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FLIGHT TESTS OF AN OFF-SCHEDULE DISTANCE COMPUTER 

SUMMARY 

Anoff-schedule distance computer built 
byMlnneapoks-Ho”eyurellRegulatorCompa”y 
was loaned to the Clvll Aeronautrcs Admln- 
Istratum, 0 1 i I c e of Techmcal Development 
for evaluahon tests. The computer settings 
requred are, antlclpated ground speed and 
estimated arrival tome. The computer con- 
tans a clock-driven potentuxr,eter which de- 
rives a voltage proportmnal to the product 
of the desired ground speed and the tune re- 
man~ng before the expected arrival tmx. and 
a servo-system for comparmg this voltage 
with a voltage proportmnal to the distance to 
destmatmn which 1s obtamed from a course 
11ne computer. The dliference between the 
two v o 1 tag e s 1s a measure of the dxstance 
“off-schedule” and 1s presented visually by 
utlhzmg the horleontal needle d the mstrunent 
landmg system devlatmn mdlcator. 

The flight tests described I” this report 
mdlcate that distances of 100 mrles or less 
may be flown according to pre-set ground 
speeds with a” approximate error I” tune of 
arrlvaloi plus or rr,~r,us one mmute provided 
due allowance for w I” d conditions has been 
made I” setting the ground speed so as not to 
exceed the air speed llmltations of the air- 
craft. tonslderabk d~ihcultyv,as encountered 
1” pre-estmw.tmg ground speeds whzch could 
be mamtamed. This Introduces a problem m 
the use of such equipment. 

INTRODUCTION 

, 
An arcraft equipped with a course lme 

computerl, a” omn~rece~ver. and a distance 
measuring equlpme”t(DM~) recel”er has the 
necessaryequpmenttofly with precrsmn any 
selected co u r se over terraI” on which are 
located combined omnrrange and DME beacon 
statmns. V 1 s u a 1 lndxatmns of the amount 

I 
and dIrectlo” of devmtmns from course. as 

‘F. J. Gross and Hugh Kay, “Imtlal 
Flight Tests and Theory of a” Expermxntal 
Parallel Course Computer”. TechnIcal De- 
velopment Report No 83. September 1948. 

well as the distance fro”, the destlnatm” to 
the axcraft. are derived by the course line 
computerand ark avaliable to the pllot This 
ilxes the pos~tm” of the aIrcraft, but gives no 
lnformatlo” as to the progress of the arrcrait 
with respect to a desired schedule. Such I”- 
formatlo” may be calculated, however, since 
the distance to go 1s always know” Calcu- 
latmns at Intervals would be necessary to 
determme the devlatm” from schedule. To 
present visually and contmuously the devl- 
atlonfrom schedule. a” off-schedule distance 
computer was bult by the Mlnneapol~s- 
Honeywell Regulator Company and was loaned 
to the GlvllAeronautla Admlnlstratm”. Offxe 
of T e c h n. c a 1 Development, for evaluatm” 
tests I” February 1948 

The use of the off-s c h e d u I e distance 
computer (OSD) presupposes thatthe alrcraft 
1s bemg flow” a long a straight track to the 
destmatm” Contmuous distance to destlna- 
tmn miormatm” 1s supplxed to the OSD by the 
course line computer. The horleontal needle 
of the devlatmn mdlcatar mstrument 1s utrllzed 
to present visually a” mdlcatmn of the dls- 
tance I” miles that the arcraft 1s ahead or 
behmd a schedule which IS determmed by 
pre-settmg the OSD computer controls to the 
desired ground speed and the resulting tm,e 
of arrival atthe destmatmn Byproper control 
of the air speed, the pilot may keep the needle 
centered and thus expect to arrive at the 
destrnatmn “on schedule.” 

The OSD computerdlscussed I” thxs re- 
port 1s not a productmn model but was con- 
structed of standard components I” order to 
uwestigate ti performance d such a computer. 
Aphotographlc v~ewof the computer 1s show” 
I” Fig. 1. The theory of operatm” of the com- 
puter 1s give” only I” brief since this report 
13 Intended to deal prmxx~ly with illght test- 
1ng. 

DESCRIPTION 

The prl”c,pal components of thr OSD 
computer a r e , ampllfxr, off-schedule dls- 
tance potentmmeter. schedule speed potrntl- 
ometer. pnctmn box. and a clock assembl\ 
which xncludes the schedule potrntmmrlrr 
A general v,ew of the computer 1s show” I” 



2 

Fig 1 It should be rerterated that the par- 
tlcular computer tested 1s not a productlo” 
model. Onthe frontpanel, Fig 2, are located 
the clock assembly, the schedule speed po- 
tentlometer, end the motor-driven off-schedule 
distance mdlcator Around the clock face 1s 
a housIngwhIch contans the schedule potentl- 
ometer This potentiometer and its mdlcator 
may be rotated around the clock face by the 
ARRIVAL TIME knob which 1s located on the 
upper right side of the schedule potentiometer 
housmg Immediately behmd the front panel 
and attached to the back side 1s the servo- 
motor. Behlnd the servo-motor and attached 
to the base 1s the ampllfxr The ,unctlon box 
wlthfourAN connectors ~mountedonsupports 
over the amplliler In order, from the front. 
the connectors contam the followmg clrcults 

1. spare 
2. Course line computer (Incoming 

“Distance-to-Destmatlon” voltage) 
3. Power (115 volts. 400 cps, 60 watts) 
4. C r o s s-pomter me t e r (to horizontal 

needle) 

Inputs to the computernecessaryfor operation 
are the distance to destmatlonvoltage supplled 
by the parallel course computer and power. 
Hand settmgs requlredare the time of arrival 
and the scheduled ground speed The output 
of the computer 1s I,, the form of a deflectton 
of the horizontal needle of the devlatlon I”- 
dlcator showng the distance I” miles ahead 
orbehmd schedule for the partxular settmgs 
of ground speed and arrival time 1” use The 
deflectlonmdlcatlons are so arranged that an 
upward deflectlo” of the needle shows the air- 
craft to be behmd schedule while a downward 
deflection of the needle mdlcates that the air- 
craft 1s ahead of schedule With the arcraft 
at a given distance from the destmation and 
a g,ven ground speed set rnto the computer, 
there 1s only one settmg of the time of arrival 
that ~111 center the devlatlon mdlcator horl- 
zontal needle Once the needle 1s centered, 
its p o s 1 tl o n 1s mamtalned by ad,ustmg the 
al= speed of the aircraft By mamtam~ng the 
needle centered, the pre-set ground speed 1s 
made good at all pomts on the course, and 
the alrcrait should arrive at the destmatlon 
at the pre-set arrival t,mr 

THEORY OF THh OSD COMPUTER 

The function of the OSD computer 1s to 

acceptfrom the course lme computer * volt- 
age e, proportIona to the distance to destl- 
natlon and c om p a r e It with another voltage 
e2 derived wlthln the OSD computer which 1s 
proportlonal to the p rod u c t of the desired 
ground speed and the %me to go I’ The dlf- 
ference between the two voltages e3 1s a 
measure of the dewatlon from schedule The 
voltage e2 derived wIthI” the computer must 
change contmuously I” such a manner as to 
be always proportIona to the product of the 
pre-set groundspeed and the time remammg 
before the time of arrival. 

A slmpllfmd schematlc dmgram of the 
computer 1s shown I” Fig. 3. Settmg I” the 
desired ground speed posItIons the slider of 
the s the dule speed potentiometer and. I” 
effect, gives a voltage proportIona to the 

ground speed. This voltage IS fed to the 
schedule potentiometer. Setting m the time 
cdarrlval posItIons the schedulepotentlometer 
1.1 s u c h a way as to feed a voltage e2 to Its 
slider that 1s proportional to the product of 
the ground speed and the period of time ex- 
lstmg between the txme of settmg and the 
arrival time. After the xntlal settmg, the 
clock mechanism moves the slider of the 
schedule potentiometer so as to mamtain a 
voltage e2 whlchrs always proportlonal to the 
product of the desired ground speed and the 
time remammg before the arrival tm,e. 

The two voltages e, and e2 are compared 
through summmg resistors. Their difference 
e3. after bemg ampllfled. IS fed to a servo- 
motor which drives the slider of the off- 
schedule distance potentiometer. At s o m e 
posItIon on the potentiometer, the slider ~111 
feed I” a voltage e4 of the correct magmtude 
to cancel the dliference voltage e3 At tbz 
point. the rotatron of the servo-motor Will 
cease, and the amount of rotation ~111 be ln- 
dlcated by a pomter on the servo-motor shaft 
before adlal calibrated I” m&s ahead or be- 
hmd schedule The servo-motor also drives 
a separate potentiometer to furmsh devmtaon 
lndlca to r deflectlons. The potentiometer 
feeds a rmg-type demodulator whlchis a 
phase-sensltlve rectiiler The output of the 
rectlfler 1s mdlcated by the devlatlon mdlcator. 
Not previously mentioned. but shown on the 
schematIc, 1s the velocxty generator which 1s 
coupled to the servo-motor. Rotation of the 
servo-motor shaft causes an emf e5 to be 
generated I” the velocity generator. This emi 
1s fed back Into the servo-motor amplifier. 

- 



Fzg. 1 Mmneapolls-Honeywell Off-Schedule Distance Computer, Model 1 

It tends to prevent huntmg ard effects smoother 
aperat1on 

If the alrcraft IS f 1 own with the devl- 
at,on mdlcator centered, the distance to des- 
tmatlonvoltage el as supplled by the parallel 
course computer must always equal the volt- 
age e2 w hlch 1s proportional to the product 
of the desired ground speed and the txne re- 
ma~nmg before the txme of arrival. Thus a 
schedule may be mantamed and the meetmg 
of a pre-set arrival txne assured. 

RESULTS 

In order to test the OSD computer 
operationally, tracks were flown along a 
section 1,ne which contamed numerous check 
points. The course on the course lme com- 
puter was selected to conform to the sectlon 
line. and the destmatlon was selected as a 
check pomt approximately 90 miles distant. 
The course was flown by visual reference to 
the section lme rather than by followmg the 
devlatlonmdlcator deilectlons. The devmtlon 

mdlcatordeilections were recorded, however, 
and were found to be in ver) close agreement 
w,th the actual course No deflectlo” was 
faundtobemare than two miles, and an error 
of this magmtude occurred for a very small 
percentage of the time The average error 

mdxstance todestmatlonwas 2 0 miles Over 
each check po,“t, readmgs were taken of the 
,nd,cat,ons oi both computers, the lndlcated 
arcraft performance, and the time 

A tabulation of the readmgs taken durmg 
a typlcal test flight 1s shown I” Fig 4 The 
results of the same test are plotted I” Fig 5 
In Curve A the product of scheduled ground 
speed and claps ed txne 1s plotted versus 
elapsed time This represents Ideal per- 
formance Curve B shows the actual result 
as obtamed by plottmg the true distance to 
the var%ous check pomts agamst the elapsed 
time Curve C shows the dliference between 
the distance-to-destmatlon from the starting 
pomt and the distance-to-destmatlon from the 
check pomts as mdlcated by the course line 
computer Th,s,I”efiecr, gives the mdlcated 
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distance traveled in the trne elapsed In other 
words, Curve C 1s proportmnal to the distance 
to-destmatlon lniormatmn bemg fed Into the 
OSD computer by the course lme computer. 

F,g 2 Front Vww, Off-Schedule D~stzmce 
computer 

The difference betweencurves B and C 1s the 
e r ro I III the distance-to-destmatlon mior- 
matmnrntroduced by the course 1m.e computer, 
assurmng the off-track distance to be negllglbk 
Curve D was obtamed by addmg to Curve C 
the mdlcated off-schedule distance of the OSD 
computer as recorded over the check pomts. 
The difference between Curve D and Curve A 
1s the OSD computer error The product 
of the true air speed and the Increment of 
tnne as so c ~a te d wxth It gives a distance 
equivalent to the travel of the arcraft m still 
al= Curve E 1s a plot of the surnmatlon of 
these distances for the total tnne mdlcated. 
ThedIfference between Curve E and Curve B 

1s anlnd~cat~on of the wmd condltlons 
encountered. 

In the begmnlng, a sensltwlty settmg of 
four miles per small dlvlsmn on the devmtlon 
Indicator was tried The setting proved un- 
practical in that off-schedule distances were 
too la I g e when they became apparent An 
aircraft one dlv,slon (four m&s) behmd 
schedule would requre 24 mu,utes to regam 
Its schedule If a correctIon I,, ground speed 
of ten mph was applied With a sensltlvlty of 
one dlvlslonpermlle,anofi-schedule distance 
of one dlvlslon could be regamed 11,51x minutes 
by a correctlan of ten mph The tests de- 
scribed were made with a sensltlvlty settmg 
that gave a devxatlon mdlcator deflectIon of 
one dlvlslon per mile off schedule (30 va 
per mule). The error of 0 9 nunute xn arrival 
time for the particular fll ght test given 1s 
representative of the errors in all the flights 
conducted 

Inma~ntamng a schedule precise to one 
mmute or less over a distance of 100 m&s 

Fig 3 sunpl,f,ed bchematlc D~ngram of the 
Off-Schedule Distance Computer 





great dlfflculty was encountered I” pre-estl- 
matmg ground speed settmgs which could be 
mantaned wlthout exceeding the perform- 
ance llmltatmns of the alrcraft. This problem 
arIses from the fact that lnsufflcient mfor- 
matmnis available regardmg wind condltmns 
aloft and IS also aggravated by c h a n g e s m 
wind condltlons which occur durmg a flight 
Usmg the most recent weather statmn n-&r- 
matmn avallable be f o r e a flight, predIcted 
ground speeds were attImes so different from 
the actual result obtained that air speeds 
outslde the performance range of the aircraft 
would have been nrcessary to malntam the 
desired schedule 0” several 0ccas10*.5, I” 
borderlme cases. pilots were for c e d to ily 
the Douglas earcraft used in the tests at an 
air speed of 95 to 100 mph to malntal” a 
ground speed setting of 140 mph. On other 
occasmns. air speeds of 180 to 190 mph were 
necessary to meet the schedule. 

CONCLUSIONS 

The OSD computer offers a method by 

which more accurate control of alrcraft 
schedules may be mamtamed. It requires 
continuous distance to destnatmn mformatmn 
whlchmustbe supplled by a course lme com- 
puter T h I s , in turn, requires mformatmn 
from a bearmg and distance faclllty such as 
a” ommrange and distance measurmg equip- 
mentoME) statIon. The fhghttests described 
in this report mdlcate that distances of 100 
miles or less may be flown accordmg to pre- 
set ground speeds with an approxnnate error 
In time of arrival of plus or mmus one mmute, 
provided due allowance for wmd condlbons 
has beenmade I” settmg the ground speed so 
as not to exceed the air speed lnnltatlons of 
the alrcraft. 

The OSD computer ~111 be of value I” 
arcraft mamtammg precise schedules, but 
the testshavedemonstratedtheneed for some 
sort of an mdlcator g~vmg contmuous ground 
speed mdlcations. Such an mdlcator would 
reduce great I y the estnnatrng required to 
determme ground speed settmgs, especially 
If reports from a I r c raft already II, flight 
could be obtamed. 


