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ABSTRACT 

From a structural flight loads program on three armed and armored 
CH-47A helicopters,  207 hours of valid multichannel flight data were 
recorded as the helicopters operated from air bases in Southeast Asia. 
Data were processed and analyzed according to four distinct flight phases, 
termed mission segments:    (1) takeoff and ascent; (2) maneuver; (3) de- 
scent,  flare,   and landing; and (4) steady state.    Data are presented in the 
form of time and occurrence tables,   histograms,  and exceedancc curves. 
These data indicate the time spent in the mission segments and param- 
eter ranges; the number of peak parameter values occurring in the ranges 
of the given parameter,  during each of the mission segments,   and in the 
ranges of one or more related parameters; and1 the time to reach or ex- 
ceed given maneuver and gust normal load factors and lateral and longi- 
tudinal load factors.    The largest normal load factor was 1. 95, which 
occurred at a 100-knot airspeed and with a 28, 027-pound gross weight. 
In contrast to previous studies of cargo and transport CH-47A's whose 
activity was mostly under steady-state conditions, the armed CH-47A'8 
spent more than half of their time in the maneuver mission segment and 
had a much more pronounced loads spectrum. 

in 



FOREWORD 

Technology Incorporated,   Dayton,  Ohio, prepared this report to cover 
its effort on a flight loads program to collect, process,  and analyze 200 
hours of valid flight data from three armed and armored CH-47A heli- 
copters operating in Southeast Asia.    This flight loads program was an 
integral part of a comprehensive CH-47A program which also included 
data collected from three unarmed CH-47A,s.   USAAVLABS Technical 
Report 68-2 presents the results of the data acquisition for the unarmed 
aircraft.    The total program was sponsored by the U. S. Army Aviation 
Materiel Laboratories,  Fort Eustis, Virginia,  under Contract DA 44-177. 
AMC-363(T).    The Army project monitor for all programs was Mr. 
William T.  Alexander. 

The prime Technology Incorporated personnel engaged in this program 
were as follows:   Mr.  Joseph F.  Braun, project engineer, who directed 
the installation and operation of the data recording systems; Mr.  John 
Nash, who directed the data digitizing; Mr. William Morrin, who wrote 
the computer programs for the data processing; and Messrs.  Larry Clay 
and F.  Joseph Giessler, who analyzed and compiled the data. 
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INTRODUCTION 

Under contract to the U. S.   Army Aviation Materiel Laboratories,   Fort 
Eustis,   Virginia,   Technology Incorporated conducted a multichannel 
flight loads program on the armed and armored CH-47A helicopter.     To 
acquire the desired data,   three helicopters assigned to the 1st Cavalry 
Division (Airmobile),   228th ASHB,   1st Aviation Detachment,  were each 
instrumented with flight loads recording systems.    The serial numbers 
of the instrumented aircraft were 64-1 3145,   64-13149,   and 64-13154. 
All recordings were made between August  1966 and May 1967,  while 
the helicopters operated in Southeast Asia.     From 470 hours of recorded 
flight data,   207 hours of valid data were processed,   analyzed,   and de- 
tailed in graphical and tabular form for their presentation in this report. 

With normal acceleration separated into maneuver- and gust-induced 
categories,   most of the data presentation consists of time and occurrence 
tables.    Most of the tables are broken down into ranges of a third variable 
or of a third and a fourth variable for cross-correlation purposes.    Sig- 
nificant aspects of the time tables are presented as histograms; the oc- 
currence data for normal accelerations are presented as exceedance curves. 



HELICOPTER DESCRIPTION 

The armed and armored CK-47A is a special-purpose helicopter whose 
payload capability is used to mount extensive armaments for aerial fire 
support and armor to protect the crew and the helicopter.    Specifically, 
this helicopter has five gunnery stations,  two on each side and one aft; 
each is equipped with either a 7. 62-mm or a . 50-caliber machine gun. 
Fixed pylons on either side support 20-mm guns and either 2. 75-inch 
rocket pods or 7. 62-mm minigun pods.    Extensive armor protects the 
crew and vital aircraft components. 

These helicopters have the mission of providing aerial fire support 
while escorting airmobile formations; of performing reconnaissance 
and security operations; and of supporting other offensive,   defensive, 
and retrograde actions as a part of a highly mobile arms team.    De- 
ployment is generally as a team to ensure mutual support and to de- 
crease vulnerability of the aircraft as well as to increase rapidity and 
ease of target acquisition. 



DATA RECORDING AND PROCESSING 

DATA RECORDING 

An oscillograph recording system was installed in each of the three 
CH-47A helicopters.     The functional block diagram in Figure 1 illustrates 
the operation and integration of the components comprising the recording 
system.    Ten parameters were recorded on the oscillograms:    (1) air- 
speed,   (Z) altitude,   (3) normal acceleration,   (4) lateral acceleration,   (5) 
longitudinal acceleration,   (6) longitudinal cyclic control stick position, 
(7) collective control stick position,   (8) rotor rpm,   (9) outside air tem- 
perature,   and (10) time.    Between August  1966 and May 1967,   470 hours 
of flight data were recorded.    Of these 470 hours,   207 proved to be valid. 
The valid data represent 564 flights and 266 engine starts. 
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Figure  1.    Block Diagram of CH-47A Instrumentation System 



DATA EDITING 

As the data processing editors first checked all oscillograms for evidence 
of any instrumentation malfunctioning,  they removed all faulty records 
from processing and reported them to the Instrumentation Section.    The 
editors then timed all acceptable records and identified the bounds for 
the following four mission segments in each flight:    (1) takeoff and ascent; 
(2) maneuver; (3) descent,   flare,   and landing; and (4) steady state.    Dur- 
ing the first three mission segments,  which comprised the transient parts 
of flight,   the stick position traces showed no steady values from which 
they seemed to deviate,   and the airspeed and altitude traces changed fre- 
quently.     The criteria used to distinguish the mission segments in each 
flight were as follows:    Mission Segment 1  (takeoff and ascent) included 
both the takeoff and the climb to the initial steady-flight altitude and the 
unsteady ascents to other steady-flight altitudes.    Mission Segment 2 
(maneuvering) consisted of those transient parts of flight whose charac- 
teristics differed from those of Mission Segments  1 and 3.    During ma- 
neuvering,   the normal acceleration trace was usually very active.    In 
addition to the unsteady part of flare and landing.   Mission Segment 3 
(descent,   flare,  and landing) included the unsteady part of any descent, 
whether intended for a new steady-flight altitude or for landing.    Mission 
Segment 4 (steady state) included those parts of the flight where the stick 
position traces were relatively steady and where the airspeed and alti- 
tude traces were steady or changing smoothly.    Such characteristics 
prevailed during cruise,   hover,   and steady ascent and descent. 

After demarcating the flights into mission segments,   the editors marked 
the traces as follows to govern the data reading:     The normal accelera- 
tion trace was marked wherever a peak met the following two conditions: 
(1) the peak fell outside prescribed threshold levels,   and (2) the peak had 
a rise and fall (or fall and rise) that were each 50 percent of the peak 
value or 0. 2g, whichever was greater.    Whereas the prescribed thresh- 
olds were 0. 8 and 1. 2g,   the editors used levels of 0. 84 and 1. I6g to 
ensure the inclusion of all valid peaks.    However,   any of the peaks read 
within the fixed threshold levels of 0.8 and 1.2g were eliminated during 
the computer processing.    In addition,  the editors identified each se- 
lected peak as being maneuver- or gust-induced.    To determine whether 
a peak was induced by a maneuver or a gust,  the editors noted the be- 
havior of the stick position traces.     Whenever the peak was the result of 
maneuvering,   one or both of the stick traces would always deflect just 
before and in the same direction as the peak.    However,   ascertaining 
that a peak was gust induced was difficult because of the very high activity 
of the control sticks.    Ascertaining that gust was the cause of the peak 
required either that both stick position traces were steady or that any 



movement of these traces just before the peak was in the direction oppo- 
site to that of the peak. 

Like the treatment of the normal acceleration trace,   the editors marked 
the lateral and longitudinal acceleration traces wherever they peaked 
outside the prescribed thresholds of ± 0. Ig.    As before,   to ensure in- 
clusion of all valid peaks,  the editors used levels of ±  0. 097g.    Again, 
any peaks read within the prescribed threshold of ± 0. Ig were eliminated 
during the computer processing.     These peaks were not identified as 
being maneuver- or gust-induced. 

In treating the two stick position traces,  the editors marked those peaks 
whose rise or fall was 10 percent of the full stick travel and at least 10 
percent of the normal value.    Each normal value depended on the mission 
segment.     For the steady-state mission segment,  the normal values were 
the steady values of the stick positions just before and after the peak. 
For the three transient mission segments (where no "steady" stick posi- 
tions prevailed),  an arbitrary set of normal values was chosen to approxi- 
mate the stick positions during hover.    The selected values are listed by 
aircraft serial number in Table I. 

TABLE I.    STICK POSITION SELECTED VALUES 

Aircraft Long.   Cyclic Normal Collective Normal 
No. (%) (%)  

145 61.32 50.25 

149 51.77 50.72 

154 61.77 56.03 

In each of the three transient mission segments,  all traces except those 
for the steady stick positions were marked at each instant that the accel- 
eration or stick position traces peaked.    Because of the unsteady state 
prevailing during the three transient mission segments,   no elapsed time 
was associated with the readings at these markings.    The traces marked 
here were read only to provide corresponding parameter values in tabu- 
lations of the peak values.    During the steady-state mission segment, 
however,   all traces except that for acceleration were marked at critical 
points to permit an adequate time-history representation of the parameters. 



DATA READING AND QUALITY CONTROL. 

All data points selected during the editing were measured on semi- 
automatic oscillogram readers,   and the measurements were transcribed 
directly to punched cards.    When all data were extracted from a flight,   a 
printout of the cards was given to the Quality Control Section for pre- 
liminary data checking.    Using standard quality control techniques, this 
section manually remeasured random points comprising an adequate 
sample and compared the measurements with those produced by the 
semiautomatic readers.    Then,  from the differences between the two 
sets of readings,  this section established the mean and standard devi- 
ations to determine and control the desired reading accuracy.    Any of 
the flights whose measurements did not meet the accuracy standard 
were reread by the semiautomatic readers.    In addition to obtaining 
accurate values,  this procedure ensured a uniform interpretation and 
measurement of the traces. 

When all data had been processed,  the mean and standard deviations 
were calculated for the entire data sample.    Assuming a normal distri- 
bution of reading errors,   99. 7 percent of the readings should be within 
three standard deviations of the true values.    Based on average cali- 
bration values,  Table II shows the mean deviation and the three standard 
deviations for each parameter. 

DATA COMPUTATIONS 

The load factor nz for each normal acceleration peak was measured 
directly from the oscillogram trace.    H.wever,  to present load factors 
for positive and negative peaks conveniently,   an incremental normal loa 
factor,  Anz, was derived from each nz value by using the relationship 

Anz = nz -  1.0 

The following equation (see Reference 2) was used to compute density 
altitude,   since this parameter is normally used in describing helicopter 
performance: 

r / 518.4 Pa N0-"5"! 
h,, = 145,^00 I  1 - ( ä ) a L \   2q. QZ ^OAT + 460W J 

Since the instrument installation correction to derive the calibrated air- 
speed was judged to be negligible,   only indicated airspeeds were con- 
sidered.    For airspeeds below 110 knots,  the correction is less than 4. 6 



knots; in addition, the correction depends on the thrust conditions of the 
rotor,   such as those during hover and full power climb. 

TABLE II. QUALITY CONTROL VALUES FOR EACH PARAMETER 
__    _           ~ ~      ~     ——————— —— ~~   Three Standard Deviations 
Parameter Mean Deviation    (99. 1% Accuracy Limit) 

Longitudinal acceleration nx,  g -. 0001 

Lateral acceleration ny,  g -.0002 

Normal acceleration nz,  g -.0001 

Airspeed,  knots1 -.07 

Altitude,  feet** -1.2 

Outside air temperature,  0F -.04 

Rotor,   rpm -.08 

Longitudinal cyclic stick, percent -. 14 

Collective stick, percent -.11 

■t .03 

± .05 

± .03 

dk 3.6 

± 62 

± 2.2 

±4.0 

±1.5 

± 1.2 

*   Computed at a 90-knot indicated airspeed 
**   Computed at a 1000-foot density altitude and standard temperature 

Rotor rpm and outside air temperature were computed by applying linear 
calibrations to the trace measurements.    With the displacements of the 
stick position trace representing the deflections of the longitudinal cyclic 
stick from the full-forwaid position and the deflection of the collective 
stick from the full-down position,  the respective stick positions were 
computed from the trace measurements in units of percent of full de- 
flection.    By an approximate differentiation of the altitude trace,  the 
rate of climb was computed continuously during the steady-state mission 
segment and at each position of stick or acceleration peak during the 
three transient mission segments.    At the same time that the rate of 
climb was computed,  the "longitudinal acceleration, " or rate of change 
of airspeed, was derived by an approximate differentiation of the air- 
speed trace. 



Through the following expressions,   the rotor tip speed ratio (\j) and the 
ratio of the thrust coefficient (C-p) to the rotor solidity (0) were each 
calculated as nondimensional parameters.    With a consistent system of 
units employed,  the ratio u was calculated by 

V 

and the ratio C^/o was calculated by 

C-p/O = — 
pn R2 (Q R)2 a 

8 



DATA RESULTS 

The data repre.enting the 207 hours of valid flight data are presented in 
the form of histograms,   exceedance curves,   and time and occurrence 
tables.    Because of their volume,   the figures and tables making up the 
data presentation are contained in the appendixes.    The histograms pre- 
sent the percentage of time spent in ranges of the various parameters. 
The exceedance curves indicate the number of flight hours required to 
equal or exceed a given parameter value.    With the exception of Table III, 
the time tables.  Tables IV through VII,   cover only the steady-state mis- 
sion segment.    The occurrence tables.   Tables VIII through XLV,   show 
the number of peaks of a given parameter falling within ranges of this 
parameter and those of a second parameter.    Some of the occurrence 
tables are further related to the single range of a third parameter or to 
the single ranges of both a third and a fourth parameter. 

Figures 2 through 13 are histograms showing the percentage of flight 
time spent in ranges of the various parameters.    Figure 2 shows that 
more than one-half of the flight time occurred in the maneuver mission 
segment.    This expenditure of time contrasts sharply with previous 
flight loads studies,  where most of the flight time was recorded during 
steady-state conditions.    Therefore,  the armed CH-47A was consider- 
ably more active than the cargo and transport CH-47A reported in Ref- 
erence 3.    This greater activity will be evidenced further in the discus- 
sion of the normal acceleration peak values.    The histograms in Figure 3 
give the flight profile of the armed CH-47A. 

Contained within a small range,  the helicopter gross weights were over 
30, 000 pounds during more than 75 percent of the flight time.    Because 
of the high elevation of the terrain in the operational area,   more than 95 
percent of the steady flight time was spent at density altitudes exceeding 
2000 feet. 

Figure 6,   depicting rotor rpm under steady-state conditions,   shows that 
only a few values slightly exceeded the range from 220 to 240 rpm.    As 
evidenced in the oscillogram of Figure 19,  the highest rpin of 246 was 
recorded in a rapid descent during a maneuver segment when the longi- 
tudinal cyclic control stick position was at 13 percent of full travel aft. 
This figure also shows that the rotor rpm during the preceding ascent 
had fallen below 220.    Tables XIV and XX further evidence the low rpm's 
during this ascent; they list all peaks of the stick position trace within 
rpm ranges below 220.    These tables give no times for the parameters, 
since they contain data recorded during the transient parts of flight. 



Figure 7 shows the percentage of time at the recorded outside air tem- 
peratures.    No temperatures below 50° F were recorded. 

As shown in Figure 8,   for the rate of climb during steady-state condi- 
tions,  the rate of climb was within ± 500 feet per minute most of the 
time.    For the ra,te of climb during the transient missions,  the maxi- 
mum descent rate was 5202 feet per minute,  which occurred during a 
weapons pass; the maximum ascent rate was 4173 feet per minute. 

Figures 9 through 13 distribute the steady-state flight time within com- 
bined ranges of airspeed,   altitude,   and gross weight.     The highest air- 
speed in steady-state flight was  135 knots: the highest in transient flight 
was   161 knots,  which occurred during the weapons pass delineated by 
the oscillogram traces in Figure 20. 

The exceedance curves in Figures  14,   15,   and 16 show the number of 
hours required to reach or exceed a given positive or negative incre- 
mental maneuver load factor.    These figures represent the composite 
data and the data breakdowns by mission segment and gross weight 
range.    The frequency and magnitude of the load factors are highest 
in the maneuver mission segment.    Figure  21 shows the oscillogram 
with the largest recorded load factor (nz of 1. 95).     The corresponding 
airspeed was 100 knots and the gross weight was 28, 027 pounds.   Closely 
paralleling the data presented in the time tables,   the curves for the 
weight range between 28, 000 and 32, 000 pounds and for the altitude range 
between 2000 and 5000 feet represent more than 70 percent of the nz's. 
As extracted from Reference 3,   Figure 22 shows the maneuver spectrum 
for the cargo version of the CH-47A.    Comparison of this figure with 
Figures 14 through 16 again shows that the flight loads imposed on the 
armed CH-47A'8 were considerably greater than those on the cargo 
helicopters.    Through both a diagram and a tabulation,   Figure 17 shows 
the maneuver normal load factor peaks falling in ranges of the rotor tip 
speed ratio, u. 

Figure 18 shows the exceedance plots for the positive and negative incre- 
mental gust load factors      The sparsity of the data points,  due primarily 
to the difficulty of ascertaining gust-induced peaks with certainty,  per- 
mitted only a composite presentation.    A valid sample could not be de- 
rived through further breakdown of these data. 

With a breakdown by gross weight range.   Table III distributes the total 
flight time among the four mission segments.    As mentioned above,  the 
time tables in Tables IV through VII cover only the steady-state misiion 
segment.    Each of the latter tables consists of several subtables.    The 
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heading of each sub-able gives:    first,the parameter whose ranges form 
the ordinate of the nubtables;   second,the paranneter whose ranges form 
the abscissa;   and tlürd the parameter whose individual range follows 
immediately.    Thus the times in minutes within the subtable proper 
give the periods spont within the three combined ranges. 

Tables VIII through XXI list the number of observed peaks of either the 
longitudinal cyclic stick position or the collective stick position as a 
function of two other variables.     Each table consists of several subtables. 
In each subtable,  the ordinate gives the ranges of the peak values,   and the 
abscissa,   running immediately above the subtable proper,   shows the 
ranges of the first related variable.    Then the heading above each sub- 
table abscissa is the individual range of the second related variable.    The 
figures within the subtable proper represent the number of peaks in the 
given ordinate ranges along with the corresponding ranges of the two re- 
lated variables.    For example,   in each subtable of Table VIII,  the ordinate 
gives the ranges for the longitudinal cyclic stick position peaks,  the ab- 
scissa gives the ranges for the steady longitudinal cyclic stick position 
values just before the peak occurrence,  and the heading gives the range 
of the simultaneous steady collective stick position values.    Those tables 
with the steady stick value as the abscissa represent the steady-state 
mission segment and also include the time spent in the various ranges of 
the steady stick values.    No times are given for the tables representing 
the ascent,   descent,   or maneuver mission segments. 

In Tables XXII through XXXIII,   the number of observed peaks of normal 
acceleration,  nz,  are listed as functions of up to four related variables. 
As in Tables VIII through XXI,   the ordinates in the subtables give the 
ranges of the; peak values,  the abscissas give the ranges of the first 
related parameter,   and the subtable headings give the individual ranges 
of the other related parameters.    Of these tables,   Tables XXII through 
XXVII represent gust-induced peaks; and Tables XXVIII through XXXIII, 
maneuver-induced pp=>Vs.    Similarly,   Tables XXXIV through XXXVIII 
and Tables XXXIX through XLIII,   respectively,   list the number of ob- 
served peaks of the longitudinal acceleration,  nx,   and the lateral accel- 
eration,   ny.    In Tables XLIV and XLV,  the normal acceleration peaks 
are cross referenced with the corresponding values of longitudinal ac- 
celeration and lateral acceleration,   respectively. 
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Figure 10.     Time in Steady-State Mistion Segment in 26, 000 to 28, 000- 
Pound Gross Weight Range Broken Down by Percentage of 
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Normal Acceleration (nz 

Values at t: 

Maximum Rotor RPM 
Airspeed 
Normal Acceleration 
Altitude 

246 
73.6 knots 
1.04 g 
3529 ft 

Figure 19.    Maximum Rotor RPM Condition 
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Airspeed 

Collective Pitch 

Altitude 

Normal Acceleration (n,) 

Rotor RPM 

Longitudinal Acceleration (nx) 
Longitudinal Cyclic Pitch 

Outside Air Temperature 

+ 
Values at t: 

Maximum Airspeed 
Weight 
Normal Acceleration 
Rotor RPM 
Altitude 

161 knots 
31, 189 lbs 
i. 16 g 
235 
5295 ft 

Figure 20.    Maximum Airspeed Condition 
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Airspeed 100 knots 
Altitude 3243 ft 
Weight 28. 027 lbs 
Rotor RPM 228 

Airspeed 

Figure 21.    Maximum Normal Acceleration Condition 

32 



io- 

10' 

ß 

v 
V 
o 
X 

W 
u 
o 

J2 
u 
(4 
0) 

B5 

in 
Ix 
3 
0 
X 

10 

10" 

10 -2 

\    1 .— —   O   Positive Feaks   1 
' G   Negative Peaks 1 

/ u ( 

  V- —r- / r 
j /   f ;T 

r 5 / J y 
f. { 
/ 

 1 T  
I j 
1 ' 
/ I 
/ 

 i / 

■"" 

—j   
1 , j 
t 
/ 

/ 
1 

[ ( 

I 

 i 7 i        i 
L.— —i 

B 
B 1 

Total Flieht Time.l 
1 65. 

1 

8 Hc )urs 
w          1 

0 0.2        0.4 0.6 0.8        1.0 1.2 

Maneuver Normal Load Factor,     An2 

Figure 22. Plot of Maneuver Load Factor from Reference 3 
Reflecting the Maneuver Spectrum for the Cargo 
Version of the CH-47A 

33 



APPENDIX II 

TABLES FOR DATA PRESENTATION 

Tables III through XLV are computer printouts. 

All times in these tables were rounded off to the nearest tenth of a minute. 
Total times,   as well as individual times,  are accurate to within 0. 05 
minute,   since the individual times comprising the respective totals were 
summed before the totals were rounded off.    However,  the addition of 
some printed individual times may differ from the corresponding printed 
total time by some fraction of a minute.    Any time between 0 and up to 
but not including 0. 05 minute was printed as "0. 0, " and no time measured 
was printed as "0. "    Tables having no points or time were not printed. 

Table headings are arranged so that the first-mentioned paranneter refers 
to the vertical ranges at the left of the table; the second-mentioned pa- 
rameter refers to the horizontal ranges at tbe top of the table; where a 
third or fourth parameter is mentioned,  it       followed by its range in the 
heading.    As an example,   the heading "NZ GUST PEAKS VS VEL.    BY 
MISS.   SEG.   ASCENT,  ALT.   LESS,  WGT.   30000" indicates the number 
of gust nz peaks in selected airspeed ranges for ascent,   altitude below 
1000 feet,   and weight between 30, 000 and 32, 000 pounds. 

With the exception of the code "LESS, " the code for each range gives its 
lower limit.    The following listing gives the range codes for all parameters: 
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Gust nz and 

Airspeed (knots) 
Code Range 

Less Below 40 

40 40 to 60 

60 60 to 80 

80 80 to 85 

85 85 to 90 

90 90 to 95 

95 95 to 100 

100 100 to 105 

105 105 to HO 

no 110 to 115 

115 115 to 120 

120 120 to 125 

125 125 to 130 

130 130 to 135 

135 135 to 140 

140 Above 140 

Maneuver n7. (g) 
Code Range 
Less Below 0. 2 

0. 2 0. 2 to 0.4 

0. 4 0. 4 to 0. 5 
0. 5 0. 5 to 0.6 
0. 6 0.6 to 0. 7 
0. 7 0. 7 to 0.8 
0. 8 0.8 to 1.2 
1.2 1. 2 to 1. 3 
1.3 1. 3 to 1.4 
1.4 1. 4 to I. 5 
1.5 1.5 to 1.6 
1.6 1. 6 to 1. 7 
1.7 1. 7 to 1.8 
1.8 1.8 to 2.0 
2.0 2.0 to 2. 2 
2.2 2.2 to 2.4 
2. 4 Above 2.4 

nx and ny (g) 

Code Range 
Less Below -0.40 
-0.40 -0. 40 to -Q. 35 
-0. 35 -0. 35 to -0. 30 
-0. 30 -0. 30 to -0. 25 
-0.25 -0. 25 to -0. 20 
-0.20 -0. 20 to -0. 15 
-0. 15 -0. 15 to -0. 10 
-0. 10 -0. 10 to 0. 10 

0. 10 0. 10 to 0. 15 
0. 15 0. 15 to 0.20 
0.20 0.20 to 0.25 
0.25 0.25 to 0. 30 
0. 30 0. 30 to 0. 35 
0. 35 0. 35 to 0.40 
0.40 Above 0. 40 

Rate of Climb Collecf live k Cyclic 

(ft/min) Stick 
Code 

Peaks (%) 

Code Range Range 

Less Below -2500 Less Below -40 

-2500 -2500 to -2000 -40 -40 to -30 

-2000 -2000 to -1500 -30 -30 to -20 

-1500 -1500 to -1000 -20 -20 to -10 

-1000 -1000 to -500 -10 -10 to    10 

-500 -500   to    500 10 10 to    20 

500 500   to    1000 20 20 to    30 

1000 lOGOto    1500 30 30 to    40 

1500 1500 to    2000 40 Above 40 

2000 2000 to    2500 

2500 Above 2500 

Colle ctive & Cyclic 
Stick Steady (%) 

Code Range 
Less Below 10 
10 10 to 20 
20 20 to 30 
30 30 to 40 
40 40 to 50 
50 50 to 60 
60 60 to 70 
70 70 to 80 
80 80 to 90 
90 Above 90 
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Tip Spec id Ratio 
Range 

Weight (pounds) 
Code Code Range 
Less Below 0. 00 Less Below 20, 000 
0.00 0.00 to 0.05 20,000 20,000 to 22.000 
0.05 0.05 to 0. 10 22,000 22, 000 to 24,000 
0. 10 0. 10 to 0. 15 24,000 24,000 to 26,000 
0. 15 0. 15 to 0.20 26,000 26, 000 to 28, 000 
0.20 0.20 to 0.25 28,000 28,000 to 30,000 
0.25 0. 25 to 0. 30 30.000 30,000 to 32, 000 
0. 30 0. 30 to 0. 35 32,000 Above 32,000 
0.35 Above 0. 35 

Altitude (feet) 
Rotor RPM Code 

Code Range Less 
Less Below 210 1000 
210 210 to 220 2000 
220 220 to 230 5000 
230 230 to 240 10.000 
240 240 to 250 15.000 
250 Above 250 20,000 

Range 
Below  1000 
1000 to 2000 
2000 to 5000 
5000 to  10,000 
10. 000 to 15. 000 
15,000 to 20,000 
Above 20,000 

Thrus t Coefficient 
Ratio 

Code Range 
Less Below 0. 06 
0.06 0. 06 to 0. 09 
0.09 0.09 to 0. 12 
0. 12 0. 12 to 0. 15 
0. 15 Above 0. 15 

Out side Air 
Temperature (0F) 
Code Range 
Less Below 0 

0 0 to 10 
10 10 to 20 
20 20 to 30 
30 30 to 40 
40 40 to 50 
50 50 to 60 
60 60 to 70 
70 70 to 80 
80 80 to 90 
90 Above 90 

Airsp eed A ccel eration 
(ft/sec2) i 

Code Range 
Less Bel ow -15 
-15 -15 to -12 
-12 -12 to -9 
-9 -9 to -6 
-6 -6 to -3 
-3 -3 to    3 

3 3 to    6 
6 6 to    9 
9 9 to    12 
12 Ab ove 12 
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TABLE III 

FLIGHT TIME FOR MISSION SEGMENT VERSUS WEIGHT 

r l«f (»INui'ii  n»    »iv.ini SK.^st  v.  nfir.Mi 

»«11,»« 

srMn> 
tr(»i 

iOjJC      1})JJ      JnOOO MCTO >«000 »O'JOO )/0OO II1UI TOTAI iHOl'HSi 
F.i n.o <•«.♦ ».f J.I uv.« Ji  < 

1!» . 1 n«'.» »10f.« ?»«.« *7«».? 11 i  i 
l«l,? lit. r I»l.« 1«1.» 11*^.1 11  i 
111. I i««. i mo. i »»».» ?9n.j «'i i. 
Ml.l jh it,s mo.« IMf, 1 w*«o.n im i 

TABLE IV 
STEADY-STATE TIME FOR ALTITUDE VERSUS 

AIRSPEED BY WEIGHT 

MMtiMiNimsi fo« uTiiuOE  vs vunriTv nr  «IIGHI ikgoo 

uss 
If ss 4.0 
looc 
2000 1.« 
500C 

100JC 
itooo 
J00JC 
tOI«l 1.« 

0.2 0.1 1.0 0.9 0.1 
7.1 *.1 *.} 10.0 i*.* ».» 0.» 
).l ».7 t.'i r.l n.» 11.•> 0.« 

^.7 10.» It.I II.> II.« 19.0 

1*0     TOftL 
*.0 
I.« 

«I.I 
»l.: 

ill.) 

tintiKiNumi ra» «Ltnuof  ys viincit» «Y «UOHI HOOO 

LcSi 
LESS 0.» 
looc 1.» 
7000 6.1 
« ouc 

10000 
nouc 
200 ij 
ICI»l «.I 

60 
J.l 
).l 

1.1.9 
2.S 

0.1 
1*.« 
6.« 

2C.5 
II.1 

0.) 
26.« 
22.0 

2.C 
»2.6 
10.« 

2.1 
«1.6 
12.0 

2.» 
H. 1 
12.0 

110 

I.' 
21.2 
10.T 

O.I 
).« 
1.1 

0.« 
0.1 

1*0      lOTftl 
1.1 

11.6 
226.1 
110. I 

nuMmNuusi fön »itltuni vs VHOCMT «» «IOM? IOOOO 

LESS «0 60 • 0 »1 90 91 100 101 110 

less 6.2 2.« 6.2 0.6 C.I 1.« 0.9 1.« 1.0 

1000 2.2 0.1 1.1 «.a 1.0 1.6 6.1 9.1 T.9 1.» 

2000 12.0 ). I • 1.1 61.' 9C.1 106.6 111.» 221.2 H9.2 n.o 
10J0 0.1 r«. i 19.' 91.9 122.2 112.1 1*6.0 111,1 u.« 

ioooo 
11000 
20030 
ICI161 in.« '.( I6M 126.1 Hi.» 111.9 299.0 Ul.T 111.9 IU.* 

T.O 
1.0 
0.6 

111 

0.2 

0.2 

160 Tni«i 
I T.I 
»0.6 

104«.« 
Til.« 

19)0.« 

imtlolNUlESI   fO*    tLTITUDE    VS   VEinCITT    »V   HEIr.HI    12000 

LESS *0 60 • 0 il 90 »1 100 101 110 II« 120 12« 
LESS 
1000 
2000 
«000 

1.* 
11.9 l.t 

0.* 
*1.1 
l*.l 

0.« 
2*.0 
11.2 

C.2 
)).T 
21.0 

1>.T 
2*.1 

*».« 
21.* 

l.) 

21.» 

0.9 
*».2 
10. 1 

1.1 
17.» 
«.» 

l.i 
1.« 
1.» 

2.» 0.» 

10000 
nooc 
20000 
ICI»l II.) 1.« 1».* II.0 11.0 62.2 r«.o 107.* 7«.* 2*.» «.2 2.: 0.» 

11« 160     T0T4L 

II.T 
1»«.0 
14». 1 

«♦T.O 
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TABLE IV - contd. 

ilHtmiwuilsi ft» tiTMboc »j «(IOCITT tit «EIGHT mm 

HIS 
1000 
jo>: 
tooc 

ie«oc 
i «ooo 
joooc 
TCItl 

im 
10.« 

»c 
J.I 
o.s 
t.l 
0.? 

to 
«.I 
».< 

»j.i 

»o 
0.» 
t.l 

100.1 
«0.« 

1.0 
U1 

l«t.i 

10 
I.« 
•• 1 

11 
C.I 
• .0 

U*,0     111.1 
It/,«   111.1 

100 
1.« 

It.I 
11».1 
JIJ.T 

101 
1.0 

II. I 
JH.» 
iii.i 

ui.r 
6J.I 

».o 

1.1 

WO 

1.1 
J.I 
0.1 

IJ1 

1.1 

HO 

O.J 

111 no   tnui 
H.i 
• ».J 

IH».» 
IIU.I 

ia.c   III.I    iiT.r   iie.i   in.«   »»i.i   i«*.i   •««.«   i««..      «i.i     ii.i 

TABLE V 
STEADY-STATE TIME FOR COLLECTIVE STICK POSITION VERSUS 

CYCLIC STICK POSITION BY RATE OF CLIMB 

nnciKinumi »c« coiifcti»« »» mut »i tii"»   -HOO 

llii |C JO 10 «c 10 to '0 
lit! 

te 
JO 
M 
«o 
10 
to 
»0 
•0 
»c 

tc»»i 

0.1 

10 «0    ini»i 

TIKEIKINUKSI  m»  COUICtlVt   »S   CtClIC   »1   CIIX1     -1000 

LiSS IC JO 10 «0 10 »0 JO 
lit! 

IC 
JO 
IC 
«0 
IC 
«0 

•c 
»0 

ICItL 

1.1 I.i l.t 0.1 
J.t       IC.» t.« C.l 0.1 
O.J C.l 0.1 0.« 

«.0       11.1 t.1 0,1 O.J 

ao        «o   IOT'I 

II.• 
JO.O 
I.« 

I l»t (»llljllil   'Lt   COllfCHVf   »I   CTCIIC    »»   CLI«        -100 

itss 
10 
It 
»c 
«c 
IC 

FO 
• c 
«c 

Kill 

0.1 
c.« 1.1 C.l 

10.1 ««C.l J I'.l e.« 0.« 

11.1 \l«l.' ««•,0 «1.1 0.« 
«1.0 1«.1 (il.T IC.« 0.« 
C.l C.J 

0.1 
>.! 

»11.' 
1111.0 
IT«.? 

I.I 

I1J.5   l*".T      1T1.T 6».I J.O 
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T A B L E V - con td . 

T I WE (MINUTES I FC» COLLECTIVE VS CYCLIC BY CLIN* *00 

LESS IC 20 >0 *0 50 60 TO BO 
LESS 

1C 
2C 
IC 
•c * •> U l

 t l . 5C !•» >'•* °*2 ?J#! 
6 C 1«0 T .6 O.T U . O 
TC 
•C 

rem 2.s « .* c-7 °'2 6"#0 

2 . 2 

f |"E(M|NUTES1 *CB COLLECTIVE VS CYCLIC BY CLI«B 1000 

L £ S S IC 20 30 O * 0 60 TO S3 * 0 TOTAL 
LESS 

IC 
2C 
IC 

Jo 0 . 2 1*0 C - 1 ! • ! 
40 1 .2 0 . 1 
TO 
•C 

f f T i L 0 * 2 2 .2 C.2 * • * 

LCSS 
IC 
2C 
10 
6C 
9C 

BC 
9C 

TCTIL 

T |M£ (MINUTES I FCB COLLECTIVE VS CYCLIC BY CLUB TOTAL 

LESS IC 20 10 40 SO 60 TO B3 ' 0 TflTBL 

0 .5 0 . 9 
C.6 l . T C . l 2 . 2 

11 .6 6 9 0 . 3 2 6 0 . 9 6 . 9 O.T T09.B 
, v 142.B 1 1 ( 9 . 4 6 9 2 . 2 6 9 . T 1 . 1 20T9.2 
40 4 4 . 2 66.C 6B.1 11 .9 0 . 6 I B " . 6 
fO 0 . 9 C.2 

199.3 1T04 .1 1 CO?.9 * 9 . 2 2 . 9 

T A B L E VI 
S T E A D Y - S T A T E T I M E F O R R O T O R R P M VERSUS R A T E O F 

CLIMB BY OUTSIDE AIR T E M P E R A T U R E 

TINEININLTESI BOB BBN VS CLIMB BY TfMB5B4TU»E SO 

LIS 
LESS -2500 -2000 -1900 -1C00 -SCO 500 1000 1*00 2 303 2900 TGTU 

21 
22 39.9 0.9 16.3 
21 
26 

1.0 TC.9 J.C T6.S 

29 
TCTA I.C 106.0 l.B 11C.B 
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T A B L E VI - con td . 

L»SS -/sac -*030 -ISOO -1C0O -SCO SCO 1000 1900 7300 2S00 TOT it 
I f SS 

21C 
22C 0 , 1 I . * 2 » 9 . 7 1 . 9 0 . 1 M S I 
2 9 0 # . C S 0 9 . * S .A 0 . 1 S 2 1 . I 
2AC C . S o . f 
/ s o 

ICTAI o . i 7 . * ? n , » 9.A o . ? M » . i 

» l « e t«9|NUIf SI fC» »0t vs C l l » B 9* Tf«PFA A TllAf TO 

LfcSS - 2 S 0 C - 2 0 0 0 -ISOO - 1 C 0 0 -SOD SOO 1000 I S 0 3 2 0 0 0 2SOO TOTAi 

• I I . 

I f s s 
21c 
" r 2 .A A 2 1 . 7 A . 9 0 . 9 
J ' ? » ? • * *»C. 9 I 2 . S O.S 7 9 6 . 0 Al ••• 

l r M l n . o i i « ? . i 1 9 . * i . i 1217 .9 

Lf SS 
2IC 

LkSS -2S0C - 2 0 0 0 -ISOO -*1003 -•>oo SOO 1000 Lf SS 
2IC 
220 2.A 2 2 9 . 0 9 . 2 0 . 2 
2 10 6 . 1 A7S.9 1 7 .9 0 . A 2AC 0 . 1 
2SC 

TCTAI f . s TO 9. 9 27.C 0 . 6 

ISOO 2 0 0 0 2S00 TOTAL 

? M . T 
SOO.I 

0 . 1 

I f ss 
2IC 
223 
2 93 
2AC 
2S0 

TCTil 

11«€ (MINUTES) FOI 99M ¥5 C t l W TW»{«*TU«E *>0 

LISS -2S0C -2000 -ISOO -1CC0 -SOO SOO 1000 ISOO 2000 2S00 TOTAL 

1.0 72.I s.6 0.2 
C.2 *9.7 2.9 0.* »'•<> 

T l**C (MINUIESI f n» A9M vs C L I M AY TFMEfllTURE TOTAL 

LESS - 2 S 0 C - 2 0 0 0 -ISOO - I C 3 0 -SOO SOO 1000 ISOO 2 0 0 0 2 S 0 0 TOTAL 
I f SS 

2IC 
2?C 0 . 1 7 . 2 9 9 6 . 9 2 6 . 1 1 . 1 1 0 2 1 . 9 
2 tc 2 ^ . 9 1 9 9 S . 6 A l . T 1 . 1 19SA.A 
2 AC O.S 0 . 9 
2SC 

VCTAl 0 . 1 9 1 . 1 ?f 7 9. 1 6 9 . 0 2 . T 2977 .2 
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T A B L E VII 
S T E A D Y - S T A T E T I M E F O R CT/CT VERSUS u BY R A T E 

O F CLIMB 

TI«E<«INUTESI CT/S VERSUS "0 By CUM" - 1 * 0 0 

t t s s 0.0C 0 . 0 9 0 . 1 0 0 . 1 * 0 . 2 0 0 . 1 5 0 . 1 0 0*15 TOTAL 

0.0ft 
0.C9 
0 . 1 2 
O* 1* 0 . 1 0 . 1 

* " • 1 C . I 0 . 1 

T|MEI«INUTESI EC" CT/S VERSUS "U BV CLIMB - 1 0 0 0 

LESS 0.0C 0 . 0 5 0 . 1 0 0 . 1 9 C.20 0 . 2 9 0 . 9 0 3 .99 TOTAl 
LESS 
0.0ft 
o.o 
0.1? C.? 1 .0 C . I 1 . 9 
0 .15 0 . 1 O.J ! . 0 10 .9 B.9 9 I * « 

7CTAL 0 . » 0 . 1 9 . 1 19 .9 9.C 99 .1 

T I M E I M I N U T E S I F Q I C T / S VEBSUS »U 

LESS O.OC 0 . 3 9 0 . 1 0 0 . 1 9 
LISS 
0 .06 
0 .09 
0 .12 6 . 2 5*4 0 . 7 o.« 0*1 
0 .19 22 .7 6 6 . 4 11.6 12 .9 184.2 

TCTAL 27 .0 71 .0 12.4 11*1 192.9 

0 . 2 0 0 * 2 9 0 . 9 0 0 . 9 9 TOTAL 

6*6 9 9 . 9 
6 2 9 . 7 0 . 2 2019. 0 
6 9 2 . 9 0 . 2 2171 .9 

T I Mf (MINUTES I E0« CT/S VE«SUS ML B¥ CLIMB 900 

LESS 0.0C 0 . 0 9 0 . 1 0 0 .19 0 . 7 0 0 . 2 9 0 . 9 0 0 .99 TOTAL 
LESS 
0 .06 
3 .09 
0 . 1 2 C. 2 0 . 9 0 . 7 
0 . 1 9 0 . 1 0 . 4 0 . 9 22 .0 11 .1 l l . S 6 7 . 9 

TCTAl 0 . 1 0 . 4 0 . 9 2 2 . 1 11 .6 U . ) ftft.O 

i 

TIHEININUIESI fC» CT/S VEBSUS »L BY CLIMB 1000 

LESS 0.0C 0 . 0 9 0 . 1 0 0 .19 0 . 2 0 0 . 2 9 0 . 9 0 0 . 1 9 TOTAL 
LESS 
0 .06 
0.C9 
0 .12 
0 .19 1*4 O.B 0 . 9 2*7 

TCTAL 1 .4 O.B 0 . 9 2 . 7 

TIMfIMIMUTESI EC« CT/S VEBSUS BV CLl«B TOTAL 

LESS 3.0C 0 . 0 9 0 . 1 0 0 .19 0 .20 0 . 2 9 0 . 9 0 3 .99 TOTAL 
LISS 
0 .06 
0.C9 
0*12 6 . 2 9 . 9 0 . 7 0 . 6 8*4 2 9 . ) A.7 9 9 . 6 
C.19 2 2 . 9 67 .« 11 .9 19.0 AIO.A 1749 .4 6 4 t . 4 0 . 2 2 9 2 I . B 

TCTAL 2 7 . 1 72 .5 12 .7 19.A * 1 9 . 1 1770.7 6 9 1 * 1 0 . 2 2977*2 
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T A B L E VIU 
CYCLIC STICK P E A K S VERSUS CYCLIC STICK 

STEADY BY C O L L E C T I V E STICK STEADY 

CYCLIC M M S VS CYCLIC STEACV 4Y COLL. 9T640V 

LCSS 
- • 0 
- »0 
-?c 
•10 

1C 
20 
•0 
•c 

f c t n 

T I P ! 

1 

0 . 0* 0* Cm 0 . 9 C. 9« 

CYCLIC M M S VS CYCLIC STMOY i t COLL. STE40Y 10 

1 

0 . 9 

LIS9 
- 4 0 
- 1 0 
• 20 
-»c 

IC 
20 
10 
• 0 

TCTU 

T I M 

1 

0 . 4 

I 

2 . 2 

CYCLIC *€»«S YS CYCLIC STfACY BY COLL. STMOt 

tcss 
-4c 
- 1 0 
- 2 0 
- I C 

IC 
2C 
10 
«c 

r c t u 

M M 

u s s IC 20 10 40 5 0 

2 J 

11 .4 4 9 0 . 1 240 .9 6 . 4 0 . 7 

I f ss 
-4C 
- I C 
- 2 0 
- 1 0 

10 
2C 
>0 
40 

r e m 

T i n 

CYCLIC PEAKS VS CVCIIC 9T6AC? §r CTO.L. S ft AOY 90 

LkSS IC 20 10 «0 90 60 70 

142 .1 1 1 ( 4 . 4 * 4 2 . 2 4 4 . 7 

I 

1 .1 

12 

0 . 2074.2 

I I 9 9 
-4C 
- » 0 
- 2 0 
- I C 

IC 
20 
IC 
46 

VCftM. 

r i r e 

CYCLIC A€A«S VS CYCLIC 9TE«0V MY COLL. 9TE40V 40 

LtSS IC 20 JO 40 90 40 7< 

4 4 . 2 A*.C 4 9 . 1 11 .9 0 . 6 0 . 

1 

1 M . 4 
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T A B L E IX 
CYCLIC STICK P E A K S VERSUS C Y C L I C STICK 

STEADY BY DENSITY A L T I T U D E 

CYCLIC vs CYCLIC STE»CY ALTITUDE 

LESS IC 20 30 40 SO 60 TO 60 90 T0T4L 
I I S S 

-4C 
- 1 0 
- 2 0 
- I C 2 I 2 9 

IC I I * 
?0 
IC 
*c 

TCI61 2 2 1 » 

MPS 0 . 0 . 0 . 0 . 9 . 3 1 C* 3 4 . 2 0 . 6 0 . 0 . 2 4 . 4 

CYCLIC r M K S VS CYCLIC STfftOV 6V ALTITllCE 1000 

LESS 10 20 30 40 90 60 70 90 * 0 VOVftL 
LESS 

- 4 0 
- 10 
- 20 
- I C I I 

IC 
20 
IC 
40 

T C M I i i 

TfPE 0 . 0 . 0 . 0 . 4 1 . 0 4 4 * 9 0 . 3 0 . 0 * 0* 

CYCLIC MftKS VS CYCLIC ST|*CY HV ALTITUOc 2000 

LESS IC 20 30 40 90 60 70 «0 90 TOT61 
LESS 

- 4 0 
- 3 0 
- 2 0 
- I C 9 9 2 1 I I 

10 1 9 4 
20 
90 
4C 

TCI6L 3 6 9 1 19 

TI»E 0 . 0 . 0 . 1 4 3 . 1 1041 .0 4 7 9 . 8 2 0 . 9 1 . 9 0 . 0 . 1714 .4 

T A B L E X 
CYCLIC STICK P E A K S VERSUS C Y C L I C STICK 

STEADY BY A I R S P E E D 

CTCilC » t»«S »S CYCLIC S t u c t »» m O C I M IESS 

LESS 10 20 30 40 90 60 70 90 40 T0T61 
LESS 

-4C 
- 3 0 
- 2 0 
- IC 4 6 4 1 19 

IC * • • 
20 
3C 

v c m 4 • • l 2 i 

M M o* 0* 0 . 0 . 1 19 .9 4 7 . 6 2 2 . 9 2 . 9 0 . 0 . 1 1 1 . 9 
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TABLE X - contd. 

C»tllC  M»i»     »»     CTClIf   SM»0»       »»       VUfltITT *9 

Hü        ic        ?o ic        »o        ^o        (.c        »o        m        ")   »"tM 
UM 
•»t 
• tc 
• ic 
• I« i i 

ic 
K 
10 
«c 

ICttl I I 

tIK 0. 0. i, 0.1 ".» t.1 C. 0, C 0. 10,0 

crciu miis   »S   C»CLIC sii»n»     i»     VEKKIM       loo 

m;        ic JO >:        »o        ^o        »e        »o        *•>        »o   TUMI 

litt 
-♦c 
-IC 

IC 
IC 
IC 

icin > ' 
IIPI u. 0. u. IH    »l».'     I".' ''! »• ,;- n'        ',,'*•, 

TABLE XI 
CYCLIC STICK PEAKS VERSUS CYCLIC STICK 

STEADY BY ROTOR RPM 

cvciic »»«»s    »s    c»ciic Jt'irT     «Y UM ?:■> 

uss ic j; <r «c HI <,C ID nn o    tfiiii 
itts 
-«c 
-ic 
-70 
-IC 1^11 « 

IC I I 
n 
ic 
*e 

fCI»l i » I 1 1 

ll»l 0. 0. 0. 101.1     <■.•.!      !*>.( 1.4 1.1 C. 5.      I0M.1 

drcuc t'tts    vs    c»ciir MF»O»     "» •>"< in 

LliS IC 10 10 «i to *c ro 113 10     TOttL 
ins -« 
-IC 
-w 
-IC 4 ? 3 1 

10 I » 1 
K 
IC 
«c 

ICIil * I J It 

MM 0. 0. J. "•'.»   114*.t     «4«.l       »*,l 1.6 0. 0.      1««.» 
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TABLE XI - contd. 

HU 
-♦c 
-10 
-?0 
-1C 

IC 
n 
ic 
»c 

irm 

cjfiicr'Mt    v".   r»rii(  tin'»      H» •I*«       Mm 

int u ?c tc ♦: '^        *" 'o 'u •0    ",'*1 

? * 

o.     i".i uc».» icr7.i    »»,?       ?.^      o.        n.    7«n.» 

TABLE XII 
CYCLIC STICK PEAKS VERSUS AIRSPEED 
ACCELERATION BY MISSION SEGMENT 

r»CllC   »«»«1    »t   »Ctllt'«t|nN   »»   KlttldN   SCSKENI    ««ENI 

ittt   -i».«    -i:.a     •*.<)     -«.o     -1.0       i.c       *.o       *.o     tt.o     it.o   TOOL 

-«c 
-10 II ! 
•a ?       its > ? it* 
-«c i       m » i i» 

IC )<. 1 14 
2C 
10 
«c 

mu »mi i m 

Ctn ic »f«»s »s »ccfi!«iTinN •» »ittlCN tewm n-tuvi 

lks^ -is.c   -w.o     -«.o     -«.i     -i.         ).c ».o      «.o     w.o     n.o   torn 
icts 
.»C I               > ♦ 
- IC 16          1U            ?1 *                                                            I" 
-fZ I              1            I*       III»         10» I*              I                                         ll«l 
-IC I            II            f«          til           •« II                                                            '»' 

IC I            II            •*          ll«           «1 I                                                            »«' 
IC III«» I» 
10       . I > 
»c 

irm 1            I«          IM       »10         II» »1              1                                          WH 

CYCUC   l>f««S    »i    ICCUC«»M"N   •»   »IttlCN   Sfi'tNl   tttCNI 

nit   -it.c    -u.o     -«.o     -«.c      -i.o       !.f.       ».o       «.o     ii.a      it.o    tnm 
Ktt 

-4C 
-IC M                                                                                                " 
-70 I                '          »•'                                                                                             ,,l 

•IC »          1*1              I                                                                            •»• 
IC I            »I              I                                                                                *' 
IC I                                                                                                   ' 
10 
»c 

irt«i l            -»Mt           I                                                             «»» 
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TABLE XU! 
CYCLIC STICK PEAKS VERSUS AIRSPEED 

BY MISSION SEGMENT 

CTCUC Mus   »s   mm»»   IT   »mini tfG>!Ni •scitr 

ItH ♦ £ to •e • 1 10 ■>■; 100 105 
list 
•♦c 
* IC I 1 1 
'13 It 1 • 1 i> 11 IT It II i 
- |C to 11 1« • • 1 « ? 1 

1? 1 II * 1 1 

ICUl ID« 1« • 1 M 11 » >t 11 10 

I 
It* 
IH 
li 

cvaic M««i   »s   vficciTT   *T    »mmn ticxfwi »wuv« 

kISS «c »0 •a ■t »0 «5 10« 10» 110 115 ito its 110 115 l«0 TOItl 
11« 

J 1 
. )(J <* ! 1« i T 10 It 1» 1* It II * * 1 I 15« 

•?c 11 • ) 11« ii* 1** 1*5 in III *• »1 to * 1 1 11*1 
"10 15 IOC II» T» 11 S» »i 1» It * 4 « 5 r*> 

1* »e JSI T* M 5T «t 1« 10 11 5 5 1 J tti 

1 ! 5 « 1 t 1 t t* 

i i 

ttm 10 11% 4«! ?** 111 MI Ml 1*1 It* M »? 11 11 li t t 1015 

C»CIIC  *|t«S     »S     »EICCIT«     II     »ISSION   SCCXfUl  01SCNT 

IISS 50 115 
IESS 
-♦c 
-10 »5 « 1 1 1 * t « * 1 
• re 115 t( «5 15 to 15 » tt 1* II 5 

-IC 11 tc t* 4 5 t t 1 

IC 5» J t 1 I 1 

/<: 1 
10 
«C 

rrm *ll 1! It tt >» 10 ?5 t5 tl 1* 5 

115 ito   mm 

M 
5*1 
15* 
65 

I 

*M 
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TABLE XIV 
CYCLIC STICK PEAKS VERSUS ROTOR 

RPM BY MISSION SEGMENT 

ctciic pf««s     ^^      •»•     dt     ■i<Ma>« 5ir,«e><r »ictsf 

itss       nc      m      nc      Mc      MO   MIU 
in» 
-♦c 
-10 1 1 ) 
-7C «c      tu i nt 
•ic »» »9 it* 

le i        i«       n i« 
»e 
ic 
»e 

HI" I OJ 11» ? Ml 

crfLic »et.-s     vs       «P»     •»     »miox tecxtNl •»•»u»« 

iiss ;ic        »0        210        240        2t0    IOI«l 
(.CSS 
-♦c 
-10 
-20 
-IC 

IS 
20 
IS 
«0 

KTU lit       2011 II Kll 

CYCLIC   PfUS        »S HP«       IT       PIStlON   SIGUfNt  CCtCNT 

LtSS 21C         210        210         ]«0         2»0     TOt«l 
IISS 
-♦c 
•10 JT            )t               |                              u 
-20 2*5         II»              2                           Ml 
-10 62           I«              2                           !«• 

IC 1*            10                                              tt 
20 I                                                                 | 
IC 
«c 

tCI»l 140         «11              *                           ITi 

1 1 « 
11 114 i 1*4 

It» 10*4 • 1141 
2«» «•0 2 m 
111 112 641 
M 

1 
n 21 

1 

TABLE XV 
COLLECTIVE STICK PEAKS VERSUS COLLECTIVE STICK 

STEADY BY CYCLIC STICK STEADY 

COLLtCTIVI   Plins  VS  CCIL.STKC«  (t CYCLIC   STEtDV «0 

LESS IC 20 10 40 iO 60 TO 40 40    TOTM. 
LESS 
-♦C 
• IC 
-to 
-10 I I 

IC 
20 
10 
M 

ie»»i 

riPE        o. o. o. 

LESS 
-40 
-10 
-20 
•10 

IC 
29 
10 
4C 

VCI6L 

IIPE 0. 

LtSS IC 20 

1 1 

0.4     4*0.1 Ili4.4 64.0 0.2 0. 0.     IT04.1 

Slt«0»  M  CYCLIC   $IE»CY *0 

10           40 *0 60 ro id 40   lotn 

1 
l 
I 

4 4 
1 

* II 

i.r   14«.* 642.2 6(.l 0. 0. 0.     1002.4 
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TABLE XV - contd. 

CoiiECiivi *(»* yt ccn.sicto« »» CTCIIC tiranr       to 

ms ic        >o 10        «o        «o »o        lo        «o        «o   intu 

-♦t 
•IC 
•JJ I 1 
-13 I 1 

IC 
JO 
10 
*o 

tern ♦ » 

ll«l 0. 0. I). 0.1 (.<       «<>.r        11.4 0. 0. 0. 4«.I 

TABLE XVI 
COLLECTIVE STICK PEAKS VERSUS COLLECTIVE STICK 

STEADY BY DENSITY ALTITUDE 

cotucnvi »ems   «s   cnu. iti«o» *T   «LTITIIOE     H« 

ns$        ic        to        to        '"        «o        »o        ro        to       «o   tot»t 
list 
-♦0 
-10 -« 
-10 f ' 

IC I • 
n 
K 
«C 

fCI»l 2 1 ' 

TIP! 0. 0. 0. 0.«        !'.♦ ♦.» C. 0. 0. 0. 24.« 

COlLiCMVC  »EOS    VS    COIL.   StUCY  RV     tLTITUOE        1009 

LESS 10 20 10 40 «0 »0 T" 10 40     TOfU 
lISi 
-4C 
-•o 
-20 
-IC I I 

IC 
20 
IC 
4C 

ICMl I I 

IIKE 0. 0. 0.1 C.t       li.i       41.0 0.1 0. 0. 0. 14.2 

COtAtCMVC   fEM5     V4     COll.   S1I4C»   »»     HtltuPf        2000 

IE« IC 20 10 40 iO 40 »0 10 40     tOtU 
LESS 

-4C I > 
-10 I ' 
-2C I » 
-IC 2 1 4 

IC 
20 
10 
40 

ICT41 1 » I' 

MM 0. 0. 0. 1.2     4»e.4   1141.2        40.4 1,1 0. 0.      1114.1 
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TABLE XVII 
COLLECTIVE STICK PEAKS VERSUS COLLECTIVE 

STICK STEADY BY AIRSPEED 

routriivc »l«i vs    cmit Mi«rt n» vlinrtu      it^i 

im        ic «               »0               4C »o         ».c          ro n »0 irtu 
IIS« 
-43 1 1 
• *0 1 l 
•fC 1 1 
- IC ^ t II 

l I 
IC 
»e 

ICI«l A » 11 

ein 0.            0. 0.1         1.«       >!•* r»,»        1.«         9. 0. 0. III.« 

CDiLICHVI  »f»«S i/i   ecu. str»n» »» yiiocifv       no 

iiss        u ?0          IC          «c 10         ».c          »0 ■ 0 ■»0 TOttl 
uss 

i 1 

tCMl i 1 

f l«f J.             0. J.            0.          K.T     1*1.«          1.1          0. 0. 0. Ifk.l 

TABLE XVm 
COLLECTIVE STICK PEAKS VERSUS COLLECTIVE. STICK 
 STEADY BY ROTOR RPM   

couiciivi »i»«s   »s   cm. su»o»   m     •»« ?70 

HVI IC 20 10 »C 10 »C >0 10 10     TOTU 
ms 
-IC 
-10 
-10 
-IC » » • 

IC 
IC 
10 
»c 

ICUl                                                                                 ♦              ♦ • 

li«|            0. 0. 0.1        0.1     101.1    111.1 11.}         0. o.           o.     ton.« 

COLLECTIVI »I»«» »1    CCll.   S»t»C»    «»       O" »10 

LESS             IC 70            10            10            10 6C 10 00           10     101*1 
icss 
-♦c i i 
-K t                                                                                                  » 
•IC I                                                                                  I 
-10 11                                                                                 • 

IC I                                                                                  I 
IC 
10 
*c 

TCt»l I »                                                                                         • 

\\¥i            u. 0. 0.1         1.«     101.1  1111.1     IS*.I          I.I          C            0.     1*11.6 

COLLECTIVE <'E»«S VS     CCll.   StEiC»     «Y       ••«            IITH 

LtSS IC 10            10            IC            10            »0             10            »0           'O     TOTU 
LESS 
-IC 
-10 
•10 
-10 
IC 
IC 
10 
1( 

torn 

lire 

I 

II 
I 

0.1 I.I     lOI.K  1011.2     IM.1 I.I 0. 0.     1111.1 
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TABLE XIX 
COLLECtlVE STICK PEAKS VERSUS AIRSPEED 

ACCELERATION BY MISSION SEGMENT 

COUICMVI   PI»«»  VI  tCCiltlMION  if   »m.   UC.     «SCENf 

mt   -n.c   -u.ii     -».o    -t.o     -uo      i.o      4.0      <.o     ii.o     it.e   rom 
lilt 
-♦c 
-K 
-f« 
-10 

10 
to 
I« 
*t 

ICI*l 

» 
1 11 1        It 1 

It (       1» 1 

lit 10 I 

I 
t 

10 
l»0 
I TO 

* 

It» 

lilt 
•t« 
•10 
-JO 
-10 

10 
10 
10 
*c 

tctti 

tOUICIIVI   »IM»  »1  XCIllltllON  »1   «III.   ICC.     »•■»UV« 

lilt    -It.C     -11.0       -«.0       -t.O       -».0 1.0 k.O t.O       11.0        lt.0     lOTU 

It 
It* 

10 T« 
tot 

t 

t I 
1 I II It} tt to 1 
1 li tt TJJ It« tl t 

I T «1 til >] 1 1 
» 10 III It 

1 
t 

Itt        Ult Itt lilt 

COiUCri«!   Mt(>  «I  tCCIlfttliON  IT  »III.   IIC.     OIICMT 

till 
-to 
-10 
-10 
-10 

10 
10 
IC 
♦c 

rein 

mi   -It.C    -II.O     -«.o 

1 1 * 
t tl tit 
1 17 lit 

1 t» 

tt      It? 

1.0 t.e        t.O       II.O       19.0    TOTU 

10 
its 

I tit 
*i 
It 

TABLE XX 
COLLECTIVE STICK PEAKS VERSUS AIRSPEED 

BY MISSION SEGMENT 

CMLICriVI   MMI  »S  «HOCH*  it  »IlifON  IICNOMI   IKiHT 

till 
-to 
-10 
-K 
-10 

10 
10 
10 
to 

icm 

Lilt 

I 

I 
101 
II« * 

I 
It 
II 

1 
1 

tl 
t 

to tt »0 

10 

tl 100 101 lit no nt ito   tctu 

t 
i 

10 
no 
no 

t 

in 

cuu ten «t urn VI   VHOCIIV  •« IMIItON »IC««fl «f »t* uv* 

lilt «0 to to it to tt ica 101 110 lit no nt no in ItO     fOltl 
mi 

I t II i 1 1 1 It 

-10 II ii III it It t 1 t I 1 1 i t itt 

-70 1* in t»f in tl tt «« n II t 10 t > i i lOtt 
- IC 1 IC l)\ Tt tl tl tl ti It I» t t i i i tot 

1 1 to It 11 II 10 it 11 It 1 i t i 11T 
1 1 i 1 t 

fCltl It tue tn tit lit HI 110 ill T« It IT i« 10 t i tut 
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TABLE XX - contd. 

COUECII»!   '(tut  VS   VUOCM»   »t   »HSIOM  StOINI   tfKll 

ia<       *o       to        »o        M       »o       •»?      too      io<      no      in      no      i«      no      i«       i%o   »ni»i 

10 
>•« 

i ♦»♦ 
i '• 

int 
•♦c 1 1 « i i 
-10 21 M 1?« 1« i* » i * 
-JO »II 1*1 in 11 it it i« 10 T 1 
-ic Tl i 4 r > * i 1 1 

IC 31 1 1 1 

10 
ic 
«0 

tcui 1« 141 I*« it n it }■> w •» * It I 

TABLE XXI 
COLLECTIVE STICK PEAKS VERSUS ROTOR 

RPM BY MISSION SEGMENT 

COlKCnvt   WIM     Vt     •»" IT   ■1SSICN   StGMCNI  tSCtNT 

ICSS 210 220 2)0 140 2»0 iom 
ll$J 
•«c 1 i 
-JO 1 i 
-JO 1 * 1 ic 
-10 T! »T ITC 

ic 1 « f« ITC 

10 I 2 1 4 

10 
»c 

TCIU 2 IT» 111 1 HT 

220 210 240 2»0 torn 

22 4 n 
21 21* * 241 

201 • TO • 1CT* 
211 1*4 1 to* 
14* III 21T 

2 4 t 

COUECTI«!   »I»«S     VI    «M II   »ISVICN   SCGKCNI  »»NUVI 

list 
-4C 
-10 
-20 
-10 

IC 
20 
10 
40 

rclH Ui       1*21 II 2222 

COUICTIVI  »1««$    VS    »Ml t«   »ISSIO«  SICXfNT  OCSCNT 

ICSS 2IC 
litt 
-40 
-10 
-20 
-IC 

IC 
20 
IC 
40 

rciti 2ii      tu 

IM 210 240 210 iom 

I • 1 10 
1* 24) 1 2«! 
«t 124 4 42» 
41 4* 1 *i 
2T * It 
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TABLE XXII 
GUST nz VERSUS AIRSPEED BY MISSION 

SEGMENT BY ALTITUDE BY GROSS WEIGHT 

HI unit >u>i »s vii. ■* «ij«. ifc. »scrNT. HI.   looo. MT. ioooe 

IliS *0 «0 «o ts «0 <« 100 10% 110 11» l>0 lit no 1*0     TOTU 
I.« 

J.C 
I.» 
I.T 
I.« 
I.« 
I.* 
l.l 
1.2 
0.» 
0.' 
0.« 
0.« 
0.« 
0.2 

ItSS 
I0t«t 

OUST   MMt  »i  »II.   »1  "US.   SIS.   kKINI.   «II.     20«0.   HCT.   12000 

IUS »0 »0 10 i» «0 «t 100 I0S 110 120 12» 1*0   ram 
2.« 
2.2 
2.0 
1.« 
I.T 
l.k 
1.» 
1.« 
1.) 
1.2 
0.« 
0.7 
0.» 
0.» 
0.« 
0.2 

IUS 
torn 

HI   OUST   »IMS  «S  «11.   »1   KISS.   SEC.   «MUV«.   «11.     20C0.   MCT.   2»000 

IfSS *0 40 • 0 •s too 10» 110 115 DO 1» l«f      TOTtL 

2.« 
2.i 
2.C 
1.1 
I.T 
1.» 
1.» 
I.* 
1.» 
1.2 
0.1 
O.T 
0.» 
0.» 
0.« 
0.2 

Uii 
tOTil 
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TABLE XXII - contd. 

Hl   r.USI   ff»«! »S VH.  11 »I«,   «ft.   '•«•«11V«.   »II.     10(10,   ¥\t,   JIOCO 

U%S »„ »o *0 *S *0 »■> 100 101 HO II» l» I« I» «" '«     "t,l 

2.« 
t>2 
2.0 
I." 
1.7 
l.k 
l.S 
I.* . » 

l.i 11 " 
0.t> 
0.7 
0^ 
O.i 
0.* 
0.2 

tOML : I I I • * 

HI GUST i>t»«s vs »ei. »» "ist. sec. «UNUV*. *IT.    2000. MI. IOOOO 

U,5 ,0 »0 10 •» *0 »» 100 lOt 110 II» 120 l» IIO l»» 1*0     TOMl 
2.« 
2.2 
2.1/ 
l.S 
1.1 
1.6 
l.i 

1.3 » I 
1.2 12 111 * 
0.« 4 
O.T 1 2 I 
0.6 
0.* 
0.* 
0.2 

IESS 
tnm 2*112 l u 

2.* 
2.2 
2.0 

■ l.e 
l.T 
1.6 
l.i 
1.* 
l.S 
1.2 
o.e 
0.7 
0.6 
O.i 
0.6 
0.2 

IfSS 

N2 r.usi PEUS <n »11. »* «iss. sic. ■«NUM. *LI.   2000. MI. 12000 

ItSS «0 60 «0 t» «0 4» 100 10» IIO II» 120 II» ISO II» 16«     IST«. 
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TABLE XXII - contd. 

It   «Jil   »l»«4   »S   «tl.   «»   "ISS.   SIC.   KMU««.   111.     1000.   «GT.   16000 

t.ss       «o       to       (0       •»       «o       »5      ioo      ioi      no      u»      wo      i«      no      m      l««   TOIU 
I.« 
2.2 
1.0 
1.1 
1.1 
1.» 
1.« 
I.* 
t.l 
1.2 
0.0 
O.T , 

o.s 
«.* 
0.1 

liiS , 
TCtU I * 

HI  WISI   »I««»  *S   «II.  ST «I».   S'6.  HMUV«.   «11.     »000.   «CT.   10000 

UU *0 M HO »i 10 «4 100 10! 110 IIS 120 IM HO I» 1*0     TOUl 
2.4 
2.2 
2.C 
I.* 
l.t 
I.* 
t.S 
1.« 
1.1 . 
1.2 III » 

O.T I ' 
0.» 
O.S 
0.« 
0.2 

TOTil I I I I * 

N(   GUST   UM   «S   VEl.   (V  "ISS.   SIC.   niSCNT.   «II.     2000.   Mf.   SOOOO 

lISS «0 M 10 It «0 «S 100 10» 110 US I20 I2S ISO ISS IM     fOTtL 
2.* 
2.2 
2.0 
1.« 
l.T 
l.t 
I.S 
1.« 
1.1 
1.2 
0.1 
0.1 
0.» 
O.S 
0.« 
0.2 

lISS 
10m 

HI   GUST   »IMS  VS  Vll.   a* HISS.   SIC.  OISCNI.   »lt.     20CO.   «er.   12000 

LISS «0 »C «0 IS «0 4» 100 10» 110 IIS 120 I2S IM IIS l«0     THUl 

2.2 
2.J 
1.4 
l.T 
l.t 
I.» 
I.« 
1.1 
1.2 
0.« 
0.» 
o.t- 
0.5 
0.* 
11.2 

uss 
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TABLE XXIII 
GUST nz VERSUS u BY MISSION SEGMENT 

BY ALTITUDE 3Y Cx/a 

Nl   GUSI   fMKS  »$     »U     (I«   KISS.   StG.   »SCINI.   *lfi     10'Qi  Cl/l     0.1« 

IE.4 0.00 0.05 0.10 O.H O.JO O.J» '.JO O.H »Ot»l 
2.« 
2.2 
2.0 
I.I 
I.» 
I.t 
1.1 
I.« 

l.i 1 « 
0.1 
O.T > I ♦ 
«.* 
0.9 
0.« 
0.2 

TOT»l 111 » 

>u nusr mm »s   >M   »» MISS. sib. «tHuvi. »it.   2000. Cf/s   o.u 

liss 0.00 0.0« e.10 o.i« 0.20 0.2« 0.10 O.H TOUL 
2.« 
2.2 
2.0 
t.a 
1.? 
i.t 
I.S 
I.* 
I.I 
1.2 ill * 
0.1 
O.T 
0.» 
0.» 
0.* 
0.2 

IfSS 
10m ill 4 

HI   GUST   «««4  V4     «U     RT  NUS.   SCO.  «MUW«   «II.     2060.  CT/S     0.1« 

lt$4 0.00 0.0« 0.10 0.11 0.20 0.2« 0.10 0.1« TOTU 
2.« 
2.2 
2.0 
I.» 
l.T 
1.» 
I.» 
I.* 
1.1 11 * 
1.2 « > 1 » 
O.i 
O.T ) 1 ♦ 
0.» 
0.« 
0.* 
0.2 

1(4$ 
TOTU « T 1 IT 

N2   GUST   M»«4  V4     HU     »1   HISS.   SCO.  MMUV*.   *IT.     «000. Ct/l    O.I) 

II4S 0.00 0.0« 0.10 O.I« 0.20 0.2« CIO O.I« TOTU 
2.* 
2.2 
2.0 
I.« 
l.T 
I.» 
1.« 
I.« 
1.1 
1.2 S | 
O.I 
O.T I l 
O.I 1 | 
0.» 
0.« 
0.2 

im 
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TABLE XXIII - contd. 

HI   r.u$!   M»«S   VS     «U    »»  «US.   SEC.   flESCNT,   til.     JOCO.   CT/i    n.l» 

ii ss     o.oo     J.O'.     o.io     o.ii     o.jo     o.n     »,io     o.i«   torn 

ft 
101» 

TABLE XXIV 
GUST nz VERSUS M BY MISSION SEGMENT 

N(   GUST   »IMS   VS     "U     «V MISS.   SEC.   «SCfUl 

ItSS      3.00       0.0%      0.10      O.IS       O.JO       o.;^       '.JO       0.1«    TOUl 
».♦ 
1.2 
2.0 
I.» 
l.T 
U* 
I.« 
I.« 
1.1 
I.I 
0.0 
O.T 
0.» 
O.S 
0.« 
0.2 

LESS 
mm 

Nl    GUSI    Pf»«S   VS      MU      IV   MISS.    SEC.   NtNIIMI 

IFSS       0.00        O.OS       0.10       O.IS       0.20        0.25       C. 10       0.15     IfltU 
2.« 
2,2 
2.0 
1.« 
I.» 
I.t 
1.5 
1.« 
l.l 
1.2 
0.« 
O.T 
O.t 
0.5 
0.« 
0.2 

IESS 
TOTU 

« 
1« 

2« 
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TABLE XXIV - contd. 

(,l;St    PfAHS   Vi      mi      HT   »lii.    Sfr,.   rESCIlT 

Liss     u.oci     J.O'.     o.io     o.i'     o.;o     cw.     c. io     o.i'    ror«i 
I.« 
1.2 
2.C 
I.« 
1.7 
1.6 
1.5 
I.» 
1.] 
1.2 
0.1 
0.7 
0.» 
0.» 
0.» 
0.2 

LlSi 
?fim 

TABLE XXV 
GUST nz VERSUS AIRSPEED BY MISSION SEGMENT 

HI   OUST   PE»«%   VS  VEl.   ••  MISS.   SEC.   •SCCNI 

usi        *o        6o       to        •»        "»o        9»       loo      ios      no      in      wo       in       no      m      i»o   totu 
2.» 
2.2 
2.0 
1.« 
I. 
I.« 
1.5 
I.« 
I.) 
1.2 
O.b 
0.7 
0.6 
0.5 
0.* 
0.2 

ItSS 
inTAi 

m r.ust ff»»s »s yft. •» "iss. s'o. ■»NUV« 

UjS »o »' »0 « »0 M! 100 105 110 II* IM in »0 IM l»0     TO»U 

2.» 
2.2 
2.0 
1.« 
1.7 
1.« 
I.» 
1.» 
l.S 
1.2 
O.K 
0.7 
0.1, 
0.5 
0.» 
0.2 

IfSS 
rum 

* 
I« 

2« 

Mi   CUM   »f«?   VS   »H.   «»  KISS.   SEC.   riESCNT 

11SS »0 »0 '0 «5 »0 

2.» 
2.2 
2.0 
1.1 
1.7 
l.t 
1.5 
I.» 
1.3 
1.2 
0.« 
0.7 
0.« 
0.5 
e.« 
0.2 

lESi 
IQTH 

too      105      no      ii»      i»o      lit      i»o     i»      i»«   »om 
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TABLE XXVI 
GUST nz VERSUS \JL 

HI   CUSI   »Mni   VS     "u       CnxPuSltf 

KSS       0.00      O.O'i      0.10      C.l»      C.;0      O.IS       CIO      u.J-i     torti 
2.« 
2.2 
2.0 
I.* 
UT 
l.k 
1.9 
1.« 
l.J I J ♦ 
1.2 I T » 2 19 
0.1 
O.J 12 1 II 
0.4 I | 
O.i 
0.* 
0.2 

i(SS 
icm i i* it i i» 

TABLE XXVII 
GUST nz VERSUS AIRSPEED 

HI tun »f««s vs »Einem    conrosm 

HJI    «o     »0     «0     •>     10    «^    100    10t    110   IM   120   12S   110  / II«    1*0  TOTU 

2.» ;v 

2.2 
2.0 
1.1 
I.T 
l.t 
I.» 
••♦ 
1.1 I I I « * 
1.2 I ♦♦1211» »* 
••' 0.» » 1 I I I ' 
0.6 • • 
0.» 
0.« 
0.2 

l($S 
lOTtl | 10 T > I » I ♦ »' 
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TABLE XXVin 
MANEUVER nz VERSUS AIRSPEED BY MISSION 
SEGMENT BY ALTITUDE BY GROSS WEIGHT 

tl   »«NEUVmS    VS  »EL.   »»  »MS.   SfO.   «SCENT.   »It.     lESSt   nbT.   30000 

less       »o       M       »o        M        »o        'i      ioo      ID?      no      u*       120      in      no      m      i*o   »OT«I. 

>.2 
2.0 
1.« 
1.7 
I.« 
l.s 
I.« 

1.2 I » 
o.s 
0.7 
0.6 
O.i 
0.» 
0.2 

(.ESS 
fUTU 1 I 

N{   >>Nll.»E*S    VS «El.   «T  MISS.   SEG.   «VENT.   tit.     HSii   MT.   12000 

LESS        oo        »o        ao        as «o ■»»       too      IOS       no       in       no       ns       no      ns       1*0   TOTAL 
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•./ ««SH.KH'S    vi »n. «y »is^,  sic.  ^it»nY,  «11.    70T,  M.I.  17000 

IIS'. 60 61 »0 »S 10 16 100 10' 110 11« 170 l?'. 110 U" 160 IUI61 
7.6 
7.2 
7.( 
l.f 
1.7 
1,1 
I.'. 
1.6 
1. ) 
1.7 1111 6 
J.t 
0.7 I 1 
C.i 
).^ 
0.' 
o,; 

Its'. 
II III 7 111 6 

III- 1..'1 1.6 61.6        76.0 11.7 )7.7 6*.6 76.6 6«. U.« 1.6 0. 0. 0. 0. 0. 161.0 
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>./ I>«>IU»(»S   »s on. »t »i«. un. vlUB». »it.    ionu, M,I. 7».OOO 

im        »o        »o «o M        to "n       ioo       IO-.       no       m       wo       lii       no       m       i»e    IOT»I 

I.« 
2.: 
j.g 
I-« 
i. ■ 
1.1. 
i.» 
i.« 
i.i 
1.2 
0.» 
3.7 > l 

0.» 
0.» 
0.« 
0.2 

irm i ' 

n» o. o. I.»        I.»       ».I       »tl        ».'       '.i      »»•'      il»'       »•*       o. "• 0> 0» 3'        "•' 

NI   ■•NdVEHS     »J  VEl.   »1   HISS.   S(G.   STE'DT,   »IT.     1000.   MGT.   21)000 

i»is        *o       »o        «o        ti       ia        il      ioo      loi       no      ii«      no      i2i      no      in      1*0   nm 
2.« 
2.2 
2.0 
I.I 
1.1 
1.» 
1.1 
1.1 
1.1 
1.2 I 1 
0.« 
0.T 2 2 
0.» 
0.» 
0.» 
0.2 

IfiS 
inui i 2 i 

U«f 0. 0. 2.1 ».4        II.1       22.0        10.*       12.0       JJ.O        10,T 1.1 0.1 0. 0. 0. 0.        HO.T 

xi »tNiiym   «s «ci. R» mm, sfo. tiEto«. »IT.   IOCO. «CI. toooo 

ICSS «0 40 10 «1 «0 11 100 101 110 111 110 121 110 111 140     10UL 
2.« 
2.2 
2.0 
1.» 
1.7 
I.» 
1.1 
I.* 
1.) 
1.2 1 1 1 1 t 
O.B 
0.» II 2 
0.6 
3.1 
0.« 
0.2 

TOTH 114 11 I 

II»' 0. 0.1       74.1       1<,7       91.1    122.2      132.1     146.0     117.T        |4.l I.« 0.6 0. 0. 0. 0.        Til.« 
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SI   KtMLVMS     Vi  VU.   «T   «IVi     $[&•   SU»(H.   »II.      MiCO.   WJI.   12000 

Hii «0 »0 10 M «0 >t* 100 10^ no in WO 111 HO 11» 1*0     TOUl 
.4 
,1 
,(< 
.r 
.7 
.6 

.* 

.) 

.2 
0.8 
0.7 I I 
0.» 
O.i 
0.» 
0.2 

Itii 
7C7«l I ' 

TIKI 0. 0. l».i       11.2       21.0       »♦.»       Ji.«       27.6       JO.» t.t l.i 0. 0. 0. 0. 0.        1**.I 

TABLE XXIX 
MANEUVER nz VERSUS u BY MISSION SEGMENT 

BY ALTITUDE BY Cx/a 

HI   »INtUVOS     V4     »J     BT  HISS.   StG.   »SttNt,   «If.     USS,  Ct/S     0.1» 

ItSS 0.00 O.Oi 0.10 0.15 0.20 0.2« '.10 0.11 rOTtl 
I»» 
2.2 
2.0 
1.1 
1.7 
1.6 
1.5 
I.» 
1.1 
1.2 II 2 
0.6 
0.7 
0.6 
0.» 
0.» 
0.2 

IÜt«l I I J 

Ul   HtNdvMS     VS     "II     BY   «ISS.   SfC.   «ICENt,   41T.      1000.  CT/S     0.11 

USS       0.00       0.0'-       0.10       O.H       0.20       0.??       O.JO       0.«      lOUL 
2.« 
2.2 
2.0 
1.1 
1.7 
1.6 
1.5 
1.4 
I.J 
1.2 
O.B 
0.7 
0.6 
O.i 
0.* 
0.2 

lESS 
ICtAl 
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s;  »«Nil»»»',    vs    mi    <y KISS, ^»r,,  »u.rNT,  «n,    ioro, ct/^    o.n 

l^s^ L.OO o.o^ o.io o.n o.?o o./^ n. <o o.?1' mm 
?.» 
?.? 
}.( 
I." 
l.J 
1.6 
l.S 
I.« 
1.1 
I.' I ^ i i. 
0.« 
0.» 1 i , 
0.» 
O.i 
0.« 
O.J 

ins 
riM ill? ii 

XJ   -»NEtWFPS     ».     "II     «Y   KISS.   Sfl,.   «SCfNt.   »II.      7000,   rt/S     O.li 

USS       0,00       0.0^       O.IO       0.^       O.JO       0.J1       P.IO       O.H     HIT«! 
2.« 
2,2 
?.o 
l.R 
1.1 
1.6 

I.» 
Ul 1 l 
!•» ■ I U I 1 II 
0.1 
0.» IT* I« 
0.6 l | 
0.! 
0.» 
0.2 

IFSS 
'UtM ? 2 21 • 1 J« 

HI   »«Nltvias    <!•,    »U     B»  KISS.   Sfr,.   «UFNT,   «II.      »O'O,  ri/s     O.H 

itss      coo     0.0%     o.io     o.u     c.2o     o.;%     r.io     0.1^    mm 

2.^ 
?.o 
1.« 
l.t 
1.6 
1.« 
1.6 
1.1 
i.; 
0.« 
0.» I 1 6 
0.6 
O.i 
0.6 
0.2 

mm j i « 

»i »»IHJUVIMS   vs   m    HI msi. SEO. "«NU«,  «it.    uss, cws   0.12 

ItSS       J.00       0.05       0.10       O.li       0.20       0.2i       0.10       0.15     TOI«l 
2.» 
2.2 
;.c 
i.p 
1.7 
1.6 
1.5 1 , 
1.6 , ; 
!•> 5 7 2 i* 
l»2 2            U            69               <i iij 
o.e 
!>•' 2               12 « 
a.6 i , 
0.5 

0.2 
IE55 

icm U5 
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•./ «««.nvfts    ws    in    *r ni\%,  '.r..  »»•mv«.   »n.    {"■'., tt/',    %15 

wss     : .10     u.o'     o.ir     o.i^      c,?a     o.?«     r.jo     o.l<    IPIU 
2.« 

l.i. 
1.1 
1.« 
I.1. 
I.* 
1.) 
l.J 1 10 « 1» 
a.« 
0.7 11 7 
0.6 

0.« 
o.; 

1 ESS 
TnlM 1 11 <1 71 

N7   OAMLVfUS     VS     »U     M   P"ISS.   Srf,,   "»•JIIVK,   »II,      IgCO,   r.T/S     0,12 

M.S       J,00       0,0-       0.10       0.1'/        0,70        07?       n,)B       c.is     |0l«l 
2.« 
7.7 
7.L 
l.C 
1.7 
I.» 
1.5 
1.« 1 I 
l.i 1111 • 
1.2 I • « • 2 2* 
o.n 
O.T 2 2 
0.6 
0.5 
0.« 
0.2 

IESS 
tOt»l 2 7 H 11 2 17 

Nl   >"»».m»lK5     »i     «U     B»   »ISS.   Str..   »ANUV»,   »LI.      IOCO.  CI/S     CIS 

ILSS 0.00 O.C 0.1C CIS 0.20 0.7S CIO (,,>■ ini»L 
2.« 
7.7 
7.0 
I.« 
1.7 
• ■' 

l.i 
I.« 112 
1.1 2 7 10 10 1 10 
1.2 * I» 27 11 s 61 
o.a 
0.7 «IS IT 
0.6 111 1 
o.s 
0.» 
0.2 

ICSS 
int»! 7 10 »T 27 6 117 

HI   •»NlliVFM     »S      "U     n«   »ISS. 

itss      ,,oo     j.o-.     o.io 
2.6 
7.7 
7.0 
I." 
1.7 
1.6 
l.S 
1.6 
1.1 1 
1.2 
0.« 
0.7 
0,< 
O.S 
J.* 
0,2 

IESS 
7ni«i i 

SfC,   M1MIV«, »II. 2000,  CI/S     C12 

O.tS       0.20 0.71 r.io     cv    lom 

1 1 
1 1 1 S 
6 17 6 1 7S ) 7* 11 la 7 SI 

7 6« 67 17 1 IM 

6 
6 

IS 1» 7 16 
6 

7 1 1 
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I 1 
I 2 I * 
I * * * * * 17 5 12 

* 11 ♦ J • 4 12 12* 
I« 105 161 411 17 ♦00 

> no 517 Ml IT7 I« I*a4 

s 57 It* IM 2« 1 «11 
i It >J It 2 »» 

♦ 1 1 * 

Kl   MNUvm     VS     "U     KT   HISS.   SIC.   ««no*»,   UT.     2liC0,   C~/S     0.15 

IfSS 0.00 9.0) 0.10 0.15 0.20 0.25 C, SO 0.15 I0t«l 
2.« 
2.2 
2.0 
l.t 
1.7 
1.» 
1.5 
I.* 
1.1 
1.2 I 
0.1 
0.7 
0.» 
0.5 
0.« 
0.2 

uss 
IC7U I l( l«t <><.» "»*» >♦' 5« 2512 

it "«Niuvms   vs   «u   nv MISS. sro. «»NU«, tit.    50«o. ci/s   o.i; 

USS 0.00 0.05 0.10 0.15 0.20 G.25 0.10 0.15 tOUl 
2.* 
2.2 
2.0 
1.« 
1.1 
'•» 
I.S I                                                                > 
I.* I                                                                                i 
1.1 1 I 
1.2 I I 
O.t 
O.T II * 
0.« 
0.5 
0.« 
0.2 

IfSS 
ICTtl till » 

HI   «UNHVIUS     »S     «U     »»   HISS.   SCO.   »ANUVd   «It.     5000.  CI/S     0.15 

USS 0.00 0.05 0.10 0.15 0.20 0.25 0.10 0.15 107«! 
2.* 
2.2 
2.0 
I.I 
1.7 
l.k 
1.5 
1.« 
1.1 
1.2 II 
O.i 
O.T 10 
0.» 1 
0.5 
0.* 
0.2 

LESS 
7CT41 i 22 142 17* II 4 I 11$ 

HI   M>*U«flS     VS     mi    IT  HISS.   SFG.   DCSCNT,   til.     USS.  CT/S     l-IS 

ItSS 0.00 U.05 0.10 0.15 0.20 0.25 0.10 0.15 701*1 
2.4 
2.2 
2.0 
I.I 
1.7 
1.6 
1.5 
1.4 
I.J I | 
1.2 
O.I 
0.7 
0.» 
0.5 
0.4 
0.2 

IfSS 
T07U 1 | 

4 | I * 
2 * 7 1« 

17 15 7 1* 
12 120 20 2 1 217 

I* 2* ) 1 7» 
4 2 • 
1 1 
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NI   Mfc'liVfllS     »S     NU     »»   MISS.   SEC.   ntSCNT,   til.     10C0,  Cl/S     0.12 

US.       0.00       3.0)       0.10       0.1*       0.20       0.2)       l.iO       0,15     IOI«l 
2.« 
2.2 
2.0 
l.a 
l.T 
1.6 
l.l 
l.* 
l.i 
1.2 2 2 
0.1 
O.T III 
0.« 
0.! 
0.» 
0.2 

KSS 
Tom 2ii * 

NI   HNiUVfKS     vi     NU     l>»   MISS.   SEG.   DESCNT,   Ul.     1000,  CT/S     Itli 

it%%    o.oo     o.o»    o.ie     o.is     o.20    O.JS     CIS    o.»   TOTU 
2.« 
2.2 
t.b 
l.a 
1.7 
1.6 
l.» 
I.« 
1.1 I 1 
1.2 2*1 « 
0.1 
O.T 1 I 
0.» 
o.s 
0.« 
0.2 

IESS 
10T«l lit II 

NI   NlNEUVtllS     »i     NU     **  MISS.   SIC.   niSCNT,   ILT.     2000. CT/S    0.12 

icss    o.oo     cos     o.io     o.n     0.20    0.2s     o.io    o.is   toitt 
2.6 
2.2 
2.0 
l.« 
l.T 
1.6 
l.S 
1,6 
l.S 
1.2 I t I T 
O.i 
O.T 12 1 0 
0.6 
O.S 
0.6 
0.2 

IISS 
TOTtl 2 T 4 II 

NI   H6NIU«f«S     «S     NU     »1  HISS.   SEC.   OISCNI,   ill,     2000,  Cl/S    O.II 

KSS 0.00 «.OS O.IO 0.1) 0.20 0.2) 0.10 0.1) 101*1 
2.4 
2.2 
2.0 
I.* 
l.T 
1.6 
l.S 
I.* I | 
1.1 2 1 1 
1.2 1 6 1* |T ) «) 
O.S 
O.T ) 2 ( ) ik 
0.* 
0,4 
0,6 
0.2 

IESS 
10I«l 1 T 2) 2* t 4, 
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Nl   MNFIVIUS     VS      «U     XI   H|«S.   id,   HtSCN»,   til.      S000.   Cl/S     O.lt 

H$l COO 0.04 O.IO 0.1« O.JO O.Jt (I.JO O.lt imu 
I.« 
1.1 
1.0 
I.I 
I.T 
I.« 
I.t 
1.4 
1.1 
I.» 1 > 
0.1 
0.» J ♦ » 
0.4 
o.t 
0.» 
0.} 

ItSJ 
torn > 4 T 

«I   MMlilKHS     »t     »u     nr   Hits.   S(C.   STFtOV,   HI.     ICSS.   CTi'S     0.19 

iiss     o.oe     o.ot     o.io    o.lt     0.20    o.?t     0.10     o.tt   TOKI 
2.4 
i.l 
?.o 
I.« 
I.T 
I.» 
I.t 
1.4 
I.t 
1.2 2 2 
0.1 
O.T 
0.4 I I 
o.t 
0.4 
0.2 

IISS 
TOKl ) > 

TIHt 0.1 2.2 1.4 2.2 I.t >.l O.t 0. 0. 10.« 

Ni •»Nn»f«s    vs    HU    4» HISS. Sfs. stctor. «LI.    1000. Cl/S    O.lt 

lets 0.00 o.ot o.ie o.tt 0/0 0.2t 0.10 o.lt torn 
2.4 
2.2 
2.0 
i.t 
i.t 
1.4 
i.t 

i'.l 
1.2 2 2 
u.« 
0.1 1 I 
0.4 I I 
o.t 
0.4 
0.2 

less 
T0T41 I ) 4 

IIHI 0. 1.1 1.4 0.2       It.4       21.T       It.2 0.2 0. Tt.t 

HI   »««fLVUS     VS     HU     «*  HISS.   SIC.  STC4DT,   «I».     2000.  Cl/S     0.12 

irSS 0.00 O.Ot 0.10 O.tt 0.20 0.2t CIO O.lt 10141 
2.4 
2.2 
2.0 
1.« 
I.T 
I.I 
I.t 
1.4 
1.1 
1.2 
o.e 
O.T I | 
0.1 
O.t 
0.4 
0.2 

LCSS 
I0T4I 1 | 

IIHC u. 1.« 0. 0. 1.4       11.4 I.t 0. 0. 24.1 
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s»  ►iNiLvi"',    KS    »u    nr »is',.  ',11.. iiutr, til,    i:ro, ci/s    ■;.l'> 

1>SS       j.Ou       O.O'i       O.IO       cl"»       CO       0.."'       ".30       C.ii     lllltl ;.* 
?.? 
?.c 
I.« 
1.7 
:.6 
1.4 
1.« 
1.1 
!•< 6 12 7 a 
0.« 
0.7 « 10 1* 
C.e. I I 
0.» 
0.« 
o.; 

IMS 
tOT«l 6 16 I« «0 

MMI 72.7       l.^.l 9.2 B.T     22«.t      in.7     tgo.l 0. I.      I   •7,S 

N{   (UNEIVOIS     «i     KU     fir   Kris.   SfG.   SIFtOY,   til.     50CO,   r.T/S     O.li 

IESS 9.30 J.O', 0.10 0.1) 0.20 0.2) C. 10 O.J". TOUL 
2.4 
2.2 
2.0 
I.I 
».7 
1.» 
I.I 
I.« 
1.1 
1.2 I * T 
0.1 
0.7 «| 4 
0.4 
0.) 
0.« 
0.2 

LESS 
IOKI 1 II 1 II 

Il"i 0. 0. 0. I.■     IT2.1     7*2.7     2)0.1 0. 0.      II*«.» 

TABLE XXX 
MANEUVER nz VERSUS yx BY MISSION SEGMENT 

Hl   ««NdJVfKS     vs     mi     •«  MISS.   SEC.   tscini 

LESS 0.00 0.0) 0.10 0.1) 0.20 0.2) 0.10 0.» I07»l 
2.* 
2.2 
2.0 
I.« 
1.7 
I.« 
I.) 
1.« 
1.1 ) , 
1.2 2 1 t( « | 2« 
O.i 
0.7 I I « « I 21 
0.* I | 
0.) 
0.« 
0.2 

LESS 
lOML I * 1« |« 2 )| 
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si »««uLyns    vj    MU    KT «ISS. S«6. »tNiiva 

I'M     coo     o.o<     o.io     o.it     i.io o.n     e.jo     a.>«   mm. 

2.0 
l.f i i 
'•' I             2 I                             * 
M it« IO 
'•' 6            I« 14              »                             «5 
1.» »            Jl            4J *f            1)                           |t« 
!>> 1             29          1)'<         20T 1)1            20                           m 
1.2 1               li          1*7          «0»         m 2*2            10               I       2100 
0.( 
»•' «             T2          2*1         til )l               2                           «» 
0.» *            11           J*           1* 2                                           Tl 
»■' »111 10 
0.* 
0.2 

USS 
'0T«L I             Jl          2*1        12«?       1)42 »01            Tl               I        HI» 

NI   »«<ltu»e«$     VI     »u     1»   «ISS.   SEC.   OCSCNt 

LESS       3.00       O.Ot       0.10       O.IS       0.20       0.2»       O.J«       0.);     TLTU 
2.* 
2.2 
2.0 
t.a 
Ut 
i.« 
1.» 
1.» I I 
1.1 * I » 
i.: i T        ii       io 1 *2 
O.K 
0.1 * * It • }| 
O.t 
0.» 
0.* 
0.2 

USS 
I0MI I 11 *0 >* II «« 

Nt   »«NHjwtKi     VS     «i     «»   MISS.   SFC.   STE<0T 

USS       0.00       O.C!       0.10       O.lt       0.20       0.2»       O.IO       0.1»     101*1 
2.* 
2.2 
?.0 
1.0 
1.7 
U* 
I.» 
I.* 
1.1 
|,J 7 20 f It 
O.ti 

.0.7 11 II 22 
O.C 1 } 1 
f.» 
0.« 
3.2 

If SS 
iriAt 7 .j ?2 tl 

TIMi. 21.1        72.4        12.7        11,*     *l«.l   1771.7     ttl.l 0.2 0.     2*77.2 
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TABLE XXXI 
MANEUVER nz VERSUS AIRSPEED 

BY MISSION SEGMENT 

m "A>iiivf«s   vs »ft..  •» "is"., sfc. «srFNr 

o.» i 
0.* . I 
O.i 
0.» 
0.2 

ICSS 
njr/it ^ » J5 « ♦ 

Nl   nlNtlvFUS     »S   »61.   «»   »1«^.   SIC.  »»NU»» 

HI "«NH.»S«S    ys «li. «♦ »ISS. SfG. ntsCNi 

uss «g »o «o        «» 

J.» 
?.? 
2.C 
1.6 
1.7 
lit 
US 
U» 1 
1.1 111 

in 

uo   tjr»i 

2.0 
I.« 
1.1 
l.o 
l.S 

i.» '        i ,: 
l.J . i u » 2 ' ' " 

) J 5 1 »} 

lit IJO IH HO I« 1*0     X01H. 

2.« 
2.2 
2.0 

1 1 

1.' 1 1 1 I * 
l.t 1 1 1 1 1 I 10 

l.i * 2 6 1 2 7 I * 1 1 1 I *1 

i.« 1 21 10 10 16 11 H 20 12 11 16 1 T * 16« 

1.3 1 » 117 «2 »1 1« 11 »1 16 1* 16 2» 1) II 2 »51 

1.2 % in »u 216 2*7 212 IM 116 97 11 17 1* 16 11 1 * 2100 

o.e 
0.7 5 *» 221 56 61 61 16 2» I« « 6 6 1 1 11» 

0.6 i s M • 4 7 1 4 2 1 71 

o.s » 1 1 1 1 10 

0.» 
0.2 

Lf SS 
TOT«! 11 1»0 10*1 176 1«1 »77 2'>f 2*6 Itl 112 100 90 *2 IT 12 6 HI« 

90        9i       too       id      uo      in      wo       in      no       in      1*0   Tom 

i 
i 

«6121 »» 

2 1112 11 PI 

1.2 1 7 21 
0.6 
0.7 ) 1 
0.6 
0.5 
0.«. 
0.2 

itss 
TOItl 1 10 26 12 12 it 

HI   MIltllVEIIS     VS   «EL.   6»   MISS.   SfC.   STttnT 

LESS »0 60 60 61 90 
2.* 
2.2 
2.C 
1.6 
1.7 
1.6 
1.1 
I.» 
1.1 
1.2 119716*12 16 
0.6 
0.7 I 1 1 2 2 T 2 22 
0.6 I II | 
0.5 
Ö.« 
0.2 

LESS 
IOIM 1 1 II 12 * ■ 6 10 1 1 6| 

IIMf        111.9        10.0     2><.9     117.7     260.2     111.«     »61.1     16*.>     «96.1     196.1        *l.2        II.) 1.* 0.2 0. 0.     29TT.2 
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TABLE XXXII 
MANEUVER nz VERSUS n 

2.» 
2.2 
2.0 
I." 
1.7 
1.6 
l.S 
I.» 
l.l 
1.2 
O.B 
0.7 
0.6 
0.4 
0.« 
0.2 

USS 

Nl    ►•»ifUVtHS      VS      "U        COKPOSMC 
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