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SECTION I

INTRODUCTION

This report describes a digital voter monitor eval-
uation conducted by Dynamic Controls , Inc . for the Air
Force Flight Dynamics Laboratory from September 1975 to
December 1976 under Air Force Contrac t F336l5-75-C-3068.
The work was conducted at Wright-Patterson Air Force
Base using government furnished facilities.

The objective of the effort was to evaluate the use
of a Digital Hardware Voter Monitor (DHVM) as an input
signal selector and signal fault detector when used with
a hydraulic actuation system. The specific app licat ion
of the DHVM is intended to be an integral part of the
AFFDL/DAIS Flight Engineering Facility. The DHVM was
designed and realized into a hardware under Contract
F33615-74-C-3068 and is described in Reference 1,
AFFDL-TR- 74-94.

The units submitted to Dynamic Controls , Inc. for
evaluation were a redesign fabr icated by the AFFDL/FGL
DAIS Group.

1. Mrazek, Jerry G., Ph.D., “Digital Hardware Voter/Moni-
tor Breadboard Development and Evaluation ”, Fin al
Report , AFFDL-TR-74-94, Jul y 1974

I
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SECTION II

EVALUATION OF THE DHVM CONCEPT

1.0 TECHNICAL APPROACH

Dynamic Controls , Inc. with the co-ordination of
the AFFDL/FGL DAIS Group , developed a test p lan , Test
Plan No. TB-600-300, for use as a guide in evaluating
the DHVM when app lied to actual electro-hydraulic servo
systems and an aircraft aerodynamic simulation . The
objectives of the evaluation were the following :

a. Verif y the basic performance
characteristics of the DHVM

b . Establish guide lines to assist

* 
in the app lication of the DHVM
to control systems

c. Identify DHVM operationa l prob-
lem areas

2.0 DHVM DESCRIPTION

2.1 General Description

The DHVM, FIGURE 1, is shown in FIGURE 2 as a
functional element in a digital flight control system .
The DHVM accepts 4 digital inputs from -~ flight com-
puters that are operating asynchronousl y. The DHVM

2
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4 Channe l
Asynchronous Redundan t
Flight Computers Servo System

#1. Buss 1 

~~~~~~~~~~~~

_ _  

J J c H 2j
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L
~~~~~

L .
~~~~~~~~~~~~~~~~~~

#3
M

~~ 
~~~~ H 3 ~~

_ 
J~~C H 4 ~~

FIGURE 2 The DHVM as an element in a Digital Flight
Control System
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provides the following primary functions :

a. Selection of the next to lowest abso-
lute value of the input words for an
output.

b. Determination of out-of-tolerance
signals and exclude failed channels.
(The DHVM is designed to determine if
the remaining three non-selected sig-
nals are within a selected tolerance.
The tolerance is a plus or minus per-
centage of the full scale signal.)

c. Conversion of the input digital word
to a pulse width modulated (PWM) out-
put signal.

2.2 DHVM Detail Description

The Digital Hardware Voter Monitor (DHVM ) accepts
four 12 bit words , from which a pulse width signal
(modulated proportiona l to the magnitude of input word)
is generated. Since 12 bits are used for an input word ,
the modulation of the pulse width signal has a theoret-
ical resolution capability of 2-12 of the full scale
input value . A lO0% duty cycle creates a maximum posi-
tive output.

To provide input signal failure detection , the
DHVM receives four separate input words over separate
input lines. These words are stored and used to set up
each of the four synchronous binary counters . The time
for each synchronous binary counter to count to the
magnitude of its input word is measured (using the carry
out pulse from the last counter segment of the counters
to indicate counting comp letion). The time counting
pulses are transferred to failure logic which determines
out-of-tolerance signals and selects the low median
signal to be used for the output of the DHVM. The low

5
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median signa l is selected using the c r i t e r i a  tha t  it is
the signal with the next to the lowest absolute magni-
tude .

To establish time counting tolerances for failure
detection , the DHVM incorporates tolerance counters
capable ol counting from 20 to 210 . The DHVM uses both
a low and hi-limit tolerance counter. The low- limit
counter is started when the counting of the lowest value
signal has been comp leted. The low- limit counter is
stopped when the 2nd smallest signal comp letes counting ,
and the hi-limit counter is started. A failure has
occurred if the low-limit counter comp letes its count-
ing before the 2nd smallest signal counter stops or if
the hi-limit counter comp letes before either of the re-
maining signal counters comp lete counting . The failure
counter limits are user settable on the front pane l and
are capable of being varied from errors of ± .l95~7 to
± 50~ of full input magnitude .

The DHVM incorporates failure event counters which
act as time delays to prevent nuisance disconnects.
Each time a channe l is determined to be out-of-tolerance ,
that channel’s failure counter is incremented. Each
time a channe l is determined to be within the voting
to lerance , the coun te r is dec remented wi t h t he lowe r
limit on the decremented value being zero . When a
channel counter reaches a full count , the channe l is
locked out until manually reset. When three channels
have f ailed , the DHVM generates a 5O7~ duty cycle pulse
wid th modulation , corresponding to an output of zero
when integrated. A full coun t on the failure counter
is programmed by thumb wheel switches on the front
panel.

2.2.1 Pulse Width Modulated Output Signal

The DHVM output signal is a pulse width modulated
signal proportiona l to the 12 bit input words received
by the DHVM . This produces a theoretical output signal

6
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resol ut ion of 2 12 times the full scale analog signal.
For the ± 10.0 volt test system , the resolution is 2-12
x 20 4.88 x l0~~ volts/bit (or in the case of the pulse
width modulated word 4.88 x 1O 3 volts/count).

The pulse width modulated signal is a fixed repe—
tition rate square wave carrier contro lled by 212 clock
pulses tha t have been programmed by the digi tal inpu t
word to a synchronous counter . When the counters are
coun ting , the output is hi. The output returns to the
low output when the counters stop.

FIGURE 3 indicates the PWM output signal. T is
the repetition rate in seconds ( or update frequency 1 )
and t is the weight of the input word . During the time
T, 212 clock pulses occur . During time t , 2~ (pro-
grammed) pulses occur with each pulse having an ampli-
tude E relative to the low output value .

_ _  

Hi
__

f 
J 

_ _

FIGURE 3 PWM Si gnal
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Demodula tion of a pulse wid th s ignal require s onl y
a low pass RC filter. This provides an average output
propor tional to the pulse width. The output will con-
tam some ripp le at the repetition rate (update frequen-
cy) at which pulse width amplitude is controlled. The
following examp le calculation indicates the peak to peak
ripp le amp li tude as a percen tage of the fu l l  scale amp li-
tude of the pulse width modulated signal when using a
simple RC filter for demodulation:

A = 
100 Reference 2

A = Ripp le amp litude 70
of PWM signal amp 11-
tude

f = Update frequency, Hz

1
n 2~~RC

For f = 1 0 :

~ri

A = 
_______  

= 9.9570 Ripp le
\ 1 ÷ i 0 2

f
Therefore , wi th a ± 10 vol t PWM signal and —

~~
— ra t io

of 10 , the output ripp le will be ± .995 volts.

2. Millman , Ja cob , Ph.D. and Taub , Herbert , Ph .D .
“Pulse and Dig i ta l  Circui ts” , Mc-Graw Hi l l  Book
Company, I n c . ,  New York 1956

8
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3.0 TEST DESCRIPTION

3.1 General

Evaluation of the Digital Hardware Vo ter Moni tor
(DHVM) was carried out in the following four phases:

PHASE I - DHVM Testing

PHASE II - DHVM and Servo System
Testing

PHASE III - DHVM , Servo System and Air-
craf t Dynamics Tes ting

PHASE IV - Two DHVM ’ s and Servo Sys tem
Tes ting

3.1.1 Phase I

In this phase , the Digital Hardware Voter Monitor
was tested as a separa te uni t using the Digi tal Hardwa re
Voter Monitor Tester (DHVMT), FIGURE 4 , as a tes t in-
strument .  The DHVMT is an instrument (developed by the
Flight Dynamics Laboratory) that converts four analog
channels ( ± 10 volt) into binary words compatible with
the DHVM input requirements. The DHVMT has the follow-
ing channe l con trol parameters:

Analog Input 1. D.C. Offset ± 5 volts

2. Channel Gain .0 to 1
vo l t s/vo l t

9
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Digital Output I. Time Delay .5 to 4.5
milliseconds

2. Asynchronous samp l ing
period of .005 to 1000
milliseconds

3. Synchronous samp ling
period of .0013 to 1000
milliseconds

In testing the DHVM , the ability of the unit to
perform the following functions was measured:

1. Conversion of an input word to a
proportional pulse width modulated
signal output.

2. Selection of the low median input
(statically and dynamically).

3. Determination of out-of-tolerance
inputs.

4. Operation and voting after out-of
tolerance channels have been voted
out.

FIGURE 5 , shows the test circuit for the
Phase I testing .

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

H 
DHVM H Instrumentationi

[~~ec ision
Vol tage
Sour ce

FIGURE 5 Phase I Test Set-Up

11
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3.1.2 Phase II

For the Phase II tests , the DHVM ’s o u t p u t  was
connected to an electro-h ydraulic servo system . The
AFFDL /FGL Hybrid Flight Control Simulator (HFCS), as
shown in FIGURE 6 was used as an e l e c t r o - hy d r a u l i c
s e r vo  system . Th e HFCS was programmed to s i m u l a t e
the  1-  ‘

+ t~~0J sec o n d a r y  F l y - B y—Wire sys t em w h i c h  has a
d n.ir~ic r e s ç ) o r l s e  o u t  to 30 H z .

L’r the Phase  II e v a l u a t i o n , measu remen t  of the
i n p ut  -~~u t p u L  ch a r a c t e r i s t i c s  of the HFCS ~-~i th  the  DHVM
( L  ‘ t n i~~-~~ L t d  in ser i e s  .\- i t h  the  command i np u t  to the
llFCS~ ~~~~ :~ade . The se measu red  r e s u l t s  were then c orn-
~) ar ed  to  the  i n p u t - o u t p u t  c h a r a c t e r i s t i cs  of the HFCS
~‘i tI~-.-~u t  the  DFI VM . In m e a s u r i n g  the i n p u t — o u t p u t  c h a r —
acteristics , the e t t l L - t  of i n p u t  c h a n n e l  f a i l u r e s  on
the combined p e r f o r m a n c e  01’ the  DHVN and  HFCS was mea-
su red .

The f o l l o w i n g  p e r f o r m a n c e  c ha r a c t e r i s t i c s  were
recorded :

1.. L i n e a r i t y

2.  R e s o l u t i o n

3. h y st eresis

- - 4 .  Dynamic Response

5. S igna l  D i s t o r t i o n

6. F a i l  ore Mode O p e ra t i o n

The e f f e c t  of s a m p le  r a t e  and a sy n c h r o n o u s  c l o c k
ope ra t ion  on the c o n t r o l  sv s L em  was a l s o  ev~Lluatcd during
this phase testing .

1 2
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FIGURE 7 , shows the test  c i r cu i t  for  the Phase II
testing .

Func tion J DHVM L J~~~HVM I ~~~~~~~~~Generator 1Tester J I I

H 

Instruxnentation

F

FIGURE 7 Phase II Test Set-Up

3.1.3 Phase III

In order to evaluate the effect of using the DHVM
in the control loop on aircraft performance , simula ted
A-7D aerodynamics (longitudinal axis) were added to
the Phase II test set-up . A 680J secondary system was
connected to A-7D primary actuator  dynamics on the HFCS.

The combination of the A-7D airframe dynamics and
p ower ac tua tor respons e in conj unc t ion with the 680J

14
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secondary ac tLator dynamics , was re presen tative of
state-of-the-art in terms of both the airframe and
the f l y-by—wire flight control system .

The following schematic i l lus t ra tes  the test se t-
up used for Phase III and is identical to FIGURE 87,
appearing later in the report.

~~~:~~:r 

~ f~:::ic~
r Instrumentation

~~~ 
N~

Phase III DAIS Test Set-Up

The performance measurements recorded were the
p itch rate and normal acceleration of the aircraft
with and without the DHVM in the control channel.

15
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Both sinusoidal and step inputs were used to drive the
simulation .

3 . 1.4 Phase IV

The Phase IV testing was an evaluation of multi p le
DHVM’s operating asynchronousl y in a redundant electro-
hydraulic control system. The performance measurements
concentrated on the output error magnitude of asynchro-
nous operation and effect on the electro-h ydraulic re-
dundancy monitoring scheme for the HFCS. FTGURE 8
illustrates the general test system configuration .

H ~~~ H HFCS 

~~P 

~j-_1

r 
___H [~ L~ rj ~~~ Ins trumentati~~~~~

H F CS J x

FIGURE 8 Phase IV Test Set-Up

16
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4.0 TEST RESULTS

4.0.1 DHVM Equipment Familiarization

Several items requiring consideration were found
during the preliminary inves tigation and equipment
famil iar izat ion phase of this test program. These are
discussed in the following sub-section.

4.0.1.1 PWM Signal Off-Set

The output of the DHVM as provided for evaluat ion
was TTL Logic . This gave measured values of the PWM
signal 3.9 volts Hi level and •lOO volts Lo level.
This output was not compatible to the HFCS ’ ± 10 vol t
input requirements. Therefore , several methods were
inves tigated that would provide the bias and gain re-
qui~ed to convert the TTL logic output to a ± 10 volt
signal. Two conversion methods were investigated , an
optical coupler as shown in FIGURE 9, and an analog
converter and bias circuit as shown in FIGURE 10.

+ ~ V

~~~ut 
-~~4N33

L~~ H

FIGURE 9 Op t ical Coupler

17
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The optical coupler FIGURE 9 , was ini tially
chosen for conversion because of the ability to re-
move the inherent clock noise from the Hi and Lo TTL
signal levels. A problem encountered with the optical
coupler was that the time constant of switching from
Hi to Lo and Lo to Hi were quite different. The non-
symetrical signal transifions created a null off-set
in the output signal.

The interface circuit inserted between the DHVM
and the HFCS is shown in FIGURE 10, potentiometer R2
provides the bias. Potentiome ter R6 adjusts the gain
of A1 while R10 adjusts the gain of A2 (R11 being in
parallel desensitizes R10 for easier trimming).
Potentiometer R13 adjusts the static and dynamic gain
of A2. C1 was added for Phase II testing to cause A2
to act as a PWM demodulator.

4.1 Phase I Tests

4.1.1 PWM Signal Linearity and Resolution

The DHVM output signal linearity and resolution
were measured using two methods , an indirect and a
direct method .

4.1.1.1 In;direct Method Description

The indirect method utiliz ed a time/fre quency
counter to measure the time that the PWM output signal
was at the Hi level. The DHVM up-date frequency used
for the test was also measured. This data was then
used to convert the pulse width to clock pulses (the
clock pulses occurring during the measured time are
directly proportional to the input voltage ampli tude) .
The clock pulses “p ” we re calculated as follows :

19
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p = tf Where :

p = pulses tha t  have
occurred during
Hi level output

t = pulse width , sec .

f = clock frequency Hz

This calculated value from the measured time was
compared to the theoretical number of pulses represent-
ing the input voltage . The theoretical number of pulses
were calculated as follows :

10 + E
Pt- = x 2

20

Where :

= theoretical
number of pulses

E = input voltage

Each channel was individually measured for resolution
and linearity by app lying off-sets in the other channels
in order to position the channe l of interest to the low
median position. The inputs were driven simultaneousl y
in a synchronous mode , so that the channe l of interest
remained in the low median position.

In evaluating the test results , it should be realiz-
ed through all sections of this test program that the
DHVMT an d DHVM were t r eated as one unit. The resolution
measurements were basically affected by the DHVMT, since
it had 2 least significant bits of noise out of its

.

~ 
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analog-to-dig ital converters. This was readily a p p a r e n t
by viewing the input word data lights on the front panel
of the DUVM . The 2 least significant bits of noise con-
vert to an observed .010 volt signal resolution uncer-
tainty (for a ± 10 volt full scale input). The values
are considered to be representative of those encountered
in a typical digital system.

The DHVM , by design , should not have any inheren t
errors generated internally. Once the synchronous
counters are programmed by the input digital word from
the DHVMT (or computer) the DHVM will count to the in-
structed value un less there is a basic malfunction of
one of the counters.

4.1.1.2 PWM Linearity Measurements - Indirect Method

The linearity data was obtained by measuring the
width of the Hi level pulse. Data was taken for -9.00
volt , -5.00 volt , 0.00 volt , +5.00 volt and +9.00 volt
i n p u t s  f rom a p rec i s ion  vo l tage  source .  For each  i n p u t
voltage , DI-iVM up-date rates of 91.5/sec., 122/sec.,
183/sec., 244/sec., 366/sec., 488/sec., 732/sec., 977 /
sec., and 1465/sec. where used. The measured data sho\\--
ed no variation with up-date rates. Therefore , the d a t a
f o r  each input leve l was averaged and minimized as shown
in the [ollowing t a b le s :

TABLE I i n d i c a t e s  the  average  pu L ’~es f o r  each
i n p u t  l e v e l .

TABLE 2 is the  averaged p e r c e n t  e r r o r  o t  t h e
r e a d i n g .

lABLE 3 is the averaged percent of lull scaleerror.

2 1
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TABLE 1

PWM AVERAGE CLOCK PULSE COUNT
DURING HIGH LEVEL OUTPUT

INPUT
VOLTAGE -9.OOV -5.00’! O.OOV +5.OOV +9.OOV
Calculated 

— __________________

Theoretical
Pulse Count 204.8 1024.0 2048.0 3072.0 3891.2

Channel A 198.8 1022.3 2048.0 3071.5 3857.0

Channel B 205.1 1025.2 2048.2 3073.0 3887.0

Channel C 207.3 1026.5 2048.8 3070.0 3886.0

Channel D 206.7 1025.5 2046.6 3072.7 3892.0

TABLE 2

PERCENT DEVIATION FROM T t-I~ ORETICAL PULSE COUNT

INPUT
VOLTAGE -9.OOV -5.OOV 0.OOV +5.OOV +9.OOV

Channel A -3.027 - . l77~ 0.007. - .027 - .897

Channe l B + . 157 + . 127 +.047 + .O3Y - . 117

Channel C +1.217. + .2 4 ’  + .O47 - .07 / - . 131

Channe l D + .92 ’ + .l 5.~
’ - .07’ - .0 2 : + .02’;

22 
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TABLE 3

PERCENT DEVIATION FROM A FULL SCALE PULSE COUNT

INPUT
VOLTAGE -9 .O OV -5 .OO V 0 . OO v  +5 .00v +9. OOv

Channe l A .15% .047, .007, .027  .85’7,

Channe l B .01/ .037, .O2% .027, .107,

Channel C .067, .067, .027 .057. . 12/ ,.

Channe l D .057, .047, .047 .027, .027.

From these tables , the average resolution is .37/
and the average linearity is .087,. The tabulated data
shows that Channels A and C have the largest errors.
This corresponds to the visually observed bit noise on
these channels (Channels A and B had 2-3 bits of noise
and Channels C and D had 1-2 bits of noise.

4.1.1.3 Direct Method Description

For the direct method of measurement , the DHVM
pulse width modulated signal was fed into an RC filter
with a time constant of .004 seconds . The output of
the RC filter was connected to an X-Y recorder. The
time cons tant of the RC filter was selected to leave
the minimum amount of PWM noise in the signal con-
nected to the X-Y p lotter.
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Resolution and lineari ty were recorded on X-Y plots
using the test set-up in FIGURE 11.

Function J I B I RC Filter
Generator 

J 

~~~~

DHVMT

bC j DHVM 
TC = .004

X-Y Plotter

FIGURE 11 Resolution and Linearity Test Set-Up

The data was recorded with the DHVMT updating at
200 samples/sec. and the DHVM set at 1465 updates/sec.
The plots were generated with a triangle wave at a fre-
quency of .01 Hz and amplitudes of ± 2.5 volts , ± .25
volts and ± 

.025 volts. ( A ± 
.5 volt input was used

for clarity in some cases.)

The triangle wave input signal frequency of .01 Hz
was selected to allow the theoretical resolution of 2-12
times 20 volts or .0049 volts/bit to be recorded with
the input of ± .025 volts. ( The input voltage change

24
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per samp le was .001 volt/sec . times the .005 sec./up-
dates , resulting in an input voltage change of 5 x 10 6
volts/update.) The input amp litudes were recorded about
zero volts input bias to the DHVMT .

4.1.1.4 PWM Linearity Measurements - Direct Method

The data from Channels B and C was selected as re-
presentative of the X-Y linearity and resolution data.
Channel B with 2-3 bits of noise and Channe l C with I
to 2 bits of noise represent the channels with the
highest and lowest signa l to noise ratios.

FIGURES 12 through 15 are the Channe l B X-Y plots.
The resolution can be seen on FIGURES 14 and 15. The
predicted resolution with 2 uncertain bits would be the
binary value of the uncertain bits divided by the f ull
scale binary word value times the full scale voltage as
follows :

Examp le:

22 bit uncertainty
___________________  x 20 volts full scale = .0195 volts
212 bit full scale

FIGURE 12 indicates an output with a .039 volt wide
step at every .312 volts of input. The expanded scale
on FIGURES 13 and 14 indicates intermediate steps every
.156 volts for a .020 volt width. This type of respec-
tive stepp ing is generally caused by differential non-
linearity in the analog-to-dig ital converters.

FIGURE 15 represents the basic resolution of .0195
volts ( 22 bit) and the step which relates to the un-

25 
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certain bits of noise noted at the output of the DHVMT .

FIGURES 16 through 19 are the Channe l C X-Y p lots.
FIGURE 18 indicates the basic resolution of Channel C
where the output has a .010 volt wide step fo r  every
.039 volts resulting in a 10 millivolt resolution. The
expansion of FIGURE 18 is FIGURE 19 on which the 10 milli-
volt and a 5 millivolt step has been recorded , repre-
senting the absolute resolution of the analog-to-digital
converter. This 5 millivolt step is the expected reso-
lution under ideal conditions .

FIGURE 16 shows .02 volt wide steps repeating every
.62 volts. There is also a .039 volt wide step that
appears near the center of the p lot and repeats every
5.00 volts ( 21~0 bit). These steps are generall y cau.,ed
by the differential non-linearities in the A/D converter.
The resulting resolution and linearity of Channel C is
0.27, F . S .  and . 1’/ respective ly.

4 . 1. 2  Low Median Signal Selection

4.1.2.1 Test Description

The test set-up shown in FIGURE 20 was used to de-
termine that the low-median (next to lowest algebraic
value) signal was selected as an output of the DHVM .

30 
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Bias
I I ~~~,

= 188.5
___________ ____ 

rad/sec.

DHVMT 

_______ ______

-

~

Analog I Channel
out select

8 Channe l 
_________- -~Char t Recorder

FIGURE 20 Signal Selection Test Set-Up

To measure the signal selections , a bias was set
in to each channel of the DHVMT as shown in TABLE 4:

TABL E 4

SIGNAL SELECTION CHA NNEL BIAS

Condi tion 1 Condi tion 2 Condi tion 3

Channe l A + 1.50V - l .50V + .045V

Channe l B + 1.OOV - l . O OV + .030V

Channe l C + .50V - .5OV + .Ol5V

Channel D .OOV .OOV .000V
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For each of the conditions in TABLE 4 a ± 2V tri-
angular wave at .5 Hz was app lied to the input of each
channel. Both D.C. bias and modulated inputs were re-
corded , along with the channe l select signal from the
DHVM and the output signal from the RC filter. A zero
volt output from the channel select circuit indicated
the channe l selected.

An RC Model was used in the test set-up to re-
present the 68OJ secondary ac tuator bandpass. The cir-
cuit used is shown in FIGURE 21. The frequency response
p lot of the circuit is shown in FIGURE 22.

41.8K

1 1 4
1

4.1K 37 .6K . luf

~~~~~~~~~~~~~~~~~~~~~0ut

~~~luf ~~~~

~~20K

FIGURE 21 68OJ RC Model

The basic  t e s t s  were conduc ted  w i t h  the DHVMT
ope r a t i n g  a t  200 up d a t e s/ s ec .  and the D }-I VM a t  14b5
up d a t e s/ s e c .
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4.1.2.2 Test Results - Signal Selection

FIGURE 23 represents a reduction of measured data
with the biases set as in Condition I and the .5 Hz in-
put to Channel A. The heavier line indicates the DHVM
output and that the low median signal had been selected
at the proper time. The measured data indicated tha t
the channels were selected at the proper time and with-
in the 15 millivolt (digital value) noise amplitude .

FIGURE 24 is a sample of recorded data under
Condition 2 with the input to Channe l B. The conclusion
from this basic data is that for all test conditions ,
the low median signal was properly selected within the
noise tolerance of the DHVMT output . FIGURE 24 also
demonstrates an occurrence that was observed several
times while reduc ing the measured data. The data
indicates that Channels B and C were selected simul-
taneously for a period of .005 sec . This time coin-
cides with one sample period of the DHVMT. A stud y of
the DHVM circuit design revealed that up to four channels’

could be indicated as selected s imul taneous l y ,  if iden-
tical digital word values programmed the synchronous
counters during the same samp le period.

The indicated selection of two or more channels
does not appear to be a problem , since the indication
is reflecting the actual case where the two or more
lowest value signals are identical and a low median
signal is not actually present.

To evaluate the effect of a reduced update rate ,
the DHVMT update rate was set at 20 updates/sec. The
results are shown in FIGURE 25. The results indicate - ‘
that a .200 volt deviation exists between the theore-
tical level the channe l should have been selected and
the actual voltage level that the channe l was selected.
The explanation for the apparent deviation is that the
input triangular wave of ± 2.00 volt at .50 Hz is

38
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FIGURE 23 Low Median Signa l Selection
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changing at a rate of 4.00 volts/sec. at the input of
the DHVMT and the DHVMT updates the output every 1/20
s e c ./ u p date .  There fore , 4 .00 v o l t/ s ec .  times 1/20 sec.!
update is . 200 v o l t s/ u p d a t e .

Ana ly sis of the da ta  ve r i f ies that  the DHVM w i l l
select  the low median s ignal  as presented  to the inpu t
o f the DHVM . As a sys tem , a slowe r up da te  can pr oduce
ap pa rent  err o r s in the selection o f t he low median
signal  when dynamic sign a ls a re used as an inp ut  to t he
ws tern.

4 .1 .3  O u t - O f - T o l e r a n c e  Channel D e t e r m i n a t i o n

4.1.3.1 Test Description

The general se t -up  used to t e s t  the o u t - o f - t o l e r a n c e
channe l determination charactr~ristics of the DHVM was the
same as shown in FIGURE 20. The following three tests
were cond uc ted  to eva luate  the cha racte r i s t i c s :

1. A precision voltage standard was used in
p lace of the function generator ~s a test
input to each channel. The positive and
nega t i ve vo l t a ges requ i r ed fo r a f a i lu re
indication were recorded as a function of
the error tolerance switch settings .

2. The function generator shown in FIGURE 20
wa s used to ap p ly an input  to a l l  channe l s
wi th  DHVMT o u t p u t  ope ra t i ng  s y n c h r o n o u s l y.
The m in imum tole r ance s e t t i ng o f the  DE {VM
for  no f a i l u re  indica t ion  ~\ i th  a 10 Hz
input  was recorded.
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3. The function generator shown in FIGURE 20
was used to apply an input to all channels
with the DH\TMT set to provide asynchronous
inputs to the DHVM . The effect of the
asynchronous settings on the failure re-
duction as a function of frequency and in-
put ampU tude was recorded. The bias pots
were set for zero .

In addition to the preceding three tests , the
effect on the out-of-tolerance determination charac-
teristics with variations of the update rates and error
counter settings was made qualitative ly. The error
settings and the update rate were varied and the effect
was observed.

4.1.3.2 Test Results

TABLE 5 are the test results when the error to l-
erance switches were set at .1957,, 107,, 157 and 5O~ of
full scale with the DHVN error counters preset to
0010 and an update rate set at 488/sec .

TABLE 5

DHVM STATiC FAILURE LEVEL

Input Voltage Required to Fail
Each Channel

Preset Failure /

Tolerance Leve l A B C D

+ .020 .018 .021 .019
.195/ 

- .018* .019 .017* .021

- - + 1.036 1.037 1.035 1.042
10/ - 1.023 1.074* 1.030* 1.025
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Input Voltage Required to Fail
Each Channel

Presen t Failure /
To lerance Level A B C D

+ 1.585 1.583 1.588 1.592
15/. 

- 1 573* 1.572 1.579* 1.572*

+ 4.994 4.994 5.017 5.003
5O/~ - 4.987* 4.995 5.015 5.007*

*All Four Channels Indicated a Failure

This data shows a random failure of all four chann-
els when a single channel is driven negative toward the
preset tolerance level. This characteristic was veri-
fied as follows :

The individua l channels were adjusted to the same
s t a t i c  output  of ± .001 volt. When a negative bias
was app lied to a sing le channe l and slowl y increased ,
al l channels  would f a i l  when the p rese t  to lerance
leve l was equal  to the input  bias .

The re su l t o f th is  t e s t i ng ind ica tes  a p rob l em ~\ i th
the n :l sic  c i rcu i t  desi gn. The c i r c u i t  desi gn desc ribed
in Re fe rence 1, AFFDL-TR- -74-94 , wa s reviewe d to i s o l at e
the cau se of the problem . The cause appears  to he in
t he area of the i n p u t  synchronous  c o u n t e r s  and th e  e r ro r
counter “carry out” pulse.

The low l imit  counter  s t a rt s  when the f i r s t  of t h e
four input synchronous counters stops . Ihe low f i r l i t

~-~ un te r s tops when i t  “counts out” Or ‘~-. h & ~~i - -Z~~~~’ T h( i  0 1
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the four input synchronous counter stops. When the low
l imit  counter  “counts  out ” , the ~car ry  out ” pulse from
the 54163 module is I clock pulse wide . The time delay
of associated gates and inverters amounts to approxi-
mately another clock time when operating at 1465 updates !
sec. This “carry out” pulse opens the error counter
NANO gates. Any input synchronous counter that is Hi
during the error counter ’s “carry out” pulse duration
will be determined to be in e r ror .  Since the preset
negative error tolerance was approached by one channe l
very slowly, the three channels that remained at null
made a Hi to Lo transition during the time that the
“carry out ” pulse from low limit counter was present at
the NAND gates. This incremented their respective error
counters to the failure limit. The input signals only
have to be matched within one to two clock pulses equiv-
alent to between .005 to .010 volts) for this problem
to occur.

When the dynamic input of ± 10 volts at 10 Hz was
app lied to all inputs with the DHVMT operating synchron-
ously ,  the minimum tolerance settings without any chan-
nel tailures was .397, (Channels A and B would fail).
This minimum tolerance level at 10 Hz refelects a dynamic
mismatch in the DHVMT and not a problem with the DHVM
detection .

In testing the out-of-tolerance channel determina-
tion while operating with asynchronous inputs to the
DHVM, the method used to o f f - s e t  the samp led data  was
to ope rate the DHVMT in the pseudo-asynchronous mode .
The time delays on the rear pane l of the DHVMT were
a d j u s t e d  to the desired delay s e t t i n g . O p e r a t i o n  in
th is mode provided the method of s imula t ing  the amount
o f t im e tha t  t he samp le t ime s would be o f f - s e t .  Actu-
al hardware would have a continuousl y varying sample
off-set time because the clocks are not synchronized to
the same rates.

Static operation in this mode indicated that there
is no difference in detection charac teristics than the
operation in a synchronous mode . However , dynamic
opera tion indicated tha t the out-of-tolerance detec-
tion is amplitude and frequency sensitive . FIGURE 26
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and 27 show the detection characteristic of input
levels of ± 1.0 vol t, ± 2.5 volt , ± 5.0 volt and
± 10 volt for sine wave inputs . The “X” axis is re-
presented as the input frequency (for examp le , 100
samp les/sec . with an input frequency of 15 Hz would
be 157, on the “X” axis). The “Y” axis is the set-
ting on the error tolerance switches to operate with
no f ailures, expressed as a percent of full scale
( ± 10 volts). The data in FIGURE 26 was measured
with the Channel A sample time off-set by 507 of a
samp le period. FIGURE 27 data was measured with
the Channel A sample time off-set by 257, of a samp le
period.

An examp le of how data may be app lied is to
assume a system has a full scale input of ± 10 volts ,
an asynchronous sample rate of 80 samples/sec. and a
maximum error between channels of 57, F.S. The maxi-
mum input frequency for no failure operation is 2
of 80 Hz or 1.6 Hz. This is based on the assumption
that the asynchronous clocks will reach a maximum
skew of 507,, of a sample period (which is the worst
case). This indicates that a system being updated
at 80 times per second should have an input and out-
put bandwidth limited to 1.6 Hz or less. Variation
in the update rates in the DHVM does not change this
characteristic . The only effect of the DHVM update
rate is to change the time to detect the error
(because the error would be recognized more or less
often).

Variations in the error counter did not direct-
ly affect the DHVM ’s ability to detect  an out -of
tolerance channel. The effect of the error counter
is that it provides a me thod to delay the DHVM from
taking action to remove an out-of-tolerance channe l
for a period of time that would prevent transients
from failing any one channe l . The time delay is
proportional to the reciprocal of the update rate
in Hz times the number of allowable errors counted.
Since the error counters are incremented up and down ,

47

- -



~~~~~~~~“ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘

S~~IOA UT .10~~12 a~q~~oj~y

C C

(N (N
C

- 

- 

\ -zt
41)

\ ~\ 0
9-4 _ c c ~4_) 4_ I Cl) -\ .0

\ ~-‘ , - ..- ~ , . - I in

U
0
4))

~~~~~~~~~~ 4_I
rJ) (~~~Q~~—l ‘—4 4))

I 
>~~4-4~~~~~W 0 4-4

.5 ‘ - - - - - - -  -----_ —- --~~- -0--U - - C
C C~ 41)

0 \ 0 •
> 4))~~~~~dfl 0 —1 ‘—4

\ I
C \ ~~~4-4 4) I CC

41) ~~ .0 -~-~
in ~~ ‘ - 0 0 U  ,—4 ~4-1

4-4 0J •r-I • 0 0 4))
+ 1 1-~~~J W 0  ~~

- .0
- U tt~ ~J

~ 4-i bl) ’-4 in (N

- 

- - ~~~~ - C

N’ 

5--- - 

,
~~l 

N 
\

- 2

HH  - 
___ 

— H-t —H-
I I I I  1 1 1 1  I I I ’  I

.5 - - - ‘ - ‘ -

I ! I I I I 4__~ -

_ _ _ _ _  
‘ I  ‘ I 1 1 I  I I I I

in 0 in 0 in
(N (N — —4

Error 0/ Weighting for no Failure

48

.5 - -  - .5—-,, -- -~~~~~~~~~ - -  5- -5- - -- - . 5 -- -— 



-.5- - --- -.5 - - - -. 5- - -  
- ‘ - - ---=

—--— - -~~~~~

continuous transients could eventually cause failure
of a channe l if the transients are long enough in
duration and occur repeatedly.

4.1.4 Operation and Voting Ability after Channe l
Failures

4.1.4.1 Test Description

The test set-up in FIGURE 28 was used to verify
the ability of the DHVM to operate and vote after
channel failures. The affect of simultaneous failures
was also evaluated using this test set-up .

— 18
Bias Input rad/sec.

_ _  _ -

Function tn r,~r I, 
- __ I_I IL V i i i. - ~~ Dn vii —

~~~~~
. RC

Generator - Model

Channe l 
- 

Channe l
Select —---— - ~~~~~~~ ‘ Fail -

— ~~~~~ - - ~~ ! ---i- 
~~~

—

- 
8 Channe l - Output I

I 
Chart Recorder Monitor -

FIGURE 28 Voting Ability Test Set-Up
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The function generator was used as a parallel input
to all four channels. The channel select and channel
fail signals were recorded on the chart recorder while
the output of the RC Model was m o n i t o r ed on an osc i l lo-
scope . Hardover inputs were injected at the DHVM bias
inputs. Null failures were created by removing the
function generator input from the channe l or channels
under test.

4.1.4.2 Test Results

The test results indicate a single channe l failure
b y be ing ou t -o f --to le rance , the D HVM had n o pr oblem in
selecting a new low median signal. When two failures
were injected simultaneously, the DHVN would select the
highest of the two remaining values. When the third
failure was injected , the DHVM switched into a 5Q7, duty
cycle mode providing a 0.00 volt analog output signal.
These results are entirely consistent with the design
description in Reference 1, AFFDL-TR-74-94.

The result for simultaneous injection of failure
signals were different. Hardover ( ± 5.0 volt) signals
were injected into two channels simultaneousl y and out-
put was recorded . When the injected signal was positive ,
the DHVM rejected those two channels. When the hard-
overs were negative , the DHVM kept those two channels.
The apparent reason for this result is that the DHVM
low-limit error counter starts when the first synchro-
nous input counter stops. The second input counter that
stops , resets the low-limit counter and starts the hi-
limit counter. This causes the last two counters to
stop in an error condition if the hi-limit is exceeded.
Therefore , the two highest algebraic values will always
be considered in error even though negative hardovers
are app lied to the two channels tha t remain active .

Failure transients on the output due to the DHVM
selecting a new median low signal wi th injected Fail-
ures were not observable. The reason for this is that
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the DHVM switches to a new median low signal every up-
date period. Therefore , a sing le hardove r or grounded
input cannot be present at the output.

4 .1 .5  Summary of Phase I Test R e s u l t s

4.1.5.1 PWM Signal Linearity and Resolution

The average resolution measured is .377 of full
scale input. The average linearity is .087,. Both re-
solution and linearity are dependent on the accuracy
of the analog-to-digital converters used to input the
DHVM and the number of bits that are used for the data
portion of a digital word.

4.1.5.2 Low Median Signal Selection

The DHVM correctly selects the low median signal
from its four input signals.

The DHVM does indicate two or more channels select-
ed if the input values are identical. No operational
problems were observed with the channe l selection .

4.1.5.3 Out-Of-Tolerance Channel Determination

The DHVM will fail all four channels if one chan-
nel is equal to the negative tolerance level and the
other three channels are matched within .010 volts.
This is a design problem that needs to be solved.

The ou t -of - to le rance  detection is amp l i tude and
frequency sensi t ive  during asynchronous opera t ion .
This is a charac te r i s t ic  that  limits the usefulness of
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the DHVM for general app lication and needs to be
changed.

4.1.5.4 Operation and Voting Ability after Channe l
Failur e

Failure transients in the output were not observed
for  the f i r s t  two in jec ted  fa i l u r e s .  The th i rd  f a i l u r e
in i t i a tes  a 507, du ty  cyc le  o u t p u t .

The DHVM rejects the two h i ghest algebraic chan-
nels when two hardover failures are- injected simulta-
neously, a characteri stic which in app lication should
no t  be a p r o b l e m .

4 .2 P h a s e  II

This  ph a se-  ot  t e s t  i ni ~ was  c L ~I i d u c t e d  t o  e s t a b l i s h
the  e f f e c t  ol dri v i ii ~ an e - l e c t r u - h v d r iu l i c  e-o n t r c l  s v s —
Le - ~~ with the o u t p u t  ol  t h t  DIIVN T and  I ) IR’ -~’1 s ii:~u 1 a t  j u g  a
DAI S c on f i ~~u r a t  i O n .  Th }ivbrjd F l i - h i  ( ‘ o l I t r o l  Simula tor
( H F ( S )  wa .~ use d as the c - i t - . t r o — h v d r  i i  ii cont rd S v S t e - ~
an d wa s  p t ’ - g r i : - ~ i - a  to  simulate ~-~~

)i ) i l c h  ax i s  hardware’ -

t~~’ l ~ ia t e  the  genera l c f i e c t  0 1  u s i u i ~ t pulse

~ j t i t t i  p ‘t i i  I - i t i - c l  s i ~~fla 1 as a d i r ~ -~~t i n p u t  i n t o  au . - h —

L u .  — I d i  a u i~~
- ac tu. Lou , th e  D H . M  W as sc t up to  prc~’ idi

t I l L  ~,IpUL to the IFCS during t :lc Phase 11 pre- l i ’ 1 I~I. i1~ V

s t i n g .  I h e -  ri s u I t  01 t h i s  pre  II; i.narv eva l ui l i on  wa -~
t h a t  a t  Ji~~u ch  the e l i - c t  r o — h v d r a u l  i c ic t u a t or  \ ‘ I  11  a t  I

a pu 1 se w i d t h  dc~ ;i~ d ii  I a tor  , the  St  1 V 0  V i  l v ,  ~ !‘ t 500410

too \~~i’ 11 - t h e  p u l - l e ’  w i d t h  11100 la t iOn I requene -v .
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b a n , ’, : ik~(:e (switching aack and f u r  Lb f r o m  h a r t l o - . r t o
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signals allowed a considerable amount of the pulse width
modulation frequency to appear on the motion output of
the secondary actuator. Although a small amount of high
frequency dither is not undesirable for the operation
of a servo sys tem , the large amoun t of the pulse width
modulation dithe r when used as a direct input to a servo
system was undesirable from a distortion and wear aspect.

During this preliminary evaluation , the pulse width
modulation update frequency was varied from 91.5 up-
dates/sec. to 1465 updates/sec. As expected , the amount
of motion at the modulation frequency reduced with in-
creasing update rate . As a result of the pre liminary
testing , the update frequency was set to 1465 updates-
sec. ( the  maximum rate available for the DHVM) for  a l l
subsequent tests. In addition , a low pass filter having
a break frequency at 150 Hz was inserted between the
DHVM and HFCS as a PWM demodulator. The combination of
the high pulse width modulation frequency and low pass
filter reduced the modulation dither to an acceptable
level for the subsequent testing .

4 .2 . 1 Base Line HFCS Tes t ing

‘ .2 .1.1 Base Line Test Description

A mode l of the 680J secondary a c t u a t o r  was pro-
grammed on the HFCS using References 3 and 3 as a guide .
Test data was recorded as a baseline to compare to data
taken with the DL -{VMT and DHVM interfaced in the system.

3. Hooker , David S., et. al., “Survivable FIii’jit (on-
t ro l  Sys ton i ” , F i n a l  R e p o r t , A F F D L - T R - 7 3 - 1 0 5 ,
December 1975

i .  Amies , Ge ra ld  E.  , et.al. “Su rv ivab l e  F l i g h t  Con-
t r o l  Sys tem ” . I n te r im R e p o r t  No .  1 , Stud ies , Ana l-
yses and Approach , A F F D L— T R— 7  1— 20 , Supp ~emcnt ‘I ,

~1av 1 97 1
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The base line data test set-up is shown in
FIGURE 29 .

Function HFC S - 
.i.. - -~ ,= 188.5 rad ~ Instrumentation

Generator - -
.7

— I ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - , - - -

FIGURE 29 Block Diagram HFCS Base Line

The HFCS was set-up as shown in FIGURE 30 to model
the response of the 680J secondary actuator.

Servo Servo
Amp l i f i e r  Valve Actua tor

LVD T

L K
4 
}

FIGURE 30 HFCS - 68OJ Secondary Model
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W here :
K
1 

= 1.71 m a/ v

K = 1.04 c is/ma

K
3 

= . 188

K , = 20 v/in.
4

.2 .1.2 ‘Le s t  R e s u l t s

FIGURES 31 throug h 34 are baseline pe r fo rmance
measuremen t s  of the HFCS wi th  the 680J response set-
up .

FIGURE 31 shows the response of the simulation
b r acketed wi th  the ga in and phase l imits  of the 680J
secondary ac tua to r  response taken from Re ference 4 ,
Page 130.

FIGURES 32 , 33 and 34 are X-Y p lots with input
amp litudes of ± 2.5 volt , ± .25 volt and ± .025 volt.
This data indicates that the system linearity is better
than 0.57,, the resolution is better than 0.157. and
hysterisis is less than 0.27,. The stair stepp ing shown
in the expanded linearity p lot of FIGURE 33 is typ ical
for a small drive area actuator because the seal fric-
tion requires a high percentage of the available out-
put  force .

The output signal distortion was measured and
charted in TABLE 6. The input signal distortion was
less than .157 for all frequencies and amp litudes.
The da ta  in dicate s th a t the hi gher amp l i tude  o u t p u t
signals have less distortion . Actuator friction
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a f f e c t s  the output  signal d is tor t ion in this manner
since with a constant friction level the percent dis-
tortion associated with the friction decreases with in-
creasing output ampli tude.

TABLE 6

OUTPUT SIGNAL DISTORTION WITHOUT DHVMT & DHVM

P-P Output Amp litude
.5—--— .5 

N
Input Freq. ± 1.0 Volt ± 2.0 Volt ± 5.0 Volt

Hz

5 7~ Q7, 2.87, 2.07

10 8.8% 4.07, 1.857

20 9~ 57, 2.87, 1.80

40 13.07.- 3.0 7 2 .87

In order to observe un i fo rm d i s t o r t i o n , a fre-
quen cy swee p from 1.0 to 50 Hz at  an amp l i tude o f
± 5.0 vo 1t~ was app lied to the HFCS as an i npu t .  The
in p ut  and output were recorded for reference comparison.

FIGURES 35 and 36 are the i n p u t- o u t p u t  re la t ion-
shi p at  f requencies  of 10 and 40 H z .

4.2.2 The Effect of Sample Rate Variation On The
680J S imula tor
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4 .2 .2 .1  Test Description

To evaluate the effect of sample rate variation on
the 680J Simulation output , the DHVMT and DHVM were in-
serted between the function generator and the 680J
secondary actuator simulation to process the command
input , as shown in FIGURE 37.

I [ I I HFCS
Function 

~jDHvMT ~~ DHVM L_
~~~-~~

=l88.5 rad/sec
Generator I L______ 

_______  

= .-~~~ 

-

L H Instrumentation~~~ -5—

FIGURE 37 Sample Rate Variation Test Set-Up

The base l ine data was repeated for sample rate
set tings of 80, 125 ~nd 400 samp les/sec. while operat-
ing in a synchronous mode . The DHVM update rate was
set at 1465 updates/sec. for all samp le rate condit-
ions.
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4.2.2.2 Test Results

FIGURES 38 , 39 and 40 represent the frequency re-
spo nse data  wi th  the DHVMT set at 80 , 125 and 400 samples!
sec . Comparing these p lots to the base line ind icates
t h a t  the phase ang le is a f fected more tha n the amp l i tude
ratio. This is an expected r e su l t  because there  is a
time delay of one update period each for the D l-IVMT and
DHVM when the information is processed.  TABLE 7 is a
listing of expected , measured and base line phase shift
at input frequencies of 1, 10 and 20 Hz. The value s for
the 400 samp les/ sec .  are comparable ~o the b ase line ,
but  the 80 samp les/ sec .  are not comparable . This is
because the output signals for the slower samp le rates
are quite distorted and the test instrumentation cannot
properly evaluate the signal . When signal distortion
is more than 107.-, the frequency response analyzer p lo ts

TABLE 7

PHAS E LAG COMPARISON

Phase Lag in Degrees

Input Sample rate Base Line Expected Measured
Freq. samples/sec .
Hz

1 80 4 .5 11.9 9.0
1 125 4.5 7.6  8.0
1 400 4.5 5.7 6.5
10 80 29.5 76.9 58.0
10 125 29.5 60.8 54.0
10 400 29.5 41.0 43.0
20 80 49.5 144.4 112.0
20 125 49.5 112.4 103.0
20 400 49 .5 72 .8  81.0
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are not valid (since Bode p lots are based on a pure sine
wave anal ysis ) .  The expec ted  p h ase an g les l i s t ed  in
TABLE 7 are calculated value s arrived at b y adding p hase
angle associated with the time delay per iod to the base
line p hase ang les.

The Bode p lot on FIGURE 38 shows amp l i tude ra t io
degradation relative to the base line response (FIGURE 2 2 ) .
Th is is caused b y input  signal d is tor tion at the lower
samp le rates a f f e c t i n g  the measured s inusoidal response .

The amp l i tude bu r s t  on the ampl i tude  ra t io  t race  of
FIGURE 38 reflects a modulation mode of the system in-
put when the input frequency into the DHVMT approache s
one-half of the sample frequency.

FIGURES 41 through 49 are the X-Y p lots for inputs
of ± 2.5  volt, ± .25 volt and ± .025 volt at samp le
rates of 80/eec., 125/sec. and 400/sec. The linearity
remained unchanged compared to the base line . However ,
the resolution increased from .157 to . 107+ an d the
hysterisis was reduced from . 207 to .157.- compared to
the base line test results. This is because the DHVM
output allowed enough dither to the HFCS to reduce the
actuator ’s inherent static friction effects on the
ac tua to r mo t ion.

TABLE 8 is comparative signal distortion data for
the three update rate- -~. Referring to TABLE 7 of the
base line data , the 400 samp les/sec . rate closely com-
pares to the base line data. The 80 samp les /sec.  is
quite distorted by comparison .

FIGURES 50 thro ugh 55 are input-output traces of
the frequency sweep at ± 5.0 volts at 10 Hz and 40 Hz
frequency range s at samp le rates of 80, 125 an d 400
samp les/sec .
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FIGURE 50 10 Hz Input-Output at
80 samp les/se c .
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TABLE 8

COMP A RATIVE SIGNAL DISTORTION

P-P Inpu t  Amp l i t u d e  in Vol t s

7
Input  Sample ra te  ± 1 .0 ± 2.0 ± 5.0
Freq.  samples / sec .
Hz

5 80 7.4 7 4.07. 2 .87
10 80 8.57. 6.17. 5 .67
20 80 l5 .8% 15.07 13 .57
40 80 64 .07 42.0; 50.O

5 125 7 . 07 - 3 .6 7  1.87
10 125 7 . 4 /  4 . 2 /  2 . 9
20 125 9.6/. 6.87. 6.07
40 125 27 .57 -  25.0 7.  23 .3 , .

5 400 7 . 07. 3. 57- 1. 57
10 400 7 . 27. 3 . 67- 1. 87.
20 400 8.47. 4 .2 7 .  2.1 ;- ,
40 400 12.57. 6.57. 3.87.

A considerable amount of signal d i s to r t ion  can be
seen in FIGURE 50 where the sample ra te  f requency  is
eight  times the input f requency.  When the sample rate
to input f requenc y ra t io  is less than 4 to I , some ampli-
tude modulat ion is apparen t .  As the rat io approaches 2 ,
the modulat ion is severe (as shown in FIGURES 51 and 53
where the ra t ios  are 3 and 2 respective ly ) .

The modulat ion is the resul t  of when the sample r
“samp les ” the i~ put  signal . In the case of a sample
rate  frequenc y to signal f requency ra t io  of approxi-
mately 2, the samp les are taken twice per input signal
cycle . The samp le voltage can vary from near full amp li-
tude to zero volts as the phase relationshi p between the
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two f requenc ies changes from 0 to 900 . The f r equency
of modulation of the input carrier depends on the fre-
quency difference be tween the input and a harmonic of
samp le f r equency .

The t races in FIGURES 54 and 55 are the 400 samples!
sec. which show good o u t p u t  signals  -~~~~ this  samp le fre-
quency.

4.2.3 680J Asynchronous Clock Operation

4.2.3.1 Test Desc r ip t ion

The DHVMT was opera ted  in the pseudo-asyn’ hronous
mode . This is the mode where the clock o f f s e t  fo r  the
sampled data is c o n t r o l l e d .  Contro l of the clock o f f s e t
enab les  the evaluat ion of the a f f e c t  that  asynchronous
ope r a t i o n  w i l l  have on the sys tem .

The t e s t  se t -up  for  asynchronous  clock eva lua t ion
was as shown previously in FIGURE 37. The samp iLe ra tes
of the DHVMT used for t e s t ing  we re 80 , 125 and 400
samp les/ sec .  According to the intended tes t  p lan , the
of f s e t s  were to be at 07., 257., 507. and 757. of samp le
period for Channels A , B, C and D respectivel y. However,
because the time delay provided in the DHVMT is l imited
to a range of 1.00 ms to 4 . 7 0  ms , the desired percen t
of sample period o f f s e t s  were not a t t ainab le  for  a l l
cases.  TABLE 9 is a l i s t ing  of the desired o f f s e t s
and TABLE 10 indicates the a c t u a l  se t t ing  used for  th is
tes t  sequence.
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TABLE 9

DESIRED TIME DELAYS

Channel clock time delay, ms

Samp le Ra te B C

80 0 3.13 6.25 9.38

125 0 2.00 4.00 6.00

400 0 0 .63 1.25 1.88

TABLE 10

ACTUAL TIME DELAYS

Channel clock time delay , ms

Sample Rate B C

80 0 3.1 4.75 3.10

125 0 2.0 4.00 4 .75

400 0 1.9 1. 25 1.90

Note that all of the time d6lays desired were not
achieved for a given samp le rate. In performing the
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tests , the time de lays were set as c lose to the desired
value as possible (within the circuit adjustment range).
Wher e the se ttings were limited by the delay range for
the channels , one channel was adjusted to the maximum
delay setting and the remaining channel adjusted to
match one of the other correctly set channels.

Wi th the nearest time delays set on the DHVMT and
the DHVM updating at 1465/sec . the data for asynchronous
operation was recorded.

4.2.3.2 Test Results

The fre quency respon se p lo ts for 80 , 125 and 400
samples/sec. are shown in FIGURES 56, 57 and 58. The
phase and amplitude curves are quite comparable to the
response curves in FIGURE S 38 , 39 and 40 where only the
sample rate was varied. A difference that is noticable
is the ampli tude burs t at 40 Hz in FIGURE 56 is no t as
severe as in FIGURE 38. This is because the low median
select logic in conjunction with the samp le time delay
minimizes the modula tion ef f ect of the signal f r equency
approaching the sample frequency.

FIGURES 59 through 67 are the input-output X-Y
p lots with inputs of ± 2.5 volts , ± .25 vol ts and
± .025 volts at sample rates of 80/sec., 125/sec. and
400/sec. No significan t changes were noticed in com-
paring these results to the synchronous sample rate
variation test results of Section 4.2.2.2.

Distortion data is listed in TABLE 11 for the
three samp le ra tes at ou tput ampli tudes of ± 1.0 ,
± 2.0 and ± 5.0 volts P-P. Referring to TABLE 7 in
Section 4.2.2.2, there is compara tive ly less dis tor-
tion indicated for the 40 Hz input at both the 80/sec.
and 125/sec. sample rates for asynchronous operation .
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TABLE 11

SIGNAL DISTORTION WITH TIME DELAY

P-P Input Amplitude in Volts

F 
_

\

‘
I

Input Sample rate ± 1.0 ± 2.0 ± 5.0
Freq. samples/sec .
Hz

5 80 7.5% 4.2% 2.9%
10 80 9.2% 6.7% 5.8%
20 80 17.0% 16.3% 14.0%
40 80 42.0% 39.0% 29 . 0%

5 125 7.3 % 3.5% 2.07 .
10 125 7.7 % 4 .0% 2.9 %
20 125 9.1% 5.37. 4.17.
40 125 16.0% 11.8% 9 . 7 %
5 400 7.1% 3.4% 1.5%
10 400 7.4% 3.6% 1.7%
20 400 8.47. 4.0% 1.9%
40 400 12.5% 6 .0% 3.4 %

The most significant change is at the 125 samples/sec.
rate . The distortion values have been reduced by a
factor of one-half with asynchronous operation. The
distortion for the 80 samples/sec. rate would have in-
dicated a similar reduc tion if the DHVMT had been de-
signed to provide the desired time delays. FIGURE 68
graphically demonstrates the reason for the decrease
in signal distortion. The figure illustrate s a tri-
angular input signal being sampled by two channels , with
Channel B sampling one-half period later than Channel A .
An important point to realize is that the input signal
is in “real time”. Therefore , when the time delayed
samp le is taken from a dynamic input , the second samp le
will have a different amplitude value . When two sampled
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inputs are processed by the DHVM, it selects the low
median signal at a rate that is ~ to 15 times faster
than the sample rate. Because of this , the DHVM out-
put has effective ly doubled the resolution when com-
pared to an output derived from synchronously samp led
inputs. This is onl y true for dynamic signals that
have a slope changing faster than basic bit resolu-
tion (.005 volts) per samp le period. A system that
samp les at 125 samp les/sec. asynchronous operations
could increase the dynamic resolution if the input is
changing faster than 1.60 volts/sec. ( Example : A

± 1.00 volt P-P sine wave at .25 Hz has a maximum
rate of voltage change of 1.60 volts/sec.

The effect of inherent time delay of one fourth of
a samp le period on a filtered increasing monotonic sig-
nal and three-fourth of a samp le period on a decreasing
monotonic filtered signal can also be seen in FIGURE 68.

From the above discussion the dynamic resolution
could be quadrupled if an input signal was samp led by
four samplers with the samp ling off-set by one fourth
of a sample period.

FIGURES 69 through 74 are input-output traces of
the frequency sweep at ± 5.0 volts at 10 Hz and 40 Hz
frequency ranges at time delayed samp le rates of 80,
125 and 400 samp les/sec.

The modulation tha t originally appeared in
FIGURE 51 is not present in FIGURE 70. The onl y
difference between the two sets of data is th~r t ime
delayed samp ling . FIGURE 71 also indicates a decreas-
ed amoun t of output distortion.
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4.2.4 Phase II Failure Mode Testing

4.2.4.1 Test Description

The test set-up for the failure mode testing was
as shown previously in FIGURE 37. A combination of
sixteen failure modes including one , two and three
hardover and/or null failures were injected into the
DHVMT. The failures were injected under static null ,
static bias -1.00 volt and a dynamic input of ± 2.5
volt at 5 Hz. The DHVMT sample rate was 80/sec.,
125/sec. and 400/sec . while sampling synchronously.
The DHVM was updating at 1465/sec . with the error
counter set at 5, 10, 50 and 100 total errors. The
allowable error weight was set at 3.12% of a full
scale value ± 10.0 volts. A total of 161 combinations
of parametric variation were tested while the four
DHVMT inputs , HFCS input , and HFCS output were record-
ed on a strip chart recorder.

4.2.4.2 Test Results

The test data did not indicate any output tran-
sients when up to two failure s were injected. The
third failure did create an output transient when the
injected failure was more positive than the actua l in-
put signal. This is an expected result because the
DHVM selects the low median signal. The failure input
amplitude is the DHVM output for a period of time that
is dependent on the D}-IVM update rate and the allowable
errors set into the error counter circuit.

The HFCS input and output signals as shown on
FIGURES 75 through 78 illustrate the effect of in-
jecting a ± 4.00 volt hardover for the third failure .
The traces represent error counter settings of 100, 50 ,
10 and 5 allowable errors with the DHVMT sampling at
400/sec. and the DHVM updating at 1465/sec . This data
shows that an error counter setting of 100 allows a much
larger step as a sys tem output in terms of t ime and
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amplitude than a setting of 5 errors. The instrumen-
tation chart recorder used had a limited response and
only indicated the trend not the actual values. There-
fore, TABLE 12 was prepared from actual oscilloscope
data for a third hardover of +10.0 volts.

The data in TABLE 12 indicates that the selection
of an error counter setting requires the system designer
to determine the time and amplitude ofa pulse that
system will tolerate without negative effect. Items
that would determine this in an aircraft system would
be the surface position deviation and the resulting
air frame response.

TABLE 12

ERROR COUNTER COMPARISON

HFCS Input HFCS Output

—\

DHVM Ampli tude Wid th Peak Rise Decay
Allowable , Volts msec . Amp li tude Time Time
Errors Volts msec. msec.

5 10.0 3.4 4 .7  3.4 25

10 10.0 6.8 7 . 3  6.8 25

50 10.0 34.0 10.0 25.0 25

100 10.0 68.0 10.0 25.0 25

During this failure mode test series , a negative
10 vol t hardover DHVM output was observed for the period
of time that the reset switch was in the reset position.

105 

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



This would not be a desirable feature of the DHVM if
adapted to a flight control system . This could be
corrected by t r iggering a single shot mul tiv ib ra to r
to limit the reset to a single update period function.

4.2.5 Summary of Phase II Test Resul ts

4 .2 . 5 . 1  Base Line HFCS Testing

In order to protect the electro-hydraulic servo
valves it was necessary to set the DHVM to its maximum
update rate of 1465/sec . The servo valves responded to
slower update rates , causing a “bang-bang” operation of
their first stages which could potentially damage the
valves.  This is an area to be considered in applica-
tions of the DHVM.

4 . 2 . 5 . 2  The E f f e c t  of Samp le Rate Var ia t ion  On The
68OJ Simulator

The DHVMT and DHVM caused an additional 30° of
phase lag and noticeable signal distortion when the
ra tio of the sample to input frequency was 8:1. This
is 7~~~50 more phase shift than theoretically predicted
for a zero order sampler at this frequency ratio. Low
f requency amp l i tude modulat ion of the system o u t p u t  was
present  when the input f requency was at  1/2 , 1/3 and 1/4
of the sample frequency. The amplitude modulation was
100% at the sample frequency, less at 113 and 1/4 of the
samp le frequency.

4.2.5.3 680J Asynchronous Clock Operation

Asynchronous operation (fixed clock skew) improved
the phase lag, distortion and resolution measurements of
the system output as compared to synchronous operation.
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4 .2 .5 .4  Phase II Failure Mode Test ing

Positive hardovers as a third failure create an
output transient that is dependent on the update rate ,
allowable error and control system gain. No transients
were observed on the system output for the first two
failures.

4.3 Phase III

This phase of testing was conducted to evaluate
the effect on aircraft motion of using the DHVM in an
electro-hydraulic flight control system used to control
a fighter-bomber aircraft. An A-7D aircraft simulation
was used to represent the fighter-bomber aircraft dyna-
mics.

4.3.1 A-7D Aerodynamic Base Line

4.3.1.1 Test Description

The test set-up used to obtain the baseline data
without the DHVM is shown in FIGURE 79. The AFFDL/DAIS
group provided the A-7D longitudinal aerodynamic simu-
lation. The s imula tion was programmed on a Systron
Donner Model SD-80 analog computer . The aerodynamic
model stability derivatives were obtained from
Reference 5.

The HFCS primary actuator was programmed to simu-
late the A-7D elevator actuator . The 680J secondary
actuation system dynamics previously used in Phase II
were substituted for the normal A-7D secondary actuator.

5. “Flight Test Evaluation of a Digital Flight Control
System for the A -7D Simulation Test Plan ” ; Honeywell —
Inc., Government and Aeronautical Products Div.;
Contract Item A-005 of Contrac t AF-336l5-73-C-3098,
15 February 1974
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The A-7D primary actuator parameters for the longitu-
dinal axis as obtained from Re ference 5 are : Frequen-
cy Response - 20 radians at -3db , No Load Slew Rate -

25°/sec., Maximum elevator position 6.250 down and
26.5° up.

Function J A-7D
Generator HFCS Aero

I dynamics 
--

Command e I

• I
U I

Inst rumentat ion

Where :
e = eleva tor posi tion

4- = pitch rate

N~ = norma l acceleration

FIGURE 79 Phase III Base Line Test Set-Up

The HFCS primary se ct ion was programmed as shown in
FIGURE 80 to provide an A-7D primary ac tua tor  model.
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The HFCS total sys tem was programmed as shown in
FIGURE 81 to provide an input-output relationship of
1.0 degree/volt  in order to interface with the A-7D
aerodynamic simulation.

~~~~~~~~~~~~~~~ _
I Generator ~~~~~~~~~~~~~~~~~~~~ 

68OJ ~~: A 7 D  ~~~~~~
I Secondary 

j  
P r i m a ry

Where :
= Input Voltage

= Elevator Position

E m ! ~~e = 1°/volt

FIGURE 81 HFCS - Aero Simula tion Interf ace

4 .3 .1 .2  Test Resul ts

Since the aerodynamic simulation was valid only for
small amplitude perturbations , all testing for dynamic
response and step data was limited to ± 2.0 degree
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surface deflection inputs.

FIGURE 82 shows baseline frequency response of
t he simu lated A-7D surface position and FIGURE 83
shows the measured slew rate . Bo th the f requency
response and slew rate  agreed with A — 7 D  parameters.

The normal acce lera t ion  (N e) and p i t ch  ra te  (4-)
frequency responses are as shown 4’ FIGURES 84 and
85 respect ive ly .  The :e , N~ and -O- s tep responses
are ~hown in FIGURE 86.

4.3.2. A-7D Aerodynamic Testing with DAIS Hardware

~ I 

Inter faced

4 . 3 . 2 . 1 Test Descr ip t ion

The DHVMT and DHVM were i n t e r f aced  wi th  the A -7D
long i tud ina l  axis hardware and aerodynamic s imula t ion
as shown in FIGURE 87.

The basel ine t e s t s  were repeated for  compar i son .
For these t e s t s  the DHVMT was again op er ated at  80
samples/sec. and 125 samp les/sec. with the DHVM oper-
a t i ng  at  1465 u p d a t e s / s e c .
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Function I I  
I

HFCS

Command

In: trumentation~~~ N

FIGURE 87 Phase III DAIS Test Set-Up

4.3.2.2 Test Results

FIGURES 88 , 89 , and 90 are the test results when
the DHVMT was operated at 80 samples/sec .

The test data recorded with the DHVMT operating
at 125 samples/sec . is shown in FIGURES 91, 92 and 93.

Comparing the baseline data to the data recorded -:
with the DHVMT and DHVM in the control system did not
show any difference.
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4.3.3 Phase III Tes t Result Summary

4 . 3 . 3 . 1 A-7D Aerod ynamic Base Line

The baseline frequency response and slew rate data
recorded f rom the s imu la t ed  A - 7 D  s u r f a c e  p o s i t i o n  shows
good c o r r e l a t i o n  w i t h  the data  in R e f e r e n c e  5. The
normal acceleration and pitch rate step and frequency
responses verified that A-7D aerodynamic simulation was
a c c u r a t e .

4.3.3.2 A-7D Aerod ynamic Testing with DAIS Hardware

The DHVMT and DHVM we re in te r faced  in ser ies  wi th
the A - 7 D  s imula t ion  command . The mon i to red  p a r a m e t e r s
e , N~ and -& were not effected with the command input

samp led at a rate of 80/sec. and l25/scc .
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-4 .4 Phase IV

The Phase IV testing was conducted  to  e s t a b l i s h
an~’ p r o b l e m  1ire as  t h a t  may exist when multip le DHVM ’s
dri- u— ed to command separate channels of a redundant
eltc tro -h ydraulic control system . For these tests
two c.ia~ nels of t SOJ secondary actuati-i n with their
associaLed failure monitoring logic were simulated on
the HFCS. The effect of multip le DHVM ’s was evaluat-
ed by obtaining base line data on the 6803 simulation
and comparing that data with data obtained with the
DHVMT and two DE-IVM ’s inserted in the system.

4.4.1 Multi-Channel Base Line Data

4.4.1.1 Test Description

The HFCS was set up as a 6803 secondary actuation
redundant contro l system . References I and 2 were
used as a guide in setting up the force sharing d i f f er-
ential pressure (L ~~~~ 

P) monitoring system shown in
FIGURE 94. The failure detection system was set up to

• detect a ~~ P level of 936 psi for each actuator. To
verify correct operations of the 6803 two channe l simu-
lation , the frequency response of the two channe l out-
put was measured. A hardover signal was injected into
one channel of the RFCS to verify correct operation of
the failure detector.
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~~CS~~ 
X 1 I

H C H 1~

Function I Fai lure I
Generator  ~ Detec tor I I n s t r u m e n t a t i o n

_ _ _ _ _ _  L 1 I 
A

LR2 H
Where :

Xal = HPCS CH 1 Output Motion

X = FEFCS CH 2 Output Motion
a2

Note : Xal and Xa2 are connected together with a rigid
mechanical connecting bar

FIGURE 94 Multi-Channel Base Line Test Set-Up

4.4.1.2 Test Results

FIGURE 95 shows the frequency response of
the E{FCS as set-up for the two channe l force sharing
tests. This response is within the phase and ampli-
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tude limits for the 680J secondary actuator (Reference
Section 4.2.1.1).

FIGURE 96 is the resul t of the hardove r inpu t and
shows that when P reaches 936 psi , the fa i lure moni-
tor indicates a failure .

The baseline two channel 6803 simulation did not
indicate any failures when driven with a ± 5.0 vol t
input through the bandpass of the test set-up .

4.4.2 Multi-Channe l DHVM Data

4.4.2.1 Test Description

The DHVMT and the two DHVM ’s were inserted into
the multi-channe l base line test set-up as illustrat ed

- • in FIGURE 97 block diagram.

Data was recorded with the DHVMT operating at 80
samp les/sec. and 125 samples/sec. The two DHVM ’s were
opera ted asynchronous ly at the 1465 update rate. With
the test equipmen t provided , there was no provision for
con trolling the amount of inpu t upd ate time d i f f eren-
tial be tween the two DHVM ’s Since the DHVM ’s upda ting
times are approximately 1/8 of the test system ’s time
constant , the system will not be expected to exhibit
signif ican t res ponse devia tions due to the skew of the
update times between the DHVM ’s.
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I Function I Failu;e~~1DHVMT F— - I—~ 1 Instrumentation I
Generator I Detecto~J 

I
L~~~~~~~~~~~~

DHVM HFCS X
2

Where : #2 #2
X

l 
= HFCS CH 1 Output Motion

X = HFCS CH 2 Output Motion
a2

Note: Xal and Xa2 are connected together with a rigid
mechanical connecting bar

FIGURE 97 Multi-Channel Test Set-Up

4 . 4 . 2.2  Test Resul ts

FIGURES 98 and 99 are the frequency response
plots at sample rates of 80/sec. and 125/sec. With
the except ion of the normal amplitude modulat ion
peaking (at the 1/2 samp le frequency for 80 samples/
sec.) the frequency response p lots appear to be the
same as the base line response of FIGURE 95 in
Section 4.2.2.2.
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FIGURES 100 and 101 are the 80 samp les/sec. and
125 samples/sec. for hardover failure in Channel 1.
This data shows that the failures are detected the
same as in the base line da ta in FIGURE 96.

The 680J simulation did no t indicate any fail-
ures or increase in LiP1 or 1~~P9 when a sine wave in-
put at ± 5.0 volts was swept through the bandpas s of
the test set-up.
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4.4.3 Phase IV Test Results Summary

4.4.3.1 Multi-Channel Base Line Test Results

A two channel , 680J , force sharing with P fail-
ure monitoring was simulated on the HFCS. The simula-
tion was tested and determined to be accurate by com-
paring the data to Reference I and 2.

4.4.3.2 Multi-Channel DHVM Data

A DHVM was inserted in series with the command in-
put of each of the two simulated 680J channels. The
data recorded with the two DHVN ’s operating asynchro-
nously was an exact comparison with the baseline data .
The DHVMs did not cause inadverteqt failures in the
simulation.
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SECTION III

CONCLUS10NI~ AND RECO 1~€NDATI0NS

It is concluded th -1t the DHVM operated e s sen t i a l l y
as intended by de~ i g .  The 6803 configured electro-
hydrauli*. con t ri 1 s’:stem t -xhihited some f requency re-
sponse de~ r ~i tion wheH the system was driven with the
DHVM. Thi s degradatiL in was caused by the rate at which
the analog input i~as being sam p led. Performance degr a-
dation of the A-7D 1irera ft response was not noticeable
at the sample rates used for testing .

From the tests , it is concluded that analog electro-
hydraulic servo sys tems should be driven wi th a pulse
width modulation frequency high enough to preven t large
amp litude response of the servo valve ’s first stage.
A pulse wid th signal demodulator may be used to roll o f f
the ampli tude of the modula tion f r equency wi th some
potential of degrading the sys tem res ponse . A desirable
maximum amplitude for the modulation frequency driving
the servo valves would be 57~ of full scale . (Ref.
Section 4.2)

The DHVM will fail all four channels when a sing le
channel is at the negative failure tolerance and the
remaining three channels are matched within 5.0 milli-
volts. The problem is located in the circuit design.
One solution to the problem would be prevention of the
input synchronous counter ’s ou tpu t transi tion from being
presented to the failure logic simultaneously. (Ref.
Section 4.1.3.2)

Asynchronous operation causes the failure detec-
tion to be frequency dependent. Using a dig ital f i l ter
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to reduce the failure detection sensitivity with in-
creasing input frequency would eliminate this problem
with asynchronous operation. (Ref. Section 4.1.3.2)

The output of the DHVM goes to negative full scale
value when the momentary re-set switch is held in the
re-set position. This occurs because the PWM signal
stops and the TTL Lo value is at the output. One solu-
tion to this  prob lem would be to use the re -se t  swi tch
to trigger a single shot multivibrator , allowing a
hardove r output  for  a single clock cycle when the DHVM
is re-se t .  (Ref .  Section 4 . 2 .4 . 2 ~

— 
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SECTION IV

APPLICATION GUIDE LINE

1.0 General

The DHVM is designed to monitor up to four digital
inputs and select one for an input to flight control
system hardware . In applying this device to a flight
control system , the guidelines in the following sections
should be considered.

1.1 Signal Level and Polari~y

The PWM output signal must be compatible to the in-
put of the contro l system being considered. Since out-
put of the DHVM is TTL and the input for most control
systems requires a bipolar signal , an off-set and scal-
ing interface will be required.

1.2 DHVM Update Rate

The DHVM update rate should ~~~ - set •it the highest
rate at which the available di ti t a l hardware operates
reliably. The control systin. to be interfaced should
be reviewed to insure that the PWN frequency will not
have undesirable effects on the electro-hvdraulic hard-
ware. One area to consider is the scrvi i va lve . To
prevent damage to the first stage , the valve ’s amp litude
response should be at least -26db relative to full scale
input at the modulation frequency. The modulation Ire-
quency should not be at a mechanical resonance freq-
uency (or one of its harmonics) of the elei-tro -h ydraulic
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hardware .

1.3 Signal Resolu tion

The signa l resolut ion is dependent upon the number
of bits that is used for the data portion of the digital
word. The word length should be selected on the basis
of availble digi tal  hardware and required system re-
solu tion , allowing for one to two bits of inherent dig-
ital noise.

1.4 Failure Toler ance

The fa i lure  tolerance level selection is ba sed
upon the allowable deviation tha t is acceptable to the
aircraft to which the system is applied.

1.5 Time Delay Before Channel Exclusion

The time delay should be selected on the basis of
the time that the a i r c r a f t  can accept a hardover i n p u t
to the control  channe l of the contro l axis of interest.
This transient will normally effect the contro l channel
on the third failure , since positive hardovers are
selected as the output signal. The first two channe l
discrepancies are detected before a t r ans i en t  cou ld be
output from the DHVM .

Inpu t Signal Samp le Ra te

t h e  i npu t  analog signal should be samp led a t 1

~~i 1 I i r nu t n  I - I  eight times the highes t frequency oI ititer-

I -~~ 
( 
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es t .  When the input  f requency is at 1/2 , 1/3 and 1/4
of the samp le frequency a significant amplitude modula-
tion of the control system output will be present (when
the input samp ling is synchronous). The ampli tude mod-
ulation that occurs with input frequencies at 1/2 of
the samp le frequency is l007~ and at a muc h lowe r f r eq-
uency than the input .  The modulation frequency is de-
pendent upon the rate that the input frequency moves
in and ou t of phase with the samp le f r equency.

Another consideration that should be given to the
samp le f r equency is the time delay incurred when the
information is processed through the dig ital por tion
of the system . This time delay converts directly to
a specific phase shift at each specific input freq-
uency. This can induce control system stability
problems when used with aircraft motion closed loop
systems .

1.7 Special Considerations

Two areas require special consideration unless they
are designed out of the DHVM. One area is the sensitiv-
ity of the failure detection to frequency when operating
with asynchronous inputs. The other area is that if
three channels are closely matched and the fourth is at
the negative error tolerance , all channels will be ex-
cluded .

The frequency sensitivity problem can be helped by
increasing the allowable errors before a channe l failure
is acknowledged. This will compromise the original time
delay considerations although the f l ight computer could
set the time delay and/or error counter to a different
value as channel exclusions are annunciated. This tech-
nique will not prevent the unit from failing with con-
tinuous sine wave inputs.
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The four channel fai lure problem can be accomo-
da ted by insuring that the four inputs to the DHVM were
separ ated in magni tude by a voltage equivalent to the
last three digital bits of an input  word.
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