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PREFACE

The Civil Air Regulatiomsestablishing the Transport Category were
adopted by the Clvil Asronautics Authority May 28, 1940 as Amendment
Number 56 thereto, to become effective July 1, 1940. Although these
regulations have been the subject of a considerable revision which became
offective July 1, 1942, they have from the beginmng containsd a set cf
operating ruvles applicable to any transport category airplane when used
in scheduled cperation carrying passengsrs. Due primarily to the outbreak
of the war, the application of these operating rules with a single
exception involving the operation of a flylng boat over water, has been
postponed with the result that almost no experience with their application
has been obtained. Because of this, and in anticipation of the general
application of these rules in the foresesable future, a study has been
undertaken to determine the nature of the problems involvaed in that
application. The results of the study are presented in this report. The
report is addressed primarily to the Engineering Staff of Air Carrier
Operators as an outline of methods which may be employed by them for the
purpose of determining the status of their operation in respect of
compliance with the operating rules.

Any questions relating to the contents of this report should be
addressed to Flight Engineering and Factory Inspection Division, however,
any question relating to the actual operating on a schedule route or
interpretation of the operating rules should be refsrred to the appropriate
representatives of Air Carrier Division.

The study has been aided by many helpful suggestions offered by the
personnel of that Division. With assistance from %allace M. Frei, Iyle C.
Bjorn, and Carolyne S. Fyle, the report has been prepared by Omer Welling,
Chief, Flight Analyslis Section.

Approved By:

(Lo, 7 )peer

Chief, Flight Engineering/and
Factory Inspsction Division
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INTRODUCTION

The transport category operating rules are defined by CAR 61,712 and
sucgceeding sections of the Civil Air Regulations. The purpose of these
ruleg is to provide an approximately uniform level of safety throughout
the operations governed by them. The Regulationg attempt to accomplish
this by specifying certain minimum rates of climb which must exist at any
altitude at which the operation is undertaken and a ralation between the
dimensions of the flight path, when these are determined under certain
spscified conditions, and the dimensions of the route. For the purposes of
this repert the two perhaps most important characteristics of these ruies
are the following:

l. The impact of all of the rules upon the actual operation is to
impose a series of limitations upon the take-off weight. That is;
with the 3ols exception that upon arrival at an intended destination
and, dus to the direction and velocity of the wind, it being found
impossible to land, the airplane must proceed to an alternate, which
has been designated in the flight plan; compliance with all of the
operating rules must be considered before the alrplane takes off.

It 1s believed that a study of the text of CAR 61.712 will explain
why this is true.

2, Insofar as analysis of a route to be flown is concerned, the unit
of operation which must be considored, is a trip. This is actuslly
a corollary of the characteristic identified immediately above and
1s due to Just the necessity to consider &ll of the operatang
limitations prior to take-off. It will be seen in the succeeding
portions of this report that there will be for any airport of take-
off a maximum take—off weight which cannot be exceeded. For any
actual trip, however, the maximum permissible take-off weight may
be lower than this because the enroute limitations or the landing
Hmitations may dictate a lower take—off weight for that particular
trip.

The process of applying the operating rules to a given route and
airplane requires assembling certain basic information concerning the route,
its airports, the airplane, and the weather; conducting an analysis of this
information for the purpose of datermining the maximum tske—off weight
permitted by the rules for each airport of take-off and for each trip
dispatched from that airport; and finally the establishing of certain
diepatching rules which will set these maximum permissible take-off weights
and the ccnditlons deterzining them.

It 1s the purpose of this report, by means of discussion and an
example of thelr application to an actual airplane which has been tha subject
of a great deal of operating experience, and to a routs over which this
sirplane has been flown in scheduled operation, to illustrate so far as
possible by this means the following concerniny the transport category
operating rules:

l, The naturs of the rules themselves.

2, The type, extent, and possible source of the basic information
which 1s required in order that they be applied,
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The various problems involved in and the process by means of
which this information is applied to an analysis of a route, its
airports, znd the airplan= to be operated over it o determine
the conditions undar which the operation must take placs.

Poasible forms in which to present the analysis identified above
for the purpose of showing the proposed operation to be in
compliance with thess operating rules.

The nature and extent of the information required for the process
of dispatching under these rules,

The possible gain in ths weight of the airplane which is permitted
under these rules resulting from teklng advantage of certain
refinomsnts which the rules themselves permit. The principal one
of these so permitted is an allowance that 50% of any head wind
componant may bs considered in determining the maximum take—off
weight upon a runway of given length.

For the purposes of this report the route from Chicago, Illincils
to Salt Lake Caty, Utah has bsen selscted, primarily because it
contains terrain and airports of altitudes such as very nearly to
cover the extreome ranges of altitude to be encountered any-whare
within the continental limits of the Umted States. The route
salacted follows the caivil airways between the points designated
ard is the most direct such route, It will be noted that this ia
a route over which schedulzd operation has been maintained for a
number of years and over which the alrplane, which has also been
salected for tne purposes of this report (see below) has been
regularly operated.

The Douglas DC-3 51C3G airplans has been sslected not only because
it is the airplame actually operated over the route selected, but
also becauss the necessdry airplane informationis available (sea
reference a), It is desired to point out that this airplans has
not been designea to comply wath the transport category require—
ments, 1s not atpressant operated under the transport category
operating rules, and is not now aunthorized to opsrate at some of
the welghts dealt with in this report. It happons, however, that
the applieation of the performance requirements of the category,
which are the only such requiremsnts involved in the problam dealt
with in this report, permits the operation of the airplane at
wolghts very closely approximating those at which its scheduled
operation has been authorizsed. The fact, therefore, that it is not
a transport category alrplans in no way detracts from its usefulness
for the purposas of the rsport.

As used in this revort, the word ®™rip™ refers to an individual
flight from a2 station to the first intend=d destination or, if no
landing is mede there, to one of the alternmates. It does rot
refer to a through flight involving intermeaiate stops. In other
words a through fllizht involving intermediate stops is composed of
a number of "trips®™ one greater than the number of intermediatse
stops.



BASIC INFORMATION REQUIRED

Thig section cf the report identifies and discusses the necessary
basic information concerming the route, its airports, the airplane, and the
weathsr to which reference has been méde above,

ROUTE

The basic information concerning the routs which i1s required for this
purpose is essentlally the topography of the terrain included within the
limits of the civil airway which the route follows., The airway is by
definition ten miles wide and crdinarily coensists of a series of straight
courges Joined at abrupt angles occurring at radio range stations or at
the intersection of two legs of the radio range emanating from two different
stations. The most convenient sourcs which has bsen found for this
informaticn is the Sectionzl Aeronautical Charts published by the United
States Coast and Geodetic Survey, Department of Commerce, which are for sale
at a price of 25¢ per chart.

As has been stated under INTRODUCTIUON, the route selectsd for this study
13 that extending along green civil airway number 3 from Chicago, Mlinois
to the Fort Bridger, Wyoming radio range station about 70:miles west of Rock
Springs, Wyoming, and thence along red airway number 1 to Salt lake City,
Utah. The terrain traversed by this route appears in the following Sectional
Aeronautical Charts:

U-34 + « « « « . Salt Lake City
U4e « o « = o . Cheyenne

T~5: « ¢ « ¢« « « Lincoln

U6. « - » . . Des Moines
7. « « + « . . Chacago

The most convenient form in which to present the information for these
purposas appears to be a composite profile along the center line of the
airway showlng, for any point along the center line, the altitude of the
highest point of terrain at any point within the width of the aarway. This
may be done by measuring along the airway on the Asronautical Charts the
distance from gome arbitrarily chosen station to the interssction of
successive contours with the center line or boundary of the alrway and
plotting these points to a sultable scale of distance and elevation. This
has been done for the route considered in this report and appears in Figure 1.
During this process no situation was encountered at any point along the route
which permits advantage to be taken of the provision contained in CAR 61.7125
that a comparatively isolated region of comparatively high terrain extending
for not more than twenty miles along the airway may be omitted from
consideration within the ailrway if it extend into the airway less than five
miles. In view of the fact that the terrain covered by this route involves
some of the most rugged to be found amywhere within the United States, it is
suggested that this provision may be found usable in only a few isolated cases,
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AIRPCRT

The raquuired Lasic information concerning an airport is perhapa best

illustrated by means of Figure 2 which presents this information for the
airport at Cheyenne, Tyoming. It may be noted that this Figure is actually
a composite chart involvang five separate but related diagrams. These will
be discussed in order,

ae

k.

Ca

d.

FPlan

This diagram is merely a plan (to scale) of the rumways. Its basic
purpose 1s to indicats thelr length and their angular relation one to
the other. It may also be used to indicate the outline of the landing
apprcach areas, where these exist or are of significance, as well as to
indicate the courss of any take—off flight path which, in order to avold
obstacles, departs from the rurway center line extended. The altitude of
the airport, which 1s alsc necessary, is stated in this plan. The most
convenient source for this information which we have found 1s the
instrument approach charts also prepared and published by the United
States Coast and Geodetic Survey.

Profiles along center line of rumways.

The purpose of this diagram i1s basically, to indlcate the effective
landing length as defined by CuR 61.7124, as well as to provice a
composite profile which may be compared with the take-off flight path
for the airplans at various weights in orcer tc determine the maximum
woight permitted by the take—off requirements of CAR 61.7122. The
principal source of this information has also been the instrument
approach charts, mentioned above supplemented b, the quadrangle sheets
published by the Geological Survey, Department of Interiocr, covering
the area in the neighborhood of the airport.

1

Wind velocity producing unit cross component on all runways.

This is a working diagram the purpose of which wlll appear hersafter,
It is merely a diagram indicating for each of the rumways the wind
velocity which, when blowing from & given true compass direction, will
produce a umt cross component on that runway., Mathematically it is a
plot cosecant KX vs.N' where &5 is the angle between ths wind direction
and the center line of the runway.

Axial component on 21l rumays produced by unit wind velocity.

Thi;;is also a working diagram and is simply a plot of cosine
VS, ]

Axial component on each of other runways produced by a wind creating

unit cross component on the main rummay.

The basic purpose of this diagram is to indicate the.axial component
upon each of ths other runways when the wind i3 in such direction and of
such velocity as to make operation upon the otherwise most suitable
(usually longest or instrument approach) runway impossible. The dlagram
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has been prepared by multiplying, for each value of wind dirsciion,
the value read from diagram c. above by the value reacd from diagram d,
for each of the other rumways, at the same wind direction. It may be
noted that this diagram as well as c. and d. above are all based upon
a unit cross component of wind veloelty.

They are alsc based upon the tacit assumption that £iight
operaticns will take place upon the most suitiable ruway of any airport
used so long as wand conditions do not make this impossinls, This
predicates a critacal cross wind component for any airplane to be
operated in the airport. Since, however, this basic infcrmation is
equally ussful no matter what airplane may be considered, &nd the
critical cross wind component may differ from zairplane ¢ airplans, 1n
order to make 1t equally applicable to amy airplane 1t iz necessary
that 1t be based upon unit wvaluss,

It is belisved that this airport diagram contalns all of ths basic
information concerming an alrport which is required. It may be noted that
any appreciable grade in the rumway surface may be represented upon this
diagram in the profiles. Information such as 1s contained in the diagram
nust be assembled for sach airport, whether scheduled destinestiicen or
possible alternate, which the operator desires authorization %o use.

ATRPTANE

The required basic information concerming the airplare 1: ithe magm tude
of certain items of performance which are 1ldentifisd and discussed hereunder,
Normally, most or all of this psrformance informatiom will be contained in
the airplane opsrating manuzl required by CAR 04.755~T to be furmaished with
the airplane or may be derived therefrom. The source of the 1lnformation
contained in this report has been reference (2). The items of performence
involved ays-

1. The maxmum take~off weight permitted by the regulations for the
altitude of take—off. This information appears in Figure 3 herein
as a plot of take-off weirpht versus Bltitude and has been taken
directly from Flgure 5 of refsrence (a). It should be moted that
this maximum take-off weight is independent of the dimensions of
the airport.

2. The accelerate-stop dirstance at varicus weight and altitudes.
This appears in Figure 4 as a plot of the distance agarast weight
at various altitudes and has been taken directly {rom Figure M of
reference (a),

3. The take-~cff flight path at various weights and altitudes. Thas
appears in Figure 5 as a group of flight paths one for each of =
series of airplane weights at each of a ssries of altitudes from
sea level to 7,000 feet. This fipure has been prepared from the
data of Tabls III of reference (a) and while 1t is convenient for
the purpose of illustirating the general nature of tns variation eof
the take-cff flight path, 1t is not especially convenient for the
purposes of the necessary interpolation betwsen the arbitrarly
selacted incremsnts of weight and altitude which have bsen ased in
its preparation. It i3 2lso not convenlent if the effect of wind,
which is permitted by the operating rules, 1s to bs considered

-5 =
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bacause the nature of the effect of wind upon the distance
traversed during each of the elements of flight path 1s not
identical from element to elsment. Ior this reason, the same
information 1s also presented in Figure 6 as a series of dlagrams,
one for each element in the take—off flight path, which shows the
distance traversed during and, if any, the height attained by the
airplane at the end of the element,

The effect of wind upon these dimensions is confined to the
horizontal distance traversed and may be obtained by mul tiplying
each of these distances by ar apprepriate factor involving the
velocity of the axial component of the wind. In the case of the
ground run shown in Figure 6a, this facter is (1 - E) 1.85 ghere
, 2V
V¥ is the actual axial wind velocity component, consideration of
the effect of half of which 1s permitted by the regulations, and V
is the aarplane true airspeed. Since the airplane airspesd remains
a constant indicated airspeed for arrplane weights up to 27,000
pounds equal to 96.8 MFH V = 96,8 x\Ko/@ . For yreater weights,

v oee (eo/ehv 000

For each of the other e...e::rnta of the take=off flight path the
factor 1s samply (} — W )

The maximum one angine inoperatlve opsrating altitvde. This appears
an Figure 7 and 1s a plot of ths altitude at which the rate of climb
with the enroute configuration of the airplane is .02 x Vg This
information has besn taken directly from Figure 4 of °
reference (a).

The maximum landing weight permitted at the altitude of landing.
Tlns appears in Figure 8 as a plot of maximum landing weight against
altitude and has been talen from Figure 6 of reference (a). “his is
alsc independent of the dimensions of the airport of landing,.

The landing distance at various weights and altitudes. This appears
in Figure 9 as a2 nomograph of landing distance vs. weight at various
altaitudes and wind velocaties. It has been derived from Flgure 7 of
raference (a). The wmand velocities of the nomograph ars the actual
veloclties of the axial component of the actrval wind and the
reductions in landing distance indicated are those due to 50% of
this axial velocity in accordance with the terms -of CAR 61.7123(b).
Also, no wind velocity gradient with height has been considered.

The nomograph may be entered wath an alrplans wmeight, altitude, etc.,
to obtaln a corresponding landing distance or it may be entered with
60% or 70% of an effective landing length, an altitude of landing,
and a wind velocity to obtain the maximum permissible landing weight
on that rumway, landing in that direction,

The crwising performance of the airplane. This 1is necessary in order
to estimate the amount of fusl consumed and, therefore, the amount
by which the weight of the airplane 1s reduced upon reaching any
point along the route to be flown. The most convenient form for
this information would appear to be a diagram showlng pounds of fuel
per air mle as a function of airplane speed. This appears in

~
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8.

WEATHER

Figure 10 for the alrplane conslidered in this report and has bsen
prepvaered from unpublished test data in our files.,

The critical cross wind component bsyond which take-off or landing
operation bscome 1mpossible or inadvisable, Reference nas beaen
maas o this in the discussion of the airport information above,
Tc the best of our knowledge such a critleal tross wand component
has never bgen established for the airplane considered in this
report. 1t has bsen variously sstimated from 10 to 20 ¥PH and is
asaumed in thars report to be 15 MPH.

The minimum of the necessary information concerning the weather anpears
tc be a forecast of weather conditions, including wands aloft, over the route
to be flown valid for the period of time to be occupisd by the flight under

consideration.

must be availabls before a trip is dispatched. The significance of the

forecast in raspect of the subject of this study i1s that 1t datsrmines wheather

or not alternate destinations must be considerad in dispatching the flight

and 1f so, whather one or more.

Since the landing weight requirements must be

met at the intended destination and alsc at any al ternate designatad xn the

flight plan, this may affect the maximum weight which may be taken off for the

trip. The forscast also indicates the probable ground speed for a given
cruxging airspeed and thus the tims required to reach any point along the
route and, therefore, the amount by which the take-off weight wall have been
reduced upcen arraval at such point.

Although not absolutely necessary, certain climatological data, in
particular the wand rose, may be desirables, particularly if it be desired to
allow for the effect of wind upon the maximum waight which may be taken off
from a particular rumway due to 1ts dimensions. Also, although not now
rermitted to be considered by the regulations, it appears possible that in
the future there may be need for the establishment of mean tompsratures at
gach of the alrports for cerigin seasonal pericds.

This i1s now normally & necessary part of the information which
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METEOD OF ANATYSIS

The analysis, involving the abeve basic information, which is required
in the process of applying the operating rules to a rcute has for its
purpose the establishment of the maximum weight permitted by the rules at
which the airplanse may be dispatened from a given statlon or 2 .aven trip.
Aside from the performance of the airplane which i1s, of course, common to
all routes and all traip< on shich the airplans 1s flown, the elements which
deternine this maximum wsight arz sssent:ally characteristics of the route
to be flovn. The rerainder of this section of the regort, therefore,
discusses th= analysis required by consideration of gach of these route
characterisiics.

ALTITUDR OF TARE—-(UFF

The maximum take—off weight which 1s permitted at the altitwle of the
take—off airport ma; be read directly from Figure 3 and, of course, remains
the sams for any trip dispatched from that airport,

DIMENSIONS OF TAKE-OFF RUNMAAY

The regulations require a comparison betwesn the dimenslons of the take-
off runway and those of two possible take-olff flight paths, each based upen
the assumption of engina failure during the take-off. These are separately
considared hereunder.

a. Accelsrate-stop distance.

This distance may be read from Figure 4 of this report, and the
regulations require that the actual length of the take-off rumway
equal or exceed this distance. In the =vent that it be desired to
consider the effact of wand uvpon the maximum welzght permitted by
the dimensions of the take~off runway, these distances may be
corrected for the effect of an axaal component of wind along the
runwa¥ b{ multiplying the values read from Figure 4 by the factor
(1 - 85 where Vg 1s the actual velocity of the axial component

and V 1s the velocity of the airplans, namely, 96.8 x fB/e MPH for
. airplang weights up to 27,000 pounds and, above that weight,
£ 96.8 X 0/e ‘ W MPH'
127,000
b. Take-off flight path.

The dimensions of the take—off flight path are containsd in Figure 5
and those of the various elements in the fli ht path in Figure 6.

The regulations require that the alrplane, following this flight path,
must have attained a herght above the surface of the take—off runway
of at lasast fifty feet before or at the moment of passing the far end
of the rurmay. They also require that, still following this flight
path, the airplane c¢lear all oostacles to flight either by a vertlcal
margin of fifty feet or a horizontal margin of three hundred faet
without requiring an angle of bank in excess of 15° in order to
provide this horizontal clearance. The effect of wind upon the
dimensions of the flight path has bean discussed under "BASIC
INFORMATION REQUIRSD® above. In creer to determine the ma:ainum

-8 -
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wai, ht permitted lor take—off, 1t 1s nscessary to compare tlre
¢imensicns of the flignt path at variocus werghts vith a profale
2t each I the rumrays such as, for example, thcse contained rn
Fipure 20, consicering ths take—off to be made first in one
dirsction, then another. In comparatively simple ceses such as
are 1llustraied by Figure 2b, 1t 1s usually possible to pick by
inspection a single critical peint at which the zirplane must
nave a certain height. For example, assuming a take-off made 1o
the weost in Figure 2b, it 1s necessary that the airplane have
atteaned a height of 80 feat at 6,800 feet from the suart of the
teke—cff. Referring acw to Figure 5, for ap al aiuvde of 6,000
fget znd 8 height of 80 fset 6,800 feet from the stzrt of the
taks—off, the maxiram weight, by interpolation, 1s 24,000 pounds.
At an sltitude of 7,000 fzet the same process 1ndicates a2 max.mum
weignt of 22,900 pounds. The altitude of this airport is &,1.0
feet., Linear interpoiation with altituds between the two weights
ssuaclished above gives a maximum take—-cff weight at the altitude
of the sirport for a take—cff in that particular directicn of
23,846 pounds.

This progess nust be repeated for each directicn -of take-off which
is to be considered. In sther casea, a take-off to th= scuth=ast
for example, there may be some uncertainty whether the critical
noint be the fifty fest of height which the airplans must have
atbained 6,800 feet from the start of the take-cff, or the ninety
feet of height 8,300 feet from the start, and 1t may therefore, be
necessary to try each of these i1n order to determine which 1s in
fact critical. If it be desired to avoid interpolation over so
great a range of weight or altitude as 1s required by the
information contained in Figure 5, a group of flight paths covering
mere closely spaced increrents of airplane wei ht and applying to
the precise altitude of the airport under consideration may be
constructed from the data of Figurs 6 and the above process carried
on with this diagram instead, or thess flight paths may be
constructed upon transparent paper to the same scales as the airport
diagram and superimpesad directly upen the appropriate rumway
profile. If it be desired further to consider the effect of wand
upenn the maximum take-cff weight permitted by this limitation, a
nurber of groups of take-coff flight paths at the altituds of the
airport, each group representing & separate value of wind veloecity,
may be constructed from the data of Figure 6 and the apbove process
carried out for each value of the wind considered, thus establish-
ing a relation of ths maximum take—off weight permitted for a
take—off 1n that particular direction and the velocity of the waind
which 1t 15 desired to consider.

ALTITUDE OF ENROUTE TERRATIN

The regulations require that at amy point of terrain along the route to
be flown the one englne inoperative operating altitude at the weight which
the airplare i1s estimated to have upon reaching that point shall exceed the
altitude of the terrain by at least 1,000 feet. The maximum one engine
1noperative operating altitude at any weight may be obtaired directly from
Figure 7. It will ordinarily be possitle, by inspection of ths profile of
the route to be flown, to select one obviously eritical point of terrain cr

-G -
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several pocsikbly critical points. For example, referring to Figure 1 and
zonsyderang a tmp frox Cheyenne, "yoming to Salt Lake City, Utah, the

first poserbls cratical point is that lying 34 miles west of Cheyenne having
an altitule of 8,500 feet. It is, however, not certain that the two points,
one lyzng 360 miles west of Cheyenne and havang an altitude of 10,200 feet
ard the other 388 miles vest of Cheyenne having aa gltitude of 10,000 feat,
mey nct bz critical, In such czgse it w11l probably be necessary to
wnvestigase all three of these points. The maxxmum weight which the airplane
may have on reaching these points may be read directly frem Figure 7 by
entering the diagram at the altitude of the terrain invelved plus 1,000 feet
and reacding the corresponding weight,

In order to determine the maximum take—c{f werght which this limitation
1mposes, 1t 1s necessary to estimate the weight of fuel which will be
gonsued from time of take—off to the time of arraval at any one of these
points to be considered. The rate of fuel consumption 1s a function of
azrspeed, airplane weight, and altitude and, for a given sst of values of
these, may bs read directly from Figure 10. In order to arrive at the
aeight of fuel consumed 1t 15, therefore, necessary to know the altituds at
which ths fi1.ht 1s to take place, the true airspeed, and an estimate of
the wine velocaty ccmponent along the intended rcute from which ground speed
may be estimated, The existence of a 10 MPH heaa wind along the route will
increase the alr distance which must be flown over the actual ground
distance to be travellad by the ratio of the crwising airspsed to the
difference between the cruising airspeed and the wind velocity. From an
estimate such as this the ,weaght of fuel consumed may be determined and when
added to the masxamum weight permitted at any voint of terrain wall gpave the
maximum take—off weight whach this limtaticn permits.

ALTITULE OF LANDING

The maximum landing weight permitted by the regulations at the altatude
of the landing airport may be read directly from Figure 8, The maximum
take—off weight permitted by the landing limitaztion requares an estimzte of
the weight of fuel consumed in reaching the point of landing whaich may be
made 1n the seme manner as has been discussed i1mmediately above ancd this
latter acded to the maximum permissible landing weight.

DIMENSIONS JF LANDING RUNWAY

The regulations require that, at the welght which shall exzst upon
arrival at the intended destipation of a trip, the landing distance shall not
excead 60% of the effective landing length of the runway most suitable for
landing in still air, and alsc that, 1f the waind direction and wvelocity at
the time of arravel are wuch as to make the use of that particular runway
1mpossible, the landing distance when corrected for 507 of any axial
component of wind velocity upon the runway which 1t rmay, therefore, be
necessary to uss, shall not exceed 60% of the effective length of such
IuIvay.

The regulatioans further requare that if ths flrst of these two
conditions can be met at the intenaed destination but not the second, there
must be at least one alternate destination specafied in the flight plan at
whach both may be met, except that the landing distance must not at the
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alternate cestination excead 70% of the eff-ctive length of an, rwway used
for _J~=zn2. Ths landing distance for a jiven altdtude and wei_ht may be
reaq zisen.ly frow Figure 9. The effective landing lengths are shovn on

the zxrpr_ i miayram, Flgure 2, for example. The simplest anaiysis couplying
with the t2rms of thas requirenent would be teo determine the noximnun lamding
weight perwitiled by the runway havang the shortest =ffective lancaing length
at th: scheduled destination and to limat the waight at which 2 trip s
dispatthed to a wel ht not in excess of this maximum lending we.sht on the
shoruest ranway plus the weight of fuel gstimated to be consum=d 1n making
tne wovip. This procedure may, howsver, unnecessarily limit the wezght at
vhich the trip may be dispatensd and there is an dlternaiive procedure nhich
azco.nts Ior the minimum axial componsnt of wind velocity which must exxsi
zlorg +~ach of the rumways other than that most suitanle for landing 1o calm
axr wilen the wind veloclty and direction are such as to render +the use of
Lhis latter ruwmay impossible.

Referring te Figurs 2c¢, for example, ana assuming 15 MPdF as the critical
cross wind component beyond which operation of the I0-3 airpiane 1s assumed
te bs 1mpossible, 11 may be sesn that any combination of wind velociz
{tawxded by 15) and direction which, when plotted upon this diagram, lie=s
above the curve therein corresponoing wirth the Tast-Wast rurway, but below
the curve corresponding with the Nortlmest-Southeast rumway, permits operatinu
on the Ferthwest-3outheast rumray without the critical cross wind velcexty
for thzu rumway being exceeded. Consiaering also, the mossibility of
operanicon on the North—South runway, the angular headings of such wands lie
bewrews 1150 and 158° or between 296° and 338°. Referring now to Figure Ze
1t may bz ssen that any wand lying withain thas range of directlcns shich
produces & wnmt cross component upon tne Bast—Flest runway wall also produce
an axial component dlong the Nortmwest-southeast runway varying from 2.65
at 118° %o 1,00 at 158°. That 1s, any combination of wind velocity and
arrectiocn making 1t impossible to use the East—lest rumway {or landing but
desaiavle to use the Northwest~Southeast rumway will produce an axaal
componeit on this latter ruwrway egual to at least 100% of the critical cross
vind component or 100% of 15 FFH equals 15.0 KPH and the regula tions permit
allowang Tor the effect of 504 of this waind velocity upon the landing
distanca.

Extenaeng this type of reasoming to the conditions indicating the
necassity to use the North-South runway, 1t will ce found that these .nvolve
wands having direction lying between 338° and 47° or 158° and 227° and that
the «xial component along the runway under these conditions will be at least
904 of 15 MPH or 131 MPH. When allowance is made for ths effect of half of
this wind velocaty upon the landing distance, 1t wall be found tnat the
landing weight which the regulations permat upon the North~3Southr runway has
been increased over that established by the simpler andlysis cutlined zbove.

It may be noted that this method of analysis presumes an operating
progedure at such alrports such that the decision teo use ons or another
runway rest3 solely upon the directicen and welocity of the wand and upon a
critacal cross component of wind velocity for any dirplane coperated therein.
It alsc presumes the possibls existence of wind directions and corresponding
velocities such as to render the usse of the entire airport impossible. Tor
axample , any combination of wind velocity (divaded by the critical crosswmind
velocivy)} and darection which whon plotted upon Figure 2c lies above any of

- 11 —
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the three curves thereon 1s a combination producing cross components on all
available rurways 1n excess of the maxamum permissible,

Either of the analyses described above may alsc be applied to any
altsrnate desiination which 1t has bsen necessary to consider either because
of weather condlitions or the inabilaty of the airplans to comply fully with
the landing distance lim tations discussed herein at the intended destination;
and the maximum take-off weight permitted by the regulations involwving the
dimensions of the landing runways is that resulting from the approprizte
maximum landing weight, determined by these analyses, plus the weight of
fuel estimatad to be consumed in flying from the point of take—uwfi to the
destination.

ANALYSTS FORM

Figure 11 is a tabular form which has been designed to serve as a
convenient summary of the results of a trip analysis. This tabls does not
provide for consideration of the effect of wind upen the dimensions involved
in the taks-off, but does provide for the analysis of the effect of waind
upon the landing distance which has been sugygssted immediately above. This
is, in part, & refiection of the nature of the regulations themselves, in
that they require consideration of wand in determaming the landing distance
limitations upon the take—off weight, but merely permit 1ts consideration
in determining the take—off flight path limitations.
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AFPLICATION TC ROUTE

43 haa been indicated in ths introduction to this repoert, the basic
operation invelved in the application ef the operating rules to a route,
once the necessary infocrmation has beon assembled, 1s to analyze separately
each trip which 1s te begcome a part of the intended operation. This sesction
of the report 1s devoted Yo the application of the method of analysis
described in the immediately preceding sectaon to ssveral pessible trips
aleng the route cconsidered and to certain discussion of the results cbtained.
Trip analyses involved have besn made by means of the form illustrated Ly
Figure No. 11,

The selection of the particular trips to become the subjsct of the
analyses which follow have besn made in order to furnish information ¢o.a—
cerning the following pointss

(1) In order to indicate the effect of the opsrating rules upon the
maximum weight which may be take-—off at various sops along a
through flight, the following trips have been analyzed,

Chicago to QOmaha
Omzaha 1o Cheyenne
Cheyemne to Salt Lake City

(2) In ordsr to illustrate the fact that the maximum weight which
may be carried on a single trip over a given route depends upon
the direction along the route in which the trap is flown, ths
trip from Salt lake City to Cheyenne has been analyzed for
ccmparison with the results of the analysis of the trip from
Cheyenne to Sal%t Ilake GCity.

(3) 1n order to indicate the effect, if any, of the lengths of trip
upon the maximum weight which may be carried, as well as to
indicate the nature of the information which must be supplied to
the dispatcher at a given station for any trip originating at the
station, the following trips have bean analyzed-

Cheyenne to laramie
Cheyenne tc Denver
Cheysnne to North Platte
Cheyenne to Rock Spraings

(4) In order to investigzate the effect of the altitude of the station
upon the maxamum weights which may be dispatched for various trip
lengths the following additional trips have been analyzed:

Omaha to Des Moines
Qmaha to North Platte

The trip analyses follow 1mmediately in the order in whaicn the traps
have been listed above.

- 13 ~



) Flight Engineering Report No. 1k

. TRIP ANALYSIS
" A, Trip - Prom CHICAGO, ILLINOIS  , To: OMAHA, NEERASKA
B, Cruising Conditiona;
Indicated True (Head)
3 1. Altitude = 4,000 ¢, 2, Airspeed =165 mph. 3. Alirspeed = 175mph. kL. Forecast (%akk) Wind = 15 mph,
%ﬂ C. Maximum Take-Off Weight Permitted by:

B

1. Altitude of Take-off = 610 ft,, Weight = 26,1201vs.,

o

%ﬁ 2. Dimensions of Take-Off Rurmay Compared With:
;%‘ 8. Accelerate-Stop Distance:
%; (1) Runway N~5 |NE-SW] E-W | W - SE
f*;,; (2) Weight 29,650 | 30,0008 | 28,750 | 30,0004+ |
g b. Take=Off Flight Path:
%f« (1) Take~Off Directlon N s .3 W B | = | sm
% (2) Welght 26,300 123,325 | 26,17 | 27,675 |23,000 | 26200 28,000 | 25,880 | -
?’% . 3. Altitude of Enroute Terrain:
g‘%, a. Ground Miles from Take-0ff, 80 100 0
%ﬁ b. Altitude 800 | 1,080 | 1,200 .
5 c. Alr MWiles from Take-Off eg | 328 405 -
s d.” Atrplanc Weight There 29,310 | 29,270 | 29,240
B e. Welght of Fuel from Take-off] 286 | 1,067 | 1,317
= f. Teke-Off Welght . 20,600 | 30,340 | 30,560
& L. Altitude of Landings .
’ Schedul ed Alternate Alternate )
“3a._ Flace L B » I DES_MOINES: ) TR
b. Altitude o7 )] 95
- _ c. Ground Miles from Take-Off 432 < 6513
iigﬁ'f“ - _‘d.__ﬂr_ﬁhrﬁ't‘ﬁfdkc_-ﬁff 372 603 = — - - -
2% e. Airplane Veight There 25,200 25,200
if» f. Welght of Fuel from Take—Off 1,533 1,958
;%? g. Take=Off Neight 26,733 27,158
r‘«{ 5. Dimensions of Landing Runways:
3 8. Scheduled Destination: Place OMAHA, NZBRASKA
= (1) Landing Direction L SE E | v NE Ful N s
= (2) Effective Length 5,427 | 5,427 | s.060 | 5,060 | 5,020 | 5,020 | s.000 | 5,000 )
= (3) MWnimm Axisl Wnd 0 0 12.8 12.8 18,0 | 18.0 a5 4a5 m
e (L) Landing Weight 33,200 | 33,200 134,000 [34,000 |34,000+ |34,000¢+ {32,600 |32,600 |
: (5) Take-Off Welght 34,733 | 36,733 135,533 195,533 135,533 135,533+ 134,133 134,133
% b, Alternate Destination: Place _DES MOINES .
%% ) (1) Landing Directicn NE sy B W Ny SE K S
o (2) Rffective Length 4,500 1 4,500 3,150} 3,150 | 3,650 | 3,850 | 3,000 | 3.600 -
{(3). Minimm Axial Wind 0 o | 15 15 15.0 | 15,0 15.0 .0 ) e,
i (L) landing Weight 32,600 | 32,600 | 20 00 o [31,200 |32,400 |27.700 130,900 :
% (5) Take-Off Weight 34,558 | 34,558 | 31,358 |31,358 |33,158 58 129,658 |32 858 -
- ¢, Alternate Destinations FPlace
Z (1) Landing Direction
4 (2) Effective Length -
% (3) Minimm Axisl Wind
g*‘f (L) landing Weight
?521_ (S) Take-Off Weight

D. MNaximum Take-Off Welght for Trip 323,000 1bs. For Take-Off Any Direction
26,120 1bs. No Take~uff E, 5, or SE.
E. Remarko:

¥

* VIA OMAHA

e f‘“W‘"ﬁ%"ff TR iR
T
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Flight Engineering Report No. B
TRIP ANALYSIS

A. Trip - From: OMAHA, NFBRASKA y Tos CHEYENNE, WYOMING
B. Cruising Conditions:
Indicated True (Head)

ol '

1. Altitude = g oog ft. 2. Airepeed =165 mph. 3. Airspeed =185 mph. L. Forecast (2akX) Wind =£_§_nph.

T
2

D %‘
i

B

€. Maximum Take-Off Weight Permitted by:

”ﬁ"

k]

AR

N

1. Altitude of Take-Off = g77 ft., Weight = 26,0801bs. ,

AP
-\q\?:

N

2. Dimensions of Take-Off Runway Compared With:

a. Accelerate-Stop Distance;

E

4 (1) Runway M-58| E-W | M-5F] K-5

(2) Weight 30,300 {29,550 | 29,350 { 29,750

o b. Take-Qff Flight Path:

_:: (1) Take—Off Direction NW SE E w NE SW N S
= (2) Welght 27,000 {27,000 | 26,500 | 26,500 | 26,400 26,400 | 26,500 [26,500
;’" 3. Altitude of Fnroute Terrain:

i a. Ground Miles fram Take=0Off, 472 507

3 b. Altitude 6,200 | 8,543

), c. Alr Miles from Take-Off 546 ] 58_6'_r_ )

- d. Alrplanc “eight There 27,800 | 25,700

”’q e. Welght of Fuel fran Take-Off] 2,020 | 2,170 -

. f. Take-Cff Reight 29,820 | 27,870

L. Altitude of Landing:

T

R

D. Maximm Take-Off Weight for Trip = 20,0801ba,

Schedul ed Alternate Alternate
a. Place CHEXENNE | LARAMTE M
- < BiEAlfitade, . TV~ o - b 6,140 7,970 | T9800 '} T o Re T Co
c. Ground Miles from Take=0ff 472 » 527 689
) d. Air Mles fram Take-Off 546 .~ 609 807
g”‘:i - T e Airgiahe '?é"ight. There 24,250 > 23,500 25200 T
", f. TWelght of Fuel from Take—Cff 2,020 2,280 2,980
= g. Take=Cff Weight 26,270 25,780 28,180
')b! S. Dimensions of Landing Funways:
; 8. Scheduled Destination: Place CHEYRNNE, WYOMING
* (1) Landing Direction R W NE SE N S
> (2) Effective Length 6,300 | 6,800 | 6,800 | 6,350 | 4,700 | 4,700
N (3) Mnimun Axisl Wnd 0 ol 150 | 150 ) 313.5 | 13.5
2 (4) Landing Weight 32,750 | 32,750 | 33,0004 | 33,0004 | 30,250 | 30,250
Y (5) TakeOff Welght 34,770 | 34,770 | 35,0004 35,0004] 32,270 | 32,270
% b. Alternate Destination: Flace LARAMIE, WYOMING i
n (1) Landing Direction Nt SE N S NE Sw E L}
“ (2) FEffective Length 6,300 | 6,300 | 5,200 5,200 | 6,300 | 6,300 | 5,200 | 5,200
‘“ (3) Miniom Axial Mnd 0 0 1 1 15 15 15 15
—— —- —(U)—Landing Welght —— - —1—33:0004—33.600433;000+ | 337000+ 33,000+ | 33,0004 133,0004 133,000+ | -
N (5) Take-Off Welght ot Crikica 1=
f“ C. Alternate Destination: Place ORTH PLA' RASEA
z (1) Landing Direction NW SE_ N S E W
(2) Effective Length 6,824 | 6,624 | 4,437 | 4,437 | 4,600 | 4,600
§ (3) Minimom Axial Wind 0 o | lo.5 | 10.5 ]11.25 | 11.25
(, (L) landing Jeight 33,0004 33,000+ [32.800 |32.800 33,000+ | 33,00 .
z (S) Take-Off Weight Not Criftical -

E. Remarkes:

1 ¥ )
i1

*# VIA CHEYENNE 15
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Flight Engineering Report No. 11 i

TRIP ANALYSIS -

A. Trip - Froms CHEYENNE, WYOMING , Tos_ SALT LAKE CITY, UTAH )

B. Cruising Condltiona; ) u

Indicated . True (Head)

1. Altitude =12,000 ft. 2. Airspeed =165 mph. 3. Airspeed =198 mph. L. Forecast (Tail) Wind = 30mph.
ﬁb C. Maximm Take~Off Weight Permitted by:
- 1. Altitude of Take-Off =6,140 ft., Weight =24,070 1bs.,
f;, 2. Dimensions of Take~Qff Runway Compared Withi
?‘i a. Accelerate-Stop D}l.stance:
= (1) Rumway E-¥ | m-sgl N-s
N (2) Weight 29,800 29,800 | 24,000
- b. Take-Qff Flight Path:
i (1) Take—Off Direction E w Y SE N s |
kS (2) Weight_ 25,000 | 24,000 | 24,200 | 24,900 | 22,700 | 22,700
»:;/ 3. Altitude of Enroute Terrain: .
i a. Ground Miles from Take-Off, 34 360 388
o b. Altitude 8,540 | 10,200 | 10,050 °
11 e. Alr Miles from Taie=0Off 0. 424 1 457 — ’
o d. Alrplanc YWelght There 25,700 24,400 | 24,500 _
“ e. Welght of Fuel fron Take=Offf 188 | 1,982 | 2,150 -
%, £. Take=Cff Welght 25,888 | 26,382 | 26,650

I

-
E
-

L. Altitude of Landang:

Scheduled Alternate Alternate
et ar PlBCE T 3 . . |[SALT LAKE |ROCK SPRINGS|.--. .. .--|- . -
b. Altitude 4,220 6,745 -
; c. Ground Mles from Take-Off 401 565%
gé;;’:ﬁ;:f”“‘__" s KiT ii!:l:ﬁ fﬂﬂi_ f;mﬂlw fa:k; of £ %72 : Efé— - — = T T i
A e. Airplane Veight There 25,200 23 860 .
=, f. Aelght of Fuel from Take-Off 2,220 3,120 >
¥ g. Take-=Cff Weight 27,420 26,980 e
’Z 5. Dimensions of Landing Runmays: ’
i a. Scheduled Destination: Place SALT LAKE CITY '
e (1) Landing Direction N 5 NG SE E w
e (2) Effective Length 5,550 | 5,550 | 5,550 | 5,550 | 4,575 | 4,575
J (3) Minimum Axial Wind 0 0 15 15 15 15
Yo
& h) Landing Weight 32,000 | 32,000 |33,000+ |33,000+ [30,850 [30,B50
% ng _teig
B (5) Take-Off Welght 34,220 | 34,220 35,220+ | 35,2204 133,070 {33,070
Y b, Alternate Destination: Place ROCK SFRINGS
(1) landing Direction E W it SE 4 W ; :
¥ (2) FRffective Length 6,700 | 6,700 | 6,000 | 6,000 | 5,200 | 5,200
<
gﬁ;: (3) Minigum Axial Wind 0 0 10.5 | 10.5 | 10.5 | 10.5 G
Bt . - =] _ ; e SRR
(4) " Landing Weight 33,000 [33;000+ _|33,000% 133,000% [33,000% [33:000% 1 T -~
2 (5Y Take-Off Welght - -
e ¢+ Alternate Destination: Place N
e
= . (1) landing Direction .
E (2) Effective Length
(3) Mimmum Axial Wind
: (L) landing veight
(5) Take-Off Weight )
- D. Maximum Take-Gff Welght for Trip = 22,7001bs.
: 24,0701bs. 1If No Take-Gff N, S, or T,
V E. R K83 4,0701bs No e—Cff N, S, or
: ¥VIA SALT LAKE CITY _16 -

- 2076 4 1 o



Flight Pngineering Report No. 1b

TRIP ANALYSIS
MP - M‘ SALT IA.KE Cm , TOI CHEI'ENNE

Crulsing Conditions:
- Indicated True (Head)
1. Altitude = 13,000f¢, 2, Airspeed = 165mph. 3. Airspeed ‘mmph. h. Forecast (Tall) Wind = O mph.

?gf( €. Maximum Take-Off Weight Permitted by: -

2 1. Altitude of Take-Off = 4,220 ft., Welght = 25,4001ba., .
i‘ 2. Dimensions of Take-Off Rurway Compared Withi
;’ &, Accelerate-Stop Distance:
~* (1) Runway N-5 |W-SE] E-W
i (2) Weight 28,250 | 28,250 | 25,650
5 b. Teke-Qff Flight Paths X ~
(1) Take-Off Direction ¥ S Nw SE B w
i (2) Weight 25,740 | 25,020 | 25,740 [ 25,020 |24,260 |24,260
7. 3. Altitude of Enroute Terrain:
o a. Ground Miles from Take=Off 13 41 367
b, Altitude 10,100 | 10,200 | 8,540 .
1 c. Alr Miles from Take-Off B | o« 367
L d. Airplahe Weight Phere 24,500 | 24,400 | 25,700
e. Welght of Fuel from Take-Off 65 200 | 1,800
h f. Take-Off Welght 24,565 | 24,600 | 27,500
w L. Altitude of Landings
. Scheduled Alternate ‘Alternate p
CHEYENNE | LARAMIE DENVER

. R R 5 i Y s e e 2 i R R T
)  c. Ground Miles from Take-0ff 401 456w | . Tigew
::-»1 e G Air l&iles from Take<Qff - 401 _456% [ - :498% . " e |
“{{’ e. . Airp_lane Feight nt There = . é; 22—*6“”' | 23, ;50 B ”ﬁ‘_zzi“ab“a“ S - T
ti: ﬁ f. feight of Fuel from Take-Off 1,950 2220 3,420
r«« “ g. Take-Cff Weight 26, 220 25,720 27,320 i
; 5. Dimensions of Landing Runways:
X 8. Scheduled Destination: Place CHETENNE
- (1) Landing Direction B u N _SE ) S ;
o (2) Effective Length 6,300 | 6,800 | 6,800 | 6,350 [ 4,700 | 4,700
(3) Minimm Adal Wnd 0 0 15 15 13.5 13.5
- (4) Landing Weight 33,2004 33,2004 { 33,2004} 33,2004 } 30,250 | 30,250 -
. (5) Take-Off Weight Not Crifical J
f;’ b. Alternate Destination: PFlace LARAMTE
s (1) Landing Direction Y SE N 5 NE W E w
4 (2) Effective Length 6,300 | 6,300 5,200 | 5,200 6,300 | 6,300 5,200 | 5,200
‘" (3) Mintmm Axial Wind 0 0 14 1, 15 15 15 15
e (4) landing Weight 33,0004 | 33,0004 | 33,0004 33,000+ | 33,000+ [33,000+ | 33,0004 33,0004 s

(S) Take-Off Weight Not Critheal - —a-G—_—_—.—— |
; Ce Alternate Destinations Place DENVER !
= (1) Landing Direction N s W SB E W NE SW
j (2) Effective Length 7,000 | 7,000 | 7,006 | 7,016 | 6,475 | 6,475 | 6,423 | 6,423
(3) Minimunm Axial Wind 0 0 15 15 15 15 15 15
(k) Landing Weight Not Criftical -

(5) Take-off Weight | Not crijtical |

REEAERRLTE RN

D. Maximum Take-Off Welght for Trip = 24,2601ba. For Take-Off In Any Direction
24,5651bs, If No Take-Off E. or W. B

- R

E. Remarks:

P

#YTA CHEYENNE %
- -17 -
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Flight Pngineering Report No. 1k

TRIP ANALYSIS
A. Trip - From; CEFYENNE, WIOMING | 7o, LARAMIE, WYOMING
B. Cruising Conditions:
- Indicated True (Head)
1. Atitude =10,00p, 2, Airspeed =165mph. 3. Airspeed =192mph. L. Forecast (Tsil) Wind = O mph,
€. Maximum Take=0ff Weight Permitted by:
1. Altitude of Take-Off = 6,140 ft., Welght =24,0701ba.,
2. Dimensions of Take-Off Rummay .ompared With:
4, Accelerate-5top Distance;
(1) Runway B-§ |MW-5SE] N-5
(2) Weight 29,800 | 29,800 Q
b. Teke-Qff Flight Path
(1) Take-Off Direction E W SE N 5
(2) Welght 25,000 124,000 [24,200 | 24,900 | 22,700 | 22,700
3. Altitude of Enroute Terrain:
a, Ground Miles from Take=Off, EJA
b. Altitude 8,540 ;
¢. Alr Miles from Take-Off % | 1 o
d. Airplanec Weight There 25,700 !
e, Welght of E\qelﬁ from Take-Off] 1.0
f. Take-Off Wd.ﬁghti 25,840
L. Altitude of Landing: -
Scheduled Alternate Alternate
P Place LARAMIE -
% mf:;«:«ﬁ%%&n@{ i vf%%?;ﬁ-‘«fﬂ?fvfw i T yﬁg;«j;% **Fﬁw il AR
"¢. Ground Miles/from Take-Off 55
Td. Mr Wles fron’d ‘Take=QfT =~~~ 55 i 1 T
e, Airplane r'TéiE_ There 23,500 -
f. Weight of Fuel from Take-Off 227
g. Take=Cff Weight 23,727
S5+ Dimensions of Landing Runways:
a4, Scheduled Destination: Place LARAMTE
(1) Landing Direction N¥ SE N a NE | S ® X
(2) Effectlve Length 6,300 | 6,300 | 5,200 5,200 | 6,300 | 6,300 5,200 | 5,200
(3) Minimm Axdal Mind 0 0 1, 14 18 15 15 15
(L) Landing Weight 32,700 | 32,700 |31,400 31,400 »000¢ 133,000+ | 91,500 | 31,500
(5) Take-Off Welght
b. Alternate Destinationy Place
(1) landing Direction
(2) FEffective Length
(3) Minimm Axial Wind
_ (b)) landing Weight
(5) TakeOff Welght | N I Y R P S
¢, Alternate Destination: Flace
(1) landing Direction
(2) Effective Length i
(3) Minimum Axial Wind
(L) Llanding Weight
(5) Take—Off Weight
D. Maximum Take-Off Welght for Trip =22,700 lbs.
23,727 1bs. If Mo Take-Off N or S.
E. Remarke:
- 18 -
Ty . . . . L .

e B R -
e

P

—

R,
gwﬁi:glimf

an

e —
y

[N



Flight Fnglneering Report No, 34

TRIP ANALYSIS

A. 7Trip - From; CHEYENNE, WYOMING » Tos  DENVER, COLORADO

B. Cruising Conditions;
- Indicated True (Head)
1. Altitude = 8,000 ft. 2. Airspeed =165 mph. 3. Airspeed =185 mph. L. Forecast (Tail) Wind = _0 mph,

C. Maximm Take-Off Weight Permitted by
22 1. Altitude of Take-Off = 6,140 ft., Weight = 24 0701bs.,
2. Dimensions of Take-Qff Rurnmay Compared Withs

a. Accelerate-Stop Distances
(1) Rurway E-W |W=-5SE N-35

(2) Weignt 29,800 | 29,800 | 24,000

b. Take-Off Flight Paths

o (1) Take-Off Direction E L] o SE N 3
g (2) Weight 25,000 | 24,000 | 24,200 | 24,900 [22,700 | 22,700

3. Altitude of Enroute Terraln:
’ a. (round Miles from Take-Off, 8

b. Altitude 6,300 -
c. Alr Miles from Teke-Off 8 .
d. Airplane Weight There 27,650
p e. Welght of Fuel from Take-Off] 10
- £. Take~Off Weignt 27,680

syl
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L. Altitude of Landing:

Scheduled Alternate Alternate }
DENVER

Ea e = i 3
B0 & g A N . - - o -
- " - Nl T P T
P

Altitude '~ ° ; 5,308 ) g
c. Ground Miles from Take-Off
T d.  Afr-MiYes froorTake-Off 97 . I I o
e. Airplane ‘.'i”égpr. There 24,900
f£. Welght of Puel from Take-Off 356

g. Take-Off Weight 25,256
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5. Dimepsions of Landing Runways:

¢

1

8. Scheduled Destination: Place DENVER

(1) Landing Direction
(2) Effective Length
(3) Minimum Axis)l Wind
(4) Landing Weight

(5) Take-Off Weight Not Critical

b. Alternate Destination; Place

(1) landing Direction
(2) Effective Length
= (3) Minim Axial Wind

w‘q\_\__L
e

- (4) Landing Weight R—
(5) Take-Off Welght

[
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¢, Alternate Deatinatlon: Flace
(1) Landing Direction
(2) Effective Length
(3) Mimoum Axial Wind
(L) Landing Weight
(S) Take-Off Welght

D. Maximum Take-Off Welght for Trip =22,7001bs.
24,000 1lbs. If No Take-Off N or S.
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Flight Fngineering Report No. 11

TRIP ANALYSIS
a. Trip - Froms CHEIENNE, WYOMING | 1o, NORTH PLATTE
B, Crulsing Conditionss
Indicated True (Head)

1. Altitude =7,000 py, 2, Airspeed =165 mph. 3. Alrspeed =183 mph. L. Forecast (Tall) Wind = _o mph.

C. MNaximum Take-Off Weight Permitted by

1. Altitude of Take-Off = 6,140 ft., Wejight = 24,070lbs.,

L’ “w
o
-
L

2. Dimensions of Take-Off Runway Compared With:

Y
b

9
e
&

a, Accelerate-Stop Distance;

1) Furmay E-W |m-sE| N-5
¥ (2) Weight 29,800 | 29,800 | 24,000
. b. Take-Off Flight Path:
(1) Take-Off Direction E W NE SE N s
v (2) Wetght 25,000 | 24,000 | 24,200 | 24,900 |22,700 |22;700
_jr 3. Altatude of Enroute Terrain-
;’?? a. Grourd Miles from Take-Off, 0
i b. Altitude 6,200
5 . ALr Miles from Take-Off 0 i )
f: d. Airplane Weight There 27,800 )
< e. Welght of Fuel from Take-Off] 0| .
; f. Take-Off Weight 27,800
g L. Altitude of Landing:
N Scheduled Alternate | Alternate -
. a. Flece . N NORTH PLATTE| e e it o e

, b, Altitude _ - ~ | 2,800 ST O
= c. Ground Miles from Take-Off 217
Ziee s .= —-. .de -Air.)fles fron Take=Orf A7 | e —— -
S e. Airplane Neight There 25,200
¥ €. Aelght of Fuel from Take-Off 780 /
g. Take-Off Welght 25,980 j
11_ 5. Dimensions of Landing Punways-
8. Scheduled Destination: Place NORTH PLATTE -
& , (1) Llanding Direction NW SE N _5 A W

(2} Effective Length 6,824 | 6,624 4437 | 4,437 4,600 | 4,600
%J (3) Minimum Axdial Wind 0 o} 10,5 10.5 11.3 11.3
(L) Landang Weight p3,000+ [33,0004 30,000 B0,000 [31,200 p1,200
d (S) Take-Off Weight Not Criilical —_—
g b. Alternate Destination: Place
£ (1) Landing Direction
z (2) Rffective Length ]
2 - e {(3)— Minimum Axial VAnd . . ___ e
{ (L) Landing Weight ;
(5) Take-Off Weight
};, ¢, Alternate Destination: Place
i‘i (1) Landing Direction
? (2) Effective Length
5 (3) Minimum Axisl WMnd
Fa (4) Landing Weight
s (5) Take-Off Weight
~ D. Maximum Take-Off Weight for Trip = 22,700 lbs.
5 24,000 1bs. If No Take-Off ¥ or S.

E. Remarks:
o076 - 20 -



Flight Pngineering Report No. 14

TRIP ANALYSIS

A. Trip - From; CHETENNE, WYOMING , To:s ROCK SPRINGS, WYOMING

-

B, Crulsing Conditionas
Indicated True (Head)
1. Altitude =10,000 ft. 2. Airspeed =165 mph. 3. Alrspeed =192mph. L. Forecast (Tail) Wird = _n mph.

el
C. Maximum Take-Off Welght Permitted by:
&
S 1. titude of Take-Off = ft., Welght = 1lba.
= Altitude 6,140 ftes Welght =24, 0701bs.,
1 2. Dimensions of Take-Qff Runway Compared With:
2 a. Accelerate-Stop Distance:
& (1) Rurmway E-W |m-sSE| N-35
: (2) Weight 29,800 | 29,800 | 24,000
5 b. Take-Off Flight Paths ‘
€.
on (1) Take-Off Direction E w Nw SE N S
~ (2) Weight 25,000 | 24,000 124,200 | 24,900 | 22,700 | 22,700
3% 3. Altitude of Enroute Terrain:
wEi a. Oround Miles from Take~0ff, 3
B . b. Altitude 8, 540
3 c. Alr Miles from Take~Off I
5 d. Airplane ¥Welght There 25,700
;i e. Welght of Fuel fron Take-0ff] 140
: f. Take-Off Weight' 25,840
h. Altitude of Landing:
Schedul ed Alternate Alternate
e . o Be Place ROCK SPRIN
ol " R D e - - o r‘,iu " | ER W o Ve e, | SEeeth e . - i,
= b, Altitude _ - 6,745 T = . _ oy e R
- c. Ground Mlles from Take-0ff 237
g;i.‘;ib::v: - g M Miles from Take-0ff - |1 a3y : S ‘L
b e. Airplane Wefght There 23,860
1%;,_* f. Aelght of Fuel from Take-Off 930
< g. Take-Off Welght 24,840
5. Dimensigns of Landing Runways:
- 8., Scheduled Destination: Place ROCK SPRINGS
P (1) lending Direction E o NE_ R R sw
(2) Effective Length 6,700 | 6,700 | 6,000 | 6,000 5,200 5,200
’ (3) Minimum Axial Wind o o} 10.5 10.5 10.5 10.5
(L) Landing Weight 33,000+ | 33,000+ 33,000+ 133,000+ [31.250 31,250
(5) Take-Off Weight Not Critfcal

b, Alternate Destinatlon: Place
(1) landing Direction
(2) Effective Length
(3) Minimum Axial itind
T "7 AW 1Ending Weight — - |- - — 1 A Y RS S— - — < —
(5) Take-Off Weight

g O JOP S

WG ¢

i

Bl

¢. Alternate Destinationt Place
(1) Landing Direction
(2) Effective Length
(3) Mirmmun Axial Wind
(L) Landing ‘feight .
(S) Take-Off Weight

D. Maximum Take-Off Weight for Trip =22,7C0 1bs.
24,000 1bs, If No Take-Off N or S.
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Flight Fngineering Report No. 1
TRIP ANALYSIS
A. Trip = From: OMAHA, NEBRASEKA » Tos DES MOINRS, IOWA )
B. Crulsing Conditiona: - i
Indicated True (Head)
1. Altitude = 3,000 ft. 2. Airspeed =165mph. 3. Airspeed =172mph. L. Forecast (Tail) Wind = O mph,

¢. Maximum Take-0ff Welght Permiltied by: ]

1. Altitude of Take-Off = 977 ft., Weight = 26,0801bs.,

2. Dimensions of Take-Off Runway Compared Withi )

- N
%ﬁ% a. Accelerate-Stop Distance:
£ (1) Runway M -SE| E-W |NE-30| N-5
! (2) Weight 30,300 | 29,550 | 29,350 [ 29,750
? b, Take-Off Flight Path:
% (1) Take=Off Direction & SE E W NE SW N 8 #
% (2) Welght 27,000 (27,000 | 26,500 {26,500 |26,400 |26,4C0 | 26,500 |26,50C .
*if 3. Altitade of Enroute Terrain:
A a. Ground Miles from Take=Off, 62
;%”“ b. Altitude 1,200 -
;E c. Alr Miles from Take-Off 62 | 1 | _
;%, d. Airplane Weight There 29,240
& e. Welght of Fuel from Take-Off] 195 )
% f. Take-Cff Weight 29,435
L L. Altitude of Landing:
4 Scheduled Alternate Alternate
H a. Place LES_MOINES 7
S A VT T e 950 |- e I T At A
£ c. Ground }.Ii]jg%;}rom Take-0ff 119
§;;_v ) i d. Alr Miles :from- Take=Off - N 8 2 N S . . ’ e
%’f ) e. Airplane 'ﬁ;tji;épthhere 25,200 . .
%Lf €. Adeight of Fuel from Take=-Cff 374
i{ g. Take=Cff Weight 25,574
5 5. Dimensions of Landing Punways:
:g: 8. Scheduled Destination: Plesce IES NOINES
i; (1) Landang Direction NE 5% 3 v NN | 5B ¥ | S
g (2) Effective Length 4,500 | 4,500 3,150 ] 3,156 | 3,650 | 3,950 3,000 | 3,600
fé;' (3) Minimum Axial Wind 0 0 15 15 15 15 15 15
oy (L) Landing Weight 29,900 [29,900 |25,800 | 25,800 |28,500 |29,900 | 24,90C |28,200
= (5) Take-off Weight 30,274 130,274 126,174 | 26,174 [z28,874 [30,274 | 25,274 |22,67%

b. Alternate Destinations Flace
(1) landing Directlon
(2) Effective Length

_(3) Minimm Axial Wind
(4) Landing Weight
(5) Take-Off Weight

W@%ﬁ&%ﬁ%@m
i
|
' , ?

c. Alternate Destination: Place
(1} Landing Direction
(2) Effective Length_ )
(3) ¥immun Axial Wind
(L) landing Weight ,
(5) Take-Off Weignt

IO R AT P

D. Maximum Take-Qff Welght for Trip 25,274 1pg,

E. Remarks: -
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D.

-

Trip - Froms CMAEA, NUERASKA

Crulsing

1. Altitude 4,000 ¢4, 2. mrspeed =195 mon. 3. Alrspeed = 175pph. L.

s Tos

TRIP AMALTELS

NORTH PL-.TIE, NTBRASKA

Conditionas

Indicated

Heximun Take-Off Welght Permitted by:

1. Altitude of Take~Off = 977 fk., Weight = 26,0801ns,,
2. Dimensions of Take-Off Rumway Comparesd With:
a, Accelerate-Stop Dictarce;
(1) Rumway W—-5S | E~W NE - SW| N-~35
(2) Welght 30,300 129,550 29,350 ] 29,750
b. Take-Off Flight Path: ]
(1} Take=0ff Directicn A Y SR E w NE -“;Ei:ﬂmﬁw& s
{(2) ‘Relght 27,000 27,000 26,500 | 26,500 | 26,400 126.400 | 25.500 1 26,500
3. Altitade of Enroute Terrain
a. Grourd Mlles from Take-0fF 70 )
b. Altituds 2,700 2,800
c. Alr Mlles from Take-Off 704 2550 ]
d. Airplane Yeignt Trere 4 25,130 § 28,920
e. Welght of Fuel fron Take-Offl 223 | ol |
f. Taeke-Gff Weight | 29,353 | 29,733
L. Altitude of ILanding
Schedulea .ngfffEE}F Alternate
a. Place NOETd PLATH
b. Altitude 2,800 _ i
c. Ground Mles from Take-Off 235 _
d. Air Miles from Take-Qff <55
e. Airplape 'feipht There 25,200
f. Aelght of Fuel from Take-Gff 813 _
g+ Take=0I{ Relght 26,013
S. Dimenslons of Landing lunways
a. Scheduled Destimation Plece  “OATh PL.I™E
(1) Landing Mircction i) SE o 5 1l __ 7 _— |
(2) Effective Length 6,804 4 6,624 | 4,437 | 4,437 4,600 | 4,b6CC
(3) “inimum Aixial Wind C ¢ 1C.5 10.5 11,3 11 5
(L} Landang "feight 33,0004 33,0004 (30,006 [30,000 | 31,200 | 31,200
{(G) Take-0Off "feight Not Critical -— - e
b. Alternste Jeratinatien  Place
(1} Larding Direction r | |
(2} Effective Length ] e
(3) kinimum Axdial Hrd
(L} Lending Weight
(5) Take-0ff Weignt 1
C. Alternate Destination: Place o
(1) lLending Direction ﬁ
(2) Effective Length
(3) Minimon Axial @ind
(L} Llanding Yelght
(5} Take-Qff Welpght e}

True

Flight Fnginsering Report No. it Y

(Head

Forecast (Tsll) Wird = O mph.

Maximum Teke-QOff Weight for Trip =20:013 ing,

Remarke:

Sho Ly



location of the gradient along the rummgy it must be cmcludad that no
generally aprlicable procedure for correction is possible.
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7. One=-Sngine Inoperative Operating Altitule
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9. landing Distance vs. Teight, dltitude and Wind
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14, Airport Diagram; Laracie, Wyoming

15. Airport Diagram; Denver, Colorado

16. Airport Diagram; North Flatte, Nebreska

- 17. Alrpori Diagram; Omaha, Nebrasks

18. Alrport Diagram; Des licines, Jows
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degtinationzind. pnemeds&&%&wto é‘ﬁe’*ﬁ - the“al terrate "destinatits may' '~
be taken prior tc reaching the schedvled destination and nmay, as a
censequence, involvs 3 more direct rcute from the point where the
decision 1s reached to the alterhatd,.than that vaa the scheduled
destination. Such 2 procedure will involve the consumption of lass fusl
than will the procedure followed-in this preport and; 1n-cases:where the
conditions surrounding the landing are crrtical, will intrcduzs an crror
in the take-&ff weight fom-the trip Sovdetermined. "~ 'Thas wouldrappear to
indicate the desirabality of considering, in the trip analysis, possible
alternative routes to ar ziternate destination where these may critically
affect the allowable taks~cff weight for the trip.

'-\‘ ) o.,. - 7T Ta T "

CAR 61.7122(¢c) requires that correction be made to the results obtzined
from the comparisen of the dimensions of:‘the’ runway of take—off with
those of the two alternative take—off flight paths for any appreciable
gradient of the take—off surface. ThHe trip analyses contain=d in thas
repert have not considersd this possibility. They have instead, assumed
8ll take-cff surfades %o be perfectly Yevel. In order to provade some
indication of the magnitude of the effect of surfdce gradient upon the
rumway dimensions required it is necessary to consider separately, the
portions of the flaght paths involving acceleration or dzceleration along
the take-off surface and those i1nvolving steady climbing flight. In the
case of the former, a lp grade producas an adaitional azceleration or
deceleration, acting dowm grade, -of 0,32 ft/sec/sec. Since the'
accelerations or decelerations invelved on a level surface ars of the
order 5 to 10 ft/sac/sec., the distances involved may te 1increased or
decreased by a 1% grade by 3 to 6%. 1In the case of the distances
traversed during steéﬁ?*Glimblng flight, the effect of grade is
analogous to regquiring more or less rate of climb since, for erampls,

1f the far end of the rhnway*ef'take-off 1s 50 f=st above the point at
which the airplane lsaves the ground 1t must, 1n the intervening distancae,
¢limb 100 feet in order to have attained a hnlﬁht of 50 feet above the
take—off surface instead of climbing onl; 50 fest cn a level surface.
Since ths slope of the flighf path 1s numerically:

- -

& ¢ L cf,.,

88V

- -

& % -

and for the airplane vcnsidered in the report, V = $6.8 MIil, therofore,
the slope of the flight path is¢& -

v

'q%"‘; C “ = .0001175C
. 88 x 96.3 ] -

The slope of a 1% grade 1s .0l. It follows that the increase in rate of
¢limb required to compsnsats 8% this incredse in requlred slope of the
flight path 1s:

N -
Ga T e . - N e w

@&cﬁgh W%llhﬁ =, 85.ft/mn. | . -

The most troublesome aspect of corraction for surface gradient is that
its distribution along the runway is unlikely to be uniform or identical
from runway to rumvay. When, in addition to this, it 1s pointed out that
the magnitude of 1ts effect 1s also depsndent upon both the extent and

4

("

s
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The most convenient unit into which this informaiion may be orgamized
appears to be that pertaining to a station. That 1s, for each station on a
route there should be prepared a list of all trips originating at the
station containing, for each, the maximum weight authoriz:d for the trip
ana any special instruction made necessary by operating restrictions such
as Lavae oeen discussed ebove. Although the trips analyzed in this report
have failed to disclose such a case, 1t 1s very possible ihat the maximum
weight for a giver trip may depend upon the particular alternate or
alternates specifieu in the flight plan. It 1s also possible that the
cruising conditions of altituwe, speed, and wand velocity and dircction may
influence the maximum trip weight. If seo, this will require for each trip
a listing of the trip weight for each significant combination of alternates
and of cruising conditions. Once this has been done for each station on the
route, the oparating information 1s ccmplata.

COMLUTDING RFMARES

1. While the contents of this report may ope appropriate material from
which to draw gemeral conclusions concerning the nature of the transport
category operating rules or of the process, i1llustrated thersin by means
of which compliance with these may be determined, 1t is suggested that
no such conclusion may, with the same propriety, be dramn concerning the
effect of these rules upon the maximum weight at which any airplane may
be operated in scheduled operation or upon the airport dimensions
requared for the reason that, as has besn pointed cut in the introduction,
the report has dealt with a single airplane and that airplane has been
neither designed to comply with the requrencents of, nor certificated in
the transport caitegory. In other words, the rsport is by no means 4
definitive treatwment of the transport category opsrating rules, but
rather, merely an 1llustrative example of their application to a
particular airplane and route.

2, The preparaticn of the airport diagrams (figures No. 2 and 12 through 19)
has involved selacting what CaR 61.7123{s) calls ®-—tha landing area
most surtable for landing in still air,™ which has been assumed to be &
ruway. In making this selsction, consideration was given to the length
of the runways and to that one equipped for instrument approaches, In
most cases, these two considerations dictated the selection of the same
runway. That is, the instrument approach runway was the longest
available or one of two of =2qual length. The two exceptions encountered
wers Dos lloines, where the range leg 15 some distance from the airport,
and North Platte, where the range leg lines up wath one of the shorter
rumways. Since the instrument approach procedures for these require
weather manimums sufficiently great to permit the pllot to selzet any
rumvay after breaking throu.h the bottom of the overcast, the longest
ruway was selscted i1n each case. In the general case, 1t 1s suggested
that still other features may warrant consideration in making thas
gelection such, for example, as width of paving, convenience of location
with respect to loading facilitles or dirsction of destination, or of
other runways, frequency distribution of wind velocity, and directron, ete.

3. The trip analyses contained in this report are based upon the assumption
that the trip proceeds to the scheduled destination and, 1f conditions
there make landing impossible, continues flighi to one of the alternates,
etc, It 1s recognized that the decision to pass up the scheduled
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Since the purposs of caleulating these distances 15 to compare them
with the actval length of the rumways, that purpose may be served by the
T reciprocal process of divading the actual lengths by these facters «nd

using these corrected lengths to enter Figure 4. The results, so obtained
C are as follows:

Rurmay NW-5E BE-W N-5 NE~-SW
“ Actual length 6,546 4,749 5,075 6,047
1 Apparent Iength 6,546 5,410 5,790 7,000

Maximum Weight 30,0004

The next step is to calculate the effect of the minimum axial wind
velocities upon the take—cff flight paths, also at the altitude of Chicago,
for varlous weights. The process has been described in i1tem 3 of the
discussion of the basic information required concerning the arrplane and
involves using Figure no. 6. The corrected flight paths appear in Figure No.

- 2C. hen these are compared with the profiles in Figure No. 1S for each
direction of take-off, the following limitations on the take-off weight

result:
Direction N SE by W N S NE _ SW
Wind 0 0 13.5 13.5 13.5 13.5 15 15

Telght 28,000 25,680 24,000 26,900 26,900 24,200 27,250 28,100
Gained 0 0 1,000 700 600 875 1,080 425

These results indicate that, although considerztion of the wind has
resulted in gains in take—cff weight ranging from 425 to 1,080 pounds, the
gains are not great enough to eliminate the necessity for further restrictions
upon the take—cff E, S, and S% in order to permat thess to be made at the
maximum weight permatted by the altatude of the take—off. In cther words,
the application of the thard altsrnalive discussed above to the case of
Chicago 1s not adequate to accomplish the desired effect. The results also
indicate that, if the second aliernative be adopted, the mimmum axial wind
velocity in any of these directicns would necessarily exceed 15 MPH. The
comparatively great differencs between the weights permitted by ths
accelerate-stop distance and those permatted by the take—off paths 1s duve
primarily to the presence of obstacles of considerable height at the ends
of several of the rumways (see Figure 19 ).

- INFORMATION FOR DISPATCHERS

The foregoing trip analyses and the ensuing discussion of the results
of these have indicated generally the nature of the information requaired by
the dispatcher in order to control the weight of an airpluns operated under
the transport category operating rules., Fundamentally, this information is
obtained directly from the trip analyses but may be modified by the particular
solution adopted in case the problem of restricticns in certain take—off
directions arises.

e
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the axaal component of wind on any such rurmways at the tame of the take—off
which, although not impossible, would appear to involve a difficult
operating problem since the weight at whicn tne airplane i1s to be dispatched
must be fixed sometime i1n advance of the take-off and winds are notoriously
capricious. Finally, an operating procsdure such as has been described
earlier 1n this report in connection wath the method of analysis to
determine the maximum landing weight permitted by the dimensions of the
landing rumway, whereby the decision to use any particular rurway for take-
off rests solely upon the direciion and velocity of the wind and upon a
eritical cross wind veloclity for the airplans may be adopted and, based

upon this procedure, a maximum take—off weight in anmy possible direction may
be established. The adopticn of this alternative requires an analysis,
similar 1n nature to that made above for laniings, to establish the maximum
take-off weights. OSince the process of this analysis differs in detail from
that for landing, 1t wm1ll be 1llustrated hereunder for the case of Chicago.

EFIoT OF oIKD UPON MATIMUM ThKE~OFF WEIGHT AT CHEICAGO

It 1s assumed for this purpose that the critical cross wind velocity
for take—off 13 15 MPH although 1t should be pointed out that the critical
value for take—off may very well difier from that for landing., Referring
now to Figure No. 19 and calling the NJ/-5% runway most sultable for take—off,
the mimimum ax:xal componant of wind velocily for each rumway may be
established and tabulated as follows-

RUNTAY MIWIVUON AXTAL TIND
NN=3E o

B 13.5
NE-5W 15.0

N=5 13.5

The next step is to calculate the effect of these wind velocities upon
the accelerate—gtop distance of Figure 4 at the altitude of Chicago for
varrous weights. 4s has been pointed oubt in Method of Analysis earlier in

the report, these distances are reduced by an amount obtained by multiplying
the no-wind values by the factor.

(1 - EH ) 1.85
27

Substituting the appropriate values of V¥ and V, the values of this factor
for the wind velocities involved are:

WIND FACTOR
0 1.00
13.5 .876
15. .862
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RRSTRICTED

MAXIMUM TAKZ-OFF
TRIP WEIGHT CRITICAL ROUTE DIMFNSION _DIRRCTTONS
Chicago to Qmaha 26,120 Altitude of Tase=Off E., 5., SE
Omaha to Cheyenne 26,080 Altitude of Take-Off None
Cheyenne to Salt lake 24,070 Altitude of Take-0ff Ney So, We
Salt lake to Cheyenne 24,565 Altitude of Enroute Terrain E., W.
Cheyenne to laramie 23,727 Altitude of Landing Ney So
Cheyerns to Denver 24,070 Altitude of Take~0ff Nep, Sey, s
Cheyenne to Nerth Platie 24,070 Altitude of Take-0ff Noy 5., We
Cheysnne to Rock Springs 24,070 Altitude of Take~Off Ney Soy W.
Omahz to Des Moines 5,274 Altitude of landing Hone
Jmaha to North Platte 26,013 Al t tude of lancng None

The results, so arranged, illustrate what appear to be two characiesristics
of the operating rules. The first of thesa is that the shorter the trip the
more likely are the limitations based upon the conditions involved an landing
to govern the maxamum trip welght. Compare for example, the various trips
originating in Omaha or those originating in Cheyenne; although for this
latter group, the effect is obscured by the fact that all destanations exocept
that for the-shortesttrip (laramie) are at lower altitudes than Cheyemne
while this particular destination is at a greater altitude, The other
characteristic is that & given height of enroute terrain is more likely to
bs critical in respect of trip werght 1f 1t lies relatively near the pornt
of take—off than 1f 1t lies relatively near the destination. Compare the
trip- Cheyenne to Salt Lake City wath the trip Salt Lake City to Cheyenne,

In the matter of restrictang the take-off, upon which the table
umediately above is based, there appear to be at least three possible
alternatives. The most obvious and by far the simplest is to abandon take-
off in the directlons involved altogether. This may however, be entirely
too restrietive. Alternatively, there can be eslablished for each direction
a8 minimum axial component of wind velocity which, when applied as a
corrgction to the dimensions of the airplane flaght paih as outlined earlisr
in the report, will persat take-off i1n that direction at the maximum weight
otherwise permitted, plus an opsrating rule prohibiting take-off in any of
these directions unless the axial component of wind velocity for the
particular direction equals or exceeds the critical value so established.
This would requlira the dispateher to have means of knoming the velocity of
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DISCUSSION OF RESULTS

Perhaps the first point whach should be made cdncerning the result of
the foregoing analyses 1s that in no case has the landing distance limited
the take—off welght at sither a scheduled or an alternate destination. Not
only is this true but alsc the maximum take—off weight permtted by this
particuar limitation exceeds the weight permitted by the critical limitation
(and therefore, for the trip) by a wide margin in every case except at Des
Moines, Iowa for the trip; Omaha to Des loines. This result is regarded as
characteristic of the particular airplans involved and not necessarily of the
proportions of the regulations themselves. It appears much less likely of
occurrence 1n the case of a four engine airplane designed to comply with the
requirements of the transport category and most probably involvaing appreciably
higher wing loadling.

The remainder of the results may be conveniently summarized by means of
the following tabla:

MAXTMUM

TRIP WET GHT CRITICAL ROUT= DIMCNSION
Chicago to Cmaha 23,000 Take-0ff East
tmaha to Cheyenns 26,080 Altitude of Take=-Off
Cheyenne to Salt Lake 22,700 Take-~0Uff North or South
Salt Lake to Cheyemnne 24,260 Take-Uff East or West
Cheyenne to Laramie 22,700 Take-~0ff North or South
Cheyenne to Denver 22,700 Take~0ff North or South
Cheysnne to North FPlatte 22,700 Take-0Off WNorth or 3South
Cheyenne to Rock Springs 22,700 . Take~Off North or South
Cmaha to Des Moines 25,274 Altitude of Landing
Omaha to North Platte 26,013 Altitude of Landing

It may be noted concerning the results tabulatad abova, that in a
majority of cases the maximuw weight permitted for the trip 1s determined by
the dimensions of the rumway involved in talking off in a particular direction.
This suggests the possibllity of increasing the maximum weight by imposing
certaln restrictions upon the directicn of take-off or upon the wind
condltions under which the take=c[f may be made in certain directions. Ths
nature of the nscessary restrictions 1s discussed hereunder but, if
restrictions are tolerable, the foregoilng table may be rewmritten as followss
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