  of the im plem en tation  can be sim plified  by the concept of a "m a in -lin e ” p ro ­
g ram  w hich sim ply reco g n izes  re q u e s ts  fo r s e rv ic e  an d lo ad sth e  ap p ro p ria te  su b -p ro g ram  
into m ain  co re  s to rag e  fro m  the s y s te m 's  l ib ra ry .

The v a rio u s  su b -p ro g ra m s  can be w ritten  and checked out by filling  up th e ir in ­
put a re a s  w ith s im u la ted  da ta  and se rv ic e  re q u e s ts , when p ro c e ss in g  them  as n o rm aP ’off- 
lin e"  jobs. T h e ir  output a re a s  would be p rin ted  out on the line p r in te r  and in te rp re te d  to 
see  if the su b -p ro g ra m s  w ere  o p era tin g  sa tis fa c to r ily .

A part fro m  the above se rv ic e s , the im plem entation  of the H. P .G . p ro g ram s 
w ill p rov ide an ex tensive  and valuable  e x e rc ise  in som e of the techn iques used fo r  re a l 
tim e com puter sy s tem s .
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As d e ta iled  in sec tion  4. 11 the approx im ate  c o s t of equipm ent req u ire d  fo r 
im plem enting  the b asic  sy stem  outlined in sec tion  3, is $10, 835. Of th is  am ount $5, 870 
w ill be re q u ire d  fo r additional fa c ilit ie s  (d igital input and output) fo r  the 1827 d a ta c o n tro l 
u n it and th e se  fa c ilit ie s  could e a s ily  be em ployed by o th e r com pu ter u s e r s  fo r such item s 
a s  rem o te  com m unication  co n so les . F o r th is  reaso n , the am ount of $5, 870 w ill not be 
a ttr ib u ta b le  to the H . P . G .  alone. If the data  link  m entioned in sec tio n s  3.1.2 and 3.2.6 
is  to be in s ta lled  an additional sum  of $2,010 w ill be needed. This sum  includes an e le c ­
t r i c  input-output ty p e w rite r  to g e th er w ith additional d ig ita l input and output m odules fo r 
the 1827. Only 8 of the 16 b its  fo r each of these  m odules w ill be used  by the data  link, 
thus allow ing an additional ty p e w rite r  fo r any o th e r app lication  to be connected fo r  ap ­
p ro x im ate ly  $1, 200. If "w arn ing” lim its , as d e sc rib e d  in sec tion  3 . 3 . 3 ,  a re  to be 
em ployed, an additional c o s t of approx im ate ly  $38 fo r  each tra n sd u c e r  so m onitored  
w ill be involved. No a ttem p t is m ade to a s s e s s  the co s t of additional c o n tro lle rs  r e ­
q u ired  fo r  new con tro l functions. F o r those functions a lread y  co n tro lled  e lec tro n ica lly , 
the  m ain  c o s ts  involved w ill be in the p ro v is io n  of b u ffer a m p lif ie rs  betw een the 1827 
d ig ita l and analogue output and the v ario u s  e lec tro n ic  c o n tro lle rs . No e s tim a te  has been 
m ade of the co s t of in s ta lling  the additional tra n sd u c e rs  (m entioned in sec tion  4. 7) fo r 
re la y in g  those v a r ia b le s  a t p re se n t re p o rte d  m anually  o r  not availab le  as a su itab le  
e le c tr ic a l re p re se n ta tio n .

A su b stan tia l am ount of da ta  logging is  at p re se n t p e rfo rm ed  in the H . P . G .  
co n tro l room  by the use  of two u ltra v io le t o sc illo g rap h ic  r e c o rd e rs .  One of th ese  r e ­
c o rd e r s  is used  to log such  v a r ia b le s  as  ro to r  position , pu lse  c u rre n t, field  c u rre n t 
and e le c tro ly tic  sw itch  position , w hile the o th e r  r e c o rd e r  is used to log the te m p e ra ­
tu re s  and voltage d rops of a la rg e  num ber of b ru sh es . It is not co n sid ered  feasib le  to 
re p la c e  th ese  r e c o rd e r s  by d ig ita l com pu ter da ta logg ing  because  it would be n e c e ssa ry  
to m ake ex tensive  use  of the co m p u te r’s s to rag e  a re a s  and C . P .  U. tim e . To re c o rd  
d ig ita lly  those v a r ia b le s  m on ito red  by the U. V. r e c o rd e rs  (with as m uch deta il as is 
p re se n tly  achieved) a lm o st continual a tten tion  by /360  and high sam pling  ra te s  would 
be re q u ire d . The co m p u ter su b -p ro g ra m s  w ill, how ever, be of g re a t  a s s is ta n c e  in 
in te rp re tin g  the U.V. re c o rd s , by prov id ing  d e ta ils  and tim es  of any unusual conditions 
ob serv ed .
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7. 1 A D .C . Coupled Isolation Am plifier

7 .1 .1  Introduction

The 1827 data control unit accepts analogue input volt­
ages having a maximum level of + 5 V with re sp ec t to ground. Many of the tran sd u cers  
a re  mounted on p a rts  of the H. P . G. which can assum e large  d. c. voltages with resp ec t 
to ground. F o r insulation m onitoring reasons, m ost of these p a rts  have no d irec t con­
nection to ground except through re la tive ly  high im pedances. Because of this, la rge  a. c. 
and noise components can be superim posed on the d .c . voltage. In o ther cases, as a r e ­
su lt of the adverse  environm ent and the long leads necessa ry  fo r some tran sd u cers , volt­
ages can be induced between the signal lines and ground. To avoid the passage of heavy 
c u rre n ts  in the signal lines (and the consequent e rro r-v o ltag es  developed) single point 
earth ing is often used. For reasons of tran sd u cer insulation and reduction of s tray  pick­
up, it is som etim es d esirab le  to perfo rm  the earth ing at the transducer, thus causing 
common voltages to be induced at the control room end of each of the two signal lines. 
Because of these fac to rs , som e form  of c ircu it is requ ired  which will separa te  the s ig ­
nal voltage from  the com m on-m ode voltage (i. e. the voltage common to both signal lines). 
As well as perform ing  this separation, the signal will usually have to be amplified to have 
a full scale level approaching the + 5 volt maximum of the 1827. For the above reasons, 
the separating  c ircu its  will be called ’’isolation am p lifie rs” . It should be noted that the 
analogue to d igital converter has an accuracy of . 01% for a + 5 Volt input, i. e. 0. 1% for 
a + 0. 5 V input o r  1% fo r a + 50 m V input. In some cases it may be possib le to save c i r ­
cuit costs  by amplifying only to say 0. 5 volts (or by not using an am plifier a t all for high 
level, low impedance signals with no common-mode voltage.

7 .1 .2  D erivation of "W orst C ase” Specifications

Each of the specifications derived below is a "w orst 
case" , so that an isolation am plifier satisfying each of these specifications can be used 
fo r any of the tran sd u ce rs  already installed on the H .P .G . No transducer req u ires  all 
of these "w orst case"  specifications at once and fo r m ost tran sd u ce rs  some of the spe­
cifications can be relaxed considerably.

7 . 1 . 2 . 1  Accuracy

It is suggested that an overall accuracy
of 1% of Full Scale in the conversion of a tra n sd u ce r 's  output voltage to a binary num ber 
in the computing system , should be aim ed at. If each of the d isturbing fac to rs  (such as 
d rift in the am plifier) is trea ted  as a norm ally d istributed  random variab le, the effect 
of the "m eans" of these d istribu tions can be taken account of by adjusting the gain and/ 
o r o ff-se t voltage of the am plifier to cancel them out. The variance of the sum of a 
num ber of norm al d istribu tions is equal to the sum of the individual variances, if the 
d istribu tions a re  not co rre la ted . The standard  deviation ( = /v a rian ce) becom es equal 
to the square root of the sum of the squares of the individual standard deviations. From  
this fact, it is apparent that unless there  is a co rre la tion  between the various sources 
of e r ro r ,  only the m ajo r sources of e r r o r  need to be considered. Thus, fo r p rac tica l
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p u rp o ses , the quantization  e r r o r  of 0. 4% (which can be m ade into a rounding e r r o r  of 
+ 0. 2% by the addition of a su itab le  voltage befo re  analog to d ig ita l conversion) caused  by 
u sing  only 8 b its  and the analogue to d ig ita l conversion  e r r o r  of . 01% can be neglected  in 
an o v e ra ll accu racy  of 1%. F o r c a u se s  of random  e r r o r  such as v a ria tio n s  in voltage 
gain  and o ffse t voltage, the sq u are  roo t of the sum  of the sq u a re s  of the p ossib le  ind iv i­
dual e r r o r s  should not exceed 1%, o r  if it is  fe lt tha t th e re  could be som e c o rre la tio n  
betw een the e r r o r s ,  the sum  of the abso lu te  e r r o r s  should not exceed 1%. In deriv ing  
the sp ec ifica tio n s  fo r the iso la tio n  am p lif ie r  the w o rs t c a se  fo r all tra n sd u c e rs  is  con ­
s id e re d  in a rr iv in g  at each  specifica tion . F o rtunate ly , no tra n sd u c e r  com bines all the 
w o rs t  fe a tu re s  and so the m easu re m en t e r r o r  fo r .any one tra n sd u c e r  w ill be le s s  than 
the a lg eb ra ic  o r g eo m etric  sum  of the w o rs t c a se  e r r o r s .

7. 1 .2 . 2 Voltage Gain

The sm a lle s t signal vo ltages a re  those 
a sso c ia te d  w ith the ro to r - s u r fa c e  te m p e ra tu re -se n s in g  therm ocoup les, which have a 
fu ll - s c a le  output of about 5 mV. This voltage im p lie s  a m axim um  o v era ll gain of 
about 1, 000 tim es . Again, as pointed out in section  7 .1 .1 ,  it may be le s s  costly  to 
u se  a low er fu ll-sc a le  voltage than the + 5 V m axim um . The e r r o r s  in voltage gain 
(neglecting  d r if t  fo r the m om ent) should be m ade as  sm all as is  p rac ticab le , a random  
e r r o r  o r  b e tte r  than 0.4% being sa tis fa c to ry  fo r th is application . If o th e r so u rces  of 
e r r o r  w ere  low, th is  figu re  could be in c re a sed .

7. 1 .2 . 3 Input Im pedance

The m axim um  Thevenin equivalen t im ­
pedances fo r any of the tra n sd u c e r  voltage outputs, co nsidering  the shunt im pedances of 
m oving coil m e te rs  and ca lib ra tin g  r e s is to r s ,  a re  the 600 ft o r  so a sso c ia ted  w ith the 
s tra in  gauge o i l -p re s s u re  tra n sd u c e rs  and the 1000^ asso c ia ted  w ith the ro to r  position  
m o n ito r. To cause  m inim um  d is tu rb an ce  to the tra n sd u c e r  and ex isting  in strum en ta tion , 
the am p lif ie r  input im pedance in th e se  c a se s  should be a t le a s t  100 kft . P rov ided  that 
the tra n sd u c e r  output im pedance and am p lif ie r  input im pedance stay  reasonab ly  constan t, 
the reduction  in signal voltage can be com pensated  by in c re as in g  the gain sligh tly . F o r 
th is  reaso n , the fin ite  a m p lif ie r  input im pedance w ill con tribu te  only sm all random  e r ­
r o r s  and these  can usually  be neg lected .

7. 1. 2 .4  Com m on-M ode R ejection

The vo ltages of v a rio u s  p a r ts  of the H. P. G.
w ith  re sp e c t to ground, could possib ly  approach  + 1, 000 volts (d. c. + peak a. c . ). The 
sm a lle s t  signal vo ltages have a fu ll-sc a le  level of 5 mV. An accu racy  of b e tte r  than 1% 
of fu ll-sc a le  im p lies  tha t in the w o rs t ca se , a com m on-m ode re je c tio n  ra tio  of at le a s t 
146dB w ill be n e c e ssa ry  a t d. c. Since la rg e  po rtio n s  of the H. P .G . a re  grounded to 
a .c .  through only re la tiv e ly  high im pedances, sp ark ing  at the b ru sh e s , r e c t if ie r  sp ikes 
and o th e r tra n s ie n ts  can in troduce  la rg e  com ponents of a .c .  into the com m on-m ode v o lt­
age. B ecause of th is , a high com m on-m ode re jec tio n  ra tio  w ill be req u ired  a t frequencies  
in the passband of the am p lif ie r , i . e .  up to about 300 Hz. C are  is n e c e ssa ry  in balancing 
the am p lifie r  input im pedances from  both signal lin es  to ground, if a high com m on-m ode 
re je c tio n  ra tio  is  to be achieved .
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7 .1 .2 .5  F requency  R esponse

The low -frequency  re sp o n se  m u st extend
to d. c . , as m o s t tra n s d u c e rs  have a d ire c t  com ponent in th e ir  output. The h igh-frequency  
re sp o n se  m u st accom m odate the m o st rap id  changes w hich a re  of in te re s t  in any of the 
signal vo ltages ( i .e . no ise  and unwanted tra n s ie n ts  not being co n sidered ) and m u st also  
be su ffic ien t to allow rap id  sam pling  of m any vo ltages w ith the one am p lifie r.

The ro to r-p o s it io n  m on ito r w ill contain
the h ig h est frequency  com ponents (neglecting noise)and fro m  o b se rv a tio n  of p a s t re c o rd s , 
to g e th e r w ith analogue com p u ter s tu d ies  c a r r ie d  out by M r. B larney of the D epartm en t of 
E ng ineering  P h y s ic s , th e se  com ponents could extend to about one hundred cy c les  p e r  s e c ­
ond. The p e r ip h e ra l ro to r  m o n ito rs  have to respond to a c a lib ra tio n  m a rk  w hich would 
la s t  fo r app rox im ate ly  two m illiseco n d s  a t full speed. An ac c u ra te  ind ication  of th is  c a l ­
ib ra tio n  would re q u ire  an a m p lifie r  r is e - t im e  (to 63%) of about 0. 5 m illiseco n d s .

When the am p lif ie r  is  being used  to s a m ­
ple the outputs of m any tra n sd u c e rs  by m ultip lex ing , the m axim um  sam pling  ra te  w ill d e ­
te rm in e  the high frequency  re sp o n se . The w o rs t c a se  would be when the a m p lifie r  is 
sw itched fro m  a high lev e l (say 100 mV) to a low level tra n sd u c e r  (say 5 mV). The ou t­
put w ill be re q u ire d  to s e tt le  to w ithin 0. 5% of its  final value in a frac tio n  of the sam pling  
in te rv a l. As an exam ple, th is  req u ire m e n t would ind icate  an a m p lif ie r  r is e - t im e  of about 
0. 5 m illiseco n d s  fo r a sam pling  ra te  of tw enty poin ts p e r  second, w hich co rre sp o n d s  to 
an u pper h a lf-p o w er frequency  of approx im ate ly  300 Hz.

7. 1 .2 . 6 D rift S tability

The low est fu ll- s c a le  level of the t r a n s ­
d u ce r outputs to be m e asu re d  w ill be the 5 mV of the ro to r - s u r fa c e - te m p e ra tu re ­
sen sin g  th e rm o co u p les. F o r an e r r o r  due to th is  cause  alone of 1% of full sca le , the 
to ta l (input re fe r re d )  d r if t  fro m  all c a u se s  should be le s s  than + 50 y V. T his figu re  
w ill have to be reduced  acco rd ing  to the m agnitude of o th e r  e r r o r s  likely  to be p re sen t. 
Typical c au ses  of d r if t  a r e  the te m p e ra tu re  dependence of am p lif ie r  o ffse t voltage and 
c u rre n t , tra n s ie n ts  in troduced  into the signal voltage by solid  s ta te  m odu la to rs  and very  
low frequency  random  no ise  in a m p lif ie rs . In th is  w o rs t c a se , m axim um  values fo r any 
of th ese  co n sid ered  alone, assum ing  a 100 k ft input im pedance, and a + 8 C operating  
te m p e ra tu re , w ill be

o ffse t voltage d r if t  + 3 y V /°C  

o ffse t c u r re n t  d r if t  + 3  p A /°C  

random  no ise  + 5 y V peak

The allow able te m p e ra tu re  dependent
d r if t  r a te s  can be in c re a se d  if the o p era tin g  te m p e ra tu re  range is  reduced  by th e rm o ­
s ta tic  co n tro l.
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7 .1 .2 .7  C ost

A la rg e  num ber of iso la tion  am p lifie rs  
w ill be req u ire d . The num ber used w ill depend g rea tly  on the cost, s ince , if the am ­
p lif ie rs  a re  cheap, the m ost s tra ig h tfo rw a rd  so lution would be to use one am p lif ie r  fo r 
ev e ry  analogue tra n sd u c e r . An advantage of th is  approach  is  that m ultip lex ing  the t r a n s ­
d u c e r outputs p r io r  to the iso la tion  a m p lifie r  would be avoided. If any m ultip lex ing  (out­
side  of the 1851) w as n e c e ssa ry , it would be then p e rfo rm ed  on the iso la tion  am p lifie r  
ou tpu ts, w here  the s ignal lev e ls  a re  high, so u rce  im pedances a re  low and th e re  is no 
com m on-m ode voltage. A so lid -s ta te  m u ltip lex e r could be used with the a ttendan t ad ­
van tages of high speed and re liab ility .

7 .1 .3  Selection  of a Suitable Iso la tion  A m plifier

In the ligh t of the sp ec ifica tio n s  d e riv ed  in sec tion  7.1.2 
a study w as m ade of c o m m erc ia lly -a v a ilab le  iso la tion  a m p lif ie rs . This study failed  to 
find an am p lifie r  which sa tis f ied  all the sp ec ifica tio n s , the c lo se s t approach  being m ade 
by the P h ilb rick  R e se a rc h e s  SP2A. T his am p lif ie r  w as, how ever, unaccep tab le  because  
of a + 200 V lim it to com m on-m ode voltage and equivalen t input d r if ts  of +_ 30 y V /°C and 
+ 100 y V /day.

B ecause  of the lack  of su itab le  iso la tion  a m p lif ie rs , an 
investigation  has been m ade of a num ber of p o ssib le  c irc u its  and a range of application  
given fo r  each c irc u it. ^  This investigation  revea led  that it w as p o ssib le  to co n s tru c t 
an am p lif ie r  w hich would m eet a ll the sp ec ifica tio n s  of section  7 . 1 . 2  a p a r t from  the m a t­
te r  of co s t (see F igure  7). To reduce  o v e ra ll c o s ts , th is  a m p lifie r  w ill be used  only when 
n e c e ssa ry  and a su itab le  c irc u it  fo r each group of tra n sd u c e rs  has been a r r iv e d  a t by ex ­
am ining  the e le c tr ic a l conditions fo r  each  of th e se  g roups (see sec tion  7.2) .
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7 .2  D eta ils  R egard ing  Analogue T ra n sd u c e rs  P re se n tly  In sta lled
on the H .P .G . W ith Suggested G roupings and A m plifie r C irc u its

Sections 7. 2. 1 to 7 .2 . 10 exam ined p o ssib le  groupings of analogue 
tra n s d u c e rs  a t p re se n t in s ta lled  on the H .P .G . , d e sc r ib e  the e le c tr ic a l signal rece iv ed  
fro m  these  tra n sd u c e rs , and suggest su itab le  sw itching and iso la tion  am p lif ie r  c irc u its .  
A c i rc u it  fo r a gen era l pu rpose  iso la tion  a m p lif ie r-^  is  shown in F ig u re  7. No a ttem p t 
is m ade to define the allow able opera tin g  lim its  fo r each v a ria b le  but som e of the fa c ­
to r s  w hich w ill have to be consid ered  in fixing th ese  lim its  a re  d e sc rib e d .

Section 7 .2 .1 1  su m m a rise s  the equipm ent re q u ire d  fo r  the c irc u its  
given in sec tio n s  7 .2 .1  to 7. 2. 10.

7 .2 .1  R o to r P ositio n  M onitors

F ou rteen  tra n sd u c e rs  a re  used  to sen se  changes of r a ­
d ia l and v e r tic a l position  fo r both ro to rs .  The tra n sd u c e rs  u ti lis e  the change of c a p a ­
c ity  of a sensing  p la te  (mounted c lo se  to the ro to r)  to vary  the re so n an t frequency  of a 
tuned c irc u it  and thus yield an output signal which is a function of ro to r  position . F ou r 
v e r tic a l (N,S, E,W)  and th re e  rad ia l (0 ,120 ,240 ) tra n sd u c e rs  a re  used  on each ro to r .

A suggested  c irc u it  fo r the sw itching netw ork  and iso ­
la tion  am p lif ie r  is shown in F igure  8.

7. 2. 1. 1

(a)

(b)

(c)

( d )

(e)

(f)

(g)

7. 2. 1. 2

D escrip tio n  of v a r ia b le s  to be 
m on ito red  fo r both ro to rs

Lift of b earin g  face: fo rm ed  by su m ­
m ation  of the four v e r tic a l tra n sd u c e rs

N-S T ilt: fo rm ed  by taking d iffe ren ce  
of N and S tra n sd u c e rs

E-W  T ilt: fo rm ed  by tak ing  d iffe ren ce  
of E and W tra n sd u c e rs

0° R adial P osition

120° R adial P o sitio n

240° R adial P ositio n

R oto r Expansion: F o rm ed  by su m m a­
tion of the th re e  ra d ia l tra n sd u c e rs .

Signal d e sc rip tio n s

A m plitude: + 50 m V o r  0 -  100 mV.

Source im pedance: =1 k fi
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Com m on Mode Voltage: induced noise 
only, fo r  (a), (d), (e), (f), (g) up to 
100 mV + induced no ise , fo r (b), (c).

F requency  com ponents of in te re s t: d .c .  
to 100 Hz.

7 .2 . 1 .3  D ata logg ing  and a la rm  scanning
re q u ire m e n ts

E ach v a ria b le  should be logged once
ev ery  two m inu tes  when not pu lsing . D uring p u lse s  th is  ra te  w ill have to be in c reased  
acco rd in g  to the ro to r  speeds and length  of p u lse . A larm  scanning should be perfo rm ed  
fo r  each  output approx im ate ly  once ev e ry  five seconds, th is  ra te  being in c re a sed  upon 
de tec tio n  of a m alfunction .

7. 2. 1 .4  C om m ents

The lim its  fo r n o rm al o p era tion  depend
on fa c to rs  such as  ro to r  speed , te m p e ra tu re  and zero  e r r o r s  and som e analogue c i r ­
cu its  w ill be re q u ire d  to com pute th e se  lim its . The allow able ro to r  expansion is a func­
tion of ro to r  speed  squared  and the ze ro  e r r o r s  should be re g u la r ly  checked (when the 
ro to r  speed  is le s s  than 100 r . p . m . )

The deflection  sen s itiv ity  is  not lin e a r  
w ith  deflection  but is a hyperbo lic  function. The norm al d is tan ce  betw een the sensing  
p la te  and the sen sed  o b jec t is  about . 030 in. and th is  can be changed . 010 in. by d e ­
flec tio n  of the ro to r , thus causing  a m arked  change in deflection  sen s itiv ity . The co m ­
p u te r  su b -p ro g ra m s  could c o r re c t  fo r  th is  change, how ever, and give a m o re  acc u ra te  
ind ication . F requency  com ponents of the m on ito r outputs below 0. 1 Hz co rresp o n d  to 
ro to r  expansion w hile h ig h e r frequency  com ponents c o rre sp o n d  to the v a ria tio n  in ro to r  
p o sition  during  each  revo lu tion . L im its  w ill have to be s e t fo r the m axim um  am plitude 
of both th e se  com ponents.

7 . 2 . 2  Insu la tion  M onitors

The insu la tion  to ground of s e v e ra l p a r ts  of the H .P.G . 
is o b serv ed  by applying 225 vo lts  to th e se  p a r ts  v ia  a r e s is to r  and then m easu rin g  th e ir  
voltage to ground. A suggested  c irc u it  fo r the sw itching netw ork  and iso la tion  am p li­
f ie r  is shown in F ig u re  9.

7. 2.  2. 1 Insu la tion  le v e ls  (to ground) m onitored

(a) B rush  Group 0

(b) B rush  Group 2

(c) B rush  G roup 6
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(d) B rush  G roup 7

(e) Top A irpad

(f) Bottom  A irpad

(g) G uard

(h) Spare

7. 2. 2. 2 Signal d e sc rip tio n

A m plitude: 0 -  100 mV

Source im pedance: < 100 ft

Com m on mode voltage: induced noise 
only

F requence  com ponents of in te re s t: d .c .  
to 1 Hz

7. 2. 2. 3 D ata logging and a la rm  scanning r e q u ire ­
m ents

E ach insu la tion  level should be logged
once ev e ry  two o r  four m inu tes and a la rm  scanned once ev ery  ten seconds, except d u r ­
ing p u lse s .

7. 2. 2. 4 C om m ents

The insu la tion  m o n ito rs  in co rp o ra te  lo ­
gic c i rc u itry  to p rev en t s ta r tin g -u p  of the H .P .G . if any insu la tion  lev e l fa lls  below a 
p re d e te rm in e d  lev e l. T his logic c irc u itry  is o v e rrid d e n  during  the p re p a ra tio n  fo r, ami 
tak ing  of, a p u lse . The lim its  of n o rm al o p era tion  w ill g en era lly  be fixed a t a c e r ta in  
m in im um  insu la tion  leve l.

7 . 2 . 3  Oil P r e s s u r e  T ra n sd u c e rs

The p r e s s u re s  of v a rio u s  oil supp lies  and oil b ea rin g s  
a re  m on ito red  by sem iconducto r o r  re s is t iv e  s tra in  gauges m ounted in a re s is tiv e  b ridge 
The b rid g e  is ba lanced  at ze ro  applied p r e s s u re  and becom es p ro g re s s iv e ly  unbalanced 
as  the p r e s s u re  is  in c re a se d , the unbalance voltage developed being a function of the 
o il p re s s u re .  A suggested  c irc u it  fo r  the sw itching netw ork  and iso la tio n  am p lifie r  is 
shown in F ig u re  10.

7. 2. 3. 1 D escrip tio n  of oil p re s s u re s  m onitored

(a) Top ro to r  guide oil supply

(b) Top ro to r  th ru s i oil supply
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(c) Bottom ro to r  guide oil supply

(d) Bottom ro to r  th ru s t  oil supply

(e) Top ro to r  NE th ru s t  bear ing

(f) Bottom ro to r  NE th ru s t  bear ing

(g) Top ro to r  SE th ru s t  bear ing

(h) Bottom ro to r  SE th ru s t  bear ing

(i) Top ro to r  NW th ru s t  bear ing

(j) Bottom ro to r  NW th ru s t  bearing

(k) Top ro to r  SW th ru s t  bear ing

(1) Bottom ro to r  SW th ru s t  bear ing

(m) Bottom ro to r  th ru s t  bearing; backing 
p r e s s u re

(n) Top ro to r  th ru s t  bearing; backing p r e s ­
su re

7. 2. 3. 2 Signal d esc r ip t io n s

Amplitude: 0 - 7 0  mV fo r (m), (n); 0- 
20 mV for all o th e rs

Source impedance: =  1 k fi for (m), (n); 
=  600 ft fo r  all o the rs

Com m on-m ode voltage: = 1 2  V d .c .  +
induced noise

Frequency com ponents of in te res t:  d .c .  
to 1 Hz

7. 2. 3 .3 D ata logging and a la rm  scanning r e q u i re ­
m ents

Each p r e s s u r e  should be logged once 
eve ry  two m inutes and a la rm  scanned every  five seconds.

7. 2. 3 .4 Com m ents

In terlocks  a re  insta lled  to p reven t s t a r t ­
ing of the H .P .G .  if the backing oil p r e s s u r e  is low. The com m on-m ode voltage of =
12 V d . c .  can be reduced  by suitable  a l te ra t io n s  to the bridge pow er supplies. T h e l im its  
fo r  s a t is fac to ry  operation  will no rm ally  co n s is t  of a fixed upper and low er l im it  fo r  each
supply.
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7. 2. 4 M otoring B rush  C u rre n ts

C u rre n t shunts a re  in s ta lled  in the lead s  to se lec ted  
sing le  b ru sh  s e ts  and to la rg e r  groups of b ru sh e s . D uring the m oto ring  phase , the 
b ru sh  c u r re n ts  m ay be observed  to see  if the b ru sh e s  a re  sh a rin g  the to ta l c u r re n t  in 
a reaso n ab le  m anner. A suggested  c irc u it  fo r the sw itching netw ork  and iso la tio n  a m ­
p lif ie r  is  shown in F igu re  11.

7. 2. 4. 1 

(a)

(b

(c)

7. 2. 4. 2

7. 2 . 4 . 3

D escrip tion  of b ru sh  c u r re n ts  m on ito red

C u rre n t fo r each of four sing le  b ru sh e s  
on top ro to r

C u rre n t fo r each of fou r s ing le  b ru sh e s  
on bottom  ro to r

C u rre n t fo r each of fou r quand ran ts  of 
b ru sh e s  (bottom  ro to r  only)

Signal d esc rip tio n

Am plitude: 0 -  70 mV

Source im pedance: v e ry  low

C om m on-m ode voltage: up to + 500 V

F requency  com ponents of in te re s t: d . c .  
to 1. 0 Hz

D ata logging and a la rm  scanning  r e q u ire ­
m ents

E ach  c u r re n t  should be logged a t th ir ty  
second in te rv a ls  and a la rm  scanned a t ten second in te rv a ls .

7. 2. 4. 4 C om m ents

L arge  v a ria tio n s  o ccu r in the p ro p o rtio n  
of c u rre n t taken by the individual b ru sh  se ts  and a low p a ss  f i l te r  w ith a tim e co n stan t of 
s e v e ra l seconds m ay be re q u ire d  fo r each c u r re n t shunt, to average  the c u r re n ts  taken. 
The lim its  fo r s a tis fa c to ry  o pera tion  w ill g en e ra lly  be fixed as a m axim um  av erag e  c u r ­
re n t. An indication of b ru sh  condition can be obtained by ob serv in g  the range of f lu c tu a ­
tions in and m agnitude of the p ro p o rtio n  of to ta l c u r re n t taken.

7 . 2 . 5  T e m p e ra tu re s

T herm ocoup les and th e rm is to rs  connected in b rid g e s  
a re  used to m on ito r a la rg e  num ber of te m p e ra tu re s  w ithin the H. P . G. The th e rm o ­
couples used  fo r m easu rin g  b ru sh  te m p e ra tu re s  w ill be co n sid ered  in appendix 7. 2. 9
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and not h ere .  Suggested c i rc u i ts  fo r  switching netw orks and isola tion am p lif ie rs  a re  
shown in F igure  12.

7. 2. 5. 1 D escrip tion  of te m p e ra tu re s  monitored

(a)

(b)

(c)

( d )

(e)

(f)

(g)

( h )

(i)

(j)

( k )

( l )

(m)

(n )

(o)

Oil te m p e ra tu re  from  top guide

Oil te m p e ra tu re  from  bottom guide

Top th ru s t  p is ton te m p e ra tu re

Bottom th ru s t  p is ton  te m p e ra tu re

Top a irpa id  te m p e ra tu re  1

Top a irpad  te m p e ra tu re  2

Bottom a irpad  te m p e ra tu re  1

Bottom airpad  te m p e ra tu re  2

Ambient te m p era tu re :  B l,  B2, B7, B8; 
i. e. 4 only

T e m p e ra tu re  of oil into bear ings

T e m p e ra tu re  of oil from  bottom bearing

Inlet a i r  te m p era tu re ;  d iese l c o m p re ss o r

Inlet a i r  te m p era tu re ;  m ains c o m p re s s o r

T h ru s t  bear ing  o u te r  edge oil te m p e ra ­
tu re

Rotor su rface  te m p era tu re :  B2, B7,
B8, B2, B2 moving, i . e .  5 only

Signal descrip tion

Amplitude: (a) -  (n), 0-100 mV; (o),
0 - 5  mV

Output impedance: (a) -  (n), < 100 ft ;
(o), low

Com m on-m ode voltage: (a) -  (n), = 1 0  
V d . c .  + induced noise, (o) -  up to 
+ 1000 V.

Frequency com ponents of in te res t:  (a)
-  (n) -  d. c. to 1 Hz. (o) -  d. c. 
to 5 Hz.
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7. 2. 5. 3 D ata logging and a la rm  scanning r e q u ire ­
m ents

All te m p e ra tu re s  except (o) should be
logged every  two m inutes and a la rm  scanned ev ery  ten  seconds. The ro to r  su rface  
te m p e ra tu re  sensing  therm ocoup les need be logged only when they have been low ered  
onto the ro to r . A larm  scanning  need not be p e rfo rm e d  on th e se  therm ocoup les and a 
d a ta  logging ra te  of up to tw enty sam p les p e r  second, depending on the pu lse  length, 
m ay be n e c e ssa ry .

7. 2. 5. 4 C om m ents

The d . c .  com m on mode voltage a s s o ­
c ia ted  w ith  the th e rm is to r  p ro b es  could be reduced  to a low level by re a rra n g e m e n t of 
the b rid g e  pow er su pp lies. The high sam pling  r a te s  n e c e s sa ry  fo r the su rface  tem p e­
ra tu re  s e n so rs  im p lie s  a s o lid -s ta te  m u ltip lex e r but to u se  these , th re e  se p a ra te  
sw itching netw orks and iso la tio n  a m p lif ie rs  w ill be re q u ire d  because  of the high v o lt­
ages like ly  to e x is t betw een B2, B7 and B8.

Some of the allow able o p era ting  lim its  
w ill be fixed but o th e rs  w ill depend on such fa c to rs  as am bien t te m p e ra tu re  and ro to r  
speed .

7 . 2 . 6  A ir P r e s s u r e s

The v a rio u s  a i r  p r e s s u re s  a re  m easu red  by two d if fe r ­
en t types of tra n sd u c e rs , i. e.

(a) a bourdon type p re s s u re  gauge coupled to a ro ta ting  
p o ten tio m eter, and

(b) a flex ib le  d iaphragm  w hose capacitance  to a fixed 
p la te  d e te rm in e s  the frequency  of an o sc il la to r , th is  
frequency  being dem odulated  to give a m e a su re  of 
d iaphragm  position  and, hence, p re s s u re .  A su g g es t­
ed c irc u it  fo r  the sw itching netw orks and iso la tion  a m ­
p lif ie rs  is shown in F ig u re  13.

7. 2. 6 .1  A ir p r e s s u re s  m on ito red

(a) A irpad  p re s s u re s ;  2 only

(b) B ru sh  actuation  a i r  tank p re s s u re s ;  9 
only

7. 2. 6. 2 Signal d e sc rip tio n

A m plitude: (a) 0 -  100 mV; (b) 0-2 V
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Source im pedance: (a) < 100 ft; (b )-lo w

C om m on-m ode voltage: (a) =10 V d . c .
+ induced no ise , (b) induced noise 
only

F requency  com ponents of in te re s t: d . c .  
to 1 Hz.

7. 2. 6. 3 D ata logging and a la rm  scanning r e q u ire ­
m ents

The a i r  p re s s u re s  should be logged every
two m inutes and a la rm  scanned every  five seconds. An in c re a se  logging ra te  m ay be 
neces-sary  during  the tak ing  of a pu lse .

7. 2. 6. 4 C om m ents

The lim its  fo r  s a tis fa c to ry  opera tion  
w ill g en era lly  be fixed but the a i r  p re s s u re  in the pu lse  b ru sh  actuation  supply could 
be allow ed to fa ll s ligh tly  both during  and im m ediate ly  a f te r  actuation .

7. 2. 7 P u lse  C u rren t Group

B ecause  of the im portance of the pu lse  c u r re n t  m agn i­
tude, it is m e asu re d  by two independent tra n sd u c e rs ;

(a) a conventional c u r re n t shunt,

(b) tim e in teg ration  of the ra te  of change in flux around 
the b u sb ar, using  an opera tional a m p lifie r . T im e 
in teg ra tion  of the c u r re n t y ie ld s  tr a n s fe r re d  charge  
and a peak detec ting  c irc u it  y ie ld s  peak  c u rre n t. A 
suggested  c irc u it  fo r a sw itching netw ork  and iso la ­
tion a m p lif ie rs  is  shown in F ig u re  14.

7. 2.  7. 1 D escrip tio n  of m on ito red  v a ria b le s

(a) P u lse  c u r re n t via shunt

(b) P u lse  c u r re n t via flux

(c) P eak  c u r re n t

(d) T ra n s fe r re d  ch arg e

7. 2 . 7 . 2 Signal d e sc rip tio n

Am plitude: (a) 0 -  385 mV; (b) 0 -  45 V; 
(c) 0 -  100 mV; (d) 0 -  50 V.
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S ource im pedance: (a) v e ry  low; (b), (c), 
(d), -  low

C om m on-m ode voltage: (a) + 1000 V;
(b), (c), (d) -  induced no ise  only

F requency  com ponents of in te re s t: (a), 
(b), -  a .c .  to 100 Hz; (c), (d) -  d .c .  
to 1 Hz

7 .2 . 7 .3  D ata logging and a la rm  scanning  re q u ire
m en ts

T hese  v a r ia b le s  need to be logged only
d u ring  and a f te r  the taking of a pu lse . The two re p re se n ta tio n s  of c u r re n t should be log 
ged a t a ra te  of up to two hundred sam p les  p e r  second depending on the pu lse  length  and 
ra te  of change. The peak c u r re n t and ch arg e  tr a n s fe r re d  need to be logged only a t the 
com pletion  of the pu lse . The c u r re n t am plitude w ill have to be a la rm  scanned  during  
the pu lse  but in th is  ca se  the d ig ita l com pu ter could be used.

7. 2. 7 .4  C om m ents

The m axim um  allow able pu lse  c u r re n t 
w ill depend on the b ru sh  and b u sb a r configu ra tions a s  w ell as on the ex p erim en t con­
nected .

7 . 2 . 8  M agnet and M otoring Group

The fie ld  m agnet and m otoring  c u r re n ts  and vo ltages 
w ill be m easu red  by s im ple  shunts and a tten u a to rs . The m o to r-g e n e ra to r  speed in the 
fie ld  c u r re n t supply is m e asu red  by a ta c h o -g e n e ra to r . A suggested  c irc u it  fo r  a sw itch ­
ing netw ork  and iso la tion  am p lif ie r  is  shown in F ig u re  15.

7. 2. 8. 1 D escrip tio n  of m on ito red  v a ria b le s

(a) M agnet voltage

(b) M agnet c u r re n t

(c) M o to r-g e n e ra to r  speed

(d) M otoring voltage

(d) M otoring c u r re n t

7. 2.  8. 2 Signal d e sc rip tio n

A m plitude: (a), (d) 0 -  500 V, to be r e ­
duced by an a tten u a to r, (b), (c), (e) 
0 - 7 5  mV
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Source im pedance: (a), (d) -  w ill depend 
on a tten u a to r, (b), (e) -  very  low 
(c) -  low

C om m on-m ode voltage: (a), (b), (d),(e) 
up to 500 V. (c) induced noise only

F requency  com ponents of in te re s t: d .c .  
to 1 Hz

7. 2. 8. 3 D ata logging and a la rm  scanning re q u ire ­
m ents

The m oto ring  voltage and c u r re n t should 
be logged, only du ring  the m oto ring  ph ase , once ev ery  th irty  seconds. The m agnet c u r ­
re n t and voltage should be logged a t the sam e ra te . The m o to r-g e n e ra to r  speed needs to 
be logged only du ring  the tim e that the synchronous m o to r is not connected to the m ains, 
a ra te  of once ev ery  th ir ty  seconds being  su ffic ien t u n le ss  the speed in c re a se s  above the 
n o rm al 750 r. p . m .

A larm  scanning should be perfo rm ed , 
when re lev an t, on the m o to ring  and fie ld  c u r re n ts ,  to g e th e r w ith the m o to r g en e ra to r  
speed , a t a r a te  of once every  ten seconds.

7 . 2 .  8. 4 C om m ents

The m otoring  and field  c u r re n ts  w ill
have a fixed u p p er allow able lim it. The m o to r g e n e ra to r  w ill have a m axim um  allow ­
able speed not f a r  in e x c e ss  of its  n o rm al 750 r . p .  m.  A ttenuato rs  w ill have to be in­
s ta lled  fo r  the m oto ring  and field  v o ltages .

7 . 2 . 9  S pare  A m p lifie rs

To ob ta in  data  from  ex p erim en ts  being conducted in 
a sso c ia tio n  w ith the H. P . G. and to ob ta in  additional data  re la tin g  to the p erfo rm an ce  
of the H . P . G .  , s e v e ra l sp a re  g en era l pu rp o se  iso la tion  a m p lif ie rs  w ill be needed. An 
additional iso la tion  a m p lif ie r  could be used  as a back-up  in ca se  of o th e r  c irc u it f a i l­
u re s  and fo r  keeping a continuous w atch  on any v a r ia b le s  indicating a m alfunction. To 
p e rfo rm  th ese  functions, th is  iso la tio n  a m p lifie r  would re q u ire  a sw itching netw ork 
w hich can a d d re ss  all tra n sd u c e r  ou tpu ts.

The H . P . G .  b ru sh  te m p e ra tu re s  and voltage d rops a re  
exam ples of v a r ia b le s  w hich m ay need to be logged by the /360  when additional data r e ­
la ting  to b ru sh  p e rfo rm a n ce  is  re q u ire d . In acqu iring  th is  data, u se  can be m ade of the 
m ultip lex ing  equipm ent in s ta lled  fo r  the b ru sh  te m p e ra tu re  and voltage d rop  m onito r (a 
UV re c o rd e r) .
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The num ber of sp a re  iso la tion  a m p lif ie rs  used w ill 
v a ry  from  ex p erim en t to experim en t but a m inim um  of th re e  sp a re  un its is suggested . 
One of th ese  sp a re s  would be used  fo r  the additional functions (m entioned above) to be 
p e rfo rm e d  fo r the H .P .G . A suggested  c irc u it  fo r the sp a re  sw itching netw orks and 
iso la tio n  a m p lif ie rs  is shown in F ig u re  16. A larm  scanning fa c ilit ie s  m ay be req u ired  
fo r  the ex p erim en ta l v a r ia b le s  to be logged and th e se  a re  also  shown.

7 .2 .1 0  M iscellaneous

A num ber of v a ria b le s  a re  of fa ir ly  g en era l in te re s t 
and do not belong to any one alone of the groups a lread y  co n sid ered  and a re  considered  
below . The e le c tro ly tic  tank position , a i r  valve tra v e l, pu lse  cam  position  and e le c tro ­
ly tic  tank cam  position  a re  all d e riv ed  by m eans of moving s lid e s  on p o ten tio m ete rs .' 
The ro to r  speeds a re  in th is  c a se  d eriv ed  by ta c h o -g e n e ra to rs  and the ro to r  a c c e le ra ­
tions a re  obtained  by analogue d iffe ren tia tio n  of the speeds. The d ie se l g en e ra to r  o u t­
put voltage (g) is  m e asu re d  by a m oving iron  (R. M. S . ) m e te r  betw een p h ases  and the 
output frequency  (h) is  m e asu re d  by a frequency  m e te r . N either of th ese  v a r ia b le s  is 
ava ilao le  as  a d. c. voltage and su itab le  tra n sd u c e rs  w ill have to be in s ta lled . A sug­
gested  c irc u it  fo r a sw itching netw ork  and iso la tion  am p lif ie r  is  shown in F igure  17.

7 .2 . 10. 1 D escrip tion  of v a ria b le s  m onito red

(a) E lec tro ly tic  tank position

(b) A irvalve tra v e l

(c) R otor speed -  top ro to r

(d) R otor speed -  bottom  ro to r

(e) R otor a c c e le ra tio n  -  top ro to r

(f) R o to r acc e le ra tio n  -  bottom  ro to r

(g) D iesel g e n e ra to r  output voltage

(h) D iesel g e n e ra to r  output frequency

(i) H .P .G . pu lse  cam  position

(j) E lec tro ly tic  tank cam  position

7 . 2 . 1 0 . 2  Signal d esc rip tio n

A m plitude: (a) 0 -  100 mV; (b), 0 - 7 0  
mV; (c), (d) 0 -  + 20 V; (e), (f) 0 -  
+ 50 V; (i), (j) 0 -  3 V.

Source im pedance: (a) -  < 100 fi ; (b)
< 1 k ft ; (c), (d) -  low; (e), (f) -  low

(i), (j) k n.
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C om m on-m ode voltage: (a), (b), (i),
(j) = +  10 V d .c .  + induced noise.
(c), (d), (e), (f) induced noise only

F requency  com ponents of in te re s t: d .c .  
to 10 Hz.

7 .2 . 10. 3 D ata logging and a la rm  scanning re q u ire ­
m ents

Logging needs to be p e rfo rm ed  only d u r ­
ing p e rio d s  th a t the v a r ia b le s  being logged a re  s ign ifican t. F o r m any of the above v a r ia ­
b le s  th is  w ill be only during  the taking of a p u lse . The logging ra te  w ill depend on the 
leng th  of the p u lse  but it could be up to fo rty  poin ts p e r  second. Some of the m onitored  
v a r ia b le s  such as  ro to r  speeds, a re  of in te re s t throughout the o pera tion  of the H. P . G. 
and logging w ill have to be p e rfo rm ed  continuously a t a ra te  co n sis te n t w ith the expected 
ra te  of change fo r  any phase  of opera tion . A larm  scanning  should be p e rfo rm ed  fo r all 
v a r ia b le s  excep t the ro to r  a c c e le ra tio n s , the scanning ra te  used  vary ing  from  once every  
ten  seconds fo r  the ro to r  speeds to once every  second fo r the pu lse  cam  position .

7 .2 .1 0 .4  C om m ents

The lim its  of sa tis fa c to ry  opera tion  fo r 
the above v a r ia b le s  w ill in som e c a s e s  such as the d ie se l g e n e ra to r  output voltage and 
frequency , be fixed w hile in o th e r c a se s  such as  the pu lse  cam  position , the allow able 
l im its  w ill depend on the p a r t ic u la r  phase  of H. P . G. opera tion .

7 .2 . 11 Sum m ary of Equipm ent R equired

The following equipm ent w ill be req u ire d  fo r the c i r ­
c u its  of F ig u re s  8 to  17.

7. 2 .  11. 1 A dd ress  decoding m a tr ic e s  and ring
co u n te rs

D uring no rm al o p era tio n  of the H. P . G.
and betw een the p e rio d s  of da ta  logging, the v a rio u s  sw itching netw orks w ill index 
around the inputs fo r  the pu rp o se  of a la rm  scanning. T his indexing could be achieved 
by the u se  of r in g  c o u n te rs  w hich a re  ac tive  only when da ta  logging is  not being p e r ­
fo rm ed .

When da ta  logging is  to take p lace  the 
co m p u ter p ro g ra m s  can supply the " a d d re s s ” of each  tra n sd u c e r  to be acc essed  v ia  a 
d ig ita l output m odule and decoding m a trix . E ach a d d re ss  could cau se  se v e ra l of the 
tra n s d u c e rs  to be connected  v ia  th e ir  sw itching netw ork  and iso la tion  am p lifie r  to an 
1851 m u ltip lex e r te rm in a l. The co m p u ter can a c c e ss  the req u ire d  tra n sd u c e r  output 
by sen sin g  the a p p ro p ria te  1851 te rm in a l. A lte rn a tiv e ly , by the u se  of a la rg e  decoding



APPENDICES 45

m a tr ix , only one tra n sd u c e r  would be connected to any of the 1851 te rm in a ls  fo r each 
a d d re s s  supplied  by the com pu ter. A b e t te r  approach  would be to u se  two decoding 
m a tr ic e s —one fo r  supplying high speed (solid s ta te ) sw itching netw ork  a d d re s se s  and 
the o th e r  fo r  supplying low speed  (m echanical) sw itching netw ork a d d re s se s .

7 .2 .1 1 .2  Switching netw orks

S o lid -s ta te  and m echanical sw itching
n etw orks w ill be used . 3N87 dual e m itte r  tr a n s is to r s  could be used  as the so lid -s ta te  
sw itch es  w hile e ith e r  u n ise le c to rs  (with the a sso c ia ted  logic n e c e ssa ry  fo r random  ad­
d re s sa b ili ty )  o r  an a r r a y  of re la y s , such  as th a t developed by M r. C antor, could be 
u sed  fo r  the m echan ical netw orks.

su m m a rise d  below.
The sw itching netw orks req u ire d  a re

C irc u it R equ irem en t

F ig u re  8

F ig u re  9 

F ig u re  10 

F ig u re  11 

F ig u re  12

F ig u re  13 

F ig u re  14 

F ig u re  15 

F ig u re  16

F igu re  17

12 position  2 pole so lid -s ta te , + 4 position  4 pole
s o lid -s ta te

10 p o sition  2 pole so lid -s ta te

16 po sitio n  4 pole so lid -s ta te

10 position  3 pole m echanical

20 p o sition  3 pole s o lid -s ta te  + 3 position  2 pole 
s o lid -s ta te

13 position  4 pole so lid -s ta te  

5 p o sition  1 Dole so lid -s ta te  

7 positio n  3 pole so lid -s ta te

120 p o sition  2 pole m echan ical + 20 position  4 pole 
m echan ica l + 20 position  4 pole so lid -s ta te

12 position  3 pole so lid -s ta te

An e s tim a ted  co s t fo r  th e se  is  $1, 000.

7 .2 .1 1 .3  Iso la tion  a m p lif ie rs  and co m p a ra to rs

The a m p lif ie rs  and c o m p a ra to rs  used 
in the c i rc u its  of F ig u re s  8 to 17 a re  su m m a rised  below.
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Type Q uantity E stim a ted  co s t

C irc u it of F ig u re  17 8

F a irch ild y A709C 8

F a irch ild P A710C 7

F a irch ild P A711C 5

$560

80

35

90

$765

(a)

(b)

(c)

P ow er supplies

+ 15 V @ 1. 5A regu la ted

+ 12 V @ 1. 0A regu la ted

15 kC sq u are  wave, + 20 V peak at 
+ 1 . 0A peak

An es tim a ted  co s t fo r the above supplies is  $300.

7. 2.  11. 5 A larm  lim it com putation c irc u its

In those c a se s  w here  the a la rm  lim its
a re  not fixed and the a la rm  scanning  is to be p e rfo rm ed  by d is c re te  c irc u its ,  the a la rm  
lim its  w ill have to be com puted by analogue c irc u its .

$4 0 0 .
An es tim a ted  co s t fo r  these  c irc u its  is
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