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ABS TRACT 

Tests were performed on a Bristol Babcock, Inc., Model DPC 3 3 3 0  process 
control system to determine the suitability of both hardware and . 
software for use as a low-cost distributed or stand-alone control 
sys tem. 

Results of the hardware tests verified that the hardware met or exceeded 
the company's published specifications for all test conditions except 
for the analog input common-mode rejection ratio (CMRR) measurement. 
The difference in measurement methods used during this test from the 
methods used by B B I  was the reason for the difference in CMRR values. 
The unit was tested as a stand-alone controller because we did not have 
version 1.5 of Trolltalk-VAX software needed for the host VAX to support 
this unit. 

The software test consisted of evaluations of only those Advanced 
Communication and Control Language (ACCOL) modules that have been added 
to Bristol Babcock controllers since previous evaluations were performed 
by this group. Except for the logger and scheduler modules, all the 
ACCOL I1 modules evaluated worked as described in the reference manual. 
The logger module did not work because of an error in the early version 
of the firmware installed in the Beta unit tested, and this failure 
should not occur in production units. The scheduler module will work as 
described; however, some of the modes seem redundant or incorrect. 

T h e  modular design of this system allows many possibilities for I / O  
p o i n t  configuration. A s  a configuration example, a system with 
20 analog inputs, & analog outputs, 16 discrete inputs, 16 discrete 
outputs, 2 counters, and 4 serial communications ports could be 
purchased for I.ess than $7000 (hardware only). 

Overall, the DPC 3 3 3 0  appears to be a suitable low-cost controller for 
use either as a stand-alone controller or as a node in a distributed 
network. 

. 
t 

vii 





1. INTRODUCTION 

This r e p o r t  desc r ibes  the  procedures f o r  eva lua t ing  the  performance o f  a 
B r i s t o l  Babcock DPC 3 3 3 0  process c o n t r o l  system us ing  v e r s i o n  4 . 0  of the 
ACCOL I n t e r a c t i v e  Compiler ( A I C )  software.  The o b j e c t i v e s  of  t h i s  
e f for t :  were t o  determine t h e  s u i t a b i l i t y  of both t h e  hardware and 
sof tware for a p p l i c a t i o n  as a low-cost process  c o n t r o l l e r  i n  an 
i n d u s t r i a l  p l a n t  environment and t o  compare/contrast t h i s  c o n t r o l l e r  
with h i g h e r - c o s t  B r i s t o l  Babcock c o n t r o l l e r s .  

T e s t s  were conducted on a Model DPC 3330 c o n t r o l l e r  packaged as a NEMA-1 
rack-mounted u n i t .  See  Fig. 1. This i s  a s tand-alone u n i t  and was 
t e s t e d  as such. 
w a s  used f o r  conf igu r ing ,  running d i a g n o s t i c s ,  and monitoring t h e  
con t ro l - l e r .  The c o n t r o l l e r  w a s  no t  t e s t e d  as p a r t  o f  a d i s t r i b u t e d  
network because we d i d  not  have ve r s ion  1 . 5  of Trolltalk-VAX h o s t  
sof tware t h a t  i s  r equ i r ed  t o  support  t h e  DPC 3 3 3 0 .  

An IBM PS/2-80 personal  computer w i th  DOS v e r s i o n  3 . 3  

Along with the evziluation tes ts  of t he  DPC 3 3 3 0  hardware, t e s t s  were 
performed on AGCOL 11 software modules t h a t  B B I  has added s i n c e  previous 
ACCOT, evraluati o m  p e r f  armed by t h i s  group. The modules t e s t e d  were : 
PDM, PDO, command, s chedu le r ,  s t o r a g e ,  and logge r .  

Y-12 photo XXHl 

Fig .  1.. B r i s t o l  Babcock DPC 3 3 3 0 .  
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2 .  TEST SETUP 

2 .  EQUIPMENT 

2 . 1 . 1  DPC 3330 Components 

The DPC 3330 system t e s t e d  cons i s t ed  of t he  following components: 

Q u a n t i t y  Descr ipt ion 

System interconnect  board 
CPU engine board 
Communications engine board 
Analog input  module 
Analog output module 
Discrete  input  module 
Discrete  output  module 
High-speed counter module 

2 . 1 . 1 . 1  System in t e rconnec t  ( S I )  board.  The ST board i s  t h e  
i-nterconnection backplane f o r  a l l  p l u g - i n  PC boards and modules i n  the 
system. I t  a l s o  contains  a 24-V dc inpu t  power supp1.y which provides 
power f o r  all. 1/0 modules and PC boards i n  the system. 

Watchdog r e l a y  con tac t s  on the  S I  board provide i n d i c a t i o n  of 3 
c o n t r o l l e r  f a i l u r e  t o  the use r  equipment. The watchdog r e l a y  is  
c o n t r o l l e d  by t h e  CPU engine board.  
s e v e r a l  o the r  passive and a c t i v e  components a r e  mounted on the  S I  board. 

I n  a d d i t i o n  t o  the watchdog r e l a y ,  

The S I  board provides connections f o r  the CPU engine board,  two CE 
boards,  two PC-bus boards,  and 0 ,  6 ,  o r  1 2  1/0 modules, depending on the 
packaging op t ion .  
modules. 

The DPC 3330 t e s t e d  was packaged t o  accept  s i x  1/0 

2 . 1 . 1 . 2  CPU ennine board.  The CPU engine board con ta ins  the  c e n t r a l  
processing u n i t ,  memory subsystem, watchdog t imer ,  r e a l - t i m e  c lock ,  LED 
s t a t u s  logi .c ,  and the 1/0 bus.  This board i s  based on the I n t e l  i A P X  
186  CMOS, 1 6 - b i t  microprocessor ch ip .  

The CPU engine board can be furnished with use r - conf igu rab le  RAM o r  
f ac to ry -conf igu red  EPROM. RAM memory ve r s ions  a r e  backed by a b a t t e r y  
loca ted  on t h e  board t h a t  provides approximately 6 months of cumulative 
backup time. EPROM ve r s ions  r e t a i n  the  a p p l i c a t i o n  load without b a t t e r y  
backup I 

The s tandard CPU engine board has 64 kbytes of RAM and i s  expandable t o  
128  kby te s .  A t  the  time o f  t e s t ,  the  B r i s t o l  software supported only 
the  b a s i c  6 4  kbytes o f  RAM.  Provisions a r e  a l s o  made €or a math 
coprocessor c h i p ;  however, a t  the time o f  t e s t ,  t h i s  op t ion  also w a s  not 
supported.  

2 
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2 . 1 . 1 . 3  Communications engine ( C E )  board.  The CE board con ta ins  s e r i a l  
coinmunication c o n t r o l l e r s ,  i n t e r f a c e  d r i v e r s  and receivers, and LED 
s i g n a l  s t a t u s  i n d i c a t o r s .  
i n t o  t h e  S I  board.  

A m a x i m u m  of two CE boards can be  plugged 

Each CE board provides  two ser ia l  p o r t s  ( l a b e l e d  A/C and B I D )  t h a t  can 
be configured independently v ia  switch s e l e c t i o n  f o r  u se  with e i t h e r  
RS-423 o r  RS-485 communication formats .  Both p o r t s  c o n s i s t  of  1 5 - p i n ,  
D-type connectors  which are compatible w i t h  B r i s t o l  Babcock's KTU 3320, 
RDC 3350, UCS 3380, and CFE 3385 equipment l i n e s .  

The communication p o r t s  provide communications with pe r sona l  computers 
(used as eitrher a network rnonitor o r  an e n g i n e e r ' s  p o r t a b l e  i n t e r f a c e ) ,  
another  B r i s t o l  Babcock c o n t r o l l e r  as p a r t  of  a d i s t r i b u t e d  network, o r  
customer equipment us ing  s e r i a l  communications formats .  

The d a t a  ra tes  of  bo th  p o r t s  can be independently s e t .  D a t a  r a t e s  from 
110 by te s / s  t o  9600 by te s / s  are  c u r r e n t l y  supported by t h e  B r i s t o l  
Babcock so f tware .  The u n i t  under t e s t  contained one C I  boa rd ,  bo th  
p o r t s  of which w e r e  configured f o r  RS-423 s i g n a l  l e v e l s  and a d a t a  r a t e  
o f  9600 b y t e s / s .  

2 . 1 . 1 . 4  Analop, input ( A I )  module. The analog i n p u t  module con ta ins  
s i g n a l  cond i t ion ing  c i r c u i t s ,  i n s t rumen ta t ion  a m p l i f i e r s ,  a 1 2 - b i t  
a n a l o g - t o - d i g i t a l  c o n v e r t e r ,  and an 1/0 bus i n t e r f a c e .  Surge 
suppres s ion  i s  a l s o  provided f o r  each A I  channel .  
f o u r  i n p u t  channels .  The A I  module i s  a v a i l a b l e  i n  f o u r  v e r s i o n s :  

Each A I  module has  

0 0 t o  10 V dc ,  4 i n p u t s ;  
* 1 to 5 V dc o r  4 t o  20 mA, 4 i n p u t s ;  
0 0 t o  10 V d c ,  4 i n p u t s ,  250 V dc common inode; and 
e 1 t o  5 V dc o r  4 t o  20 mA, 4 i n p u t s ,  250 V dc comnion mode 

The 1- t o  5 - V  dc module w a s  t e s t e d .  

2 . 1 . 1 . 5  Analog output  (AO) module. The analog ou tpu t  module provides  
two analog ou tpu t  channels .  Two v e r s i o n s  o f  t h i s  iiiodule a r e  a v a i l a b l e :  

0 0 t o  10 V d c ,  2 o u t p u t s ;  and 
e 1 t o  5 V dc o r  4- t o  20 mA, 2 ou tpu t s  

T h e  I- to 'I-mA/b-to 20-mA board w a s  used €or t e s t i n g .  

The AO module uses  a 1 2 - b i t  d i g i t a l - t o - a n a l o g  conve r t e r  ch ip  s e t  and 1/0 
bus i n t e r f a c e  c i r c u i t r y .  Surge suppression i s  provided f o r  each AO 
channel .  

2 . 1  .I. .6 D i s c r e t e  innu t  ( D T )  module, The d i s c r e t e  i npu t  iiiodule provides  
o p t o i s o l a t i o n  and s i g n a l  cond i t ion ing  f o r  each d i s c r e t e  i n p u t .  The D I  
p rocess ing  c i r c u i t r y  c o n s i s t s  of  s t o r a g e  r e g i s t e r s ,  "change of s t a t e "  
d e t e c t i o n ,  i n t e r r u p t  gene ra t ion ,  bus i n t e r f a c e ,  and o n - l i n e  t e s t  s e l e c t  
c i r c u i t r y .  The DI module i s  a v a i l a b l e  i n  t h e  fol lowing fou r  v e r s i o n s :  



4 

8 D l s ,  ? 4 - V  ac/dc i n p u t ,  1-rns inpu t  T i l  t.ers; 
8 D I s ,  1 2 - V  ac/dc i n p u t ,  30-rns i npu t  filters; 
8 DIs, 214-V ac/dc i n p u t ,  30-ms input  P i l t e i y ;  and 

0 4 DIs, 1 2 0 - V  ac/dc,  30-ms i npu t  f i l t e r s .  

T h e  DI modi11 F: tiested had e i g h t  24-V  dc i.tip1it.s wi th  30-ius f i l t x r s .  

? 1 . I I 7 Di sc re t e  output  ( D O )  mod-. Tile disc r e t e  out p u t  module 
con ta ins  an I /o  bus i n t e r f a c e ,  output  s t d t u s  b u f f e r ,  and cont-rol 
c i r c u i t r y  Surge suppression is  provided f o r  e a c h  DO channel ,  ThL DO 
modul c i s  avai 1 a b l e  i n  the following iaro ver.;i ons  : 

0 8 D O s ,  open-co l l ec to r  o u t p u t s ;  arid 
4 DOs, r e l a y  con tac t  ou tpu t s .  

The 8-DO, open-co l l ec to r  output  module w a s  tested. 

3 . 1  ~ 1 . 8  I l i p _ h -  speed counter  .CHm modul e .  The high-speed counter  modiile 
con ta ins  four  independent i npu t  condi t ioning c i r c u i t s  t h a t  provide 
o p t o i s o l a t i o n  and debouncing. Each inpu t  m3y bc soiirceci from e i t h e r  R 

d r y  c o n t a c t  o r  a dLf fe ren t i a1  s ignal  .-zourc.e. Surge suppression i s  
provided f o r  all IISC channels ,  

2 . l .  2 ut Equipment 

The fol lowing equipment was used t o  ptrfoi-m the  t c s t s  and eva lua t ions  : 

0 power supply,  d u a l ,  0 t o  40 V dc T,ambda LPD422A;  
coun te r ,  1-1T 5316A; 

e vo l t age  c a l i b r a t o r ,  EDC MV105; 
a mult imeter ,  HP 3455A; 
e f u n c t i o n  gene ra to r ,  Wavetek 145; 
e decade r e s i s t a n c e  box, General Radio DB655; and 
B o s c i l l o s c o p e ,  Kikusui COS6100M. 

2 . 1  . 3  Computer. 

A n  TBM PS/2 Model 80 computer w a s  used as the  por t , - rb le  e n g i n e e r ’ s  
i n t e r f a c e  ( P E I ) .  The computer system consist.t:d o f  the fol lowing 
components and opt ions : 

computer, ILJM PS/2-80; 
math coprocessor ,  Int-:?l 80387 ; 
p r i n t e r ,  Epson MX-100111; and 
e x t e r n a l  5 . 2 5 - i n .  f loppy d i s k ,  PRS-2, 

2 . 2  SOFTWARE 

2 . 2  1. ACCOL T L I - n t e r a c t i v e  Compi l e r  ( A I C )  

A I C  i s  a f i l l - i n - t h e - b l a n k  i n t e r a c t i v e  program used t o  generate  the 
program loads f o r  t he  c o n t r o l l e r .  ATC i s  used t o  access  a l a r g e  v a r i e t v  
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of  ACCOL software modules. The software modules are selected and 
configured to implement a control strategy. The object load f i l e  is 
then formed f r o m  the output of the AIC program using the L I N K  utility. 
Also, a documentation file may be generated using the ACDOC program. 
After the controller is loaded, the software modules are executed by 
controller microcode stored in PROM. Version 4 . 0 ,  the first PC-DOS 
compatible version of AIC, was used during the tests. 

2.2.2 System Tool Kit (STK) 

The system tool kit is an on-line diagnostic program that suns on the 
PEI and permits the user to view and edit many aspects of a system while 
the system performs its normal duties. STK software allows the user to 
perform the following functions: 

download a controller over a serial port, 
examine a running task, 
display the configuration of communication ports, 
display buffer usage, 
display 16 signal values at a time, 
initialize and display the crash block area, 
display analog and logical data arrays, 
display or write any memory location in the controller, and 
send a custom message to a controller. 

2 . 2 . 3  3330/3350/3380 Diagnostics 

The 3330/3350/3380 diagnostic software i s  used to test and repair the 
controller hardware. Diagnostic tests are initiated from a PEI  or the 
network host computer. Diagnostic tests were run on the DPC 3330 before 
init:iation of the evaluation test to verify basic operation. In 
addition to the diagnostic programs, the controller can be forced to run 
a self-test via a manual reset button on the CPU engine board. 



3 .  TEST PROCEDURES AND RESULTS 

3 . 1  HARDWARE PERFORMANCE TESTS 

3 . 1 . 1  AnaloE .Input Accuracy 

3 . 1 . 1 . 1  Procedure.  The purpose of t h i s  t e s t  was t o  determine the  b a s i c  
accuracy of t he  inpu t  channels on the  t w o  analog inpu t  modules. A t a s k  
was c r e a t e d  i n  a t e s t  program load  conta in ing  two A N I N  modules t o  read 
a l l  e i g h t  i n p u t s .  The measured input  va lues  were read us ing  STK 
sof tware .  A vo l t age  c a l i b r a t o r  was connected t o  a l l  analog i npu t s  i.n 
p a r a l l e l  t o  provide the  input  t e s t  v o l t a g e s .  The input  vo l t age  was 
monitored wi th  a high-accuracy d i g i t a l .  vo l tmeter  t o  e s t a b l i s h  the  input  
vo l t age  accuracy t o  0.006% f u l l - s c a l e  range ( F S R ) .  Eight measurements 
were taken a t  0 . 5 - V  increments ac ross  the  4-V input  span f o r  a l l  input  
channels .  No c a l i b r a t i o n  adjustments were performed be fo re  t e s t i n g .  

Absolute e r r o r  was c a l c u l a t e d  a s  the vo l t age  d i f f e r e n c e  between the  
input  va lue  and the  measured value and a s  a percent  of span. I n t e g r a l  
n o n l i n e a r i t y  ( INL)  e r r o r  was computed a s  the  dev ia t ion  of  a reading  from 
a s t r a i g h t  l i n e  connecting the  end po in t  readings and expressed a s  
percentage of span.  D i f f e r e n t i a l  nonl i -near i ty  (DNX,) was computed a s  the  
d i f f e r e n c e  i n  the  s t e p  between two readings and the  expected s t e p  s i z e .  
DNL e r r o r  i s  expressed as a percentage of t he  expected s t e p  s i z e .  

3.1.1.2 R e s u l t s .  The measured va lues  w e r e  i d e n t i c a l  f o r  a l l  i npu t  
channels  and a r e  shown i n  column t w o  of Table 1. The abso lu te  e r r o r  i n  
v o l t s ,  abso lu t e  e r r o r  a s  a percentage o f  f u l l  s c a l e ,  I N L ,  and DNL a r e  
given i n  columns t h r e e  through s i x  r e s p e c t i v e l y  of Table 1. A l l  
r ead ings  were wi th in  the B B I  accuracy s p e c i f i c a t i o n  o f  0 . 1 % .  

Table 1. Analog i.nput accuracy 

Absolute Absolute 
e r r o r  e r r o r  i N L  DML 

Input  Reading (V) ( 8 )  ( % )  ( 8 )  

1.0000 0 . 9 9 6 8  0 .0032  0 . 0 8 0 5  0 . 0 0 0 0  0.0000 
1.5000 1 . 4 7 7 3  0 .0027  0 . 0 6 7 3  0 . 0 2 6 5  0 . 0 7 9 2  
2 . 0 0 0 0  1 . 9 9 6 8  0 .0032  0 . 0 8 0 5  -0 .0134 -0 .1327 
2 . 5 0 0 0  2 4973 0 .0027  0 . 0 6 7 2  0 . 0 0 5 2  0.0797.  
3 . 0 0 0 0  2 I9979 0 . 0 0 2 1  0 .0537  0.0178 0.0812 

3 ~ 5000 3 . 4 9 7 3  0 . 0 0 2 7  0 . 0 6 7 2  -0.0040 -0 .1347 
l e .  0000 3 . 9 9 7 9  0 . 0 0 2 1  0 . 0 5 3 7  0 . 0 0 6 7  0 . 0 8 1 2  
4 . 5 0 0 0  4 . 4 9 7 3  0 . 0 0 2 7  0.06 '73 -0.0090 --0.1347 
5 . 0 0 0 0  4 .  99-79 0 . 0 0 2 2  0 . 0 5 3 8  0.0000 0 . 0 8 1 2  

6 
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3 . 1 . 2  Analop Input  Noise Rejec t ion  

3.1-2.1 Procedure. The t e s t  se tup  shown i n  F ig .  2 was used t o  measure 
dc common-mode r e j e c t i o n .  Voltage source E l  w a s  used t o  provide an i n -  
s c a l e  inpu t  t o  the  analog input  channel while  source E2 provided <he 
common-mode vo l t age .  The low-input lead  contained a 1-kR r e s i s t o r  t o  
si inulate l e a d  w i r e  r e s i s t a n c e .  Input  readings were taken wi th  the  
common-mode vo l t age  source set  t o  0 ,  -10, and -1-10 V dc .  The de common- 
mode r e j e c t i o n  r a t i o  w a s  c a l c u l a t e d  as: 

(1)  
Vin 
20v 

DCCMRR = -20 l o g  - 

The t e s t  se tup  used t o  measure ac common-inode r e j e c t i o n  r a t i o  (ACCMRR) 
w a s  t h e  same as t he  se tup  used for DCCMRR except t h a t  a 10 Vp-p 60-Hz 
s i g n a l  source w a s  used as the common-mode vol tage  source .  S ix ty  h e r t z  
was used as t h e  t e s t  frequency because most no ise  sources  i n  an 
i n d u s t r i a l  environment are 60 Hz o r  a a u l t i p l e  t he reo f .  To determine 
t h e  inpu t  reading v a r i a t i o n s  caused by the  common-mode i n p u t ,  an 
ACCOL I1 t a s k  was c r e a t e d  t o  d e t e c t  t he  high and low inpu t  va lues  while 
cont inuously reading the  input  channel.  The ACCMRR was c a l c u l a t e d  as :  

The t e s t  se tup  shown i n  F i g .  3 was used t o  determine t h e  input  modules’ 
normal-mode r e j e c t i o n  r a t i o .  

The same ACCOL I1 t a s k  used t o  perform the  ACCMRR t e s t  w a s  used f o r  t h i s  
t e s t .  The ac  s i g n a l  source w a s  s e t  t o  5 Vp-p so  as not  t o  exceed the 
maximum input  vo l tage  o f  the  analog input  module. The NMRK w a s  
c a l c u l a t e d  as : 

( 3 )  
Vin NMRK = -20 l o g  -- 

5v * 

+ ANALOG 
- INPUT 

MUDULE 

Fig .  2 .  CMRK t e s t  
conf igurat i -on.  

ANALOG + INPUT 
- MODULE 

Fig .  3 .  NMRR t e s t  
conf igu ra t ion .  
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3 . 1 . 2 . 2  Resu l t s .  For t h e  DCCMRR t e s t ,  a 20-V common-mode vo l t age  
change caused t h e  inpu t  readings t o  change 1.1 mV f o r  a DCCMRR of 85 dB. 
The 10-Vp-p ac common-mode vo l t age  caused inpu t  v a r i a t i o n s  o f  7 . 5  mV,  
r e s u l t i n g  i n  an ACCMRR of  62 dB. The 5-Vp-p normal-mode v o l t a g e  caused 
inpu t  v a r i a t i o n s  of  256 mV,  g iv ing  an NMRR value o f  26 d R  a t  G O  HZ. The 
no i se  r e j e c t i o n  d a t a  are summarized i n  Table 2 .  The measured CMRR’did 
n o t  meet t h e  s p e c i f i e d  value o f  110 dB €or common-mode vo l t ages  froin dc 
t o  G O  €Iz because BBI  uses  a d i f f e r e n t  method t o  determine CMRR. Not 
us ing  a r e s i s t a n c e  t o  s imulate  long inpu t  l eads  i s  one major d i f f e r e n c e  
i n  the  CMRR t e s t  method used by B B I .  

Table 2 .  Analog inpu t  
noise  r e j e c t i o n  

DCCMRR = 85 dB 
ACCMRR = 62 dB 
NMRR = 26 dB 

3 . 1 . 3  AnaloE Input  Impedance 

3 . 1 . 3 . 1  Procedure. Measurements t o  determine t h e  analog i.nput 
impedance were taken us ing  the  se tup  shown i n  Fig.  4 .  Input  reading 
changes caused by Re from 0 . 0  t o  1MG w e r e  used t o  determine t h e  inpu t  
impedance. The input  impedance (Ri) i s  given by:  

Ein Re 
R i  = 

E, - Ein ’ 

where E, i s  t h e  measured vo l t age  with Re shor t ed  and Ein i s  the  measured 
inpu t  vo l t age  with Re i n  s e r i e s  with the  i n p u t .  

ANALOG 
$- INPUT 
- MUDULE 

I I 

Fig .  4 .  Input  
impedance t e s t .  
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3 . 1 . 3 . 2  R e s u l t s .  The measured vo l t age  w a s  4 . 9 9 7 8 5  with R e  sho r t ed  and 
4 . 9 7 4 2 2  with Re i n  c i r c u i t .  Using the  measured d a t a ,  E q .  ( 3 )  gives  a 
value of  210 Mhjl f o r  R i .  The measured value o f  R i  a t  dc i s  much g r e a t e r  
t han  the  publ i shed  value o f  150 kha. The value s p e c i f i e d  by BE1 i s  f o r  
an ac s i g n a l  and is lower than the  dc value because of t he  e f f e c t  ,of the 
input  f i l t e r s .  The input  impedance i s  very  high and should cause no 
loading problems with input  sources .  

3 . 1 . 4  Analon Input  Pump-Out Current 

3 . 1 . 4 . 1  Procedure. Pump-out c u r r e n t  i s  sourced by the  input  c i r c u i t  
and flows through the  input  source and l e a d s .  The magnitude of the  
pump-out c u r r e n t  i s  determined by measuring the  vo l t age  developed across  
a l a r g e - v a l u e  r e s i s t o r  connected between the p o s i t i v e  and nega t ive  input  
t e r m i n a l s .  A p o s s i b l e  source of e r r o r  i n  t h i s  t e s t  i s  the  pump-out 
c u r r e n t  o f  the  DVM used t o  make the measurement. To reduce e r r o r  caused 
by the  DVM, a measurement w a s  made without the  c o n t r o l l e r  input  
connected, a f t e r  which another measurement was made wi th  the  input  
connected. The d i f f e r e n c e  between the  two readings was used t o  
determine the  magnitude o f  the  analog input  pump-out c u r r e n t .  

3 . 1 . 4 . 2  Resul-ts.  'rhe measured vo l t age  across  the  r e s i s t o r  without the 
input  connected w a s  +2.0 mV. The vo l t age  wi th  the  input  connected was 
-20.0 mV. Therefore ,  t he  vo l t age  e r r o r  clue t o  c o n t r o l l e r  pump-out 
c u r r e n t  w a s  2 2 . 0  mV. The magnitude of pump-out c u r r e n t  c a l c u l a t e d  from 
the  measured vo l t age  and r e s i s t o r  va lue  was 2 . 2  nA. 

3 .1 .5  Analog Input  Power Supplv Rejecti.on 

3 . 1 . 5 . 1  Procedure.  The purpose of  t h i s  t e s t  was t o  determine i f  
v a r i a t i o n s  i n  the  c o n t r o l l e r  power supply input  vo l t age  would a f f e c t  
analog input  accuracy. Minimum-scale and maximum-scale i n p u t  vo l t ages  
were measured wi th  power supply input  vo l t ages  o f  2 2 ,  2 4 ,  and 28 V .  

3 . 1 . 5 . 2  Kesul t s .  Varying the  control . ler  power supply input  v o l t a g e  
over t he  s p e c i f i e d  ope ra t ing  range had no e f f e c t  on the  analog input  
reading:;. 

3 . 1 . 6  -10: Input  Keadlnc Rate E f f e c t s  

3 . 1 . 6 . 1  Procedure. During t e s t i n g ,  a s h i f t  i n  input  c a l i b r a t i o n  was 
no t i ced  when the  execut ion  r a t e  of the  t a s k  con ta in ing  the ANTN modules 
was s e t  t o  cont inuous.  To determine the  e f f e c t  of t a s k  r a t e  on 
c a l i b r a t i o n ,  a f u l l - s c a l e  input w a s  measured a t  t a s k  execut ion  rates of 
5 . O ,  1 . 0 ,  0 . 5 ,  and 0 . 1  s and continuous.  

3 . 1 . 6 . 2  R e s u l t s .  The measurements taken a t  the  d i f f e r e n t  t a s k  rates 
f o r  a 5.000-V input  are shown i n  Table 3 ~ 

The c a l i b r a t i o n  changed s l i g h t l y  when the  t a s k  r a t e  was cont inuous.  
Even wi th  the  c a l i b r a t i o n  s h i f t  a t  the continuous r a t e ,  a l l  measurements 
were w i t h i n  the  0 .1% accuracy s p e c i f i c a t i o n .  
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Table 3 .  Analog c a l i b r a t i o n  
vs t a s k  r a t e  

Rate Reading 

C 4 . 9 9 6 8  
0 . 1  4 . 9 9 7 9  
0 . 5  4 . 9 9 7 9  
1 . 0  4 . 9 9 7 9  
5 . 0  4 . 9 9 7 9  

3 . 1 . 7  Analog Input  Relay Noise Re jec t ion  

3 . 1 . 7 . 1  Procedure. The purpose of  t h i s  t es t  w a s  t o  determine i f  EM1 
generated by devices such as r e l ays  mounted c l o s e  t o  t he  DPC 3330 would 
a f f e c t  the analog inpu t  measurements. To perform t h i s  t e s t ,  a 
mechanical re lay  t h a t  c o n t r o l l e d  an e l e c t r i c  f a n  w a s  connected t o  a 
d i s c r e t e  output .  O n e  ACCOJ, I1 t a s k  a l t e r n a t e l y  switched t h e  re lay on 
and o f f  a t  i t s  fas tes t  ope ra t ing  ra te .  Another t a s k  r ead  an analog 
inpu t  channel and s t o r e d  high and low readings.  
p h y s i c a l l y  moved around the  DPC 3330 t o  see i f  EM1 from t h e  switching of 
120 V a c  t o  t h e  f a n  would a f f e c t  t he  analog i n p u t .  

The r e l a y  w a s  

3 . 1 . 7 . 2  R e s u l t s .  The analog inpu t  measurements remained c o n s t a n t .  The 
r e l a y  switching had no measurable e f f e c t  on t h e  analog i n p u t s .  

3 . 1 . 8  AnaloE Output Accuracy 

3 . 1 . 8 . 1  Procedure. The purpose of  t h i s  t e s t  w a s  t o  deteriiiine t h e  b a s i c  
accuracy o f  t he  two output  channels on the  analog ou tpu t  module. A t a s k  
c r e a t e d  i n  t h e  t e s t  program load assigned s i g n a l  names t o  t h e  output  
channels ,  and the module w a s  configured f o r  a 1 . 0 -  t o  5.0-V o u t p u t .  
During t e s t i n g ,  STK sof tware was used t o  s e t  the  ou tpu t s  t o  the d e s i r e d  
v a l u e s .  The ou tpu t s  of t he  analog output  module were measured a t  e i g h t  
p o i n t s  ac ross  the  4 . 0 - V  span us ing  a DVM with an accuracy of  0 .006% FSR. 
Er ro r  c a l c u l a t i o n s  were performed as desc r ibed  i n  S e c t .  3 . 1 . 1 . 1  f o r  t he  
analog inpu t  accuracy t e s t .  No c a l i b r a t i o n  adjustments w e r e  performed 
on t h e  module be fo re  the t e s t s .  

3 . 1 . 8 . 2  Resu l t s .  'The r e s u l t s  o f  t he  measurements f o r  ou tpu t  channels 
one and two a r e  given i.n Tables 4 and 5 .  A l l  ou tpu t  va lues  w e r e  w e l l  
w i t h i n  t h e  0 .1% s p e c i f i c a t i o n .  
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Table 4 .  Channel 1 output  accuracy 

I 

~~ 

Ab s o lut e Ab s o lti t e 
Desired Measured e r r o r  e r r o r  INL DML 
output  ou tput  ( V I  (8) ( % I  ( % )  

1.0000 
1.5000 
2.0000 
2.5000 
3.0000 

3.5000 
4.0000 
4.5000 
5.0000 

0.9998 
1.4995 
2.0000 
2.4996 
3.0000 

3.4997 
4.0001 
4.4997 
5.0002 

0.0002 
0.0005 
0.0000 
0.0004 
0.0000 

0.0003 
-0.0001 

0.0003 
-0.0002 

0.0050 
0.0125 
0.0000 
0.0100 
0.0000 

0.0075 

0.0075 
-0.0025 

-0.0050 

0.0000 
-0.0233 

0.0050 
-0.0140 

0.0000 

-0.0100 
0 * 0000 

-0,0100 
0.0000 

0.0000 
-0.0700 

0.0900 
-0.0900 

0.0700 

-0.0700 
0.0700 

-0.0900 
0.0900 

Table 5 .  Channel 2 output  accuracy 

Absolute Absolute 
Desired Measured e r r o r  e r r o r  I NL DML 
output  ou tput  (VI ( 8 )  ( % >  ( % >  

1.0000 
1.5000 
2.0000 
2.5000 
3.0000 

3.5000 
4.0000 
4.5000 
5.0000 

0.9996 
1.4993 
1 ~ 9997 
2.4993 
2.9998 

3.4993 
3.9998 
4.4992 
4.9998 

0.0004 
0.0007 
0.0003 
0.0007 , 

0.0002 

0.0007 
0.0002 
0.0008 
0.0002 

0.0100 . 

0,0175 
0.0075 
0 .0175 
0.0050 

0.0175 
0.0050 
0.0200 
0.0050 

0.0000 
-0.0367 
-0.0100 
-0.0260 
-0.006 7 

-0.0214 
-0.0075 
-0.0211 
-0.0080 

0.0000 
-0.0650 

0.0700 
-0.0900 

0.0900 

-0.1100 
0.0900 

-0.1300 
0.1100 
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3 . 1 . 9  AnaloP Output I n t e r a c t i o n  

3 . 1 . 9 . 1  _Procedure. To determine i f  t h e  output  of one of t h e  analog 
output  channels on t h e  module a f f e c t e d  t h e  output  of t he  o t h e r  channel ,  
t h e  two outiput channels were s e t  t o  a l l  four  combinations of 1 . 0  and 
5 . 0  V .  

3 . 1 . 9 . 2  Resul-ts. The t e s t  d a t a  a r e  shown i n  Table 6 .  The only 
i n t e r a c t i o n  w a s  a 0.1-mV change on channel B a t  s e t t i n g  1.0 V when 
channel A w a s  changed from 1 . 0  t o  5 . 0  V .  This e r r o r  i s  only 0 .01% of 
the  o u t p u t ,  and t h e r e f o r e  no t  s i g n i f i c a n t .  

Table 6 .  Analog output  i n t e r a c t i o n  d a t a  

Channel A Channel B Channel A Channel B 
s e t t i n g  s e t t i n g  output  output  

1 . 0  1 . o  0.9998 0.9996 
5 . 0  5 . 0  5.0003 4.9998 
1 . 0  5 . 0  0.9998 4.9998 
5 . 0  1 . 0  5.0003 0.9995 

3 . 1 , 1 0  ha-l-o-tput S e t t i n E  T i m e  

3 . 1 . 1 0 . 1  Procedure. The o b j e c t i v e  o f  t h i s  t e s t  was t o  determine the  
time r equ i r ed  f o r  the analog output  t o  s e t t l e  a f t e r  a f u l l - s c a l e  change. 
A t a s k  w a s  c r e a t e d  t o  a l t e r n a t e l y  change the  analog output  s e t t i n g  from 
1 . 0  t o  5 . 0  V .  The output  response w a s  observed us ing  an o s c i l l o s c o p e  
connected t o  the  output  module t o  measure the  r i s e  and f a l l  t imes.  The 
only ou tpu t  loading was t h a t  o f  t he  scope probe. 

3 . 1 . 1 0 . 2  R e s u l t s .  The measured r i s e  time o f  t he  output  w a s  
approximately 25 ps and the measured f a l l  time approximately 50 p s .  No 
overshoot w a s  observed on e i t h e r  t r a n s i t i o n .  The t e s t  equipment 
a v a i l a b l e  d i d  n o t  allow p r e c i s e  measurement of  s e t t i n g  t i m e  t o  2 0 . 1 % .  
However, t h e  f a s t  observed t r a n s i t i o n  times and l a c k  o f  overshoot 
i n d i c a t e  t h a t  the s p e c i f i c a t i o n  of 100 ps s e t t i n g  time was m e t .  

3 . 1 . 1 1  Ana log  Output Drive Capab i l i t y  

3 . 1 . 1 1 . 1  Procedure. This t e s t  was t o  v e r i f y  the  analog ou tpu t  accuracy 
OVeK the  s p e c i f  iecl range of  output  l oad ing .  With t:he module configured 
f o r  a 1 . 0 -  t o  5.0-V o u t p u t ,  t he  a c t u a l  output  w a s  measured with the  
output  set. t:o 1 . 0  and 5 . 0  V with r e s i s t i v e  loads of 1 M i l ,  5000 0 ,  
2500 61 ,  and 1000 0 (1000 0 is  the  minirnum value of l oad  r e s i s t a n c e  t h a t  
can be used without exceeding t h e  output  r a t i n g  of t h e  module). 
t h e  module w a s  t e s t e d  while configured f o r  a 4 -  t o  20-mA ou tpu t .  The 

Next, 
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a c t u a l  ou tput  was measured w i t h  the  output  s e t  t o  4.0 and 20.0 inA f o r  
loads  o f  250 and 650 Ct. 

3.1.11.2 Resu l t s .  The r e s u l t s  of t h e  vol tage  mode tes t  are shown i n  
Table 7 .  The output  was wi th in  the  0 .1% to l e rance  f o r  all load  va lues  
while  ope ra t ing  i n  vo l t age  mode. 

Table 8 shows the tes t  r e s u l t s  with the output  opera ted  i n  c u r r e n t  
mode. The output  w a s  about 0 . 5 %  high  f o r  bo th  t e s t s ,  which is  probably 
due t o  t h e  e r r o r  i n  the  250-i2 r e s i s t o r  used t o  determine t h e  ou tpu t .  
However, changing the  load  from 250 t o  650 hl r e s u l t e d  i n  a s m a l l  ( 0 .02%)  
output  change, i n d i c a t i n g  good compliance of  t he  output  with d i f f e r e n t  
l oads .  

Table 7 .  Analog output  loading (vol tage  mode) 

1 . 0 - v  5.0-V 
Load Mea s u r  ed output  measured output  

r e s i s t a n c e  1.0-V e r r o r  5.0-V e r r o r  
( 0 )  output  ( % >  output  ( % I  

1.0 Mhl 0.9995 0.05 5.000 0.00 
5000 0.9995 0.05 5.001 -0.02 
2500 0.9995 0 .05  5.000 0.00 
1000 0.9995 0.05 4.997 0.06 

i 

Table 8 .  Analog output  loading  ( c u r r e n t  mode) 

4.0-mA 20.0-mA 
Load Measured output  Measured output  

(0) output  ( 8 )  

r e s i s t a n c e  4.0-mA e r r o r  20.0-mA e r r o r  
ou tput  

250 4.017 0.43 20.104 0 . 5 2  
650 4.017 0 . 4 3  20.102 0 . 5 1  
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3.1.12 Analog Output Power SiwpIy R e i  e c t i m  

3 . 1 . 1 2 . 1  Procedure. The purpose of t h i s  t e s t  w a s  t o  determine i f  
changes i n  t h e  c o n t r o l l e r  power supply inpu t  vo l t age  would a f f e c t  t h e  
analog output  c a l i b r a t i o n .  
sett:i.rigs o f  1 . 0  and 5 . 0  V with the  power supply inpu t  v o l t a g e  s e t  t o  2 2 ,  
2 4 ,  and 28 V. 

The output  vo l t age  w a s  measured with au tpu t  

3 . 1 . 1 2 . 2  Resu l t s .  Varying the  c o n t r o l l e r  power supply inpu t  vo l t age  
over t r h e  s p e c i f i e d  ope ra t ing  range had no e f f e c t  on t h e  analog o u t p u t .  

3 .1 .13 Di sc re t e  Output Driv.e_.Cap-ahility . 

3 . 1 . 1 3 . 1  Procedure. The d i s c r e t e  output  module t e s t e d  had e i g h r  open- 
c o l l e c t o r  o u t p u t s ,  with the output  d r i v e  c a p a b i l i t y  s p e c i f i e d  as 100 mA. 
The output  terminal  vo l t age  w a s  measured with 6 - ,  l o - ,  and 100-mA loads .  
R i s e  and f a l l  times o f  t he  output  w e r e  a l s o  checked with t h e  100-mA load 
connected. The channel output  w a s  exe rc i sed  f o r  t h e  switching 
c h a r a c t e r i s t i c s  t es t  by wri t i t lg  an ACCOL IT t a s k  t o  a l t e r n a t e l y  switch 
t h e  output  channel on and o f f  as f a s t  as p o s s i b l e .  

3 . 1 . 1 3 . 2  Kesu l t s .  D i sc re t e  output  vo l t ages  with t h e  d i f f e r e n t  t e s t  
loads are shown i n  Table 9 .  Ri.se and f a l l  times were bo th  l e s s  than 
0 . 2  p s .  I n  the  test: descr ibed i n  S e c t .  3 . 1 . 7 ,  t h e  d i s c r e t e  output  
module w a s  used t o  c o n t r o l  a power switching r e l a y ,  f u r t h e r  v e r i f y i n g  
i t s  output  c a p a b i l i t y  f o r  a t y p i c a l  a p p l i c a t i o n .  

Table 9 .  D i sc re t e  output  loading 

output  

( 0 )  ( V >  (d) 
Load Output c u r r e n t  

1000 0 . 6 4  6 
600 0 . 6 6  10 

60 0 . 7 4  100 

3.1. .  14 Disc re t e  Input  SensiLLvity and Speed 

3 . 1 . 1 4 . 1  Procedure. An ACCOL II t e s t  w a s  c r e a t e d  t o  sample t h e  
d i s c r c l x  inpu t  module s i g n a l s  a t  a 10-Hz r a t e .  The s i g n a l s  w e r e  then 
monitored us ing  STK f o r  the s e n s i t i v i t y  t e s t .  To determine the  inpu t  
switching p o i n t ,  a dc vo l t age  w a s  app l i ed  t o  the  inpu t  and inc reased  
u n t i l  tlie i npu t  recognized a one. The dc inpu t  was v a r i e d  around t h e  
t h re sho ld  t o  determine i f  the inpu t  1 eve1 had h y s t e r e s i s .  
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To determine the  d i s c r e t e  input  module speed,  a low-speed counter  modulp 
was configured i n  t h e  ACCOL I1 load us ing  a d i s c r e t e  input  as the  
counter  i npu t .  The frequency measured by the  counter  was monitored 
us ing  STK. A s i g n a l  genera tor  output  was used as the  inpu t  t e s t  s i g n a l ,  
and genera tor  frequency was increased  u n t i l  t he  counter  ceased t o  
measure t h e  inpu t  s i g n a l .  

3 .1 .14 .2  Kesul t s .  The dc input  th reshold  w a s  determined t o  be 15 .5  V 
wi th  no no t i ceab le  h y s t e r e s i s .  

When the  d i s c r e t e  input  was used as a counter  i n p u t ,  t h e  maximum 
ope ra t ing  frequency w a s  20 Hz. The 20-Hz frequency l i m i t  i s  reasonable  
cons ider ing  t h a t  t h i s  input  module had 30-ms f i l t e r s .  

3 .1 .15  HiEh-SDeed Counter Operation 

3 . 1 . 1 5 . 1  Procedure. Two tests were performed on t h e  high-speed counter  
module (HSC). The f i r s t  tes t  measured input  s e n s i t i v i t y  with t h e  input  
configured f o r  e x t e r n a l l y  powered s ingle-ended d r i v e .  
amplitude func t ion  genera tor  was connected d i r e c t l y  t o  the  i n p u t ,  and 
t h e  genera tor  output  w a s  ad jus t ed  u n t i l  t he  counter  i npu t  t h re sho ld  w a s  
determined. The maximum ope ra t ion  frequency f o r  t he  HSC was a l s o  
de terinined. 

A v a r i a b l e -  

A second t e s t  w a s  devised t o  t e s t  t he  opera t ion  of t he  counter  when 
configured f o r  d i f f e r e n t i a l  i npu t s .  A c i r c u i t  t o  provide open-co l l ec to r  
d i f f e r e n t i a l  ou tputs  w a s  cons t ruc ted  using TTL i n t e g r a t e d  c i r c u i t s  and 
d r iven  by the  Wavetek func t ion  genera tor .  
were configured f o r  i n t e r n a l l y  powered d i f f e r e n t i a l  i n p u t s .  The maximum 
ope ra t ing  frequency w a s  then determined f o r  t h i s  conf igu ra t ion .  

The HSC 1/0 module jumpers 

3 .1 .15 .2  Resu l t s .  For the  sing]-e-ended e x t e r n a l l y  powered 
conf igu ra t ion ,  t h e  input  s e n s i t i v i t y  w a s  14 Vp-p, which is w e l l  w i th in  
the  s p e c i f i e d  to l e rance  of 24 V 210%. Operation was a l s o  correct  with 
the  inpu t s  configured f o r  i n t e r n a l l y  powered d i f f e r e n t i  a 1  i n p u t s .  For  
bo th  t e s t s ,  t he  counter  opera ted  t o  a frequency g r e a t e r  than 1 5  kHz, 
which was much b e t t e r  than the  s p e c i f i e d  maximum frequency o f  10 kHz. 

3.2  ACCOL I1 SOFTWARE MODULE TESTS 

3 .  2 . 1  Corninand Module 

3 . 2 . 1 . 1  Procedure.  A t a s k  was w r i t t e n  t h a t  contained the  command 
module and a d igout  module. The output  and s t a t u s  te rmina ls  o f  t he  
command module w e r e  wired t o  d igout  module outputs  so  t h a t  t h e  s t a t u s  of  
these  s i g n a l s  could be observed on the  output  module L E D s .  A l l  o the r  
command module te rmina ls  were assigned ACCOL TI s i g n a l  names i n  order  t o  
read  and/or modify them using STK. 

3 . 2 . 1 . 2  Resu l t s .  The t a sk  r a t e  was s e t  t o  1 . 0  s ,  t h e  de lay  terminal t n  

20 s ,  and the  t r a n s i t i o n  terminal  t o  10 s .  The output  tu rned  on 
proper ly  a f t e r  t h e  delay pe r iod ,  and the  s t a t u s  went t r u e  a s  expected 

I 
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a f t e r  t he  t r a n s i t i o n  delay exp i r ed ,  i f  t he  l i m i t  switch s i g n a l  had no t  
gone t r u e  during the  t r a n s i t i o n  pe r iod .  Af t e r  each command t r a n s i t i o n ,  
t h e  s t a t u s  went f a l s e  u n t i l  a f t e r  the t r a n s i t i o n  p e r i o d ,  i f  t he  l i m i t  
switch s i g n a l  was no t  t r u e .  The run-time accumulation and reset 
func t ions  a l s o  worked as desc r ibed .  The command module worked exax t ly  
as descr ibed f o r  a l l  tes ts  performed. 

3 . 2 . 2  PDM Module 

3 . 2 . 2 . 1  Procedure. A PDO (pu l se  du ra t ion  ou tpu t )  module w a s  used t o  
provide t h e  inpu t  f o r  t he  PDM t e s t i n g .  The PDO module ou tpu t  was used 
t o  switch a d i s c r e t e  output  wired e x t e r n a l l y  t o  t h e  d i s c r e t e  i npu t  used 
as t h e  PDM module i n p u t .  Signal  names were assigned t o  the  o t h e r  PDO 
and PDM termi-nals f o r  monitoring and modif icat ion with STK. The PDO 
r e s o l u t i o n  was always s e t  t o  20 ms/tick f o r  t h i s  tes t . .  

3 . 2 . 2 . 2  R e s u l t s .  Basic ope ra t ion  w a s  t e s t e d  by applyi-ng v a r i o u s  time 
d u r a t i o n  s i g n a l s  t o  the  PDM input  u s ing  t h e  PDO module and reading the  
r e s u l t i n g  PDM inpu t  s i g n a l .  The d a t a  f o r  Mode 1 are shown i n  Table 10, 
and the  d a t a  f o r  Mode 2 a r e  shown i n  Table 11. The s t a t e  t e rmina l  w a s  
observed t o  go t r u e  a f t e r  the  deadband range had been exceeded. Track 
o p e r a t i o n  w a s  t e s t e d  by inc reas ing  t h e  inpu t  pul.se width t o  a value 
g r e a t e r  than the  t r a c k  range and not ing t h a t  t h e  p u l s e  w a s  r e j e c t e d  and 
t h e  s t a t e  terminal  went t r u e  f o r  one c y c l e .  A f t e r  t h e  new p u l s e  value 
was read €or  two consecutihe c y c l e s ,  t h e  new va lue  w a s  s e t  on the  PDM 
inpu t  terminal  and t h e  s t a t e  terminal  turned o f f .  A l l  o t h e r  func t ions  
a l s o  worked as desc r ibed .  

Table 1 0 .  PIIM Mode 1 accuracy Table 11. PDM Mode 2 accuracy 

Input Input  
du ra t ion  Reading d u r a t i o n  Reading 
( t i - cks )  ( 8  FS) ( t i c k s )  ( %  FS)  

._I_ 

50 0.00 14 8 0 .00  
1 2 5  49.50 150 0 .00  
1 2 6  5 0 . 1 7  375 49.83 
200 9 9 . 5 0  376 50 .11  
201 100.00  600 99.89 

601 100.00 
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3 . 2 . 3 . 1  Procedure.  The PDO (pu l se  d u r a t i o n  ou tpu t )  module's r a i s e  and 
lower ou tpu t s  were connected t o  a d i s c r e t e  output  module t o  provide n 

v i s u a l  i n d i c a t i o n  of  t h e  output  s t a t e s .  T h e  h i g h - l i m i t  and l o w - l i m i t  
i n p u t s  were provided by a d i s c r e t e  i npu t  module which had t ogg le  
switches f o r  easy switching of  l i m i t  i n p u t s .  A 1 1  o t h e r  PDQ module 
t e rmina l s  w e r e  monitored and s e t  us ing  STK. 

3 . 2 . 3 . 2  R e s u l t s .  Basic Mode 0 o p e r a t i o n  was t .ested w h i l e  e v a l u a t i n g  
the PDM module. In  a d d i t i o n ,  r e s o l u t i o n  changes, min- t i m e ,  arid c o r r e c t  
i n p u t  s i g n a l  responses were v e r i f i e d .  Lower ou tpu t  o p e r a t i o n  w a s  a l s o  
t e s t e d  i n  Mode 0 wi th  a negat ive i n p u t .  

For Mode 1 t e s t i n g ,  a 1 0 - s  t a s k  r a t e  was used. With t h e  low l i m i t  
t u rned  on and t h e  c o n t r o l  s i g n a l  s e t  t o  25%, 2 . 5 - s  pu lses  were output  
for- each cyc le .  For t h e s e  c o n d i t i o n s ,  t h e  r e s e t  s i g n a l  always i n d i c a t e d  
25%.  With t h e  c o n t r o l  s i g n a l  set t o  50% and t h e  h igh  l i m i t  t r u e ,  5 - s  
lower p u l s e s  w e r e  generated and t h e  reset signal. i n d i c a t e d  50%.  
w i t h  the c o n t r o l  s i g n a l  s e t  t o  10% and t h e  PDQ m i n  s i g n a l  s e t  t o  0 . 5  s ,  
0 .5 - s - lower  p u l s e s  were generated on each cycle.  I n  a similar manner, a 
0.5-s ou tpu t  w a s  generated on t h e  r a i s e  t e rmina l  when t h e  c o n t r o l  s igna l  
w a s  s e t  t o  110%. The s ta te  of t h e  limit s i g n a l s  had no e fEec t  when the 
c o n t r o l  s i g n a l  w a s  overrange 011 underrange. 

Next, 

Mode 2 i s  i d s n t i c n l  t o  Mode 1 except t h a t  t h e  l i m i t  s i g n a l s  are  no t  used 
t o  provide feedback. Mode 2 worked as s p e c i f i e d ,  and t h e  l i m i t .  s i g n a l s  
had no effect  on o p e r a t i o n .  

Mode 3 a l s o  ope ra t ed  as s p e c i f i e d ,  wi.th ou tpu t  d u r a t i o n  and d i r e c t i o n  
corresponding t o  the  d i f f e r e n c e  between t h e  c o n t r o l  s i g n a l  and t h e  
feedback s i g n a l .  The l i m i t  s igna ls  had no e f f e c t  i n  t h i s  mode. 

3 .  2 . .  4 S-cheduler Modu1.e 

3 . 2 . 4 . 1  Procedure.  Togg1.e switches were read wi th  a DI irtodu1.e t o  
provide t h e  scheduler  module s t r o b e ,  s t a t e ,  and r e s e t  i n p u t s .  The f i r s t  
t h r e e  ou tpu t  t e rmina l s  w e r e  assigned t o  the DO modzlle t o  provide v i s u a l  
i n d i c a t i o n  of  t h e i r  s t a t e  on LEDs. All o t h e r  s chedu le r  i n p u t  and output: 
t e rmina l s  were se t  and monitored wi th  STK. 

3 . 2 . 4 . 2  R e s u l t s .  I n  Mode 1, i f  rank values w e r e  s p e c i f i e d ,  t hen  the  
next: ou tpu t  turned o n  o r  o f f  w a s  s e l e c t e d  as desc r ibed  f o r  Mode 3 .  If 
t h e  rank s i g n a l s  w e r e  0 . 0 ,  then t h e  module ope ra t ed  i n  Mode 1 a s  
s p e c i f i e d .  

I n  Node 2 ,  i f  rank va lues  were s p e c i f i e d ,  then the o p e r a t i o n  matched the  
d e s c r i p t i o n  f o r  Mode [I. Mode 7. worked as desc r ibed  i f  a l l  rank s i g n a l  
values w e r e  0 . 0 .  

Mode 3 worked as desc r ibed .  I n  Node 3 ,  i f  ranks were n o t  s p e c i f i e d ,  
then Hade 2 sequencing occurred.  
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Mode b worked as descr ibed.  If ranks were n o t  s p e c i f i e d ,  t he  output  
sequenced as s p e c i f i e d  f o r  Mode 2 .  

Since rank i s  n o t  ignored i n  Modes 1 and 2 ,  t he  modes seem t o  be 
d u p l i c a t e d .  The reset  and t r a c k  inpu t s  had the  desc r ibed  e f f e c t  on 
module ope ra t ion  i n  a l l  modes. 

3 . 2 . 5 . 1  Procedure. The s t eppe r  module w a s  p laced i n  a t a s k  wi th  
ACCOL IT s i g n a l s  ass igned t o  a l l  t e rmina l s .  An 8 x 2 analog a r r a y  was 
c r e a t e d  with unique va lues  i n  each l o c a t i o n ,  and an 8 x 4 d i g i t a l  a r r a y  
w a s  c r e a t e d  f o r  use i n  the  s t eppe r  module t e s t .  

3 . 2 . 5 . 2  Resul-ts. Proper ope ra t ion  w a s  v e r i f i e d  f o r  t h e  fol lowing 
s txpper module a c t i o n s  : 

The d i r e c t i o n  and s t r o b e  s i g n a l s  cause c o r r e c t  s t epp ing .  
The ho ld -o f f  s i g n a l  prevents  execut ion of a s t e p  o p e r a t i o n .  
The index value select:s output  a t  tihe next  s t r o b e .  
Reset s i g n a l  a c t u a t i o n  loads the  r e s e t  index. 
The t r a c k  s i g n a l  goes t r u e  when t h e  a c t i v e  s t e p  matches t h e  
t r a c k  index. 
The time s i g n a l  c o r r e c t l y  records the  pe r iod  of  time t h a t  a row 
i s  executed. 
Digi ta l . - to-analog and a n a l o g - t o - d i g i t a l  u n i t  conversion works 
c o r r e c  ti1.y. 
The s t e p  s i g n a l  i -ndicates  t h e  row being executed.  

3 . 2 . 6  Storace Module 

3 . 2 . 6 . 1  Procedure. ACCOT, s i g n a l s  were assigned t o  a l l  t h e  module 
t e r m i n a l s ,  and four  s i g n a l  l i s t s  were c r e a t e d  t o  perform t h e  module 
t e s t .  The DPC 3330 does no t  provide f o r  expansion memory, so  a l l  
s t o r a g e  and retr.ieval was done us ing  d a t a  a r r a y s .  

3 . 2 . 6 . 2  Resu l t s  I Proper ope ra t ion  of t h e  following s t o r a g e  modu1.e 
acti-ons was v e r i f i e d :  

reading atid w r i t i n g  t o  an analog l i s t ;  
reading and w r i t i n g  t o  a d i s c r e t e  l i s t ;  
reading and w r i t i n g  t o  a s p e c i f i c  s i g n a l ;  
access ing  a p a r t i c u l a r  row o r  column; 
c l e a r i n g  an a r r a y  by tu rn ing  on the r e s e t  t e r m i n a l ;  
convert ing d i s c r e t e  t o  analog and analog t o  d i scre te ;  and 
i n d i c a t i n g  e r r o r s  I ,  2 ,  3 ,  h ,  and 7 .  

3 . 2 . 7  Lamer Module 

3 . 2 . 7 . 1  Procedurfg. A t a s k  w a s  c r e a t e d  t o  t r ansmi t  t he  va lues  o f  one 
analog s i g n a l  l i s t  t o  a s e r i a l  p o r t  u s ing  t h e  logger  module. The s e r i a l  
p o r t  w a s  connected t o  a personal  computer running t e rmina l  emulation 
sof tware t o  monitor t he  P O K C  ou tpu t .  
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, 

3 . 2 . 7 . 2  R e s u l t s .  N o  information w a s  t r a n s m i t t e d  t o  t h e  p o r t .  T h e  
logger  module s t a t u s  t e rmina l  i n d i c a t e d  “unexpected 1/0 f a i l u r e ”  during 
t h e  t e s t .  A f t e r  f u r t h e r  t e s t i n g  and t a l k i n g  wi th  a B B I  a p p l i c a t i o n s  
eng inee r ,  we concluded t h e  problem w a s  due t o  an e r r o r  i n  t h e  e a r l y  
v e r s i o n  of  t h e  c o n t r o l l e r  firmware i n s t a l l e d  i n  our  c o n t r o l l e r .  B B I  
agreed t o  supply new PROMs t o  c o r r e c t  t h e  problem, b u t  t h e  new PROMs had 
no t  a r r i v e d  by t h e  t i m e  the tests w e r e  concluded. 

3 . 3  PERFORMANCE COMPARISONS 

The DPC 3330, KDC 3350,and UCS 3380 a r e  a l l  based on a 6-MHz 80186-type 
CPU c h i p .  With s i m i l a r  processors  and t h e  same c lock  ra te ,  t a s k  
execut ion speed would be expected t o  be about t h e  same f o r  a l l  t h r e e  
c o n t r o l l e r s .  Two tests w e r e  performed t o  ve r i fy  t h e  s i m i l a r i t y  of 
execu t ion  speeds of  the DPC 3330 and RDC 3350 c o n t r o l l e r s .  Since the  
UCS 3380 arid RDC 3350 processor  boards a r e  ve ry  similar,  a s e p a r a t e  
comparison us ing  t h e  UCS 3380 w a s  n o t  performed. The DPC 3330 i s  
designed t o  accep t  a 12-MHz processor  ch ip  and a math coprocessor  a t  a 
f u t u r e  t i m e  These two enhancements should g r e a t l y  i n c r e a s e  t h e  t a s k  
execu t ion  ra te  of  t h e  DPC 3330, p a r t i c u l a r l y  f o r  ma th - in t ens ive  t a s k s .  

3 . 3 . 1  Procedure 

The f i r s t  t a s k  w a s  designed t o  compare t h e  b a s i c  1/0 speed of  t h e  t w o  
c o n t r o l l e r s .  T t  perEormed t h e  fol lowing s t e p s  10 times f o r  each t a s k  
exe cu t i o xi : 

0 r e a d  8 analog i n p u t s ,  
0 r ead  8 d i g i t a l  i n p u t s ,  
0 equated 2 analog output  v a r i a b l e s  t o  t h e  f i rs t  2 analog input: 

o equated 8 d i g i t a l  output  s i g n a l s  t o  t h e  8 d i g i t a l  i npu t  s i g n a l s ,  
0 loaded 2 analog o u t p u t s ,  and 
0 loaded 8 d i g i t a l  ou tpu t s .  

v a r i a b l e s ,  

The second load  read two analog inpu t  channels t h a t  provided i n p u t s  t o  
PI11 modules. The e r r o r  ou tpu t s  of  t h e  P I D  modules were then wired t o  
analog ou tpu t  channels .  The i n p u t s  were r ead ,  t h e  PID c a l c u l a t i o n s  
performed, and t h e  ou tpu t s  s e t  10 t i m e s  f o r  each task  execu t ion .  

The t w o  t a s k s  w e r e  configured with A I C  4.0 f o r  bo th  t h e  RDC 3350 and t h e  
DPC, 3330. The system t o o l  k i t  w a s  used t o  measure t h e  t a s k  execut ion 
ra tes”  

3 . 3 . 2  Resu l t s  

The measured execut ion t imes f o r  bo th  t a s k s  on both c o n t r a l l e r s  are 
shown i n  Table 1 2 .  As expected,  t he  execut ion t i m e  i s  about t h e  same on 
t h e  RDC 3330 and t h e  DPC 3350, w i t h  t h e  DPC 3330 having a s m a l l  
performance edge. 
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Table 12. Task execution t i i n e s  
for speed comparisons 

_I 

3 3 3 0  3 3 5 0  
Time Ti.me 

Task ( s )  ( s )  
I__ 

T/O test 0.430 0.520 
PID 1-oops 0 . 3 7 5  0 .425  



4 .  OBSERVATIONS 

4.1 PHYSICAL CONSTRUCTION 

The overall consrruction of the DPC 3330 is about the same as that o f  a 
good personal computer. Most electrical connections in the controller 
are made using printed circuit edge connectors. The DPC 3 3 3 0  h a s  
several features that should improve its reliability relative to the 
model RDC 3 3 5 0 :  

lower power consumption, 
E only  one cable used in the system, and 
E greater use of VLSL for a lower component count. 

The 1/0 board support and cover appear to have slight deficiencies in 
the physical design. The lower row of 1/0 cards is basically supported 
by edge connector friction only, with the cover possibly providing some 
support. When the unit is installed, care should be taken to route I/O 
wiring such that this wiring will not place downward force on the 1/0 
modules; that position could cause them t o  work l o o s e .  The plastic 
covers are held in place by tabs that snap into the base. While working 
w i t h  this unit, two of the tabs broke. A Bristol Babcock representative 
has stated that the cover attachment has been redesigned to fix this 
problem. 

All 

fie 
I / O  

1/0 wiring is made to "pluggable" terminal strips that allow quick 
module or controller replacement. Since some failures may require 
ld replacement of the entire unit, the field wiring should be 

installed to allow easy replacement of the complete controller. It 
should be possible to replace the entire controller in a typical 
installation in about 30 min. 

The controller modules do not have identification numbers that indicate 
Cype and options. Checking component values with factory telephone 
support was required to determine the filter time constants for the DI 
module. I f  not corrected, this shortcoming could be a maintenance and 
startup problem. 

4.2 DOCUlLIENTATION 

The DPC 3 3 3 0  user roanual received with the controller was a preliminary 
issue. iJhi.1.e overall the manual is quite good, the following three 
errors concerning s w i t c h  settings and setup were found: 

1. On pages 3 E - 6  and 3 E - 7 ,  the 1- to 5-V/4- to 20-mA switch settings 
are the same for bot% modes of operation. 

2. On page 3 B - 4 ,  the wrong switch setting is shown for selecting 
whether or not the numeric processor (NP) chip is installed. 
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3 .  On page 3 C - 3 ,  the communi.cations board switch settings are unclear. 
The A I C  user and reference manuals f o r  version 4 . 0  are updated 
versions of previous manuals and now include the DPC 3 3 3 0  controller 
and DOS- based software. 

4 . 3  COMMUNICATIONS 

The controller tested only supported asynchronous communications at a 
maximum data rate of 9600 bytes/s. T h i s  unit could be configured to 
communicate with a VAX h o s t  by connecting an asynchronous port on this 
unit to a port on a CFE 3 3 8 5 ,  UCS 3 3 8 0 ,  RDC 3 3 5 0 ,  or another DPC 3330  
connected to the host. Several slave DPC 3 3 3 0 s  can be connected to one 
port on a higher level in a multidrop configuration. Enhancements are 
planned f o r  release in 1989 by BE31 to allow asynchronous communications 
at rates up to 57.6 kbytes/s and synchronous communications at rates up 
to 1 8 7 . 5  kbytes/s using the R S - 4 8 5  ports. Enhancement is  planned for 
the DPC 3 3 3 0 ,  RDC 3 3 5 0 ,  UCS 3380  and CFE 3 3 8 5 .  The DPC 3 3 3 0  cannot 
connect directly to the Bristol Data Highway. 



5 .  CONCLUSIONS 

Results of our tests indicate that the performance of the DPC 3330 is 
acceptable and that both the hardware and software are suitable €01: 
application as a stand-alone controller. While no tests were perforrr~cd 
using the DPG 3330 i n  a distributed network, it is expected that this 
controller would work equally well in that application. 

When compared with other, more expensive, Bristol Babcock control 
systems, Model DPC 3330 is a very cost-effective small-size alternative 
The disadvantages of the DPC 3330 compared to the RDC 3350 or UCS 3380 
are : 

smaller I/O p o i n t  capacity, 
0 lower network communication rate (currently), 
6 no manual panel capability, and 
0 no redundancy option available. 

The advantages of the DPC 3330 compared to the RDC 3350 and UCS 3380 
are : 

e lower power consumption, 
e flexible 1/0 configurations, 
0 low cost, and 
0 small size. 
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