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~ SUMMARY

Acceleration and airspeed data in the form of V-G records
obtained on an SNB-1 trainer airplane were analyzed to determine
the loads and speeds experienced during certain training opera-
tions, By utilizing a method of analysis previously developed,
results were determined in the form of "flight envelopes" which
predict the occurrences of large values of alrspeed and ;
acceleration, '

As & matter of incidental interest, the results were com-
pared with results previously reported for another scout-trainer
airplane - the SNJ-4., The comparison shows large differences in
the frequency of occurrence of large values of acceleration and
airspeed. This result is probably attributable to the fact that
the two airplanes are actually of gquite different’types, not-
withstanding their design to the same load and speed requirements.

INTRODUCTION

Several sets of acceleration and airspeed date in the form
of V-G records were obtained on Navy airplanes and transmitted
to the NACA for analysis of applied load factors and speeds.
Two sets of such data, together with supplementary information
were supplied for two trainer class airplenes, the SNB-1 and
the SNJ-4, in large. enough quantities to be analyzed by a
statistical method. The SNJ-4 data obtained during tralning .
operations were analyzed by the method of reference 1, and the
results of the analysis were presented in reference 2. The
V-G records taken on the SNB-1 airplane type during training
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operations have been similarly analyzed and the results are pre-
sented herein.

Both the SNB-1 and SNJ-4 airplanes are classed as scout
trainers, and they were designed to meet the same load-factor
requirements. The SNB-1 airplane, however, is a twin-engine
six-place cabin airplane, whereas the SNJ-4 is a two-place air-
plane of substantially smaller size and greater maneuverability.

Because of these considereble dissimilarities in airplane
characteristics and in the implied mammer of operation, it might
be expected that substantially different applied loads and speeds
would be imposed in the two cases, notwithstanding the similarity
in type designation and design reguirements. The results of the
analysis of the SNB-1 data were, therefore, compared with the
results previously obtained for the SNJ-4 in order to disclose
any differences in the applied loads and speeds. The comparison
shows that the SNB-1 airplane was subJjected to subouanblal]y less
severe loads and speeds than the SNJ-k., ,

The SNB-1 data were supplied-by the Navy under authority
of the Bureau of Aeronautics letter, file Aer-E-2411-JK, serial
no. 64187, dated 18 April 1945, and the SNJ-L4 data were supplied
under authority of the Bureau of Aeronautics letter, file
Aer-E-2411-JK, dated 16 January 1945.

SCOPE OF DATA

Thirty-three V-G records having a total flight time of -
561 hours were available for the SNB-1 analysis. TFairly com-
plete supplementary information giving the type of mission
flown, operating weights, number of pllots per record, opera-
ting altitude, etc., was also available. Since the method of
analysis used (reference 1) required a reasonably uniform flight
time per record, the 32 records in the range 15 to 24 hours with
total flight tlme of 526 hours were used for the analysis.

Only 40 of the 78 available records for the SNJ-L were
nalyzed in reference 2 to meet the requirement of reasonably
uniform:flight time per record,

The characteristics of the SNB-1 and SNJ-L types, together
with the sources from which these data were obtained, are given
in tables I and IT. '
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Table III gives a breakdown of the data to show the percent
of total flight time spent on comparable missions for the
SNB-1 and the SNJ-L,

METHOD AND RESULTS

The method used to evaluate the data of this report is
descéribed in references 1 and 2. The frequency distributlions
shown in table IV for the SNB-1 airplanes were used to prepare
the probability curves of the maximum indicated airspeed’ Viyay;

the maximum positive or negative acceleration increment Anpax,

and the indicated airspeed V,, at which the maximum positive
or negative acceleration increment is experienced. The average
values of the distributions Vpsx, Opay, and V, are given

at the bottom of table IV together with the standard deviations.
of the distributions oy, opn, and: 0y, respectively, and. the

coefficients of skéwnegs of the distributions o, ap,, and o,

respectively, as computed by the method of reference 1. The
term "probabllity,” in the sense used herein, may be interpreted
as the ratic of the number of records in which a glven event
occurs to the total number of records used.

Figures 1, 2, and 3 show the probabilities Py, Pan,
and TPy, of exceeding given values of Vyay, &N, and Vg,

respectively, for the SNB-1 airplane, In figure 1, for example,
the probability of exceeding a maximum indicated airspeed’ of

250 miles per hour is 0.025 or, in terms of records, this value
of airspeed will be exceeded, on the average, on one record in
40 records, Figures 2 and 3 may be interpreted in a similar
manney. Also shown in these figures are the cumulative frequency
distribution points obtained from the relative frequencies of
table IV to 11lustrate the agreement of the basic data with the
probability curves. The necessary extrapolations of the curves
of figure 3 were made by the "straight-line" method developed in
reference 2. The extrapolation of the V, curve for positive
accelerations starts at 215 miles per hour, the maximum level-
flight speed of the airplane, and the extrapolation of the .
negative V, curve starts at 180 miles per hour, the norme.l
cruising speed -

The values of Py, Pp,, and 2P, of figures 1, 2, and 3

were used to-derive flight envelopes, - These envelopes are such
that, on the average, in a stated number of flight hours, the
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envelope will be exceeded by one positive and one negative accelera-
tion increment, and by one maximum airspesd. Figure 4 ghows the
flight envelopes derived for the SNB-1 airplanes for 250, 500,

and 3,000 hours of operation and the couposite V-G record for

561 flight hours.

Figure 5 shows the results for the SNJ-U airplane obtained
in the same manner as for the SNB-1 from the data of reference 2.
It is to be noted in figure 5 that the flight envelopes predict
accelerations considerably greater than those corresponding to

CNpax and CNmin' This result was cbtained since derivation

of the flight envelopes is essentially an extrapolation process
that breaks down at regions of discontinuity in physical phenocmena.
Considering this fact, no reliance should be placed in the
envelope where it exceeds the CNmay and CNain curves.
The design V-n diagrams presented ip fig oures 4 and 5 for
comparison with the flight envelopes of the SNB-1 and SNJ-L air-
planes were developed in accordance with the specifications of
reference 3. Since no data were given on the maximum normal-
force coefficients and because values were needed to complete the

design diagrams, the values of Cpy ., = 2.0 and CDLin = -1.0 were

arbitrarily chosen.

In order to have a direct comparison of the average time
to exceed given values of accelerations and speeds, figures 6
and 7 were prepared. The curves shown in these figures were
plotted from figures 1 and 2 for the SNB-1 and from the corre-
sponding figures of reference 2 for the SNJ-4, by introducing
the flight time factor as explained in reference Sk

DISCUSSION

The flight envelopes developed are in reasonable agreement
with the composite flight envelopes of the available V-G records.
Figure 4, for example, shows that the 500-hour envelope compares
well with the 56l-hour . composite. Two positive and two negative
accelerations of the SNB-1l composite exceed the fliéﬂt envelope
while only one negative acceleration of the SNJ-4. composite ‘
(€3 gs 5) exceeds the flight envelope, instead of one pogitive
and one negative occurrence which was predicted (reference ki
This is congidered good agreement in view of the limited amounts
of data available for analysis. Close agreement of the basic
data with the probability predictions can be expected when large
magsses of data are analyzed.
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Comparison of the flight envelopes of the SNB-1 and the
SNJ-4 types shown in figures 4 and 5, respectively, indicates
large difference in the predicted flight envelopes of the two
types. It is seen in figure 4 that the 500- and 3000-hour flight
envelopes of the SNB-1l do not exceed the design-limit load factors
at any point of the diagram and the 3000-hour envelope exceeds the
restricted speed by only a small margin., On the cother hand,
figure 5 shows that the SNJ-4 flight envelopes for 500 and
3000 hours exceed the design-limit load factors over a considerable
range of speed and the restricted speed 1§ exceeded by a large
amount. Average conditions for the sets of data used, as shown
in figures 6 and 7, indicate that the SNJ-4 airplane loads can
be expected to reach the design-positive-limit load factor about
once in 200 flight hours and the design negative limit about
once in 2000 flight hours, while the restricted speed will be
exceeded approximately once in every 6 flight hours. Inspec-
tion also shows that the SNB-1 type would not be expected to exceed
the design-limit-load factors in either the positive or negative
direction in less than Qofzflight hours and the restricted speed
only about once in 1000 flight .hours.

Inspection of supplementary date forwarded with the V-G
records indicated that direct comparison on the basis of particular
mission was not possible although both airplane types were flown
on comparable missions part of the time. Therefore, an analysis
of the data for both types was made on the basis of classifying
the missions in four general categories as shown in table III.
Sufficient data on both types for comparison existed only in the
ground-attack category. Detailed inspection showed the SNB-1l was
uged only for strafing while the SNJ-4 was utilized for diving
and bombing under the ground-attack category., It is seen in
this table thatthe percent of time spent in maneuvers that would
be expected to produce high valuss of acceleration and airspeed
is much greater for the SNJ-4 than the SNB-1l type. When the
SNJ-4 records covering only one mission per record were examined
for the effect of mission on the load factors and airspeeds
experienced, it was found that the acrobatic category did show
higher average values of loads and speeds than the attack and
gtraight-flying categories.

Other possible reasons may be advanced to explain the more
conservative operations of the SNB-1 than the SNJ-4 airplanes,
although no proof exists to support such contentions in connec-
tion with the data used herein. The amount of experience of the
group of pilots that flew each type may not have been the same
and one group might have exercised more caution in flight than
the other group. Alsc, it would be expected that the twin-engine
SNB-1 would be handled by the pilot with more care than the

7
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single-engine SNJ-L type in view of the fact that in most flights
the SNB-1 carried a six-man crew, while nearly all the flights of
the SNJ=4 were solo. In addition, since it is a larger and
heavier type, the SNB-1 is less maneuverable than the SNJ-k.

CONCLUSIONS

.. The available data obtained on SNB-1 trainer-class airplanes
were analyzed and the results are presented as "flight envelopes"
--which predict the occurrences of large values of airspeed and
acceleration. Compariscn is made with SNJ-4 trainer-class
airplane data analyzed by the same method. While the two. types
are designed to the same strength factors, they differ considerably
in configurations and the data are not strictly comparable because
utilization of each type in trainer operations was different.
However, the following conclusions can be drawn:

1. The  flightven#elopes developed by the method of analysis
used represent the data in a satisfactory manner.

2. Comperison of the results of each type shows large dif-
ferences in “he. flight loads and. speeds experienced.

- . .3, 0n the basis of the method used and considering the
limited amounts of data available for analysis, the SNB-1 will
seldom, 1f ever, exceed the design-limit load factor and the
» restricted speed will be exceeded very seldom during the airplane
lifetime, while the SNJ-4 airplane can be expected to exceed  the
design-limit load factor and restricted speed in a very small
number of flight hours.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

CHARACTERISTICS OF NAVY SNB-1 (ARMY AT-11) ATRPLANE

Maximum design gross weight (recommended), 1b . . .+ . . .
Gross weight at take-off (as flown, V-G records), 1b . .
ISR ATREEN STl 3 o v s e s e s e & e e s ale et BRI
W/s, lb/sq e O A O A O R R s
Wanigsapany Bt o 4 e e o les ol e Lo R i e N S AR Re
Meanaerodyna.mcchord in. e B e fee AR etk paie erTRsURiES SN TIEURHES
REHECEIRATLI0 " o) ) vl e e s w e & s 8 s ®hw e g e e lelllile
Normal cruising speed, MPph . ¢ « o o o o s.6 o s o o o o
Meximum speed in level flight (7850 1b at 5000 ft) mph .

Maximum restricted speed (IAS), mph PARTP VAR R L B S hLT
Center-of -gravity range, percent M.A. C o e e SR S
Design applied load factor L8 vmde s Sl St o B R
BV ge celling (7850 1b), £F occ o v o o s s 9 & 574 &) 4

IR REnROENETIZIION . | oo of mile sl e terrel ol hen e renalo HESHIISH

Note: The above table was prepared from:

AAF Tech, Order. AN-01l-90KA-2
AAF Tech. Order. AN-01-90K-5

NATIONAL ADVISORY

. 9300

. 18260

; 349

23.5

7.7

e T
6.

180

" 2515

. 253

i 16 teo 30

6 1o -3

22,400

T e
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TABLE II

CHARACTERISTICS OF NAVY SNJ-L4 (ARMY AT - 6D) AIRPLANE

Maximum design gross weight (recommended), 1b . . . . 5300
Gross weight at take-off (as flown, V-G records), 1b . . . . 5043
o ne s ST R R R R O 23l
W/s, lb/sq B il e e wih e e el SRR
Winaliapen 4 £ 1. . . DR SRR R o s P o
Mean aerodynamic chord, L TP U R P I e L b e B
INSEEOREEEI0 o o Te o o ¢ ¢ o ieier e felfe e e e Seipieite e sl lial He e 1.0
Normal cruising speed, MPh o« « o o o s o o+ o o s o o o o o+ o L0
Maximum speed in level flight, mph . + ¢ ¢ ¢ ¢ & o o o o & o © 205
Meximum restricted speed (IAS), MPH o o o o o o o s o s o o s » 240
Center-of -gravity range, percent M.,A.C. . . « « + « « . ?2 5 to 25.6
Design applied load factors, g units . . + + + + » » » + « 6 %0 -3
SOiEs colling, Tt . o v o e 6 0o ww s ow e e voee el B4 000
A S I R T

L]
.
>
°

Note: The above table was prepared from:

Navy Tech. Order. ANOL-60F-2
Navy Tech. Order. ANOL-60FE-1,
reviged 15 Feb. 1945.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IIX
OPERATING CONDITIONS UNDER WHICH V-G RECORDS WERE TAKEN

ON THE SNB-1 AND SNJ-4 ATRPLANES

Percent of time per mission

Type of mission '
SNB-1 SNJ-4
Combat acrobatics 0 48.8
Air attack 325 Y6
Ground attack b2, k4 35,2
Straight flying 25,4 b
Total 100.0 100.0

i

Note: The values given above are based
on 33 SNB-1 records for 561 flight
nours and on 78 SNJ-4 records for
275 flight hours.

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS







FREQUENCY DISTRIBUTIONS AND PARAMETER VALUES

TABLE

v

FROM SNB-1 V-G RECORDS

i distribution

Positive accelerations

Negative accelerations

Vmox Fre- Anma.x Fre- v . Fre- Anmax Fre- Vo Fre-
(zph) quency (g units) |quency| (mph) [quency (g units) |quency{ (mph) |quency
26 - 208 -3 00> 9. 799 3 130 - 139 T 0.20 - 0,29] 2 120 - 129 2
205 - 209| 2 0.80 - 0,8} 2 140 - 149 :: 0.30 - 0.39] o© 130 - 130 3
210 - 224} 3 0.90 - 0.99} 7 150 - 159 6 0.4 - 0.49} 3 140 - 149 L
2l - 2108 5 1.00 - 1.09} 4 160 - 169 7 0,50 - 0591 4 150 - 159 5
220 - 224 &4 Yoo TagT % 170~ 179 L 0.60 - 0,691 5 160 - 169 7
225 . 229 7 1986 - Bioal 6 180 - 189 6 0.70 - 0.991 7T 170~ 170 5
230 - 234 3 U TR [ o 190 - 199 3 0.80 - 0.89] 6 16802159 L
235 . 2391 2 1.0 = 19T 1 200 - 209 1 0.90 - 0,991 2 190 - 199 1
240 - 244y 2 ses o) et R 6 210 - 219 0 1.06- - 31.89¢ % 200 - 209 1
245 - 249l 3 360" =369} 2 220 - 229 0 1530 =-1,319% 10
170 = 359901 230 -~ 239 2 1003001 -2
1,805« 1,804 -0 2Lko - 249 2
190" 10994 1
oy = 209:T0 An o= 1.7 vV, = 177.50 Ahes = 0.72 v, = 161.88
o, = 11.90 Oap = 0.30 o, = 25:33 Oan = 0.23 g, = 19:60
a, = 0.17 oAn = 0.69 o, = 1.05 U = 0.19 @, = -0.01

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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MODEL DATE
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