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INTRODUCTION

In 1966 an evaluation was performed to identify the maximum
approach slope gradient which could be tolerated by light
aircraft. This evaluation was documented in the final report
of the Standards Development Branch, March 1966, "Project
Downhill. An Evaluation of the Non-precision Approach Angles
for Light Aircraft with Approach Speeds Less than 95 Knots."

The joint DOD-DOT Handbook "United States Standard for Ter-
minal Instrument Procedures (TERPs)" * is scheduled for reg-
ular review to update and refine standards. Information sim-
ilar to that derived from Project Downhill is considered to
be essential to the development of TERPs non-precision ap-
proach minimums which apply to executive jet type aircraft.
Accordingly, a follow-on evaluation was requested which would
provide that information. This is the final report of the
project which wbs established to acnomplish the task.

Reproduce' ,from
best available copy.

S1. 8. Amy TM 11-2557-26. U. S. Navy OPNAV Inst. 3722.16A
USAF JAPM 55-9 USCO 00 318
FAA- Handbook 8260.3
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STATEMENT OF THE PROBLEM

Approach procedures are designed to assure a landing on each
approach. An unreasonable descent rate from the visual con-
tact point cannot, therefore, be required in a procedure.
Tests have been made of the descent capability of heavy Jet
and prop aircraft, and of light prop aircraft. None have as
yet been documented which identify the descent capability of
the group of aircraft categorized as "executive jets".

OBJECTIVES

The objective of this study is to provide information on the
.descent slope capability of executive jet aircraft. Tests
will include the Aero "Jet Commander", the Gates "Lear Jet",
the North American "Sabreliner", and the Lockheed "Jetstar".
Specific areas of study include:

1. Determine the operational safety and practicality of
descent angles over 3 degrees during the visual portion
of a non-precision approach.

2. Determine the effect of increased approach angles on
descent airspeed, flare, flyability, sink rates, height
over the threshold, and touchdown distance.

METHODOLOGY

The test site was Will Rogers World Airport, Oklahoma City,
Oklahoma. Runway 17L was used for all approach runs.

Each series of runs began at 300 feet above the threshold,
with pilots making a run "on centerline" toward the runway.
As the aircraft reached a point one statute mile from the
runway threshold, a ground controller using a precision theo-
dolite for position reference transmitted the word "release"
to the pilot. The pilot then executed a visual approach to
landing using normal procedures for the aircraft.

Data were recorded using the Runk Takeoff and Landing Camera
and by an observer in the aircraft.

After the run at 300 feet, the pilot was asked to fly the
same approach at 400, 500, 600, etc., feet above the runway
threshold height until the limits of-the aircraft/pilot were
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reached. In some eases additional runs were made at levels
50 feet below the maximum level to check in-between angles.

Preliminary runs were made to full-stop landings to pheck
ground roll, but most runs were touch-and-go landings. Day
and night approaches were made.

Sixty-three approaches were recorded in the four aircraft by
twelve qualified pilots. Thirty-eight runs were made during
daylight, and twenty-five were flown at night. One run was
forced to discontinue because of conflicting traffic, and was
therefore unusable.

Pilot comments were solicited during each approach.

DATA REDUCTION AND ANALYSIS

Several measurements were used in an attempt to define the
point at which an approach slope angle becomes difficult. An
objective view of maximum angle was thus made possible. The
measurement parameters were as follows:

Condition Tolerance Limit

Airspeed during descent Vref plus 5 knots.

Flare Power not required.

Flyability No special techniques. Pilot
comments favorable.

Maximum sink rate 1000 feet per minute.

Sink rate at threshold 1000 feet per minute.

Threshold crossing height 20 to 60 feet.

Touchdown distance 2000 feet.

All data were taken from cockpit instrument readings with the

exception of threshold crossing height, which was read from
Runk data camera film. Readings were tabulated, and are seen
on Pages Al and A2 of the Appendix.
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Actual approach angles were computed as follows:

1. The "set" descent gradient was computed using the dis-
tance to the threshold and height above desired touch-
down point at the release point.

2. The "effective" gradient was established by correcting
for wind using the formula:

Effective Gradient - (set gradient X ground speed)airspeed

3. Effective gradient was converted to approach slope
angle.

Effect of Approach Angle on Descent Airspeed

Jet Commander. Airspeed ranged from V-ref to 10 knots above
V-ref, but no correlation can be seen between the change in
airspeed and the change in descent angle. See Chart 6, Ap-
pendix Page.A-3.

Lear Jet. Airspeed ranged from V-ref to 10 knots above V-ref
with no apparent correlation between changes in speed and
changes in angle. See Chart 7, Appendix Page A-4.

Sabreliner. Airspeed ranged from V-ref to 15 knots above
V-ref. Airspeed in descent increased generally with increase
in approach angle. See Chart 8, Appendix Page A-5.

Jetstar. Airspeed remained very close to V-ref on all runs.
See Chart 9, Appendix Page A-6.

All Data. Airspeeds of all aircraft are plotted together on
Chart 10, Appendix Page A-7. Except for data recorded by the
Sabreliner, high airspeeds on final approach did not appear
to occur increasingly as approach angles were increased. One
point is apparent, however; closer control over descent air-
speed was maintained during the night runs. Only one out-of-
tolerance airspeed occurred during night runs while many were
recorded during day operations. See Appendix Page A-2 and
Charts 42 and 43, Appendix Pages A-39 and A-40.

Effect of Approach Angle on Requirement for Power to Flare,

Jet Commander. At 3.5 degrees the requirement for power In
flare began. It became necessary on over 50 percent of the
runs at 4 degrees and over. See Chart 11, Appendix Page A-8.



Lear Jet. At 4 degrees nearly 70 percent of the runs re-
quired power to flare. Over 4 degrees the requirement went
to 100 percent. See Chart 12, Appendix Page A-9.

Sabreliner. The power requirement began at 5 degrees. See
Chart 13, Appendix Page A-10.

Jetstar. One power application was made at approximately 4
degrees, and considerable power was required at angles above
6.5 degrees. See Chart 14, Appendix Page A-Il.

All Data. The power requirement in flare shows a sharp in-
crease at 4 degrees and this requirement remains at higher
angles. See Chart 15, Appendix Page A-12.

Effect of Approach Angle on Flyability.

Jet Commander. Moderate difficulty occurred at angles of
3.5 and 4.5 degr.ees. See Chart 16, Appendix Page A-13.

Lear Jet. No special difficulty below 5 degrees. See Chart
17, Appendix Page A-14.

Sabreliner. No flyability problems up to 6.5 degrees. At
higher angles exceptional techniques were required to effect
a landing. See Chart 18, Appendix Page A-15.

Jetstar. Angles above 4 degrees were generally considered by
project pilots to be acceptable if the approach is to be con-
ducted under VFR conditions. See Chart 19, Appendix Page
A-16.

All Data. See Chart 20, Appendix Page A-17. Flyability
problems began at 3.5 degrees, but. did not affect most air-
craft until angles went above 4 degrees. Comment of subject
pilots indicated that when the aircraft was equipped with
thrust reversers and anti-skid brakes higher approach angles
were of less concern than to pilots of less sophisticated
aircraft.

Effect of Approach Angle on Maximum Sink Rate.

Jet Commander. Most approaches resulted in sink rates over
1000 feet per minute. The majority of the high readings were
observed at approach angles over 4 degrees. S&e Chart 21,
Appendix Page A-18.

Lear Jet. As approach angles increased, so did maximum sink
rates. Most runs at angles over 4 degrees resulted in sink
rates over 1000 feet per-minute. See Chart 22, Appendix Page
A-19.
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Sabreliner. Maximum sink rates increased as approach angles
increased. Above 4 degrees all approaches resulted in sink
rates which were out of tolerance. See Chart 23, Appendix
Page A-20.

"Jetstar. Rates increased with approach angles. All runs
exceeded the tolerance when angles were above 4 degrees. See
Chart A-24, Appendix Page A-21.

All Data. Up to a 4 degree approach slope angle only 20 per-
cent of the runs had maximum sink rates over 1000 feet per
minute. Over 4 degrees 98 percent were out of tolerance.
Sink rates in general increased as approach angles increased.
See Chart 25, Appendix Page A-22.,

NOTE: Maximum sink rate occurred at or near a point 1/2 mile

out from-the landing threshold.

Effect of Approach Angle on Threshold Sink Rate.

Jet Commander. Over 70 percent of the runs had threshold
sink rates within tolerance. Sink rates increased with the
approach angle increases. See Chart 26, Appendix Page A-23.

Lear Jet. Above 4 degrees the threshold sink rate was out
of tolerance on most runs. In general, sink rate increased
as approach slope angles increased. See Chart 27, Appendix
Page A-24.

Sabreliner. Sink rate increased with increases in approach
slope angle. Threshold sink rate appeared more controllable
in this aircraft than in the Jet Commander and Lear Jet, and
it was kept within tolerance at angles up to 6 degrees. See
Chart 28, Appendix Page A-25.

Jetstar. Threshold sink rate was closely controlled. Only
one approach had out of tolerance sink. All others remained
well below the tolerance limit. See Chart 29, Appendix Page
A-26.

All Data. The general trend was for increases in approach
slope angle to result in increases in threshold sink rates.
Above 4 degrees the threshold sink rates went to 1300-1400
feet per minute. See Chart 30, Appendix Page A-27.

Effect of Approach Angle on Threshold Crossing Height.

Jet Commander. No significant correlation is apparent be-
tween TCH and approach angle. Height was above the upper
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limit at angles above 3.5 degrees. See Chart 31, Appendix
Page A-28.

Lear Jet. Above 4 degrees some TCH values went out of tol-
erance. These values were apparently not correlated with
increases in approach slope angle. See Chart 32, Appendix
Page A-29.

Sabreliner. More runs had TCH values below the 20 foot ýower
limit than above the 60 foot upper limit. No significant or
apparent correlation between TCH and approach slope angle.
See Chart 33, Appendix Page A-30.

All Data. Threshold crossing heights do not appear to be
correlated with approach slope angles. 13 percent were low
and 26 perceilt were high. Low readings occurred from 3.5 to
6.7 degrees. High readings occurred from 3.5 to 6.2 degrees.
See Chart 34, Appendix Page A-31.

Approach Slope Effect on Touchdown Distance.

Jet Commander. A general trend can be seen indicating that

higher approachangles result in longer distances for touch-
down. Some touchdowns were beyond the 2000 foot tolerance at
lower angles (to 3.5 degrees), but MOST exceeded the toler-
ance when the approach slope angle was increased to 4 degrees
and over. See Chart 35, Appendix Page A-32.

Lear Jet. There was an increase in touchdown distance as the
approach angles were increased. As the angle went above 4
degrees the touchdown distance increased out of tolerance.
See Chart 36, Appendix Page A-33.

Sabreliner. As approach angles increased there was a general
increase in touchdown distance. While one sample was outside
at 3.5 degrees, most were still within tolerance at angles up
to 5 degrees. See Chart 37, Appendix Page A-34.

Jetstar. No touchdown distances in this aircraft were out of
tolerance, even though the approach slope angles were above
6.5 degrees. There were indications that higher angles re-
sult in longer touchdown distances. See Chart 38, Appendix
Page A-35.

All Data. There is a general trend toward longer touchdown
distances with higher approach slope angles as shown in the
data distribution on Chart 39, Appendix Page A-36. The trend
becomes suddenly stronger at approximately 4 degrees. Below
4 degrees less than 17 percent were out of tolerance, while
above 4 degrees over 50 percent were out.
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Night versus Day Approaches.

Charts 40 through 43, Appendix Pages A-37 through A-40, show
runs during which conditions were out of tolerance, with 4 he
run identified as to whether it was maae during day or night
operation. No in-tolerance conditions ar2 plotted on these
charts.

During daylight operation, pilcts acceptec± higher angles than
they did at night. Only two night approaehes were made at
approach slope angles above 5.5 degrees, as opposed to 11 day
runs. Highest night angle was Jus* over 6.0 degrees, while
day angles went almost to 7 degrees.

During night operation only one airspeed went out of toler-
ance as opposed to 13 instances during day operation, sore at
angles of 4 degrees and below. This means that in the ab-
sence of outside visual cues, there Is some apnarent in-
crease in reliance on airspeed to provide app:'oach informa-
tion to the pilot.

Early Set. (Establish Landing Configuration Prior tc 1 Mile).

Normal operating procedures in the Jet Commander and the Lear
Jet involve waiting until a landing is assured before setting
up in landing configuration. This resulted in airspeeds 20
knots above Vref at the one-mile-out release point. On scme
of the approaches landing configuration was set up early (a-
a point prior to reaching the release point) to determine
whether a significant change in operating limits would re-
sult. As expected, having the airspeed stabilized at Vref
prior to the release point resulted in an easier and more
confortable approach in both aircraft. ?ilots of the Jet
Commander accepted approach angles rearly one degree higher
when this method was used. They also di'd NOT identify even
night approaches abore 5 degrees as having flyability prob-
lems using this technique when some approaches made using the
normal technique were• deemed problems at just over 4 dcgrees.
Altimeter reading versus Actual Aircraft Height.

With threshold altimeter readings logged in the cockpit for
comparison with actual aircraft heigbt recorded with the Runk
Data Camera, it was possible to check these differences. See
Charts 44 through 47, Appendix Pages A-41 through A-44. Only
5 approaches showed indicated altitude to be at o0 lcwer
than the actual aircraft height. All other approaches had
cockpit indications of altitude higher than the actual height
at the threshold.- Differences were q mr,;h as 130 feet.
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Summation of Conditicnal Parameters.

Jet Commander. Chart 1, Page 9, shows a subunation of out oftolerance conditions. Problems began at 3.5 degrees and be-came prevalent at 4 degrees.

Leap Jet. Chart 2, Page 10 shows that out of tolerance con-ditions began -t 4 degrees.

Sabreliner. Chart 3, Page 11. Out of tolerance s1tationsoccurred at 3.5 degrees, then increased markedly at and over
4 degrees.

Jetstar. Chart 4, Page 12. Out of tolerance conditions be-
gan at 4 degrees.

All Data. Chart 5, Page 13. Combined data. Some out oftclerance conditions beg½n showing thewselves at 3.5 degrees.then at 4 degrees. Above 4 degrees, however, these con-ditions increase rapIdly. Based upon the approaches flown inthese test eircraft, it would appear that approach slopes inexcess of 4 degrees can be expected to be accompanied byproblems of flyability, power requirement in flare, high sinkrates, and long touchdown distances.

FReprodLced from
best available c8py.

8



- I'm
+4

M

W LLI 
Z
Z Oil .11I ++TI ;T+

.... . .... .... I . ....
J"44c lm- 4"1 9 -1 *# + ++.I ITT T

oc -x
LAJ Ir +

T
-i w 11411! ;.;, 1 1; -L- ;- , , ... I .... .... ....

Wa. .... ....-,f ..., T-, ::, ":-,: an
+

%Z:

z+4LL. _j I- . .. ....

!++++. +
I . .... .... ....

T .. .... .. ... . .... .... ..<> ... ....

TI-
o

.... .... ... .. ... ... ... ....

I. .... .... Tl;: T--t r .........
... . .. ... .... .... ... . .. .... .... ..

... . .I . . ... .. . ..T` f ...
. ... .. .. . I .I ... ... . . .. . ....... .... .... .... ....... ... I .... ....

.I .. .... .... ..

... .... .... ...
... ... .... .... ... Ln.... .... .... ....

.74 4
ITT.

4 .... .... .... Hsi ;i.. LLJW
.... ......... cr:&

L21.... .... ....LL.:- ::.:.. . I. .... .... .... ...... .... I. .... ....
:A$

;t.4!TIT -41 ---- --
4 1-t .. j.' .... ....

Ul
'7."T ------ w

.... .... .... ...IT ......... ....... ............ ...... .... ............... ...
. ..... ..... .. :7::.t4ý4 I. I .... ... I .... ...
.............. .... .... .... .... .... i .... .........1.,4:;:: %ii .... .... .... .... .. 777 -- --- -

Ln CL;.... .... .... .... . .... ....... ... .... ..
. ... .........

-J,.... .... ... ... . .... .... ..
........ ..... ... .... ........ ... ... ............. . .. .... ......... ... ..... ....

.... ........... .... ... . .....
. .... .... ......... . ..

.... .... .... .... ......... .... 4:::: :::: :::: :: :.... .... .... .... ..
... .... .... ......... .... .... .... .... 0

.... ......... .... .... .... ....
.... . tj ... ....

z 0 a--P4 a-........ ...... ....... .... . .... .... .... I .... : ......... ..... ...... .... .... I .... .. . ... .... ......... ... ....... ............. .... ... . - .... ........ .... .. .... ......... ....... .............. .... ... .... ..... ----------.... .... .. ......... ............ .... ... .... .. ............... .... I. .. ........n ... .. .. .... ...... ......... :::: ::::.... lkrdiu
gr .... A Ln..... ..... ......... .... ...LL LU .... .... .... ......c:j :::: :::: :::: :::: :-:-::: : rrl.... .... .... .. .. ... .... ...

..... .. ....... ....... .......... . .. ............. .......ui ...... ..... q ... :- -- : -.- : .... .... I ......... .......I.- z ......... .. :. .. I.ui 0 Tq -- .. I. .*,. -. 1:::: ::::::::: :::: :: *--*"** . .........
.... .... .... ... . ... ......... . .....

.... .... ......... ....

X W 1 0: 
.. . ... .... ......... ...

..... .. .... ... - --- --------ui .... .... .... ......... .. ......... .... .... .. .. ... ....
.. .... .... rT,_4 ..... ......

... I.... - .... ......... . .. .-7 .... .... I .... . ....... .... ... .... f .... ..... .... .... .... .... .... .........
=lit .... .........

--- --- -----

>
I. .... .... cr ... .. ......a w w W." w I j:-J: Z M W Z3- LnEAJ IX 0: M -i :zot E --0:::: 0 v [3::::W.; M r-ua. cr

7: .... (W] z rlj::::C4 IctIct Li L..
Ed .. .... 3Z =3 W 0

z ci w
t 0- 1-- 1 :C- C3 Lj <>

14
.... .... ... .... ...



.... .........

........ ..

;t

#t4 t:++T
4

"4
'T + 41

UT U .4 +1 .*:4.4 4-
U, 1, , + +++.

4+ Ln
+ 44,+ 4 - +4,ý t4!+ i ;.,T +

14 , 
.-. 4 t!4 .24;

-M. :till'

i4 4i+ -4-+. -
-a* - -I , . T.: 4. :ý .4= .:t+* :::+ :::: i ::ý-, +.4

4 i.#:4q
:44 .44-1;14 Ld Z il" .44 jTj 411ý j4,
:4-0 +v o .. ....

Z zt:: 13
4-! + +:

Lim
-i Li .... .. .... .. -47ý, # :ýIg

oa- .. .... .... = t:
.. .... .... .... .... .... .... .... .. :%

.... .... .... .... ... 1*444
. .... .... .... . ... ....

.... .... .... ... .... .... .... ... . .... .... ....

Ln:fni: ::4

-InM 0 ... .... .. V3
. .... .. . .... .. .... .... .... ........ .F-

Is It ... .... .... .... .... ...
LAJ

1A 
... ...

cr
X a .... .. K-3

L.7
. .... ........ .... ... LJ
.. .... .... I .... .... ..

44 ... .... .... ... ... .... ... .... r
... .... .... .. . -:. ... , .... . : .. ......... ...... .... . .. ....

:-4;1 +.:.1
... .... ..

.. .... ... .... .... .::: ........ L;
. .... .... .... . Li

... .. .... .... .... .... .... E.7
.... .... .... .... .... ...... .... ..

.... .... . .... .... .... .. . ..... ... .... .... .... ... .... .. ...:r-4: .... ....... ... ......... .... .....

.... .... .... . +
. .. .... ... U, 0-

.... .... .... ... ....
. .... ... .. . . .. . .... .... ...

... .... ... ..... .... ... .... .... .......... .. .... .... . .... ....
......... .... ...

... .... ...

.... ....... ......... . ..
.. .... 

CL
4c:

......... ......... .... .... .........
.......... .... i..:: .:.. -- -

.... .... .... ... ..... ......... ..
... ......... ......... .... .... ...

*-- 

--
** 

!:::: 

::: 
.

.... 

......... 

....

... ... 
-- - ---- -- -

---- --------- 
-- --

... ......... .... . . ... .... .... .... .. ...... ....... ... ... :-- -- ,

L

ryl
.. . ... .... .... .... .... ......... ............ . .... ......... ..

........ ..... ... .... .... ..m .... .........
....... .........

0
......... .......

......... .... .... ....

......... .... .... .... . ....... ....

. ... . ..... ... ....0 LLJ ......... .. 777 .... .... ... ...

Lij ru .... .. 0.... it

LU 
-::4-

......... ....
.... ......... ...... .. ........... .... ....

ix ... ......... .... .. ....

......... .... :;,:::
w x ... ...... .. .... .... .... .... ... ....... ......

... ........
CO 0-

. .... .... .... ......... .

C3 In
C3 Lj I ::]I z C3 ..Lj Lj :>z = M33 LWAJ:-3e C3

> 0 CEMJre tr z o . X C3: Ck z nui Ljj > Ln::: w
IL M -.j m -i In-= m fy ru

... Lmi L.- m I 0 Lj t v I
V)::: ++ >. X LJ.:* z 0 M v &I LiM W :3 C3 'E::' :1.- ta C,

a. o 'A I--
LL. a.

10



...........

+ý+*4 4 LJEEE]
% EHH

w z
+I t.4

v o , *444

+
+4 *T

IT +* ... ...TIT .. .... ... .... ...
LLJ 0:

i4' i"T! , . .... .... .
_j w I.. .... ....

fiff 4!'. .... .... .... .
IL :;.i"*: .;1 -1+41, HI

oz
1- 0 m

+1 ... .... ...
I- ; ' . . : ._.: - ' :* ::: 1:::: 1 *: 1 .4 1

.... .... .... .. .... 44- i,.;: t44
114

1:1 4:: 14
.... .. .... .... ... .... .14.

T_+ T

. .. .... ... ..

t3
14

;4ji ... ... . ... ... ... ... .. .. . .... .... ....

... .... .... .. I . .... .41 + 1:

... .... ... .... ... . . .... ..
-4 . .... .... ... It

. .... .... .... ... .... ....

.... .... ... .4*:
.. .... ... ... N:;
. .... ... .... ....

.. ... .... .... .. ** %.... .... .... .... .... .... ... .... .
.... ... .... ... .. ... .... .

.. .... .... ......... ....
. ... .... ... .... .4

.... .... ... ... .... .... .... .... .... *.'.'1111ýý .......

LJ:t

.... ...... .... ... 4 .... .

. . ... .... .... ...... ... .... ....
......... .. I - ---- - .... .. ... ..... .... ... :jLn I.... .... .... ... . . ..... ....... ......... .... .... .... .... ...... .... .... ... .... .... .... .... - ::: ::: 1:::: :::: .

... .... ....

... ... .... ... ... ......... 4c:

... ........ . ... ....

. .... .... ..... ....

.... .... LAJa::4:11: -in.. ... .... ....
.n........ .... . .. .... .... .... ... ........_J;..... .... .. .... . .

.. iA.
... ........ .. ...

....... .... .. ... .........

......... .... ........ . ce
....... .........

. ......... 0-

...... .... ... .... 4 .... ...
..... .... ...

. .... .. ...
. . ....... .........

. .. ... ......... ......... .........
C)

......... .... .... .......
.... .......... 

......... ..

IF- .. . ..... ................... ......... ... ........ .........
---- ---- --------- ----

.... ........ ...
......... ............ ...

LL

0 ... .. .....- --------- ---- -
.. ......... . . ..... .... .... .... .... ...

z Cr LLI ........... . .... ......... .............
....... . .... ....

....... .... .... ......
......... 

... :::::: 
1:

m .. .... .. ...... .. .... ...... . ....... .

ui _j -- -------------- -------- .... .... .. ....... - -_ ", : -1: := :ý::

...... ý:: ::-- -- , F.: M11:::
< LLJ .. .... ......... ......

W Co
< . ......... .........

---- -- . ..... . ----------C07 CL cr. V
. ......... ... .... ........

... .... . .. ... .. ........
ir 

......... .. .cs :Lj I ::::I:::: :.>Lai ...LAJ LLJ v> 11.3 z . ..... .... .
.. .... Ld > Lr1 ... =ULM < . ....... ....

IX _j oi4 x fr nj:,:!.:V I.- M; ... ....":CL < ED- . :
I :.: : w EL. ;::I,'* . ......

In 0: V, ... <> Z 0 M " V M M w Eaj:::,:...
re w :3-

> _j 0: - dcc w I.- >
_j a-0 CL CL 0.

--- -------



:X .. ........ .
........ ..... ... . .... ....

........ ........ ........ ........ ........ ...... ... ..

.. . ........
-44 4

EJ 2
V 0
z-cxp ... ..................
61 M-14t x

44 4-4 4 iýZ4 '444
a. 1, T4 4j..

+41i 4
IV I I ý' 4 ;

t T-4 'ýi
LA- 

4 i

44 +# + V1134
1-- 14 4 44 4ý:::* II+ *++114 M 1; 1 + -++:3 o N r . : 4t V+

0 z
4 4 j.': IM +'*I "t; I +4-t -4 1 +

T
;A -4 t.4ý I t

x a

It ;:4 ++t;:

fHf .. ....
44 14. 

Inj,,t I ... .... .... ..I I . .... .... .... .... .

14 4 44+4
+M1141" , .... ... Ln+ 4 I- i'l li:l .... .... .... .... .... .... ... .... ..

. .... .... 4.... Li441+J4 7:77
44

=W+4 ++4
'i4 U

.... .... ...
.44;. LLI

414 J'4q; ;I; I ... ... .44, o-.ý ... ... ;",. a
'4 i: , . , - ; ;;:: : -!: ::: - ...

++ .... .... ... I. , :;.,: :.ý4 :::-+ !:::] !-ý:- ----
.. .... .. .. .... ......... .... ... .. .... .... .... 1 411 1 f .. .... +

=7

t4;: . .... ... 
I+ Lr
........ .... .... ..1141 . .... .... .... .".I I . ... .... .... 4 .... .... .... . LLJ

... .... .... .... ... .... ...

. .... .... .... .... 
U

W ! . ... .... .... ...
. .... .... ....

.... .... .... .... ....
.. .... .... .... . .. ..

.... .... ....
... .. LLI

.... ... Ln CL4 .... .... .... .
:,.-. .... : .... .... ..

.. .... .... ... 4 _j

"n ..... .... .... ...
..... .... . ... .... .... ..... . Lei

.... .... .... ....... ...... v
.... .... .. ... .... .... .... .. . .... ....

o
.... .... .... ... .... ... .... ..... I 7= a:

. .... .... ....
: M 11-a-

.... .... .... ::* ..... .... .. .... .... .
:1::::, .... ....... . .... .... .....

... .. . .... ......... .... ...... . .... .... ....

.. .... .... .... .... ....... .... .... .... .

... .... .... ... . .. .... .... .... .. ..... .... .... ...

Ln
..... .... ............. .... A .. .... .... .... ...

........ ...
.... .... ... ..... .... . ... .... ..... . ...... .....

... .... ... ..... ... ..... I .... .... ... I ....... ... 4 .. ....-:1 :-- -. :-: 1-1 - - ------- --.. .... .... .... ...... ....... . ..
.. ..... ....

LLI .... .... ....
Or ........ .... .. ......... .... . .. .... .......

........ ...... .. 1:::: : : .. . .... .... t ... ....
f- LLS < .... ..

. ..... . ...
--------- 

--
Fri

........ ..<LU ......... ....... I .... .... ... + 7. ........ .... : :;........ .... .... ..... .. .. .......... .............. ...... ....... ......
-,-' - -4 ..... ... ............... 

.... .... 
:I:- ::::!:::: 

ý':

.... .... .. - "..: ::,:, -
.... .... .... ... .......... . ...... .... ... .....

.... .... .. C:j:: ": :::: ::: L- ::::: . . : : EX a.... .... ... -a W Li LJ :'Z 0::: Li_j :> M
w Im o v 07-: rjj -7

'rq: .. ..... :0 .. ....
-Lj 0 a Z ru: ..... ...... .

L":: a) -j .77 tj = x IX .... -:77
Z C3 LJ':::'I: 0 :V3 ýW- [Lr

-- ;-;-:ix Lj-'
-Jw -3 JX - 0a. 1.-::: 0 W::::

.. .... .... ... a-
12



44"
+

tl 4'. ... .... .

. .... .... .... ... ....
... .... .. .. .... .... .... .... .... ... .... .... ........ .

... .... ... .... .... ... .... ....... ... .... .... .... .... ..... ....

.... ... .....
. .... .... .... .... .........

W Z: . .... .... .... . .. .... ....
::.* :;::!: ... .... il . ....... .... ... .... ....

H, ki 0 .... -4- . .... .... . .. .... .
..... .... .... .. .. .... .... .< I ..... .. .... .. ..... . .... ... ... Ln

W <777 . .... .... .... . .... .... ....
... .... ........ .... .. . ... ....

-JW7... ... ; .... .. .. .... ....: : : T, : : : 4,CL :::. .. .... ... : ::.: :+ 1� 0 '4 . . .... ...4 . .... .. ..

.... .... . ... .... .... .... .. ....

LL. jiiý .... .... .... .... ... .... . ... .... ....

- ---- --- --

=S) 0
0 z .. .... .... . .

.M .... ... .. .... .... .... ......... .... ...::: : .. .- 1 .... . -- ..-- -- - -:: ---- 4...... .... ... .... .:: - . .......
--- ---- --- _ ... .. ....... ...... .. .......

. ......... .
---- ---- ----

........ . .. .... .. ----
....... ...

... it:
. ........ .... ....

Ln

7-- 7 .. ....

Ww L2
u

0

.... .......

A: 

L
-di ........ .... .... .....

.... .... .... .... . .....

:1:::: .... .. : . -_ :. #:-::;:: . ::::, L3
. . . . .... .... .... .... .......... . .....

... ..... ........7:'ý7 ......... ...... ........ ... .. .... .... .....
........ . tAiLn CL.. ..... ... .--------- -- -- 1-:: .. ...... .. . .. ......... ...

......... ....

77 7-7: - - ----- .. ...... . .... ......... .....

0a.4p --------- -
.. ... .........

....... . .. ... .. ...... ...-A - --- ---------z ........ ..
.. .. ...... . .... .... ......

.... .........
71" ....... Ln :::I

rn

............
LL ....... ......... .. ::.. -I - . __ . :. .. ....... ..........

U_ . ......... ............ ... ....... -- -- -- ------ ---------- ---------
CA < .... ..... .... ... ........... ---- -- --- - ..... ...

. .... ............ ... .......
OUJU ..... ... .. ... .....

W In
I� LL) ...... r;
<2:< _'Lj;j

< .... ..... ....
_j .. . .. ........ ....... ... . . ......

cn a- < ... ... ........

cs Z 0 in
---- ---- -- -------------- -------Li LAJ.,a w > z -j ---- ----::w ex cr jx Z 0 <> ru: : ..::.: - w > 0..-.L < Cl0 .4m : ..........,,a m _j 7. cr ru

W < (D .....................
:Z M LLI v I�0 X ZAJ ' - ' - v CE .................--- ... :zO rv ..... .. _0 L4 W.::_ __ =4:; _j M < __)_ *' 0 W 1-:7=::I.:: -: - 0 > ....0 a- _j a.

... . .........

13



FINDINGS

1. Some aircraft tested showed excursions outside •ol-
erances at 3.5 degree approach angles. These excur-
sions became frequent and general at angles above 4
degrees.

2. Specific effect on assigned tolerances were as follows:

a. Airspeed during descent was affected directly
only in the Sabreliner.

b. At 4 degrees power application for the flare be-
came a requirement.

c. Problems in flyability began to manifest them-
selves at and over 4 degrees.

d. Maximum sink rate and sink rate at the threshold
increased out of tolerance at and over 4 degrees.

e. Threshold crossing height appeared NOT to be af-
fected by approach angle.

f. Touchdown distances increase with inicreased ap-
proach slope, markedly so at and over 4 degrees.

3. Pilots accepted higher approach angles during day ap-
proaches than at night. Airspeed was more carefully
held within tolerances at night. No other special dif-
ferences between day and night operation was indicated.

4. Putting the aircraft in final approach configuration
prior to reaching the one-mile point (Jet Commander and
Lear Jet) provided a lower beginning airspeed at the
start of descent resulting in more stable speed through
the approach. This resulted in a better controlled and
more comfortable approach for the pilot. In the Jet
Ccmmander an approach one degree higher was acceptable
to the pilot using this technique.

5. Altimetry system lag causes indicated altitude to be
higher than actual height at the threshold on final
approach.
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APPENDIX

A-i & 2 Data Tabulation
A-3 - 7 Effect of Approach tingle on Descent Airspeed
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