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INSTRUMENT APPROACH PERFORMANCE CHARACTERISTICS
ON RADIO INSTRUMENT LANDING SYSTEMS

SUMMARY

Photographic space-time records of the approach paths followed by a DC-3 airplane in mak-
ing 25 instrument landings with the pilot under the hood, were obtained at the Oakland, Calif.,
municipal airport. The Bendix type radio instrument landing equipment (equi-signal localizer
and constant intensity glide path) was used in all these landings.

The results are presented as curves showing the verticaf and horizontal projection of the
flicht paths, air speeds, and sinking speeds from 100 feet above the ground to and through contact,
including the first few hundred feet of ground roll. Curves involving each individual approach,
as well as envelopes of all the approaches, are presented. Because of the lack of positive informa-
tion, the path of the radio beam is not shown and the sensitivities of the localizer and glide path
are not listed. The photographic records indicate that:

1. Contacts were made at distances of 3,300 to 4,600 feet from the transmitter, and at lateral
distances from the centerline of the runway up to 175 feet.

2. Height variation during approach was approximately 30 feet, as indicated by the envelope
of approach paths. }

8. The lower boundary of the approach path envelope indicates a distance to height ratio of
43:1 down to a height of 50 feet, below which the landing “flare’” is accomplished.

4. Lateral deviations of approach paths with respect to the centerline of the airplane were
within a lane 350 feet wide and symmetrical about the centerline of the runway.

5. Air speeds at contact varied from 75 to 105 miles per hour. At a height of 100 feet, air
speeds varied from 105 miles per hour to 135 miles per hour. The air speed variation dur-
ing these approaches was approximately 30 miles per hour.

6. Sinking speeds during approach did not exceed nine feet per second.

Figure 1. Photographic equipment field set-up.
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INTRODUCTION

The results presented in (his report mvolve
data that were obtaned ongmally m connedtion
with a stndv of aneraft take-oft and landime
charactenstics conducted  dunng  the latter
part of 1938 and the correlation of those «hai-
acterstics wilth auport s1ize  Since those dan
myolve instrutnent approaches usimg a 1ady
mstrument lanchug system  and with the pilo
under the hood, 1t 18 [elt that the interpietition
as piesented in this report might prove helplul
i the considerntion of further deselopments
and mstallations ol sumlar system= 11 o
18 believed that thus teportillustrates one feasible
method for corielating fMight charactonsoes
with existing mstollations of 1adio mstiumont
landing systems, and provides an mdication
as to desnable separation of parallel 1unw v
myvolving mstrument landimgs

A sumlar study of nsttument approach
performance characlenisties on the CAA-RTC A
1ad1o mstrument landuig svstem 15 planned and
will be deseithed noa subsequent teport

EQUIPMENT
Instrument Landing Svstem

The wnstrument landing svstem at Oakland,

TYPICAL TwIN ENGINE AIR CARRILR AIRCRAFT
BENDIX INSTRUMENT LANDING SYFTCM AT OAKLAND
PILOT UNDER THE HOOD
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Figure 2 Instrament approach flight paths {(Curves 2
and 17 are also shown on figure 9)

[l

Cald , was of the Bendiy tvpe, involving the
use of an equi-signal localzer and a econstant
mtensity glide path Tn shape, the beam path
wns substantially parabolic  The avadability
of this 1adio landing svstem, logether with ihe
DC-3 nuplane and thoroughly eapericneed
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Figure 4 Instrumenti approach arr speeds

piots, was made possible tlhrough the co-
operation ot the United An Lanes Transpoit
Corpotation

Photographic Recording Equipment

The photographie recording cqupment ob-
lams space-time 1ccoids of ancraft mm fhght
It operates on the 1ange-finder principle nnd
mdudes a field set-up which consisis fundu-
mentally of a widely but specihically sepaiated
pan of motion pretuie cameras, together with
their reference markers  These are loecated
symmetnicullv with 1espect to the conterhne
of the tunway and preasely with iespect to one
another

The cameras aie not traversed as the photo-
graphs are taken, but remam fixed with ther
Iens axes substantially parallel to the lne of
fhight  Automatic shutter iming obtams stmul-
Laneous mctures at the 1ate of fom ecach second
When a pan of simultancous metures 1s pro-
jected side by side, vertical and hornizontal dhs-
tances from the camea base line to the arrplane
as well as lateral deviation of the auplane from
the cenleiline of the runwav may be obtaned
from the mmage digplacements wn the projec-
flons

The accuracy ol this equpment1s within 0 5
percent at short ranges and 1s appioamately
1 5 percent nl the extieme range of 12,000 feet
This equipment was des eloped tor the Techmieal
Development Division by the Eastman Kodalk
Company, and wil be descuibed m deta1l 1 a
sepatate Technical Development Thvision re-
poit A photograph of a typical field sel-up
with reduced camera separation 1z shown n
hguie 1

USF OF DATA

In addition to the photogiaphie records of 25
strument appioaches, data involving lemper -
ature barometiie pressuie, wind ditection, and
veloaity weie obtained  The mstiuments used
to obtamn these meteorological data were located
just off the runway neat the point of contact
The temperatuie and barometiie pressure deler-
mine the denzitv altitude which may be used

to correct the fhght test results 1o sea level con-
ditions

Photogiaphic projections rendered vertical
and honsontal flight path projections and space-
time data  Aur speeds and sinking speeds wac
obtained from the slopes of the space-
time curves  The length of the runway used 1n
these tests and 1ts location with respect to the
tiansmilter were not shown in figure 9, since
m practice the transmitter-recenver arrange-
ment 18 adjusted for cach mdividual anpoit to
obtamn the pomnt of contact so that suitable ob-
stacle clearances and distances for ground roll
are 1ealized

No cortections were made for density alti-
tude, simce approximately sea level conditions
existed  Flhight path projections were not cor-
1ected for wind as a radio path was followed
Wind coirections, however, were applied to
fiving speeds and sinking speeds  In this con-
nection the wind yeloaty was assumed to -
crease with altitude 1n accordance with the fol-
lowmg expiession taken from National Advisory
Committee for Aeronautics Report No 626

1
V=V 5t)’
Where

V.=Component wind velocity at any alt-
tude (£1,)

Vo=Component wind velocity at the
ground {Il,) as determined from
the anemometer reading and from
the wind direction

It should be noted that the wind velocity
and direction will vary conaderably dunng the
approach fo1 a landing and that a precise deter-
mation of these values along the flight path
15 practically impossible

RESULTS

Curves showing the vertical and horizontal
projections of the appiouch paths from 100 feet
to contact for cach of the 25 bhnd landings
are shown 1n figures 2 and 6 The envelopes of
these paths are shown in hgures & and 3, which
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Figure 5 Instrument approach sinking speeds

aleo mnclude mdividual Mhight paths numbors 17
and 2 m figure 9 and numbers 12 and 19
figure 3 Those mdividual Hight paths s cach
case represent the best and wost of the 23
approaches

The air speed and smking speed aie hoth
plotted agmnst height above gound m figures
4 and 5  The envelopes of the an speed and
simhing speed curves are shown in fipuies
7 and 8

DISCUSSION OF RESULTS

Annspection of all figuies will reveal that the
height scales wie exaggerated with respect to
the distance scales  This scale 1atio seivis to
cmphasize the “hunting  of the anplane duning
approaches

Fiom figure 91t will be noted that the varnia-
tion m heght durmg the 25 apmoaches was
approximately 30 feet and that the lowm
boundary of the envelope mdicales a distanie
to height 1atio of 43 1 down to a height of 30
teet below which the landing “flare 18 accom-

and 2 are shown Liere as being the best and worst
of the 25 approach paths

I'rom figuae 3 1t wall be noted that the lageral
deviations of the auplane dunng the 25 ap-
poaches were withm o lane 350 feet wide and
approxmuately symmetiical to  the runway
centerthine, while contacts vared fiom 3 300
to 4 600 feet from the location of the trans-
mitter

With 1eference to figure 6, 1t 13 appaient that
the previously used best and worst Mlight paths
(humbers 17 and 2) do not represent the best
and worst lateral deviation approach paths
Instead, individual flight paths numbers 12
and 19 are meorporated on fhigure 3

In ordel to determine the distance between
parallel 1unways using radio mnstrument land-
g equipment, an arplane having a wing span
of 200 fect may be consmidered  The munmmum
distance between the two runway centerlines,
theretore, 18 the width of the lane plus the
WINg Span, or

3504- 200 =550 feet

phshed  Individual flight paths numbers 17 Any desired amount of clearance between
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Figure 6 Instrument approach lateral deviation flight
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paths (curves 12 and 19 are also shown on figure 3)
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wing tips of two «imilar airplanes passing each
other bocomes a constant o ement to he wlded
to the above obluned value If a mmoin of
safety of 150 feet 15 desned, the distance he-
tween centerlmes of two parallel tunways would
thus become

2304-150= 700 fect

The individual curves of sinking speed vorsus
heiehl as shown 1 figure 5 ale especally
mteresting  masmuch as loops are found to-
gether with negative values of simlang speeds
These loops are understandable when 1t 1s seen
fiom the corresponding flight paths that the
airplane alternately sinks, hmbs, and k-
agawmn, along 1ts approach path

Figure 7 15 the envelope of the air speed
curves and shows the probable deviation dui-
g all 23 mstiument approaches Upon in-
spection of this figure 1t 15 apparcnt that con-
tact speeds valled from 75 to 105 miles per
hour, whale at a height of 100 feet, air speeds
varied fiom 105 to 133 mules per hour  This
mdicates a varation of 30 mules per hour dur-
g all approaches  Here, too, mdividual flight
paths numbers 17 and 2 (best and worst Lests)
arc plotted for the reader’s comparison

Trom figure 8 it will be readily seen that the
ginkang speeds mmvolving all of the 25 mstru-
mcnt apptoaches did nol exceed mne fect per
second

TYPICAL TWIN ENGINE AR CARAI®A AIRCRBFT
BENDIX INSTRUMENT LANCING SYSTEM AT OAKLAND
FILOT JNCER THE FOOD
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Figure 9 Probable instrument approach flight path deviation
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