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DEVELOPMERT OF A FLIGHT LEVEL INDICATOR
SUMMARY

This report covers the development of an instrument designed to provide verti-
cal separatlon between aireraft in flight by relating flight altitude levels to com-
pass directione  The instrument consists essentially of an aneroid barcmeter mechanism
providing a umiform measurement of pressure altitude from a fixed standard reference
progsure The dlal of the lnstrument 15 greduated like a compass rose, so that a
definite pressure altitude of operation corresponds to each compass heading of the
alrplane The use of this instrument 1s suggested as a poszible solution to the preb-
lem of assigning safe crulsing altitudes for mircraft flying along, across, or off the
civil airways

Flight testing and use of the instrument over a considerable perloed of time
have indicated the practicabllity and reliability of the proposed methed of flight
control

INTRCDUCTICON

As traffic continues to increase, the necessity for maintaining vertical
geparations in flight bacomes more critical Collasione in the air are not an un-
common accurrence even during favorable weather The possibility of such collisions
will become increasingly great with the enormous growth of private and commerciel
flying anticipated In the next few years As density of traffic along and across
civil alrways Ilncreases, simplified methods of traffic control become more ilmportant
and desirable Reports from air carriers, pergonnel of the mllitary serviceg, and
the aircraft industry generally, have indicated the desirability of some positive
method for controlling cruising levels at definlte pressure altlitudes which caen be
readlly and accurately determined in all alrcraft

The instrument suggested in this report as a possible solution to the problem
was developed and tested in 1939 and 1940 A report of ita principles and application
1% belng presented at this time because of renewed interest in collision preventlon
and traffic control procedures

PRESENT TRAFFIC RULES

The present system of airway traffic conmtrol 13 described i1n detail in the
Civil Air Regulatlons, Fart 60 - far Traffic Rules These specify generally that
doring instrument flight conditions, eastbound and northbound aircraft shall fly at
odd thousand-foot levels and that westbound and southbound aircraft shall fly at even
thousand-foot levels, The regulations also specify levels for alrway intersections
and for off-mirway flighte when crossing & civil airway No speciflec cruising alti-
tudes are required during weather conditions permitting contact flight, although alr-
craft are required to keep to the right-hand eplde of radio range courses, and confor-
mance to ingtrument rules when above 1,000 feet 15 recormended A pilot must have an
instrument rating as well as suitable lnstruments and radio equipment in order to
obtaln flight clearance under weather conditions requiring instrument flight

The regulatiens are designed to avoid ceollisions between aircraft in contact
flight by the lateral separation of oppeosing traffic along the alrways, and in instru-
ment flight by altitude sepsration as well as lateral separation  Further, altitude
and time separations are provided by airway traffic control centeys for silrcraft
flying routes in the same direction along an airway The regulations governing sepa-
ration of aircraft apply only to aircraft flying aleong or actually crossing a federal
alrway

USC &G5 AzBL? 0(13)



The present regulations specify flight altitudes along the airways in terms
of 1ndicated altatude in feet above sea level, as determined by a standard sensitaive
altimeter The pressure valuss used in calibrating an altimeter are obtained by as-
suming that the sea level pressure 1s 29 921 inches of mercury, that the temperature
at sea level 15 15° C , and trat tre temperature aecreases with increase of altitude
at the rate of 1 9812° C per thousand feet It 15 cnly when these conditions exist
that the altimeter will read true altitudes throughout i1ts range, neglecting scale
errors i1nherently present in the instrument

All sensitive altameters, required by CAR - 60, have scale adjustments with
which the instrument may be set for any reference sea level pressure from approximately
28 to 31 anches of mercury Since the barcmetric pressure may varv along the route
of a flaght, a1t 1s necessary for the pilet to reset his altimeter contzmicusly 1f the
instrument 15 to glve readings of altitude based on the sea level pressure existing
in the 1mmedaate vicinmity of the airplane The procedure cutlined i1n the regulations
requires that altimeters be adjusted to the current setting of the nearest repcrting
control station along the route of flight  However, there i1s on record at least one
accident 1n which two aircraft have collided when each was flying indicated altatundes
apparently affording vertical separation, but i1n which no actual clearance existed
because the altimeters of the two aircraft were not set to tle same base pressure

SUGGESTED UNIFORM CONTROL OF FLIGHT LEVFLS

A uniferm methoa of controlling crulsing and holding altitudes has been sug-
sested as a means for simolifying coperations and maintaining safety in presently
controlled zones, as well as 1n areas outlside such zones Thas system of control is
based upon waform pressure altitude measurement from a fixed standard base by a type
of instrument common to all aireraft One type of instrument wvhich as su>table for
such purpose, and which relates flight levels fo compass directions, 1s described in
this report The actual application of the system invelving the use of the instru-
ment would be determined by trose who are concernea primarily with the regulation of
air traffie

DESCRIPTION CF THE FLIGHT LEVEL INDICATOR

The instrument designed for sucl an altitude control system has heen desig-
nated the flight level indicator The experimental vmit, 1llustrated 1n flgure 1,
was develeped by the Oivil Aeronzutics Administration in cooperation waith the Kollsman
Instrument Company

Basically, the flight level indicator 1s an aneroid barcmeter compensated
for temperature variation No barometric pressure setting 1s provided as 1n Jensi—
tive altimeters, but an adjustment 1s available for resetting the hand 1f the instru-
ment should develop & Zerc error The calabration of the instrument 15 adentical
with that of the sensitivd zltimeter and 1s based on the standard atmosphere formula
and a sea level pressure of 29 92 inches of mercury The instrument 1s provaded
with a static comnection for atmospheric pressure ard with an electrical connection
for 11lumnation It welgrs 1 17 pounds and 15 designed for mounting on the instru-
ment panel Rim laghting 1s provided in the conventional manner with a 3-volt
electric lamp

The face of the flagrt level indicator 1s of standard size It 15 pgracuated
1in degress li<e a compass rose, as shown 1n figure 1, rather than in feet  The dial
i1s marked with the cardinal directions N, 2, 5, and W, and 1s furtler subdividea in
intervals of 10° A pointer attached to the aneroiad mechanism thus shows the direc-
tion in which the flaght should be proceeding at the existent altltude The pointer
makes one complete revolution {360°) for every nominal change of 2,000 feet 1n alti-
tude to a maximum altitude of 16,000 feet

When the i1nstrument 1s subjected to the standard atmoscheric sea level pres-
sure of 29 92 inches of mercury, the pointer i1s at W As the altitude 13 increased,
the pointer moves clockwise through a 90° arc on the compass rose dial for each in-
crease of 500 feet 1n pressure altitude Thus, clockwise movements of 30° , 180°,



and 270° indicate increases of 500 feet, 1,000 feet and 1,500 fest, rospectively
Counter clockmise movements indicate corresponding decreases in altltude

For convenlent reference to the compasgs bearing being flown, a direction
marker on the outer edge of the dial can be set manually by a knob at the bottor of
the instrument to the desired magnetic heading.

A subdial, which 1s vasible through an aperture btelow the center of the main
digl, indicates flight levels by numbers  TEach cardinal heading or 500-foot altitude
step 18 designated as a flight level ard given a number For ecxample, sea level, W,
under standard atmospheric conditions 1s flight level 03 500 feet, N, 1s flight level
Ne 1, 1,000 feet, E, 1a flight level No 2, 1,500 feet, S, 13 flight level No 3,
2,000 feet, W, 1s flight level No 4, and so forth

ha altatude 1s increased or decreased, the subdial rotates slowly and indicates,
against a reference index on the fixed dial, the number of the level, or the nearest
level, on which the airplane 1s being flown  There are 32 flight levels of 500 feet
each, totalling 16,000 feet of nominal sltitude, in the range of the instrument

Flaght levels 1, 5, 9, etc , are automatically indicated for flights on
northerly bearings, flight levels 3, 7, 11, etc , on southerly bearings, flight levels
2, 6, 10, etc , on easterly bearings, and flaght levels 0, 4, 8, etc , on westerly
bearings On intermedzate headings, intermediate levels would be indicated  For
example, for flights on a magnetic bearing of 60%, and with the rotating pointer of
the indicator on that course, a flight level two-thirds of the way between levels 1
and 2, or between 5 and 6, etc , would be indicated The purpose of dividing the pro-
gressive steps of nominal altitude into numbered flight levels, as described, 15 to
provide a convenient method of reference between airway traffic control centers, com-
mumacations stations, and pilots in flight, and alsc te assist in the preparation of
flight plans

Several alternative and possibly simpler systems of flight level numbering
mght be used For example, a numbered flight level might be taken for each complate
revolution of the instrument pointer, or for each 2,000 feet of standard preassure
altitude  Thus, waith such a system, eight flight lavels would be used to the maximum
indicated altitude of 16,000 feet

APFPLICATICN

In using the instrument, a pi1lot would climb to his desired or assigned
cruiging flight level and then msintalin the pointer in agreement with the magnetaic
bearing being flown. If he subsequently desired to fly at a higher or a lower alti-
tude cn the same compass course, he would climb or deacend until the pointer of the
ingtrument made one or more complete revolutions and again agreed with the magnetic
bearing Thus, in this system of traffic, the pilot has & choice of flzght altitudes
which are in steps of 2,000 feet

The usefulness of the flight level indicator 1s limted to cruising and
holding-level flight conditions Upen letting down for an approach or a landing,
the 1nstrument would be disregarded and attention given to the altimster and other
flaght instruments

It can readialy be seen, as 1llustrated in figure 2, that two aircraft ar-
rivang at the same point over the ground but flying in opposite directions nominally
w1l be separated by at least 1,000 feet of altitude Simlarly, if the two aircraft
have paths intersecting at right angles, thelr nominal wvertical separation will bte at
least 500 feet Two aircraft fiying on the same magnetic bheading might be at the
same altitude unless supplemental control 15 applied to insure that tre two airplanes
are flying in differently mumbered flight levels It 15 assumed that for flights along
established airways such control would be applied by traffic control centers, the
flight level indlicator serving to supplement and simplify such centrallzed direction

For uncontrolled cruising flights other than along sirways, the flight level



indicator will not provide positive vertical separation for aircraft flyaing along
1dentical paths Eowever, 1t may be assumed that for this type of flight, the pos-
sibilaty of two aircraft flying closely identical ragnetic heaaings over the same
point on the ground, at the same time, under conditions of poor visibility, snd of
simultaneously having the pilots choose the same numbered flaght level, 1s extremely
rerote anless density of such traffic becomes infinitely zreater than 1t 1s at the
present time It furtrer will be noted that with one airplane overtaking anotlrer,
mazimum time 1s avallable to avold collisicn

Ir order to be applicable, flight level indicators in a2ll airplanes must have
a common reference pressure  Therefcre, as mentioned orevioualy, no means are rro-—
vided for making barometric pressvre settings in flaght  The common reference pres-
sure 1s obtained by settaing the pointers of all instrurents at West (W) for a static
pressure of 29 92 1nches of mercury  Thus, the flight levels of differert airplanes
w1ll be positively related even though the barometric pressure for a given absolute
altitude may vary with time  Although the entire series of flight levels may vary
with respect to their actual altituds above sea level, trey remain spaced in proper
relat-on to one ancther  For this reascn, the flicht level 1indicator eliminates tre
ambiguities arising in flight level separation as a result of variation between alti-
meter settings in different airplanes

The flight level indicator cannot replace the altimeter entirely For ground
clearance values ana airpcrt elevation readings, 1t still would be necessary to adjust
the altimeter to the existent oressure conditions of tre zone i1n which the aircrart is
flyang For purposes of vertical semaration control, however, no reference to an
altimeter would be required

The presence of the flight level indicator in an airplane can be of valuable
assistance 1n checkinz the altimeter  Suc- chec<ing may oe performed simply in the
followang manner Tre barometric scale of the altimeter first i1s sel to 29 92 The
indicated altitude tren 1s corpared with tre product of the flarht level numper times
the constant 5C0 The comparison 1n instrument readings should be rade when the
pointer of the flight level indicator 1s at a cardinal point so that no interwclaticn
of the scale 15 reguired This nethod of checking will permat detecticn of hysteresis,
drift, and other errors in tre altimeter reading

Tre flight level indicator can ke adapted alsc to the zutomatic —1lot as a
mears of ceontrolling cruising altitude In the inscallation cf the instrurert as a
part of the automatic pilot system, the mamually controllec course indicator marker
and the indicating peinter would Le intercconnected te the zutomatic pilet in such a
way that when the marker 1s set at the desired course, correspending to a desired
altitude or flight level, the automatic pileot will bring the sirplane to this level
and the pointer will remain on the selectea oearing

PARFORLANCE CHARACTERISTICS

The alility of the flight level indicateor un provade positave vertical seva-
ration of aircraft which are flying aafferent magnetic bearings at the same roint
over the ground 1s limitea by rarious iactors Tnese factors may be classitiea in
two groups, (1)} those which are variahle 1n a random manner and which may cause un-
predictable loss of altitude separatior, and (2) those which are systematic in nature
and which 1n effect tend principally to change the general pattern of the nominal
separation system Included under group (1) are scale ana mscellaneous instrumental
errors, ana 1naccuracles 1N measuring bhe true existent atrospheric pressure Under
group (2) are ircluded the effect of variation of actual stmospheric temperatures
from the assumed standard temperature distribution, ana the effect of wind 1n causing
difference in bsaring between the magnetic heading and the true flight paty of the
alrplane

The standard atmosphere formula, which 1s the oasis :or calibration of the
sensitive altimeter mecranism, assigns a given altitude to eact value of static ores-
sure The dxfference in altitude registered by the mecharmism and that asscgned by
the formula at a given static pressure 1s, by definmition, tre scale error of the in-



strument  Specifications for altimeters usvally indicate the allowable limt of such
error over the entire scale range The cost of the instrument increases measurably
wltn a decrease in the allowable scale errcr

In Tables I, II, and IIT1 are given tabluations of the original tolerances
specified for the four experimental flight level indicatora which tave been fabricated
and which are covered by this report TWhile the total scale error tolerances indica-
ted in the tables are as great as 305 feet, actual i1nstrument calibrations, as shown
in Tables IV and V, have much lower scale error values

TABLE I

PERMISSIBLE SCALE ERRCR AT TEMPERATURE OF 20° C

Flight Pressure Tolerance
Level Standard Altitude Feet Inches of Mercury Dagrees | Feet {approx )
0 0 29 92 5 25
2 1,000 22 B& 16 55
4 2,000 27 82 10 55
6 3,000 26 21 10 25
8 4,000 25 B4 15 85
1 5,000 24 89 15 85
12 6,000 23 98 15 85
14 7,000 23 09 20 110
16 8,000 22 22 20 110
18 g,000 21 28 20 110
20 10,000 20 58 25 14C
22 11,000 19 79 25 140
24 12,000 19 03 25 140
26 13,000 18 29 30 165
28 14,000 17 5% 30 165
30 15,000 16 B8 30 165
32 16,000 16 21 35 195
TABLE TII
PERMISSIELE IMCRRASE IN SCALE ERROR TCLERAMCE AT-35° ¢
Mlowable Change
Flight Level Legrees Feet (aporox )

0 g 45

10 12 65

20 16 aC

30 20 110




TABLE III

PERMISSIBLE INSTRUMENT ERRORS

Test Point Tolerance
Instrument Frrors Flight Level | Degrees | Feet (Approx )
Hysteresias 15 12 65
Lysteresis After-Effect 0 B L5
Case Position 0 5 25
Case Leak 1 8 45
Pointer Movement {Vibration) 0 5 25
Change of Scals (Vibration) o) B 45
TAPLE IV
MEASURED SCALE ERRORS OF FLIGHT LEVEL INDICATOR
{Instrument No 1)
Teat Point Scale Brrors in Feet
Flight Level Inal Direction Po.nter
Altitude Flaght
Feet Level | +20° G -35° ¢ Change |[+20% C [|-35° C |Change
0 8} -50 C +450 —11 +27 5 +38 5
1,000 2 0 O o 0 +11 +11
1,500 3 0 0 0 c +11 +11
2,000 4|50 o +50 c +27 5 W27 5
2,500 5 —100 Q +100 —22 +22 + 44
3,000 6 -50 -11
3,500 7 0 o}
4,000 8 =50 —50 o C +55 |+55
4,500 5 |50 ~27 5
5,000 10 |00 —-16 5
5,500 11 o +11
6,000 12 -50 Q +50 0 +5 5 + 55
6,500 13 —50 +27 5
7,000 1 |—00 -22
8,000 16 —100 —-50 +50 —-22 -5 5 +16 5§
2,000 18 —100 33
10,000 20 —100 =27 5
12,000 24 =100 =100 o] — Ay -49 5 -5 5
14,000 28 —100 — 44
16,000 32 - 50 -50 0 —-16 5 —38 5 [-220




TABLE V

MEASURED SCALE ERRORS CF FLIGFT LEVEL INDICATCR
(Instrument No 2}

Test Point Scale Errors in Feet
Flaght Level Dial Direction Pointer
Altitude Flaght
Feet Level 20° C |-35° G | Change | 20° C —-135° ¢ Chenge
0 0 -300 =300 —16 5 —-11 +5 5
1,000 2 —300 —300 —38 5 —16 5 +22
1,500 3 —250 —300 —50 —44 —38 5 +5 5
2,000 4 —350 =350 —22 =27 5 =55
2,500 5 —400 —400 —33 —49 5 =15 5
3,000 6 —350 —35Q —-16 5 —27 5 -11
3,500 7 —300 —27 5
4,000 g —350 —4,00 -50 —22 -38 5 -16 5
4,500 9 =400 =27 5
5,000 10 =350 —400 —50 -16 5 —38 5 —22
5,500 11 —350 33
&,000 12 —400 _400 -11 —4d, —33
6,500 13 —350 —33
7,000 14 —350 —22
8,000 16 [-400 400 -16 5 —55 ~38 5
3,000 18 =400 —4d
10,000 20 —400 —400 —44 —66 —22
12,000 24 —400 —400 —66 —60 5 +5 5
14,000 28 —450 — 400 +50 —66 —-93 5 =27 5
16,000 3z —400 —£00 —55 —B8 C —-33 0

A sensitive altimeter usually 1s supplied with a card which lists corrections
to be made tc the instrument readings because of acale errors A similar card might
be supplied with the flight level indicator which would list the correction in degrees
for various flaght levels  Such cerrection 1s not considered practicable, however, as
1t 1s desireble that use of the instrument be made as simple as possible

A further peoasible error in flight level indication 15 the use of an i1naccurate
system of static pressure measurements on the zirplane Jt 18 a practice in same 1n-
strument systems to use cabin pressure as the basis for static pressure measurements
it has been deronstrated, however, that the cabin pressure may vary in an amount cor-
responding to several hundred feet of altituae trroughout the speed range of an air-—
craft, independently of the static pressure of the free air Further, 1t has been
shown by teat that improperly located air speed tubes wlll result in static pressure
errors correspending to altitude variations of approximately 200 to 300 feet 1In
using the flaght level indicator, therefore, the static pressure errors of any air-
planes involved must be allowed as an coperational tolerance Fowever, the altitude
error from this scurce 1n a single instrument can be limited To a value of approxi-
mately 25 feet throughout the speed range of the airplane through the use of an air-
apeed tube of satisiactory design and instzllation

It should be noted, alsc, trat as in the standard altimeter, tre actuwal verti-
cal separation for a given indicated altitude separation will vary with temperature
4 1,000-Tfoot 1ndicated altitude separation will correspond to more than 1,000 feet of
actual vertical separation when air temperatures are higher than the standard tempera-
tures, and to less than 1,000 feet of actual spacing when the air temperatures are
lower tran standard The actual clearance can be reduced to BO percent of the indi—
cated value under condrtzons of extremely low temperature

Another limatation 1s placed om the ability of the flight level indicator to



provide positive and precise vertical separation of alrcraft because of differences
which may exast between the direction of airplane track and the indicated magnetic
bearing Two eirplanes with an appreciable difference 1n air speed do net follow the
same track when flying on equal magnetic headings in a creas wind and, hence, may have
no altitude separation elthough their actual courses may differ Further, two air-
planes following ground tracks of 180° difference in bearing in a cross wind will have
magnetic compass readings differing by nore or less than 180°, math a resultant
variatior in their altitude separation The principal effect of wind, as well of
temperature variation, 1s to cause a general systematic modification of tre separation
pattern and to effect some i1ncrease in posaibility of collision between aireraft con-
verging alcng tracks of small angular separation Thus the already exastent ragzard

of ceollisien oy overtaking aircraft, as previously discussed, might be slightly in-
creased

In summary, the greatest error affecting the efficiency and safety of the
suggested traffic system lies in the magnitude of scale and instrument errors found
1n the common sensitive altimeter  This assumes that flight level indicators are sc-
curately installed and carefully maintained in all aircraft  With the present types
of instruments available, the probable practical error tc be expected for the flight
level indicator, including scale, instrument, and static pressure errors, 15 aDpToxl-—
mately 150 feet and 175 feet at incicated oltatudes of 10,000 and 16,000 feet, resvec-
tively

LABORATCRY AND SERVICE TESTS

Four experimental flight level indicators have been given laboratory tests
and mumerous flight tests to determine (1) Accuracy of indication, {2) serviceabi-
lity and endurance, {3) capacity for remaining in proper calibration under normal
usage, and (4) pilot opiraon  Hesults of laboratory tests npon twe of the indicators,
which are typical of the four instruments fabricated, are shown i1n Tables IV and V
It 15 seen that the maxamum polnter scale error present corresponds to an error of
less than 100 feet in altitude

Several hundred hours of flight testing in alrcraft of the Army, the Navy,
air carriers, private owners, and the Civil Aeronavtics Administration, rave indicated
that the instruments function as intended and retain accurate calibratior over a
period of mere thar 18 months service

The majority of pllots using tre instrument have commented favorably ccncerming
1ts functioming and favor the employment of non-adjustable indicators for measurement
of atmospleric pressures from a common reference base for purposes of flight altitude
aeparation

CONCLUSIONS

1 The use of the flaght level indicator, in relating flight levels to
compass directions, offera a simple and unmiferm system for assigning cruising alta-
tudes to all types of aircraft, whether on or off civil airways, and a system in which
the possibilities of colllasion are minimized

2 The flight level indicator, within 1ts limts cf error, provides positive
vertical separation between aircraft when they are follcwing appreciably different
compasd courses, and possible but not positive separation when flying nearly adentical
compass courses Along established airways the instrument would serve to simplify
and supplement present methods of traffic control

3 The use of the flight level indicator, which indicates altitudes from a
comron reference base, 15 independent of ground reference pressures which might be
inaccurately set on the altimeter of an airplane, and eliminates the need for con-
tinuous resetting of the altimeter during the course of a flight feor the purpose of
maxntaining prover vertical separatlons -
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4 The flaght level indicator can serve as & simple and valuable check upon
the functiomng of the altimeter The altimeter, however, still mill be necessary
for the meintenance of terrain clearance and for height indicatione duraing the landing
procedure

5 The flight level indicator may De used in comnection with an automatic
pirlot as a means for automatically controlling cruising altitudes

6 The ability of the flight level indicator to provide positive vertical
geparation between aircraft 1s limited by the precision with which the various instru-
ments are calibrated, irstalled and maintailned It 1s estimated that the maximum
probable variable error in flight altatude for an sirplane on a given compass coursa
1s approximately 175 feet

7  Laboratory and fllght teating have demonstrated trat the flight level in-
dicator will provide an accurate amd aimple system of vertical aircraft separation
control, and that the instrument will maintain precise calibration over long periods
of time.
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Figure 1. Flight Level Indicator Dial Face .
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Figure 2. Compass Rose



