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A PXELT!JIiL~Y S:fiES'TIGATION OF ThZ APPLICfiTION OF 
THE T~XG3':TI!L~5 AI ?I;O.K!H ?I<lNCIELE 'IO AIR TRAFFIC CONTROL 

Thle report descrl~es the basx geometry of the tangential RP 
preach prlnclple, and In&rates how this prlnclple may be applied to the 
gutiance of axcraft without special electronic equipment or Instrumenta- 
tlon The study of this zys?roach prlnclple was part of an operatIona eval- 
uatlon program on the use of aIrport surveillance radar as a traffic control 
ala Included are the following possible applxations 

1. As an aid to the radar controller In du-ectlng a PPI approach, 
and In providing separation between wcces61ve PPI approaches 

2. As an au3 to the pllot in lnterceptulg and malntaxnlng align- 
f ment on a desired omnlrange coume 

i 
Since the study was not carried out to the &sued completeness 

because of other proJect work, the lnformatlon contalned m this report 1s 
presented for poeslbie appllcatlon by those gsoupn and agencies interested 
In the control and flight of nlrcraft 

i A mathemstxal analysis of the traJectory of the arcraft under 
the lnvestlgated approach system 1s uxluded xn the appendix. 

i INTRODUCTTON 

In early work conducted on the use of radar vectoring teChnlqUt?S 
1 as an aid to ar traffx control, It became apparent that a traffic control- 

ler required conslderable experience with & normal radar display In order to 
supply reliable vectoring lnformdtlon to an axcraft. Using a normal radar 

1 display, with a supple overlay of the aIrport and surrounding facllltles, 
often requres the controller to give his best estimate of the headings re- 
qulred by the alrcraft to fly on to the correct approach path If h18 es- 

' tlmate 1s In error, addltlonal heading correctlons may be necessary In order 
that the axcraft can complete the approach properly. Sxce It appears that 
the use of predetermxed equal correctlon lines on an overlay for the radar 
lndlcator may be of ad In supplyIng more accurate lnformatlon, this prellm- 
uxxry lnvestlgatlon wrts conducted on one prlnclple, to determine the effect 
of these atds to air traffic control 

THE TANGENTIAL APPROACH PRINCIPLE 

The tangential approach prlnclple 1s not new, since It has been 
used in various forms for axcraft control and Servo mechanisms In this 



2 

study, the tangential approach pruxlple wan used as a semi-automatic means 
for allgoIng an ajrcraft on a desired course. Various methods may be em- 
ployed, but all utlllze the prux1ple of maklng the correction angle a fUnC- 
tlon of the displacement angle, as illustrated In Fxg. 1 

In operation, the fun&Ion of any approach system 1s to direct the 
axcraft toward the desx-ed course and to align the aacrYft on euch COWS~ 
at or before the time It reaches a opeclfled trmcltlon Ilout on the course. 
Fig. 2 illustrates the correctIons required. The transitIon point normally 
would be one of tne following 

1 A pout on the flnal PPI approach course where the pllot takes 
over for visual landx-ig:, 

2 a point on the desired course where the pllot changes over to 
) another radio faclllty or a different system of navigntlon or 

3 an omnxange faclllty. 

Of maJor unportance xi the u6e of this prlnclple 18 the effect of 
1 cross-wind on thn flight path of the ax-craft The chcracterlstxs of the 

approach s',stem ln funncllng an aircraft toward n sp6clfled transltlon point 
J also supply a type of automatx correction when the system 1s operatlng in a 

cross-wind condltlon F1g 3 illustrates an extreme case of an aircraft 
' using a tangential approach with a direct eras-wind component equal to 50 

per cent of the arcraft velocity The axcraft drifts toward the downwind 
I side of the course untd It reaches a point where Its correctxon angle ex- 

actly balances the wind-drift angle plus the dlsplacemsnt angle. The an- 
craft then proceeds back toward the desued course and nltlmately croseeo 

I the transItIon point The disadvantage of this procedure 1s that tien the 
aircraft approaches the transItIon point, It 1s not on the desu-ed course, 
but 1s approaching that course at an angle 8, Fig 3 If not compensated 

' for, an extreme cross-wmd such as the one u-iilca;ted In thx8 illustration 
Would make the system unsuitable for approaches under extremely low celling 
and vislblllty condltlono 

Determxatlon of Drift 
As shown m Fig. 3, the correction system stc.b.bllizes when the fol- 

' lowmg condltlon 1s reached. 

g-w=!3 (1) 

where 

9 = correction angle 
w = wind-drift angle 
0 = displacement angle 
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After the flight path has stabllmed on a straight track toward the transi- 
tlon pomt, the drift angle may be calculated from the exlstmg correction 
Bngle and displacement angle 

q-e=w (2) 

It 18 then FOSSlble to compensate for the cross-wind by changmg all the cor- 
rectlon angles of the Bystem by an amomt equal to the wmd-drift angle. 
Thm may be accomplished quickly and easily through the use of a rotatable 
tori-ectlon scale, as mdlcatecl m Fig. 4 This arrangement effectively 
cancels out the cross-wmd component on the final approach course, producmg 
a flight path very close to the path taken under a no-wmd conddltlon As a 
result, the mrcraft 1s lmcd up on the desired coume before It crosses the 
trans1t10n pomt 

1 
Effect of Changmg CorrectIon Factor 

As shown m Figs 1 and 2, the approach system 1s designed 80 that 
' the correctIon Emgle 18 a fun&Ion of the dmplacement angle. This rela- 
1 latlonshlp 1s expressed by the formula 

c$ = Kg (3) 

i $ = correctlon angle 
K = correctlor, factor 
0 = displacement angle 

Various values of K were tried m this study. Theoretuxlly, any 
value greater than umty ~111 fun&Ion to brmg the amcraft toward the de- 

i sued course, but, for practlcel purposes, values between 2.0 and 5.0 ap- 
pear most sbtlsfnctory in actml operations. It has been found that In- 
creasmg the correction factor provided more correctlon for the saxe amount 

I of displacement and had an effect analogous to narrowing the cou-me. A 
higher CorrectIon factor tends to bring the axcraft to the desx-ed course 

, 
sooner, thus lcngthenlng the fIna approach path This effect 1s apparent 

[ InFIg 5 
, 

However, the ablllty of an aIrcraft to line up on a deBlred course 
also depends on the mount of angular heading change rcqured, the turning 
radius of the alrcraft and the space avaIlable In whxh to accomplish the 
necessary change m heading Unless the aucraft becomes affected by the 
correction system a suffxler,t distance from the transItIon point, It may 
not be able to accomplish the necessary heodlng change to get lined up on 
the desired c&i-se before It reaches the transition point In this respect, 
an increase In the correction factor tends to delay the start of the xx- 
tlal turn, a8 Illustrated by the flight path of axcraft B m Fig. 5B. 
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Although the base leg of this aircraft was as far out as that of axcraft A, 
Fig. 5A, the start of the mltlal turn of axcraft B was delayed to the ex- 
tent that It flnally overshot the desired course. Normally, higher correc- 
tlon factors tend to keep the alrcraft closer to the desxed course et all 
tmK?s, 8mce a smaller change in the displacement angle producea a 1zgCr 
change m t% correctlon angle. Thm effect 1s apparent m compzrmg Figs. 
3 and 5, and also Fig 6. An extremely high correctlon factor 1s not dcslr- 
able If unnecessarily large correctlon angle changes are started, the au-- 
craft nay tun toward, but overshoot, the desired course. As a result, a 
perlodx hunt may develop. 

APPLICATION OF THE TANGENTIAL APPROACH TO RADAR OPERATIONS 

Usmg present operatIonal methods, consIderable skill 1s needed by 
,a radar operator to line up an alrcrsft precisely on a desmed track This 

procedure Includes the followmg basic steps. 

1 Operator determmes that the mrcrnft 18 off course. 
2 Operator estmntes the lateral error and determines correction 

angle to be used, taking Into conslderatlon the turning radius of the au- 
, craft and the distance avallable ahead to the point where the axcraft must 

be lined up with the course. 
3. Operator computes the new heading. 
4 Operator transmits the new heading to the pllot. 

1 
In order to reduce the skill required to dxect a PPI approach, as 

well a8 to reduce the mental effort, tune lzg and posslblllty of human error 
in going through the vars~ous steps of thl6 procedure, attention has been 
dIrected toward applying this approach system to the ASR radar scope. The 
simplest method IS to provide a grid or an overlay to the scope, es shown In 

: Fig. 7. Operation of this system 1s extremely slmpll:. Coming Into the range 
of the scope, the axcraft is fuot given a heading as necessary to enable It 
to enter the approach system at a suffxlent dlstuce from the transition 
point 80 that It ~11 have enough space In which to accomplish the necessary 
turn to the flnal approach cou-ae. As the radar return crosses any radial 
line on the grid scale, the operator simply reads to the pllot the magnetic 
heading which appears at the end of the radial line. This heading furnishes 

, the proper corrcctlon angle As the alrcraft crosses subsequent radial 
lines, the new headings are read duectly from the scale to the pllot. Since 
the correction angle decreases as the alrcraft approaches the desired course, 
the axcraft ultunately "oplrals" Into the deslred course, lnterceptlng It 
at a very shallow angle This latter chzractcrlstlc greatly reduces the 

, anount of skill requred by the operator, Since It is no longer necessary for 
him to antlclpate or lead the pllot ID making heading changes as requxed 
All headings are read duectly from the correctlon scale. Miles from touch- 
down and corresponding altltudcs of the glide path are pruted at the ends 
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of the concentric range marks on the overlay and may be read directly to the 
pilot when the alrcraft c1‘xses the various range marks. Although the Over- 
lay 1s the simplest and cheapest method of lmplementlng a tangential ap- 
proach systeJi in COnJLUtlOn with a radar scope It has the following dls- 
aavz!.ntages~ 

1. Radial lu-~es converge at the transItIon point, becomIng harder 
to dIfferentlate as the radar return nears the latter point 

2 The heading correction scale 1s flxed, so the system 1s not 
readily adaptable for quck changes =n lrndlng dIrectIon or for wind-drift 
adJUstmont5. 

In order to compensate for these disadvantages, a rotatable cursor 
assembly, as illustrated in Fig 8, has bean deolgned and tested ThlS as- 

I sembly ovelcomes the dlfflculty of the convarglng 11x6 by elunlnatlng all 
lines on the scope fsce Instead, It uses a pIvoted transparent cursor 
which can be moved by the operator to follow the radar return The heading 

1 1s read from the correctlon scale around the circumference of the scope. 
, This correction scale 1s a clrculor rug whxh may be adJUsted ID azimuth 

I= order to compensate for known cross-wind condltlons. The entire assembly 
, may be rotated in order to change operations to a different due&Ion of 

landing. In addltlon, the distance from the transltlon point to the touch- 
down pourc may be varied as requued 

I RADR SIMULATION TESTS 

The ObJeCtlVe of any PPI approach 1s to guide the aXCraft t0 a 
point on the approach course, headed toward the alrport and at the proper 

' altitude, from whence the pllot can take Over and make a visual approach 
In order to determine the reletlve advatages of the tangential radar ap- 
proach versus the present manual radar approach, a total of 960 approaches 

' were made on a 2/l rada.r simulator 

The 2/l radar sunulator 1s c mechznlcal device with a l(-Inch cir- 
cular scope. The scope face 1s made of plexiglass and can be covered with 
translucent overlays marked to represent runways and surrounding terraln for 
any desued axport See Fqo, 9 and 10. The heart of the trainer 1s a 
Haydon synchronous motor whxh powers the movement of the slmulnted radar 
return The electrx motor 1s mounted on a swlvellng head so that It csn be 

i turned to drive the mechznxm in any dlrectlon A simple cable and pulley 
system hooks It up with the azimuth control wheel The slmulated radar re- 

1 turn 1s a spot of l&t on the scope face It comes from a small pilot 
light which LS mounted directly Over the clock motor and 1s projected up 

' through a tiny nole in the prOJeCtOr See lhg 11 In operation, the spot 
of light moves across the scope fwe at a constant scale speed of 285 mph 
This speed 1s approxlmstely double the approaah speeds of present commerc~el 
alrcraft, arid accounts for the fact that this madhlne 1s called a 2/l 
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simulator. The doubled speed rate 1s advantageous for laboratory studloB 
because It allows operatIona tests to be made In one-half the usual flight 
time. 

All turns In the slmulatlon tests were conducted at the rate of 
91~ degrees per second. Since the flight path was flown at twxe the normal 
approach speed, the SIX degrees per second turning rate produced a flight 
path correspondlng to the standard rate of three degrees per second at nor- 
mal approach speed. 

On each simulated approach, the run was started with the aircraft 
on base leg Standard radar phraseologves were used to turn the alrcraft On 
fIna approach and guide It down the final approach path to the transition 
point, which was assumed to be a point on flnal approach, one mile from 
touchdam 

Three factors were measured on each run, as follows* 

1. The number of separate heading changes necessary UI guldlng the 
' alrcraft down to the transltlon point Thx factor 16 lndlcatlve of the re- 
, latlve communlcatlons load required for this aperatIon. 

2 Horizontal error (lateral distance from the f1na.l approach 
course) as the axcraft passed the trans1tlon pomt. This factor 1s lndlc- 
atlve of the relative preclslon of the system Measurements were taken in 
Inches The scale of the scope display was 1.55 Inches to the mile. 

1 3. Heading difference (angle between the bearing of the flnal ap- 
proach course and the actual heading of the alrcraft) as the alrcraft passed 
the transltlon point This factor lndlcatea the amount of heading change 

' which the pilot would be required to make between the transition point and 
the touchdown point, assuming that a cross-wind landing gear was not used 
Measurements were taken in degrees The tangentxal approach system used m 

' these tests utlllzed a correctlon factor of 3 0. 

Phase I of the study compared the manual and tangential approach 
system under no-wind condltlons, 

Phase II compared the systems with a wind drift of ten degrees, 
assum=ng that the tangential system was not corrected for drift. - 

I Phase III compared the systems with a wind drift of 20 degrees, 
assuming that the tangential system was not corrected for drift 

Phase IV was slmllzr to Phase III, except that the tangential sys- 
' tern was corrected to compensate for the 20-degree wind drift 

Phase V compared the two systems XI making a 270~degree delay 
pattern from base leg to final approach, under no-wind conditions 



Results of these tests are llsted m Table I. They are sumarlzed 
as follows* 

The tangentml approaches consistently requuxd more headmg 
changes than the manual approaches throughout the tests. The over-all aver- 
age was- Manual - 4.02; Tangentml - 5.59 changes per run. 

Over the entlre range of the tests, the tangentlal approaches 
showed smaller laternl errors than the manual approaches. Average errors 
throughout the tests are shown m Table II. 

The errors apply to the mechanical smulator, and are not as large as would 
, be encountered m actual ASR operations, smce they do not mclude the &ZI- 

muth and range errors whxh would be present on the radar scope. Although 
the lateral errors of the corrected tangential runs In Ph?.se IV were some- 

' what greater then the uncorrected runs ln Phase III, the heading dlfferenCe8 
, of the corrected runs were consldtrably less. It should be reallzed that 

PPI approaches with 20-degree drift ~11 be extremely rare except on elngle 
, runway zuports, Inasmuch as the chief reason for maklng an approach on PPI 

1s to land the axcraft into the pravaillng wind when such wind 1s not 
aligned with the ILS or GCA runway. 

Link Smulatlon Tests 
In order to check the validity of the 2/l surulator tests, 20 

simulated PPI approaches were made on a Link trainer Ten of these ap- 
proaches were manual and ten were tangential. The accuracy of the Link ap- 
proaches was not as good as the 2/l suulator approaches because the Link 
flight paths were much harder to follow. However, the Link tests verlfled 
the previous flndlngs, TJ~Z , that the tangential approaches consistently 
had smaller lateral errors than dul the manual approaches. One difference 
brought out U-J the Link tests we6 the fact that the manual approach required 
an average of 7.6 heading Chenge8 as agalnst an average of 7.8 for the tan- 
gentlal approach 

Other FIndIngs 
Tests showed that the tangential approach required conslderably 

less skill than the manual approach In several cases, stenographers with 
1 no previous radar trnlnlng and with only a few minutes lnstructlon were able 

to direct perfect tangential approaches on the 2/l sumiLztor Although the 
tangentIn approach system includes a large series of correctlon angles 
coupled with displacement angles, lt is not necessary to use all the cor- 
rcctlons to make a successful approach. CorrectIons may be skipped as nec- 
essary In order to direct the flight path m accordance with other consld- 
eratlons In other words, the tangential approach system used In conJunc- 
tlon with a radar scope does not restrxt the normal use of the scope In 



any way, but provides an extra advantage when needed. Thm feature 1s es- 
peclally useful m au traffic control, smce one of the most effective 
methods of provldmg adequate separation between axcraft 18 through the use 
of path-stretchmg techniques, as illustrated m Fig. 12. The tangentml 
approach system is extremely useful for thm purpose, as an alrcraft can be 
kept on an arbitrary headmg until sufflclent separation has been obtamed 
from other au-craft, at whxh pomt a tangentml approact can be started 
mstantly, using the headmgs obtamed from the correction scale Usmg 
the Navascreen, a varmtloa of thm techmque, the tangential peel-off has 
been tried. In thle case, a covey of amcraft mltlally separated by altl- 
tude 18 brought on a base leg Into a tangential approach system Usmg 
selected corrections, the group IS fanned out, then each alrcraft 18 brought 
m for a successive approach a8 soon as adequate separation 1s obtamed from 
the precedmg axcraft. Smce all h6admg correct]ons are obtamed automat- 
lcally from the headmg correctlon scale, the entire procedure 18 relatively 
‘simple to accomplish. It appears that thm procedure may have value In 
mllltary operations. 
i 

APPLICATION OF THE TANGENTIAL APPROACH TO OMNIRANGE FLIGHT TECHNIQUES 
I 

The lnltlal study of the tangentlal approach was based on securing 
'guidance from ground-derived (radar) xdxatlons However, It soon became 
apparent that the same guidance information could be obtalned by the pllot 
from au-derived lndlcatlons m flying the omnx-ange. When the devlatlon 
lndlcator 1s callbrated to a course sensltlvlty of 30 degrees, each dot of 
deflectlon from center lndxates a displacement angle of approxunately 3 
degrees, a~ illustrated in Fig. 13. Knowing the displacement angle at all 
tunes, It 1s possible for the pilot to apply a sutable correction factor 
and make a tangential approach to the deslrEd course. If a correction angle 
Of 10 degrees per dot 1s used, the correction factor K In the equation 
$ = Ke 1s lo/3 or 3.333, which 16 wlthln the range of the values which tests 
lndlcate are satisfactory for u8e In actual operations. The number 10 has 
the addltlonal adv&tage of east in handling In the quick mental calculations 
of correction angles 

Applxatlon of a lo-degree correctlon for each dot of deflection 
was first tested on the 2/l olmulator, which establIshed the fact that use 
of this guidance prlnclplc should make practxal a l-minute holding pattern 
on any omnrange; since, lndxator guldancc always should be avallable dur- 

I 
1ng the last half of the outer turn to realign the alrcraft quckly on the 
Inbound course A eunple mock-up was constructed to demonstrate this prln- 
c1p1e Meanwlzle, tht idea of basing the correctlon angle on displacement 
lnformatlon recc1ved from the devlatlon lndlcator was tested on the Link 
trainer A jO-degree course sensltlvlty was not avallable, but the auto- 
matlc ILS attachment to the Link trainer provided e. course sensltlvlty of 
a dagTees. In thu caee, It was decided to use a correctlon of 5 degrees 
for each dot of deflectIon, which wa8 equvalent to a corrcctlon factor of 
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6 25 for this narrow course The figure of five degrees was chosen for It8 
relative ease of handling In quxk mental calculations. Using th]s system 
of correcting five degrees for every dot of deflectlon, a relatively 1nexpe- 
rlenced Instrument pilot then proceeded to fly the automatic ILS cour6e In 
the Link trainer It was found that the system took most of the work out 
of flndlng the course end maklng correctlons to stay on course, as the pllot 
no longer had to grope for the beam but now had defxlto, precise llmlts on 
which to base his correctlons It was found relatlvelg easy to make a 4 
l-minute race track holding pattern at the middle marker and to get allgned 
on the Inbound course u@medlately at the conclusion of the outer turn Many 
tests were made by dellberatoly pulling off the narrow ILS course and quick- 
ly llnlng up on It agnln, using the system. Later, the lo-degree per dot 
correctlon system was tried out In a DC-3 dlrcraft while flying a l-mmnute 
holding patterr. on the Ir.dlanapolx terminal omnu-ange. The system alded In 
aljgnlng six? malntalnlng the axcraft on the abound course, and fun&zoned 

' exactly as had been predIcted by the sunulator tests. 

i It-should be understood that a deflectlo= of, for example, 5 dots 
does not necessdl-lly mean that the pIlot should complete a turn to a correc- 

' tion angle of 50 degrees It merely lndxates that the pllot should start 
, a turn toward that heading ar,d continue It only until a different lndxatlon 

1s received Thus, the 50-degree correctlon angle should be thought of only 
as a maxmum llmlt In many cases the needle ~111 In&cats a b-dot deflec- 
tlon before the turn has proceeded very far, In whuzh case the pllot should 
rcallze that a ho-degree correctlon angle ~111 be the maxImum llmlt to the 
turn. As the needle passes the 3-, 2- and l-dot lndlcatlons, the pilot 
should ease off the correction angle correspondingly so as to spu-al the 
axcraft precisely into the desired course. The entu-e correctlon process 

1 1s continuous, and the advantage of the system as a new flight technique 1s 
the fact that It supplies the pllot with deflnlte maximum lunlts for hu 
changes m heading This feature mlnunlzes overcorrectlon and subsequent 

' osclllatlon of the flight path 

As rllustrated In Fig 4, It 1s possible to compensate for a known 
cross-wind In flying the omnuange by substltutlng for the deslred course 
the headmg which ~111 enable the axcraft to stay on such course. All 
other corrections are adJusted accordingly For example, m using the lo- 
degree per dot correctlon systsm, assume that the desucd course 1s 360 de- 
grees toward the station, but that a heedrng of 10 degrees ~111 be required 
1n Order to compensate for 2 known cross-wind from the r&t 

' the pIlot sunply substitutes, 
In this case 

In all his mental calculations, the heading 
of 10 degrees for the desired course of 360 degrees. Thus, a l-dot deflec- 
bon to the right would lndlcste a now heading of 20 degrees, two dots 30 
degrees, etc. 
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CONCLUSIONS 

1. Smulatmn tests mdxate that use of the tangential approach 
prmclple in conJunctmn with surveillance radar will lncreaee the accuracy 

of approaches and reduce the amount of skill and concentratmn required by 
the controller 

2 Smulatmn and flu&t tests mdlcate that use of the tangen- 
teal approach prmclple m con$mctlon with the devlatmn Jndlcator may sun- 
pl?fy omx-ange flight procedures and make possible mcreased accuracy of 
mterceptlcn and allgment of alrcraft on a dealred omiwrange course. Add1 - 
tlonal study and tests by other groups and agencies on the flvght tech- 
llques required appear to be desirable 

i 3. As a result of this lnveotlgatlon, It 1s believed desirable to 
study further the appllcatlon of tangentval approach prlnclple to ax traf- 
PK. control techniques It 1s planned to include this work In the smula- 
'tlon program on au trzfflc control and the evaluation of the axport 8ur- 
velllence radar eqwpment at a later date. 

I 

I 
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APPENDIX1 

MATHEMATICAL ANALYSIS OF THE TWJECTORY OF TEE AIRCRAFT 
UNDER THE TANGENTIAL APPROACH PRINCIPLE 

In Fig 14 the basx geometry of the elements used m thm ap- 
proach prmclple 1s shown. The desired coz-se to be followed 1s illustrated 
by the lme AR. Pomt B 1s the locatmn at which the axcraft 1s to be on 
the desmed course. The aircraft 1s located at pomt C with a headmg of @ 
with respect to the desired course. At this pomt, the axcraft 1s to start 
the approach to the desired course. Thm headmg angle $ 1s proportmnal 
to the displacement angle 8 smce lt 1s upon thm prmclple the approach 

' system 1s based. 
VI+ 

V 18 the au speed of the amcraft with components VP and 

From the geometry of the figure and the relation $ = Ke, the fol- 
lowmg equatmns can be obtamnedn 

I 
VP = g= V Co8 (K-l) 8 (1) 

,V,=P 
de - = V sm (K-l) 0 dt 

! Usmg these two equatmns, the traJectory of the amxaft can be stated as 
follows 

1 dp 
P 53 = cot (K-l) 0 

This mtegrates Into 

' p = c [ sm (K-l) e ] 
Ktl 

where c 1s a constant. 

If the startmg location of the axcraft 1s lmom and a value for 
K 1s asslgned, the equation of the path can be determmed. For example, If 
K ~2 and p = 10 when fj q 45 degrees, the equatmn of the dpproach path ~111 
be 

p = 14.14 sm e (5) 

If we change K to 3, as used dwlng part of the mvestlgatlons, then 

p=lo \/'SIII 28 (6) 

1 In all cases, we fmd that the path 1s tangent to the desmed 
, course at pomt B. 
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TABLE I 
. 

go-degree Approach 
No Wind 

PHASE1 
Total Runs 120 ?4&nlal 

120 Tangentml 

rmNLTAL TANGENTIAL 
Base Leg NO. of Lateral Headmg No. oi- Lateral. Heading 
Miles fxm Changes Error Difference Changes Error Difference 
Towhdowl kvg Max Avg Max Avg. Max Avg. Max. Avg Max. Avg. Max. 

8 3 80 7 0 028 0 11 1.4 5 7.35 11 0 020 0.07 1.1 4 
i 4 15 4 0.017 0.05 1.1 

3 65 
6 7 0 o 071 on 0 o 06 

05 
1 1 1 6 

5 
6.10 6 

65 
c 9 

0.013 0.07 1.'7 
10 5 

z 3 70 6 o 0 020 0.05 1.4 5 6.30 0.010 o 04 
3 30 5 033 0.15 1.7 5 5.80 

7 8 
0.013 0.05 

o 12 6 10 z 

3 2 95 4 o 056 o 25 4 3 15 3.10 c 0.042 0.20 1.9 10 

I 

go-degree Approach 
lO-degree Wmd Draft 

PHASE11 
Total Runs. 120 Manual 

120 Tmgentlal Uncorrected 

I MANCAT 
Base Leg No of Lateral Heading 

' Miles from Changes Err or Dlfference 
Touchdown Avg Max. Avg Max. Avg. Max. 

TANGENTIAL UNCORRECTED 
No of Lateral Heading 

Changes Error Difference 

Avg. Mnx. Avg. Max. Avg. MAX. 

8 4 75 7 0 027 0 08 11.0 15 
: 4 a0 75 7 0 0 029 0.10 12.5 11 20 

3 5 015 0 05 0 15 
4' 3.50 6 6 o 021 15 

4.05 0.034 
0.08 o 08 10 10 8 

9 19 
3 3 90 6 o 041 0.08 11 8 25 

5.70 S 0.028 0.10 13.9 20 
5.75 9 0.021 0 OS 15.6 20 
5 05 8 0.013 0.05 15.6 20 
5 90 9 0.027 0.10 15.2 22 
5.90 9 0.031 0 10 14.4 20 
8.03 16* o 033 0.07 14.1 20 

* In some runs, a large number of lntermedlate correctlone were Issued xx 
order to determue whether any unprovements in accuracy would result No 

appreciable improvement was noted, however 



90-degree Approach 
20-degree Wmd Drift 

Base Leg 
MlkS from 
TOUChdOWD 

NO. of 
Changes 

515 a 
461 6 
36 7 
3.50 6 
3.10 4 
295 5 

90-degree Approach 
20-degree Wxd Drift 

Base Leg No. of 
iM1les from Changes 
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PHASE III 120 Manual 
Total Runs 

120 Trtngentlal Uncorrected 

MANUAL 
Lateral Heading 

Error Du?ference 

Avg. MS. Avg Yax 

TANGENTIAL UNCORRECTED 
No. of Lateral Headmg 

Changes Error Drfference 

Avg. Max. Avg. Max. Avg. Max 

0 033 0 07 2l 0 25 6 70 14* o 015 o 05 33.5 36 
0.019 0.05 20 8 25 5.35 9 0.011 0 06 34.1 30 
0.018 0.08 20 7 25 5 60 6 0.013 0.10 31 1 37 
o 022 o 06 21 o 26 5 10 6 o 014 0.06 34 2 38 
0 025 0.05 19.9 23 6 05 20* 0.019 0.10 32.4 36 
0 046 0.12 22.3 53 4 60 8 0.038 0.10 34 4 50 

PHASE Iv 
Total. Runs 120 Manual* 

120 Tengentle Corrected 

MANUAL 
Lateral Heading 
Error Difference 

Touchdown 
Avg Max.Avg. Max Avg Max. 

0 5.15 8 0 033 c 97 21.0 25 
ii 4.60 

3.65 
7 6 o 0 oig 018 0.08 5.05 20 20.7 8 25 

25 
z 3.50 3 10 6 4 o 0 022 c 06 21.0 28 

025 0.05 19.9 23 
3 2 95 5 0.046 0 12 22.3 50 

* - Manual runs used m Phase 111 are 
llsted for dnect comparison. 

TANGNVTIAL CORRECTED 
NO. Of Lateral Headmg 

Changes El-r@r Dlffcrencc 

Avg Max. Avg. Max Avg. Max. 

6.10 7 0.029 0.06 19.5 25 
5.60 7 0.~22 o 06 lg.1 27 
5.65 8 0.027 o 07 lg.6 26 
6.15 8 0.019 0.06 10.7 23 
4.95 7 0.024 0.06 18.8 24 
4 95 10 0.036 0 09 19.2 25 

* In some runs, a large number of mtermedlate corrections were msued m 
order to determme whether any mprovements ;n accuracy would result. NO 
apprecmble mprovement was noted, however 
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270-degree Delay Pattern 
No Wind 

PHASE v 
Total Runs ;; ;E;;t,al 

Base Leg 
M&so from 
Touchdo>m 

TANGENTIAL 
No. of Lateral Hea?lng 

Changes Error Difference 

Avg Max. Avg. Max. Avg. Max. 

8 

MAma 
NO. Of Lateral Heading 

Changes Error Difference 

Avg. Max. Avg Max. Avg. Max. 

z:; 6 6 o 0.014 022 0.07 o 04 0.8 3.1 7 2 
4.1 5 0.018 0 05 3.5 10 
48 7 0 020 0.05 2 5 5 
44 6 0.~12 o 04 0.6 2 
4.0 5 0.021 0.06 1 2 8 

TABLE II 
MANUAL 

Scope Error Equivalent 
III Inches Error in Feet 

0 033 112 
0 019 63 
0.024 82 

6.6 8 0.027 0.06 2.4 8 
5.4 7 0.023 0.05 2 3 8 
44 6 0.016 0.04 1 o 10 
3.8 5 0.011 o.c3 0 2 2 
4.5 5 0.020 0.04 3 6 10 
3.6 5 o 016 0.05 2 o 10 

Base Leg 
TANGENTIAL 

Scope Error Eq u1valent 
In Inches Error In Feet 

3-4 miles 
5-6 nukes 
7-8 miles 

0.027 97 
0.017 55 
0 021 72 
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FIG I DEFINITIONS 

0" 
0" 

IO” 
20’ 

15” 
30” 

FIG 2 TANGENTIAL APPROACH 



NOTE 
K’2 0 

FIG 3 EFFECT OF CROSSWIND 



DESIRE 

- 

- 

:D 

I 
030 

22 

FIG 4 CORRECTION FOR KNOWN CROSSWIND 



DESlRED COURSE 3600 DESIRED dOURSE 360’ 

(A) (8) 

FIG 5 EFFECT OF CHANGING CORRECTION FACTOR 



NOTE 

K=4 0 

\y----+-z- 
u40 020 36( 3 

FIG 6 EFFECT OF CROSSWIND 



FIG 7 OVERLAY FOR ASR SCOPE 



, 
L-’ 

FIG B CURSOR ASSEMBLY FOR ASR SCOPE 







SPIRAL 

FIG 11 MECHANICAL HOOKUP OF 211 SIMULATOR 



-. ._- 

. 

FIG I2 PATH-STRETCHING TECHNIOUES 



. 

NOTE 

K = ‘o/3 = 3 333 
NO WIND 

COURSE SENSITIYITI 30” 15 DOTS 
LEFT TT) 5 DOTS RIGHT, ON 
DEYIATION INDICATOR) 

EACH DOT OF DEFLECTION = 3’ 
DISPLACEMENT FROM DESIRED 
COURSE 

HEADING CORRECTiON OF lOa PER 
DOT PRODUCES TANGENTIAL 
APPROACH PATHS SHOWN HERE 

DES,RED COURSE 360” 

\ 

050” 040’ 030” 020° 010’ 360” 350° 340’ -330~ 320” 310’ 

ON RECEIPT OF INSTRUMENT INDlCITlONS SHOWN ABOYE. P,LOT STARTS A TURN 
TO THE CORRESPONDING GYRO HEADING. CONTlNUALLi ADJUSTS HEADING ,N 
ACCORDANCE WlTh THIS SYSTEM 

FIG 13 TANGENTIAL APPROACH TO OMNIRANGE 



AB - DESIRED COURSE 

@ -AIRCRAFT HEADING WITH RESPECT 
TO DESIRED COURSE 

I I 
0 - DISPLACEMENT ANGLE WHERE 0: KB 

v - AIRSPEED WITH COMPONENTS VP fiND v 
0 

FIG I4 GEOMETRY OF TANGENTIAL APPROACH SYSTEM 


