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ARALYSIS OF V-G RECORDS FROM THE
. SNB-1 AIRPLANE
‘By‘wntor G. Waiker and liay T. Meadows

SUMARY

Acceleration and airspeed data in the form of V-G records
obtainsd on an SNB-1l traimner airplane were analyzed to determine
the loads and epeede expsri:anced during certain treining opera-
tions. By utilizing a method of analyeis previcusly daveloped,
results were determined in- the form of "flight envelopes" whieh
Prodict the occurrences of large valuee ¢t airnpecd and
acceleraticn. :

Ae & matter of iacidental Intereet, the results were com-
parsd with reeults previously reported for ansther eccut-traincr
airplane - the SNJ-4. The vomparieon shows largs differences in
the frequency of occuwrrence of large valuee of acceleration and
airspeed. This rseult is probadbly attributeble to the fact that
the twn airplanee are actually of quite differsnt types, not-
withstanding their design to the same loed and speed requirsments.

INTRODUCTION

Several sets of accsleration and airspeed date in the form
of V-G recorde were obtained on Navy airplanes and transmitted
to the NACA for analysie of applied load factors and speeds.
Two sete of such data, together with eupplementery information
were supplied for two trelner class airplanss, the SNB-l end
the SKJ-4, in large encugh quantitiee to be analyzed by &
statistical method. The SNJ-4 data obtained during training
operations wore analyzed by the method of reference 1, and the
rgsulte of the analysis were preeented in reference 2. The -
V-G rscords taken on the SNB-1l airplane type during training
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operations have been similarly analyzed and the results are pre-
sented herein.

Both the S¥B-1 ard SNJ-4 airplanes are classed as scout
trainers, and they were designed to meet the same load-factor
requirementc, The SNB-1 airplane, however, 1s a twin-engine
six-place cabin airplane, whereas the SNJ-4 le a two-plece air-
plane of suhetantlelly smaller size and greater maneuverability.

Because of these considereble diseimilaritise in airplane
characteristics and in the IZmplied manncr of operation, it might
be expected that subetantially different applied loade and speeds
wowld be lmposed in the two caeee, nctwithstanding ths similarity
in type designation and design roqulremente. The results of the
analysis of the SNB-1 data were, therefcro, cumpared with the
results previously obtained for the SNJ-4 in ordor to dleclose
any dlfferencee in the applied loade and speeds, The comparieon
shows that the SNB.l airplane wes subjected to substantially less
severo loads and opeuds than the SNJ-k,

The SNB-1 data were supplied by the FHavy under authority
of the Bureau of Acrvnautics letter, file Aer-E-2411-JK, serial
no. 64187, dated 18 Arril 1945, and the SNJ-UI data were eupplied
under authority of the Bureau of Aeronautice 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 ths SNB-1 analysie, Fairly com-
Plete supplementary information giving the tyve of mission
flown, operating weights, number of pilots per rscord, opera-
ting altitude, etc., wes also available. OSince the method of
analysis used (reference 1) required a reascnably uniform flight
time per record, the 32 rocords in the range 15 to 24 houre with
total flight time of 526 hours were used for the analysie.

Only 40 of the 78 available records for the SKJ-U were
analyzed in reference 2 to meet the requirement of reasonably
uniform flight time per record.

The characterietice of the SNB-1 and SNJ-k types, together
with the eources from which these date were obtained, are given
in tables I and II.
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Table IIT gives a breakdown of the data to shov the percent
of total flight time spent on ccmparable miseions for the
SNB-~1 and the gm-k.

METHOD AND RESULTS

The method used to evaluate the data of this report is
described in references 1 and 2. The frequency distributions
ehown in table IV for the SNB-1 airplanes were uaed to preopare
the probability curves of the maximum indicated airspeed Vpuy,

the maximm positive or negative acceleration increment Anpax,

and the indicated airspeed V,, at which tho maximup positive
or negative acceleraticn increment le experionced. The average
values of the distributions Vpny, Ahpayx, and ¥, are given

at the bottom of table IV together with the standerd deviations
of the distributions oy, 0Opy, @nd og, Tranpectively, and the

coefficients of skownese of the distributions o, an,, and ag,

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

Figuree 1, 2, and 3 show the probabilitivs Py, Pay,
and IP, of exceeding given values of Vpax, Al,y, aMd Y,

reepectively, for the SNB-1l airplane, In figure 1, for example,
the probability of exceeding a maximum indicated airspeed cf

250 miles per hour is 0.025 or, in terms of records, thie value
of airspeed will be oxcceded, on the average, on one record in
40 recorde. Figures 2 and 3 may be interpreted in c eimilar
manner., Alsc shown in these figures are the cumulativo. frequency
distribution voints obtained from the relative frequancies of
table IV to illustrate the agreement of the. basic data with the
probability curves. The necvesary extrapolatiocns of the curves
of figure 3 were made by the "straight-line" method deoveloped in
reference 2. The extrapolation of the V, curve for pusitive
accelerations starte at 215 miles per hour, the maximum level~
flight specd of the airplane, and the extrepolation cf the
negative V, ocurve starts at 180 miles per hour, the normal
oruieing speed.

The values of Py, Pap, and IP, of figures 1, 2, and 3

were used to derive flight envelopes, Theso envulcpes are such
that, on the average, in a stated number of flight howrs, the

3
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envelope will be exceeded by ~ne poaltive and one negative accelera-
tion incremont, and by cne maximzi airapesd. Flgure 4 ghows the
flight envolopes deriveé for the SNo-1 alrplunea for 250, 500,

and 3,00uU hours of operation and the cuupocite V-G record for

561 flight hours.

Figure 5 shows the results for the S!J-4 alrplane vbtalned
in the same manner ae four the SNB-1 from the data of referonce 2.
It 18 to be noted in figure 5 that the flight envelopes predict
accelerations considerably greeter than those corresponding to
Clpay ond ch in® This rosult was cbtained since derivation

of the flight envelopes 13 easentially an exirapolation process
that btreeks down at reglons «f discantinuity in phyclcal phenomena.
Considering this fact, nc reliance should be placed in the
envelope where, it exceeds the Cpy ., and Cy min CUEVes.

The design V-n diagrans presented in figjures 4 and 5 for
camparisun with the flight envelopes or tue SNB-1 and SNJ-L air-
planea wereo developed in acoordance with the specifications of
reference 3. Since no data were given on the maximum normal-
force coefficients und because values were needed to oumplete the
design diagreme, tho values of Cpp,, = 2.0 and Cp .. = -1.0 were

arbitraril; chosen.

In order to have a direct compearison of the average time
to exceed given values cf uccolerations and speeda, figures 6
and 7 wore prepared. The cuwrves shown in these figures were
plotted from figurea 1 and 2 for the SMB-1 and from the ourre-
sponding figures of referonce 2 for the SHJ-4, by introducing
the flight time factor as expla:ned in roference 1,

DISCUSSICN

The flight envelopes developed are ln reasonable agreement
with the composite flight envelopes of the avalladble V-G records,
Figure L4, for example, showa that the 500-hour envelope compares
woll with the 56).-hour camposite. Two positive and two negative
accelerations of the SIB-1 cumposite excacd the flight onvelope
while only one nogativo acceleration of the SNJ-4 compcaite
(f1g. 5) exceeds the f1igit envelope, instead of one positive .
and one negative occurrence which waa predicted (reference 1).
This 1s considercd good agreement in view of the limited amounts
of date available for analysis. Close amreement of the basic
data with the probability prediotions ocan be expected whin large
messea of data are analyzed.

L
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Comparison of the flight envelopes of the SRB-1 and the
SNJ-4 types ehown in figures 4 and 5, reepectively, indlocatee
largs difference in the predicted flight envelcpes of the two
types. It 1o seen in {igure 4 that the 500- and 3000-howr flight
envelcpee of the SNB-1 du not exceed the design-limit load factore
at any point of the dlagram and the 3000-hour envelope exceeds the
restricted speed by only a small margin, On the cther hand,
figure 5 shows that the SNJ-4 flight envelopes fur 500 and
3000 hours exceed the design-limit load factore cver & considerable
range of speed and the reetricted speed is exceeded by a large
amount. Average conditicns for the sets of data used, as shown
in figures 6 and 7, indicate that tho SNJ-4 alrplane loads can
be expeoted to reach the design-poeitive-limit load factor about
onge in 200 flight hours and the deelgn negative limit about
once in 2000 flight hours, while the rentricted spced will dbe

- exceeded approximately once in every 6 flight hours. Inspec-

tion also shows that the SNB-1 type would not be expected to exceed
the desipn-limit-load factors in either tho positive or negative

direction in less then (0)! flight hours and the reatricted epeed
only about once in 1000 flight houre.

Inspection of supplementary date forwerdsd with the V-G
records lndicated tihat direct comparison on the basis of particulaxr
miselon was not possible although both ailrplane types were flown
on comparable missions part of the time. %Therefure, an analyeis
of the data for both typee was made on the basie cf claseifying
the mieslons in four general categories ae shuwn in table III,
Sufficient date on both typee for compariscn existed only in the
grownd-attack category, Detailed inspection showed the SNB-1 was
used only for strafing while the SNJ-4 was utilized for diving
and bombing under the ground-attacik category. It 1s seen in
thie table thattho percont of time spent in maneuvers that would
be expected to produce high values of acceleration and airepeed
ie much greater for the SNJ-4 than the CNB-1 typs. Vhen the
8NJ-4 reccrds covering only ono mission per rocord were examined
for the effect of mission on the load faotors and airspeeds
experienced, 1t was found that the aorobatio category 4id rchow
higher average values oi loads and speeds than the attack and
straight-flying categcries,

Other poasible reascns may pe advanced tc explain the more
cangervative vperations of tho SNB-1 then the SNJ-4 airplanee,
although no proof exicts to suppurt such conteaticns in connec-
tion with the data used herein. The amount of experience of the
group of pilots that fle each tyve may not have becn tha came
and onc group might have exercised more caution in flight than
the other grcup. Alsc, 1t would be cxpucted taut the twin-ongine
SNB-1 would be handled by the pilct with more care than the

SR lntts - o - o o s Wi o
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L4
single-engins SNJ-4 type in vicw of the fact that in most flights

the SNB-l1 carried a six-man crew, whilo 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-4.

CONCLUSIONS

The availeble data obtained cn SNB-1l trainer-class airplanes
wers analyzed and the resuits are presentsd as "flight envelopea"
which predict the occurrences cf largs values of alrspeed and
acceleration, Comparison is mads with SNJ-U4 tralner-class
airplene date analyzed bty the saae method, While the two types
are deosigned to the same strength fuctors, they dift'cr considerably
in configuraticna and tie data are not strictly ccuaparable because
utilization of eacl type in treiner operaticns wos different.
Howsver, the following conclusion: cen de drawn:

1. The flight envelopes developed by t:c meth:d of analysis
used represént tho data in a satisfact:ry manner,

2, Comparison of .the rcsults of each type chown large dif- ' .
5 ferences in Jiv flight lcads and opeeda exporioenced.

3« On the basis of the mothod used and considering the .
limited emounts of data availabls for analysis, the SNB-1 will
seldon, if ever, exceed the design-limit load fact-r and the
restricted speed will be exceeded very seldom duwring the airplans
lifetime, whils the SLJ-4 airplane can be oxpectod to exceed the

: design-limit load factor and restricted speed in a very small
: number of flight howrs.

Langley Memorial Aeronautical Laberatery

National Advisory Coxmittee for Aeronautics
Langley Field, Ve.
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TABLE I
CHARACTERISTICS OF NAVY SNB-1 (ARMY AT-11) ATRFLANE

i’_ Maximum design grose weight (recormendsd), 1b . . « ¢ « ¢ « » 9300
Oross weight at take-off (as flown, V-G records), 1 . , . . 8200
Wing area, o4 ££ . ¢ ¢« ¢ ¢ ¢ ¢ o ¢ 5 o 0 o 5 6 0 6 8 6 6 0 6 349
W/B, Ib/8G £4 o ¢ o o ¢ o o o ¢ o o o o o 650 o s s 0 o o o« 23,5
WINg opah, £t o o o o o o ¢ o o s o o 06 s o s 0 s 0 8 02 0« U7
Mean serodynamic chord, 1N, ¢ & o o « o o o« o o ¢ s 0 s s o« 95,
ASPEOL TBLIO & 4 4 4 ¢ ¢ o 5 o 6 6 8 8 0 s s 0 s s 8 0 6 e s 6.5
Normal cruising speed, MPE . « « o ¢ ¢ o ¢ o s ¢ o s o ¢ s & 180
Maximm epeed in level flight (7850 1b at 500C ft) mpn . . . 215
Maximm reotricted epced (IAS), i3ph 4 o o o o o o o = o o & 253
[ Conter-of-gravity rangs, percent MA.Co o ¢ = o ¢ o « « o + 16 to 30
Design applied lcad factorc, gunits .+ .« o ¢ = =+ o o o ¢+ O to =3
Service coiling (7850 1b), £t o « ¢ o o ¢ ¢ o o o o s o s » 2, 400
Number of engines . o« « « =« « o s ¢ s ¢ s s 6 s ¢ s o ¢ o s 0 60 2
Note: The above table was prepared fram:
AAF Tech, Order. AN-0l-Q0KA-2
AAF Tech., Order. AN-01-90K-5

NATIONAL ADVISORY
COMMITTEE FOR AFRONAUTICS




Wingarea, sg ft . . . « o«
WS, 1bfeq £t . o v o 0 .
Wing span, ft . . . . . . &
Mean aerodynamic chord, in.
Aspect ratio . . ¢ « & o &
Normal cruising speed, mph .
Maximm speed in level flight

TABLE I

Maximum design gross weight (recommended), 1b ., . . .
Qross weight at take-off (as flown,

(7850

i Maximm restricted speed (IAS), iph
Center-of-gravity rangs, percent M.A.C. .
Design applied load factors, g units
! Bervice ceiling (7850 1b), ft « « & + . .
Number of engines . « « ¢« « o o « o o o &

MR No, LEF2Ta

V-G records), 1ldb

® 5 8 o s \Jle & s e o o
™~
.....g-...-o
]

e s s o s cts o s o o &
e
H
o

Geoe s e

1lb at

Note: The above table was prepared from:

AAF Tech, Order. AN-0l-90KA-2
! AAF Tech, Order. AN-01-90K-5

CHARACTERISTICS OF NAVY SNB-1 (ARMY AT-11) AIRPLANE
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i TABLE 1L
; CBARACTERISTICS OF NAVY SkJ-L (ARMY AT - 6D) AIRPLANE
Maximum design gross weight (recommended), 1b o « o« o o o » o 5300
Groas weight at teko-off (ae flown, V-G records), 1b . . . . 5043
Wingarch, eg £t o ¢« v v v ¢ ¢ ¢ ¢ o o o o 0 0o 0 o o oo oo 2537
W/S, IB/Sq £5 0 v v o v v 4 o st b e b b e e s e e e 19.9
Wing 6pun, TH o & o o o o o o o o o o o o o ¢ o o o o o o ¢ o o 82,1
Mean aerclynamic cliord, 1M, o o o o o o o o o o o s s o s o o 79,0
ABPAOL YO0 & v . s e 4 e s e e s s s s e s e s e e e e e T.O
Normal cruising speed, MPN o « o o o = o o o ¢ ¢ o s o o o o o« 170
Maximum speed in level zlight, MPL o 4 o o » » o o ¢ o o o o o 205
Maximum reustricted speod (IASS, ZIPLl o« o o o o o o o o o o o o o 24O
Centor-uf-gravity range, perceni MsA.C. o o « ¢ ¢ o + » 22,5 to 25,6
, Design applied load factors, £ Wnits .« « « o+ o o » ¢ o o « O to =3
. Service celling, £t .+ ¢ ¢ ¢ ¢ v o ¢ ¢ o o 5 o o o o o s o o 21,500
; Nuanber of engines . o o o o « o o o o o o s o ¢ s 0 s o s o o o 1
. Note: The above table was prepared fron:
Navy Tech. Order. ANOl-GOF-2
. Nuvy Tech. Order. ANOL-G0FE-1,
revised 15 Feb, 19u45,
4
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TABLE IIY
OPERATING CONDITIONS UNDZR WilICH V-G RECORDS WERE TAKEN
ON THE SNB-1 AND SNJ-k AIRPLANES

Percent of time per mission
Type of mission

SiB-1 SNJ-4

Combat acrobetics 0 48.8
Alr attack 3.5 1.6
Grownd attack Ly 35.2
Straight flring 05,1 L4
Total 100,0 100.0

Nete: The values given abuve are based
On 33 SNB-1 recerds for 501 ilight
hours and cn 78 SNJ-k records for
275 flight hourg,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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