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FOREWORD 

This report was prepared by Eagle Engine,ering, Inc., Hampton 
Division, under contract NASW 4430, spons:::>red by NASA Langley 
Research Center and the Federal Aviation Administration Technical 
Center under the FAA-NASA Interagency AgreHment No. DTFA03-890-
A-00019 of 13 June 1989. This report fulfills the requirement 
of the Program Plan for the National Aging Aircraft Research 
Program, DOT/FAA/CT-88/32, August 1989, Paragraph 2. 3. 2.1, Flight 
Loads. 

The Eagle Engineering, Inc. effort was performed by Norman L. 
Crabill and administered under the direction of Joseph W. Stickle 
(NASA Langley Research Center) and Thomas DeFiore (FAA Technical 
Center). 
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THE NASA DIGITAL VGH PROGI~­

EXPLORATION OF METHODS AND FINJ•L RESULTS 

Volume II: L 1011 Data 1978-1979: 1619 Hours 

Norman L. Crabill 

Eagle Engineering, Inc. 

Hampton Division 

SUMMARY 

Data obtained from the Digital Flight Data Recorder system of 

a L 1011 aircraft in 914 flights and 1619 hours of airline revenue 

operations are presented as an extension of the work documented in 

Volume I of this report. Data on conditionB with flap deployment 

and autopilot use are given. In addition, acceleration statistics 

are presented from 23 hours on nonrevenue flights. 

INTRODUCTION 

This document presents the results of the NASA DVGH Program 

obtained during 1978-1979 operations of a Lockheed L 1011 aircraft. 

This volume is an extension of the work and methods documented in 

Volume I. The data reduction analysis and methods, and data 

presentation are essentially the same as these reported in Volume 

I. However, this report does contain additional data on autopilot 

usage and some limited acceleration-derived exceedance data 

obtained from non-revenue flights. 



AIRCRAFT AND INSTRUMENTATION 

Aircraft 

The aircraft was a Lockheed L 1011 a::; in Volume I. Aircraft 

characteristics used in the analysis are given in Table I; the 

configuration is shown in figure 1 with the location of the 

accelerometers as indicated. 

Instrumentation 

The data were obtained from the Digital Flight Data Recorder 

system described in Volume I. Measurements were: 

Parameter Range and Units Samples per Second 

an + 1 -3g to +6g 4 

ay -1g to +1g 4 

CAS 100 to 450 kts 1 

HP -1,000 to 50,000 ft 1 

FLP -5° to 60° 1 

Autopilot Status Off or On Discrete 

Note that Spoiler data are not reported hHre, although they were 

in Volume I. 

SCOPE OF DATA 

Data were collected from a single aircraft operating in 

regular airline service over the service a:rea shown in figure 2 

during 1978 and 1979. Almost all of the dat.a (914 flights and 1619 

hours) were obtained during passenger-carrying revenue service; a 
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small amount (56 flights and 23 hours) was obtained during non­

revenue service (ferry flights mainly, although some training and 

maintenance flights may have been included). As in Volume I, some 

gaps in the data exist due to faulty or missing records, etc., but 

this is believed to be small (less than 10 percent of the number 

of flights) . 

DATA REDUCTION PROCESS 

The Data Reduction Process is basically the same as described 

in Volume I. The filter used to separate maneuver and gust 

accelerations was the same since the data are for the same type of 

aircraft described in Volume 1. Although the results of reference 

13 in Volume I indicate that the operation of the autopilot can 

cause up to a 20 percent reduction in the normal acceleration peak 

response to continuous turbulence, it was decided, after consulta­

tion with the industry, not to account for this in deriving Ude 
I 

in order to maintain comparability with the earlier VGH results, 

even through the autopilot status was being monitored in this 

investigation. 

RESULTS 

Flight Profile and Acceleration Derived Statistics 

Presentation of Flight Profile Statistics results is similar 

to that described in Volume I. Flight Profile Statistics are 

given in Percent of Time, and as Maximum Values on a Percent of 

Flight basis for Entire Flights (flaps up or down) and for Flaps 

Deflected. For operations reported in this volume, the conditions 
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existing during flap retraction after lift cff, and the conditions 

existing during flap deflection before landing are given. 

Acceleration Derived Statistics are also presented as in 

Volume I, except that with Flaps Deflected, the maximum an and 

Equivalent Airspeeds during that part of the flight are presented 

for the various flap detents in take off and landing. Also new are 

level crossing counts for the Acceleration Derived Quantities for 

non-revenue ferry, training, and maintenance flights. All other 

results are for revenue flights. The Acceleration Derived quan­

tities are subject to the same limitations discussed in Volume I, 

which indicates that the exceedances derived from the DFDR system 

at 4 samples per second may be significant:Ly less than if actual 

peak values were counted. 

The detailed Flight Profile and Acceleration Derived Statis­

tics are given in figures 3 through 24 as Bhown in Table II. No 

discussion of the data is presented. 

Autopilot Usage 

Autopilot status was monitored as off, or on, without regard 

to the exact on-mode. The altitudes for autopilot turn-on during 

climb, turn-off during descent, and percen1:-of-time and percent­

of-flights it was on are given in figure 25. The characteristics 

of a low amplitude oscillation in normal acceleration that appears 

sporadically in cruise, as first reported in Volume I, are sum­

marized in figure 26. This phenomenon is believed to be due to 

off-nominal autopilot operation in the altitude-hold mode. The 

presence of such a low-frequency resonance was predicted in 

reference 13. Figure 27 shows normal acceleration power spectra 
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with autopilot off and on. It can be seen that the effect of the 

autopilot operation is to shift the gust response of aircraft to 

a higher frequency, that is from 0.35 Hz to 0.8 Hz in this example 

as predicted in reference 13. Reference 13 also indicates that 

another effect of the autopilot is a reduction in the gust response 

by 10 to 25 percent. However, these autopilot effects were not 

factored into the Ude transfer function in this analyses in order 

to maintain comparability with the previous VGH results. 

CONCLUDING REMARKS 

Data obtained from the Digital Flight Data Recorder system of 

an L 1011 aircraft in 914 flights and 1619 hours of airline revenue 

operations are presented as an extension of the work documented in 

Volume I of this report. Some new data on conditions with flap 

deployment and autopilot usage are given. In addition, accelera­

tion statistics are presented from 23 hours on non-revenue flights. 

No general discussion of the data is presented. 
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TABLE I 

LOCKHEED L 1011-1 CHARACTERISTICS USED IN THE ANALYSIS 

0 Geometrical Characteristics 

o Wing Area S = 3456 ft2 

o Wing Mean Chord = 22.3 ft 

0 Lift Curve Slope CLa per degree 

Flaps_ up = f(M, HP) Flaps Down = f (FLP) 

__H_ HP = 0 10kft 20kft 40 kft FLP, deg 

.20 .0923 .0928 .0929 .0936 0 

.35 .0923 .0928 .0930 .0938 4 

.50 .0913 .0920 .0929 .0946 10 

.60 .0918 .0928 .0940 .0963 18 

.70 .0940 .0954 .0970 .1003 22 

.80 .1038 .1058 .1100 27 

.89 .1210 .1240 .1305 33 

.91 .1227 .1286 45 

.95 .1030 .1081 

o Weight was computed linearly with time from take off to 

landing as described in Appendix c in Volume I. 
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HP = 0 

.0925 

.0973 

.0980 

.0975 

.0971 

.0962 

.0948 

.0912 



TABLE II 

INDEX OF FLIGHT PROFILE AND ACCELERATION STATISTICS 

0 ENTIRE FLIGHTS 

Figure Number 

3 

4 

5 

6 

7 

o FLAPS DEFLECTED 

8 

9 

10 

11 

12 

FLIGHT PROFILE STATISTICS 

Subject 

Weight vs. Flight Duration 

Altitudes and Gross Weights 

Altitudes and Airspeeds 

Altitude Summary 

Maximum Altitudes 

Flap Detent Use 

Weights, Altitudes and Airspeeds 

Flap Deflection Times 

Equivalent Airspeeds and Detents 

Flap Use above 10,000 ft 
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Page Numbers 

12-17 

18 

19-22 

23 

24-25 

26 

27-33 

34-36 

37 

38-39 



TABLE II (continued) 

ACCELERATION DERIVED STATISTICS 

0 ENTIRE FLIGHTS 

Figure Number Subject Page Numbers 

13 Normal Acceleration Exceedances 

(a) an matrix 40 

(b) anM matrix 41 

(c) anG matrix 42 

(d)-(k) an, anM, anG plots 43-52 

14 Lateral Acceleration Exceedances 
I 

(a) ay matrix 53 

(b)-(k) ay plots 54-63 

15 ude Exceedances 

(a) ude matrix 64 

(b)-(k) ude plots 65-74 

16 Peak Positive and Negative an vs. Altitude 

(a) an matrix 75 

(b)-(k) an plots 76-85 

17 Peak Positive and Negative anM vs. Altitude 

(a) anM matrix 86 

(b)-(k) anM plots 87-96 

18 Peak Positive and Negative anG vs. Altitude 

(a) anG matrix 97 

(b)-(k) anG plots 98-107 
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TABLE II (concluded) 

19 Peak Positive and Negative Ude vs. Altitude 

(a) 

(b)-(k) 

o FLAPS DEFLECTED 

Figure Number 

ude matrix 

ude plots 

Subject 

20 an Exceedances with Flaps Deflected 

(a) 

(b) 

(c) 

(d) 

Take Off Detents matrix 

Take Off Detents plot 

Landing Detents matrix 

Landing Detents plot 

108 

109-118 

Page Numbers 

119 

120 

121 

122 

21 Peak Positive and Negative an per flight and EAS bands 

0 

(a)-(d) 

(e)-(k) 

Take Off Detents 

Landing Detents 

NON-REVENUE FLIGHTS 

Figure Number Subject 

22 Normal Acceleration Exceedances 

(a) an matrix 

(b) anM matrix 

(c) anG matrix 

(d) an, anM, anG plots 

23 Lateral Acceleration Exceedances 

(a) ay matrix 

(b)-(k) ay plots 

24 ude Exceedances 

(a) ude matrix 

(b)-(k) ude plots 
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123-126 

127-133 

Page Numbers 

134 

135 

136 

137-146 

147 

148-157 

158 

159-168 
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PERCENT OF FLIGHI'S 

D~IOB OP 250 TO 270 TO 290 TO 310 ro 330 TO 350 TO 370 TO 390 TO 410 TO 
PLIGHT, BOORS 270 :ta.BS 290 :ta.BS 310 :ta.BS 330 :ta.BS 350 :ta.BS 370 :ta.BS 390 :ta.BS 410 ELBS 430 :ta.BS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.D-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.o-5.5 0 0 0 0 0 0 0.1 0.1 0 
4.5-5.0 0 0 0 0 0 0.1 0.1 0.3 0.2 
4.D-4.5 0 0 0 0 0 0.2 0.8 1.0 0.1 
3.5-4.0 0 0 0 0 0 0.7 1.3 1.6 0.7 
3.0-3.5 0 0 0 0 0.1 1.5 3.8 3.0 0.4 
2.5-3.0 0 0 0 0.1 0.8 1.9 3.4 2.6 0.2 
2.D-2.5 0 0 0 1.3 3.9 6.2 4.9 0.5 0 
1.5-2.0 0 0 0.1 1.1 3.6 3.9 2.5 0.1 0 
1.0-1.5 0 0 0.5 2.4 4.9 6.0 1.5 0 0 

.8-1.0 0 0 0.2 1.4 2.7 1.4 0 0 0 

.6-.8 0 0 0.5 1.9 1.2 0.7 0 0 0 

.5-.6 0 0 1.4 2.2 2.2 0.9 0 0 0 

.4-.5 0 0.3 1.6 2.6 1.4 0.5 0 0 0 

~ 
.3-.4 0 0.3 1.9 2.5 1.5 0 0 0 0 

""' 
.o-.3 0 0.2 0.5 0.7 0.1 0 0 0 0 

TOTAL PBR.CEHTS, 
ALL FLIGHTS 0 0.9 6.9 16.2 22.5 24.1 18.5 9.3 1.6 

(a) Gross weight at take off 

Figure 3.- Percent of flights: Weight vs duration. 



PERCENT OF FLIGHTS 

250 TO 270 TO 290 TO 310 TO 330 TO 350 TO 370 TO 390 TO no TO 
270 Ia.BS 290 1tLBS 310 Ia.BS 330 Ia.BS 350 Ia.BS 370 1tLBS 390 Ia.BS 410 Ia.BS '30 Ia.BS 

DURATION OF 
FLIGB'.r, HOURS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0 0 0.1 0.1 0 0 0 0 0 
,.5-5.0 0 0.1 0.1 0.3 0.2 0 0 0 0 
,.o-,.5 0 0 0.5 1.1 0., 0 0 0 0 
3.5-,.0 0 0 0., 2.2 1.5 0.1 0 0 0 
3.0-3.5 0 0.1 0.5 '-2 3.6 0., 0 0 0 
2.5-3.0 0 0.1 1., 2., ,.5 0.5 0 0 0 
2.0-2.5 0 1.0 3.3 6.2 5.7 0.8 0 0 0 
1.5-2.0 0 0.7 1.5 ,.3 ,.3 0.7 0 0 0 
1.0-1.5 0 0., 2.7 ,.9 6.1 1.2 0 0 0 

.8-1.0 0 0.2 0., 3.2 2.0 0 0 0 0 

.6-.8 0 0.1 1.5 1., 1.2 0 0 0 0 

.5-.6 0 0.3 2.3 2.2 1.3 0.5 0 0 0 
w _,_.5 0 0.8 2.2 2.1 1.3 0.2 0 0 0 

.3-., 0 0.5 2.5 2.1 1.1 0 0 0 0 

.0-.3 0 0.2 0.5 0.7 0.1 0 0 0 0 

TOTAL PBRCBH'l'S, 
ALL FLIGB'.rS 0 ,.6 20.2 37.3 33., '·5 0 0 0 

(b) Gross weight at landing 

Figure 3.- Continued. 



PERCENT OF FLIGHTS 

DURATION OF 10 TO 30 TO 50 TO 70 TO 90 TO 110 TO 130 TO 150 TO 170 TO 
FLIGHT, HOURS 30 KLBS 50 KLBS 70 KLBS 90 KLBS 110 KLBS 130 KLBS 150 KLBS 170 KLBS 190 KLBS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0 0 0 0 0.1 0.1 0 0 0 
4.5-5.0 0 0 0 0 0.3 0.4 0 0 0 
4.0-4.5 0 0 0 0 1.8 0.3 0 0 0 
3.5-4.0 0 0 0 1.2 3.0 0.1 0 0 0 
3.0-3.5 0 0 0 6.6 2.3 0 0 0 0 
2.5-3.0 0 0 1.1 6.8 1.1 0 0 0 0 
2.0-2.5 0 0 13.0 3.5 0.4 0 0 0 0 
1.5-2.0 0 0.1 8.8 2.2 0.3 0 0 0 0 
1.0-1.5 0 4.6 9.8 1.0 0 0 0 0 0 

.8-1.0 0 3.2 2.2 0.4 0 0 0 0 0 

.6-.8 0 2.3 2.0 0 0 0 0 0 0 

.5-.6 0 4.0 2.0 0.7 0 0 0 0 0 

.4-.5 0 4.4 2.0 0.2 0 0 0 0 0 

.3-.4 0.2 3.9 2.1 0 0 0 0 0 0 

.0-.3 0 3 0.7 0.5 0 0 0 0 0 0 

~ TOTAL PERCENTS, 
ALL FLIGHTS 0.5 23.2 43.4 22.5 9.3 1.0 0 0 0 

(c) Fuel weight at take off 

Figure 3.- Continued. 



PERCENr OF FLIGHTS 

10 TO 30 TO 50 TO 70 TO 90 TO 110 TO 130 TO 150 TO 170 TO 
DURATION OF 30 KLBS 50 KLBS 70 KLBS 90 KLBS 110 KLBS 130 KLBS 150 KLBS 170 KLBS 190 KLBS 

FLIGHT, HOURS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0.2 0 0 0 0 0 0 0 0 
4.5-5.0 0.2 0.5 0 0 0 0 0 0 0 
4.0-4.5 1.1 1.0 0 0 0 0 0 0 0 
3.5-4.0 2.3 2.0 0 0 0 0 0 0 0 
3.0-3.5 4.0 4.8 0 0 0 0 0 0 0 
2.5-3.0 4.2 4.4 0.4 0 0 0 0 0 0 
2.0-2.5 11.3 5.0 0.7 0 0 0 0 0 0 
1.5-2. 0 4.6 5.5 1.3 0 0 0 0 0 0 
1. 0-1.5 5.4 9.1 1.0 0 0 0 0 0 0 

. 8-1.0 1.4 3.8 0.5 0 0 0 0 0 0 

.6-.8 1.1 2.5 0.7 0 0 0 0 0 0 

.5-.6 1.6 3.6 0.9 0.5 0 0 0 0 0 

.4-.5 1.0 4.4 1.0 0.2 0 0 0 0 0 ..... .3-.4 1.1 3.7 1.4 0 0 0 0 0 0 
U1 .0-.3 0.3 0.7 0.5 0 0 0 0 0 0 

TOTAL PERCEN'r S, 
ALL FLIGHTS 39.8 51.0 8.4 0.8 0 0 0 0 0 

(d) Fuel weight at landing 

Figure 3.- Continued. 



PERCENT OF FLIGIITS 

DURATION OF 0 TO 20 TO 40 TO 60 TO 80 TO 100 TO 120 TO 140 TO 160 TO 
FLIGHT, HOURS 20 ICLBS 40 J.a.BS 60 ICLBS 80 ICLBS 100 ICLBS 120 ICLBS 140 J.a.BS 160 ICLBS 180 ICLBS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0 0 0 0 0.2 0 0 0 0 
4.5-5.0 0 0 0 0.5 0.2 0 0 0 0 
4.0-4.5 0 0 0 2.0 0.1 0 0 0 0 
3.5-4.0 0 0 0.8 3.5 0 0 0 0 0 
3.0-3.5 0 0 7.9 1.0 0 0 0 0 0 
2.5-3.0 0 0.7 8.3 0 0 0 0 0 0 
2.0-2.5 0 13.7 3.3 0 0 0 0 0 0 
1.5-2.0 0 11.3 0.1 0 0 0 0 0 0 
1.0-1.5 5.9 9.5 0 0 0 0 0 0 0 

. 8-1.0 5.7 0.1 0 0 0 0 0 0 0 

.6-.8 4.3 0 0 0 0 0 0 0 0 

.5-.6 6.7 0 0 0 0 0 0 0 0 

.4-.5 6.6 0 0 0 0 0 0 0 0 

.3-.4 6.2 0 0 o-. 0 0 0 0 0 

~ .0-.3 1.5 0 0 0 0 0 0 0 0 

TOTAL PERCENTS, 
ALL FLIGHTS 36.9 35.2 20.4 7.0 0.5 0 0 0 0 

(e) Fuel bum vs flight duration 

Figure 3.- Continued. 



PERCENT OF FLIGHTS 

DURATION OF 0 TO 20 TO 40 TO 60 TO 80 TO 100 TO 120 TO 140 TO 160 TO 
FLIGHT, HOURS 20 KLBS 40 KLBS 60 KLBS 80 KLBS 100 KLBS 120 KLBS 140 KLBS 160 KLBS 180 KLBS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0 0.2 0 0 0 0 0 0 0 
4.5-5.0 0.1 0.3 0.3 0 0 0 0 0 0 
4.0-4.5 0.2 0.8 1.0 0.1 0 0 0 0 0 
3.5-4.0 0 o.g 2.3 1.1 0 0 0 0 0 
3.0-3.5 0.1 2.4 4.0 2.3 0 0 0 0 0 
2.5-3.0 0.1 2.4 3.g 2.5 0 0 0 0 0 
2.0-2.5 1.8 5.0 6.7 3.5 0 0 0 0 0 
1.5-2.0 1.1 3.7 4.g 1.6 0 0 0 0 0 
1. 0-1.5 1.4 4.6 5.4 4.0 0 0 0 0 0 

• 8-1.0 0.4 2.0 3.2 0.2 0 0 0 0 0 
.6-.8 1.3 1.5 1.1 0.3 0 0 0 0 0 
.5-.6 2.8 1.8 1.8 0.3 0 0 0 0 0 
.4-.5 2.6 2.6 1.2 0.1 0 0 0 0 0 
.3-.4 2.8 2.5 0.8 0.1 0 0 0 0 0 

-....) 
.0-.3 1.1 0.2 0.2 0 0 0 0 0 0 

TOTAL PERCENTS, 
ALL FLIGHTS 16.0 31.0 36.8 16.3 0 0 0 0 0 

(f) Payload weight vs flight duration. 

Figure 3.- Concluded. 



00 

t;:ROSS WJ:IQRT 
KLBS 

***CLIMB*** 
250-270 
270-2!10 
290-310 
310-330 
330-350 
350-370 
370-3!10 
390-UO 
U0-430 

-5oo TO 
4500 I'T 

0 
0.0163 
0.1037 
0.2683 
0.4056 
0.4645 
0.3895 
0.2076 
0.0381 

PERCENT 'l'O'rAL TIME = 1. 8937 
AVE t;:ROSS WEIQHT IN 

ALTITUDE BAND 

***LEVEL*** 
250-270 
270-290 
290-310 
310-330 
330-350 
350-370 
370-390 
390-410 
U0-430 

PERCENT 'l'O'rAL TIME 
AVE t;:ROSS WEIGHT IN 

355.78 

0 
0.0493 
0.2012 
0.3938 
0.3632 
0.0659 
0 
0.0016 
0 

1.0751 

ALTITUDE BAND 323.75 

***DESCENT*** 
250-270 
270-290 
290-310 
310-330 
330-350 
350-370 
370-390 
390-410 
U0-430 

PERCENT 'l'O'rAL TIME 
AVE t;:ROSS WJ:IGHT IN 

ALTITUDE BAND 

0 
0.2089 
0.8501 
1. 6165 
1.5097 
0.2186 
0 
0 
0 

4.4038 

323.08 

4500 TO 
9500 I'T 

0 
0.0097 
0.1176 
0.3059 
0.4321 
0.5076 
0.4014 
0.1971 
0.0371 

2.0084 

354.74 

0 
0.1229 
0.2475 
0.3934 
0.4346 
0.0807 
0.0201 
0.0055 
0.0012 

1.3059 

322.92 

0 
0.1166 
0. 6147 
1.1890 
1. 2241 
0.2113 
0.0023 
0 
0 

3.3580 

324.80 

9500 '1'0 
14500 I'T 

0 
0.0056 
0.1110 
0.3629 
0.5335 
0.6480 
0.4882 
0.2363 
0.0441 

2.4296 

355.71 

0 
0.0305 
0.2592 
0.6388 
0.4546 
0.1402 
0.0022 
0.0014 
0 

1.5269 

325.60 

0 
0.0487 
0.4338 
0.9742 
1.0400 
0.2584 
0.0025 
0 
0 

2. 7577 

327.49 

PRESSURE ALTITUDE BANDS 

14500'1'0 
19500 I'T 

0 
0.0026 
0.0812 
0.3093 
0.4886 
0.6441 
0.4780 
0.2370 
0.0320 

2.2726 

357.25 

0 
0.0081 
0.0722 
0.2421 
0.2157 
0.0763 
0 
0 
0 

0.6145 

329.11 

0 
0.0294 
0.2600 
0.6359 
0.7301 
0.2216 
0.0019 
0 
0 

1.8789 

329.16 

19500 '1'0 
24500 rr 

0 
0.0006 
0.0547 
0.2991 
0.5379 
0.8088 
0.6133 
0.2925 
0.0367 

2. 6436 

360.05 

0 
0.0110 
0.1831 
0.1971 
0.2765 
0.1035 
0.0045 
0.0011 
0 

0.7769 

327.62 

0 
0.0250 
0.2120 
0.5453 
0.6966 
0.2430 
0.0019 
0 
0 

1.7238 

330.75 

24500 TO 
29500 I'T 

0 
0 
O.OU7 
0.3770 
0.6953 
1.1113 
0.8607 
0.3668 
0.0279 

3.4838 

360.54 

0 
0.0069 
0.1105 
0.3003 
0.4818 
0.4437 
0.1727 
0 
0 

1.5160 

343.26 

0 
0.0218 
0.2045 
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Figure 4.- Percent time in altitude and gross weight bands. 

-soo ro 
44500 I'T 

0 
0.0347 
0.6140 
2.6961 
4.3373 
6.2650 
4.5743 
1.9664 
0.2316 

20.7194 

0 
0.3141 
3.0158 

10.3509 
19.1359 
18.7994 

7.8258 
1.3145 
0.0810 

60.8373 

0 
0.4945 
2.8546 
6.3125 
IL8953 
1.8212 
0.0644 
0.0009 
0 

18.4433 

914 
1619.24 

708383.64 



',0 

CAS BAND, KTS 

AV CAS 

120-130 
130-140 
140-150 
150-160 
160-170 
170-180 
180-190 
190-200 
200-210 
210-220 
220-230 
230-240 
240-250 
250-260 
260-270 
270-280 
280-290 
290-300 
300-310 
310-320 
320-330 
330-340 
340-350 
350-360 
360-370 
370-380 
380-390 
390-400 

TOTAL BRS IN 
ALT.& CLIMB 

PERCENT TIMB, 
IN ALT • & CLIMB 

-500 TO 
4500 FT 

0 
0 
0.0001 
0.0014 
0. 0111 
0.0647 
0.1742 
0.2351 
0.2121 
0.2292 
0.2565 
0.1894 
0.1855 
0.1952 
0.0582 
0.0242 
0.0153 
0. 0143 
0.0165 
0.0071 
0.0031 
0.0005 
0 
0 
0 
0 
0 
0 

222.1913 

30.6635 

1. 8937 

4500 TO 
9500 FT 

0 
0 
0 
0.0003 
O.OOll 
0.0028 
0.0048 
0.0045 
0.0077 
0.0144 
0.0350 
0.0875 
0.4576 
0.7525 
0.1889 
0.0654 
0.0446 
0.0831 
0.1335 
0.0644 
0.0249 
0.0136 
0.0138 
0.0079 
0.0002 
0 
0 
0 

261.9649 

32.5208 

2.0084 

9500 TO 
14500 FT 

0 
0 
0 
0.0001 
0.0004 
0.0003 
0.0003 
0.0003 
0.0043 
0.0032 
0.0040 
0.0102 
0.0980 
0.2293 
0.1632 
0.1602 
0.1962 
0.5243 
0.6549 
0.1914 
0.081l 
0.0441 
0.0328 
0.0225 
0. 0070 
0.0014 
0 
0 

291.8472 

39.3414 

2.4296 

Figure 5.- Percent time in altitude and airspeed bands. 
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Figure 5.- Continued 
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Figure 5.- Continued. 
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Figure 5.- Concluded. 
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TIME INTERVAL 
HOURS 

IN ALT. BAND 

6.50-7.00 
6.00-6.50 
5.50-6.00 
5.00-5.50 
4.50-5.00 
4.00-4.50 
3.50-4.00 
3.00-3.50 
2.50-3.00 
2.00-2.50 
1.50-2.00 
1.00-1.50 

.go-1.00 

.8o-.go 

.70-.80 

.60-.70 

.50-.60 

.45-.50 

.40-.45 

.35-.40 

.30-.35 

.25-.30 

.20-.25 

.15-.20 

.10-.15 

.05-.10 

.00-.05 

TOTAL HOURS 
IN ALT BAND 

TOTAL PERCENT 
TIME IN ALT BAND 

-500 TO 
4500 FT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
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o.1og 
0 
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0.2U 
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21. gg1 

1.og4 

ug_37gg 
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0 
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0.10g 
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Figure 6.- Percent of flights that spend indicated time in pressure altitude bands. 
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-500 TO 4500 TO !J500 TO 14500 TO U500 TO 24500 TO 2!1500 TO 34500 TO 3!1500 TO 
DURATICif OF 4500 FT !1500 FT 14500 FT 1!1500 FT 24500 FT 2!1500 FT 34500 FT 3!1500 FT 44500 FT 

FLIGB'l', BOORS 

6.5-7.0 0 0 0 0 0 0 0 0 0 
6.0-6.5 0 0 0 0 0 0 0 0 0 
5.5-6.0 0 0 0 0 0 0 0 0 0 
5.0-5.5 0 0 0 0 0 0 0 0.2 0 
4.5-5.0 0 0 0 0 0 0 0 0.8 0 
4.0-4.5 0 0 0 0 0 0 0.1 2.0 0 
3.5-4.0 0 0 0 0 0 0 0.4 3.8 0 
3.0-3.5 0 0 0 0 0 0 1.0 7.!1 0 
2.5-3.0 0 0 0 0 0 0.1 2.4 6.5 0 
2.0-2.5 0 0 0 0.1 0 0.1 1.3 15.2 0.2 
1.5-2.0 0 0 0 0 0 0.3 2.1 8.!1 0.1 
1.0-1.5 0 0.1 0 0 0 0.!1 4.0 10.4 0 

. 8-1.0 0 0 0 0.1 0 0.7 3.6 1.4 0 

.6-.8 0 0 0.1 1.5 1.3 0.5 0.7 0.1 0 

.5-.6 0 0 0.1 1.2 5.0 0.2 0.1 0 0 

.4-.5 0 0.7 1.3 3.7 0.!1 0 0 0 0 

.3-.4 0 1.5 2.3 2.4" 0 0 0 0 0 
~ .0-.3 
~ 

0.1 1.0 0.4 0 0 0 0 0 0 

TOTAL PERCENT 
ALL FLIGHTS 0.1 3.3 4.3 !1.1 7.2 2.8 15.8 57.1 0.3 

(a) Maximum altitude vs flight duration - matrix 

Figure 7.- Percent of flights to maximum pressure altitude. 
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FLAP DEFLECI'ION, DEGREES 

TINB U"l'BR 
LIP'l'OI'P 30.0 25.0 20.0 14.0 7.0 2.0 
IIIHOTBS 

0.0 - .1 0 0 0.1 0.2 46.4 0 
.1 - .2 0 0 0.1 0 23.1 0 
.2 - .3 0 0 0.1 0.1 7.3 1.3 
.3 - .4 0 0 0 0.2 2.4 1.3 
.4 - .5 0 0 0 0 1.4 6.8 
.5 - .6 0 0 0 0 0.51 7.51 
.6 - .8 0 0 0 0 1.0 26.5 
.8 - 1.0 0 0 0 0 0.2 22.5 

1.0 - 1.2 0 0 0 0 0 14.2 
1.2 - 1.4 0 0 0 0 0 7.51 
1.4 - 1.6 0 0 0 0 0.1 6.0 
1.6 - 1.8 0 0 0 0 0 2.4 
1.8 - 2.0 0 0 0 0 0 2.0 
2.0 - 2.2 0 0 0 0 0 0.2 
2.2 - 2.4 0 0 0 0 0 0.3 
2.4 - 2.6 0 0 0 0 0 0.3 
2.6 - 2.8 0 0 0 0 0 0.1 
2.8 - 3.0 0 0 0 0 0 0 
3.0 - 3.5 0 0 0 0 0 0 

w 3.5 - 4.0 0 0 0 0 0 0 
,j:o. 4.0 - 4.5 0 0 0 0 0 0 

4.5 - 5.0 0 0 0 0 0 0 
5.0 - 6.0 0 0 0 0 0 0 
6.0 - 7.0 0 0 0 0 0 0 
7.0 - 8.0 0 0 0 0 0 0 
8.0 - 51.0 0 0 0 0 0 0 
51.0 - 10.0 0 0 0 0 0 0 

10.0 - 15.0 0 0 0 0 0 0 
15.0 - 20.0 0 0 0 0 0 0 
20.0 - 25.0 0 0 0 0 n II 
0.0 - 25.0 0 0 0.3 0.5 82.8 5151.51 

Notes: 
1. 5114 fl.ighta 
2. The first 15 aeoonda after liftoff 

for each flight are not included. 
3. Flap deflections leas than 2 degrees 

were considered to be zero . 

(a) Takeoff: Percent of flights vs times when takeoff flap deflecion is 
reduced to less than indicated values 

Figure 10.- Flap deflection times. 
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FLAP DEFLECTIONS, DEGREES 

TIME BEFORE 
TOUCHDOWN 

MINUTES 

0.0 - .5 
.5 - 1.0 

1.0- 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
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3.5 - 4.0 
4.0- 4.5 
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5.0 - 5.5 
5.5 - 6.0 
6.0 - 6.5 
6.5- 7.0 
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7.5- 8.0 
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8.5 - !LO 
9.0 - 9.5 
9.5 - 10.0 

10.0 - 11.0 
11.0 - 12.0 
12.0 - 13.0 
13.0- 14.0 
14.0 - 15.0 
15.0 - 17.0 
17.0 - 19.0 
19.0 - 21.0 
21.0- 23.0 
23.0 - 25.0 
25.0 - 30.0 
30.0 - 35.0 
35.0 - 40.0 
40.0- 60.0 
0.0 - 60.0 

NOTES: 
1. 914 flights 
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-re considered to be zero . 
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Figure 11.- Percent of flights vs. equivalent airspeed at flap detent change. 
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PRESSURE ALTITUDE BANDS 

•n 
-500 TO 4500 TO !1500 TO U500 TO 1!1500 TO 24500 TO 2!1500 TO 34500 TO 3!1500 TO -500 TO 

LBVBL 4500 FT !1500 FT U500 FT 1!1500 FT 24500 FT 2!1500" 34500 FT 3!1500 FT 44500 FT 44500 FT 

9'S 
1.60 0 0 0 0 0 0 0 0 0 0 
1.40 0 0 0 0 0 0 0 0 0 0 
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.70 0 0.03 0.01 0 0 0 0 0 0 0 

.60 0 0.06 0.03 0.01 0 0 0 0 0 0.01 

.50 0 0.12 0.10 0.04 0 0 0.02 0 0 0.02 

.40 0.13 0.36 0.28 0.17 0.01 0.01 0.04 0.01 0 0.07 

.30 1.57 1.37 0.!17 0.65 0.24 0.09 0.10 0.03 0 0.35 

.20 14.58 !1.31 5.8!1 3.41 1.21 0.80 0.58 0.3!1 0 2.64 

.15 43.58 25.84 15.83 9.58 3.83 2.54 1.82 1.26 0 7.71 

.10 140.52 101.17 64.10 35.52 17.95 13.09 8.71 6.70 4.76 2!1.44 

.05 362.38 208.06 1!14.3!1 148.8!1 115.24 !12.28 67.81 53.17 70.77 108.65 
0.00 865.02 811.63 !147.45 1041.56 1123.34 1301.39 1533.91 1677.!15 1741.76 1403.05 
-.05 283.0!1 148.22 135.16 122.23 90.73 71.59 57.67 48.77 !13.!14 87.25 
-.10 74.6!1 3!1.01 34.15 23.!1!1 13.69 !1.82 7.81 6.05 10.&7 17.00 
-.15 17.14 !1.77 8.40 6.26 3.11 1.73 1.61 1.20 0.!15 3.87 
-.20 4.42 3.36 3.31 2.31 1.06 0.55 0.4!1 0.35 0.32 1.22 
-.30 0.34 0.64 0.55 0.36 0.13 0.02 0.08 0.04 0 0.16 
-.40 0.04 0.17 0.14 0.14" 0.02 0 0.02 0.01 0 0.04 

~ -.50 0 0.06 0.04 0.06 0 0 0.01 0 0 0.01 
0 -.60 0 0.03 0 0.01 0 0 0.01 0 0 0 

-.70 0 0.01 0 0 0 0 0.01 0 0 0 
-.80 0 0 0 0 0 0 0 0 0 0 

-1.00 0 0 0 0 0 0 0 0 0 0 
-1.20 0 0 0 0 0 0 0 0 0 0 
-1.40 0 0 0 0 0 0 0 0 0 0 
-1.60 0 0 0 0 0 0 0 0 0 0 

FLIGHT HOURS @ ALT 11!1.38 108.04 108.72 77.17 83.30 110.42 266.52 742.54 3.15 161!1.24 
FLIGHT MILES @ ALT 24014.8!1 2!1500 .10 37757.!13 31445.86 365!16. 70 52344.52 13136!1.!12 363808.53 1545.14 708383.60 

TOTAL FLIGHTS !114 
TOTAL FLIGHT HOURS FLAPS OP AND DOWN 161!1.24 
TOTAL FLIGHT MILES FLAPS OP AND DOWN 708383.60 

(a) ~ level crossing counts per hour within pressure altitude bands 

Figure 13.- Normal accelerationexeeedances. 



PRESSURE ALTITUDE BANDS 

BnM 
-SOO TO 4SOO TO 9SOO TO 14SOO TO 19SOO TO 24SOO TO 29SOO TO 34SOO TO 39SOO TO -SOO TO 
4SOO FT 9SOO FT 14SOO FT 19SOO FT 24SOO FT 29SOO FT 34SOO FT 39SOO FT 44SOO FT 44SOO FT 

LEVEL 
g'S 
1.60 0 0 0 0 0 0 0 0 0 0 
1.40 0 0 0 0 0 0 0 0 0 0 
1.20 0 0 0 0 0 0 0 0 0 0 
1.00 0 0 0 0 0 0 0 0 0 0 

.80 0 0 0 0 0 0 0 0 0 0 

.70 0 0 0 0 0 0 0 0 0 0 

.60 0 0 0 0 0 0 0 0 0 0 

.so 0 0 0 0 0 0 0 0 0 0 

.40 0 0 0.01 0 0 0 0 0 0 0 

.30 0.04 0.06 0.03 0.03 0.01 0 0 0 0 0.01 

.20 1.03 0.69 0.23 0.21 0.06 o.os 0.02 0 0 0.16 

.1S 4.32 3.22 1.22 0.69 0.38 0.18 0.07 0.02 0 0.70 

.10 17.18 1S.48 7.49 3.2S 1.73 0.92 0.26 0.12 0 3.21 

.OS 47.74 42.94 32.77 20.S3 13.24 8.47 3.71 2.1S 1.27 12.42 
0.00 1S3.48 129.03 122.8S 119.14 120.1S 139.09 16S.9S 184.68 181.22 161.87 
-.OS 30.0S 26.10 22.3S 17.6S 11.72 7.01 3.23 2.02 3.17 8.84 
-.10 4.1S 3.94 3.09 1.98 1.02 0.39 0.21 0.10 0.32 1.03 
-.1S 0.39 0.43 0.29 0.26 0.12 o.os o.os 0.01 0 0.11 
-.20 0.03 0.06 0.03 0.03 0.01 0.01 0.01 0 0 0.01 
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FLIGHT MILES @ ALT 24014.89 29SOO .10 377S7.93 3144S.86 36S96. 70 S2344.S2 131369.92 363808.S3 1S4S.14 708383.60 

TOTAL FLIGB'l'S 914 
TOTAL FLIGB'l' HOURS FLAPS UP AND DOWN 1619.24 
TOTAL FLIGB'l' MILES FLAPS UP AND DOWN 708383.60 

(b) ~ level crossing counts per hour within pressure altitude bands 

Figure 13.- Continued. 
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FLAP DETENT 

•n 
LEVEL 
q's 4 10 18 22 27 33 42 
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-.OS 493.321 801.033 720.00 642.8S7 0 0 0 
-.10 196.638 279.02S 480.00 2S7.143 0 0 0 
-.1S S3.SSS 70.919 0 128.S71 0 0 0 
-.20 13.891 1S.114 0 0 0 0 0 

..... -.30 1.044 O.S81 0 0 0 0 0 ..... -.40 0.080 0 0 0 0 0 0 
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TOTAL BOORS 14.19 
TOTAL FLIGHTS 914 
TOTAL FLIGHT BOORS FLAPS tJP AND DO'IIN 1619.24 
TOTAL FLIGHT MILES FLASPS tJP AND DOWN 708383.60 

(a) Take off 

Figure 20.- 11:n Exceedances with flaps deflected. 
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FLAP DETENT 
a' n 

LEVEL 
g'a 4 10 18 22 27 33 42 

1.60 0 0 0 0 0 0 0 
1.40 0 0 0 0 0 0 0 
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.1S 4S.081 4S.318 S4.0SS 34.621 37.964 16.768 22.414 
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.OS 293.418 286.633 39S.177 308.942 390.484 403.18S 49S. 483 
0 832.478 793.388 731.384 806.848 687.866 1109.944 1197.836 
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(c) Landing 

Figure 20.- Continued. 
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Figure 21.- Continued. 
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Figure 21.- Continued. 
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Figure 21.- Continued. 
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230 
260 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

260 
250 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

250 
260 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 
0 
6 

260 
270 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0.1 
16 

270 
280 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 
0.1 

u 

280 
2!10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

" 0.1 
10 

2!10 
300 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
0 
6 

~ I'LI- IIICI.UIIm 
'ICmiL I'LIG!ft8 AIIIII.Yim 
'ICmiL I'LIG!ft IIOUR8 ,MIY I'LIIP 
'ICmiL I'LIG~ft ~ ,MIY I'LIIP 

300 
310 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
0 
II 

310 
320 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
0 
6 

1113 
!IU 

161!1.26 

708383 ·"' 



~ ~ UIWL 

I'QR UC11 I'I.IGift 

.... 
w .... 

9' • .... If() 

1.60 
1.•o 
1.20 
1.00 

.80 

. 70 

.60 

.50 

.• o 

.30 

.20 

.15 

.10 

.05 

-.05 
-.10 
-.15 
-.20 
-.30 
-.•o 
-.50 
-.60 
-.70 
-.80 

-1.00 
-1.20 
-1 .• 0 
-1.60 

1.10 
1.60 
1 .• 0 
1.20 
1.00 
0.80 
o. 70 
0.60 
0.50 
o.•o 
0.30 
0.20 
0.15 
0.10 

-0.10 
-0.15 
-0.20 
-0.30 
-o.•o 
-0.50 
-0.60 
-0.70 
-0.80 
-1.00 
-1.20 
-1 .• 0 
-1.60 
-1.10 

'fOUL l'UJ; • 111111 
I'I.IGU BCU118 8111111 
I'I.IGU~ 8111111 

120 
130 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

130 
1,0 

0 
0 
0 
0 
0 
0 
0 
0 
·o 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 

Figure 21.- Continued. 
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(i) Landing; flaps 27 degree detent 
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Figure 21.- Continued. 
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(j) Landing; flaps 33 degree detent 
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Figure 21.- Concluded. 
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(k) Landing; flaps 42 degree detent 
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Figure 22.- Normal acceleration exceedances: Non-revenue flights. 
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Figure 22.- Continued. 
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