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Stress Analysis of XE-38 Test Nacelle and Installation
; (None)
Alexander, M. M.
Consolidated Vultee Alrcraft Corp., Ft. Worth Div., Texas F25-36-108
USAF Project MX-140 Contr. No. W635-AC-22352
(None)
pi'43  Unclass. U.8. English 82 diagra, graphs

ress analysis s made of the engine stub wing of the XB-38 bomber. The report i subdivided into

alyses of the engine mount and of the wing structure. The mount is a welded Chrome-Noly tubular

ace frame work which carries the loads from the engine and accessories to the main wing fittings.

ie loads are then carried through welded steel fittings to two wing bulkheads widch distribute the load

the wing structure. The basic wing structure consists essentially of a front and rear spar, and two

ord trusses separated by truss type bulkheads at each station point. The cometruction is of wided struc-
ral ateel. The leading and trailing edge air loads are carried to the interspar bulkheads by means of
rwood ribs which support wooden longitudinal stringers. The sntire wing 18 covered with plywood, which .
turn is covered with galvanized steel sheet to obtain smoothness of airflow.

'Coples of this report obtainable from CADO 1)
‘Structures (7) B-36 - Stress analysis (14884.605); XB-

Stress Analysis of Specific Alrcraft (6) 36 (99409); Nacsiles, Engine - Stress analyais (66079)

USAF C.N, W35-AC-22302
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1

NOTATIONS USED IN REPORT

Cross sectional ares in square inches

Load in pounds

Applied compressive load in pounds

Applied tensile load in pounds

Allowable compressive load in pounds .
Allowable tensile load in pounds

Lpplidd shear unit stress in pounds per square inch

ippﬁied compressive unit stress in pounds per square
nc

Applied tensile unit stress in pounds per square inch
Applied bending unit stress in pounds per square inch
Allowable shear unit stress in pounds per sguare inch

i;igwable compressive unit stress in pounds per square

Allowable tensile unit stregs in pounds per square inch
Bending modulus of rupture
Statical moment

Thickness of plate (in weld equations, thickness of
thinnest metal joined by weld) in inches

Length of weld in shear in inches
Allowable weld shear load in pounds
Applied weld shear inad in pounda
Allewable bolt shear locad in pounds
Total shear in pounds
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83110w, ~ Total allowable shear in pounds

- Distunce from neutral axis to reference line in
¥, ¥ calculation of section properties

Y - Distance from neutral axis of a section to neutral
axis of total section

Ly = Column length in inches
£ = Radius of gyration of seation

I, - Moment of inertia of a component of a section about
its own neutral axis

Colo Noment of inertia of the total section about its
*®¢  neutral axis

K.8, - Hargin of safety based on ultimate loads and
ultimate stresses

1
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The stress analysis of the XB~-3#6 Zngine Stub wing 1s )
made in accordance with A,A.F, Specification 40440, Section -
E-2. The report consists of the analysis of the engine mount
and the wing structure,

The mount is a welded Chrome-iloly tubular space frame
work which carries the loads from the sngine and accessories
to the main wing fittings. The loads are then carried through
welded steel fittings to two wing bulkheads which distridbute
the load to the wing structure.

The basic wing structure consists essentially of a front
and rear spar, and two chord trusses ssparated by truss type
tulkheads at each station point. The construction is of
welded structural steel.

The leading and trailing edge air loads are carried to
the interspar bulkheads by means of plywood ribs which sup-
port wooden longitudinal stringers. The entire wing 1is
covered with plywood, which in turn is covered with gal-

vanized steel shaet to obtain smoothness of airflow.
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STRESS ANALYSIS OF XB-316 TEST NACELLE AND INS
C ION OF ALLOWABLE STRESSES

In the design of the engine mount, the allowable loads
for Chrome~Molybdenum Steel Tubes are taken directly from the
values given in A.N.C.-5. Since good welded clusters are ob-
tained at the ends of the tubes, a fixity coefficient of 1.5
is considered to be satisfactory.

The allowable gstresses for structural steel, as given in
the 4.1.5.C. handbook could not be used directly, since the
loads applied to the structure are at ultimate, which is a
deviation from standard structural steel practice.

The minimum guaranteed Ultimate Tensile Strength for
Structural Steel, from the A.I.5.C. handbook 1s 60,000 #/".
This value 1s used throughout the design.

For design of structural steel columns, the FKankine
Equation is used in a form which 1s somewhat different from
the form generally adopted in the handbook due to the use of
Ultimate Loads in the design rather than 1lg loads.

The gensral form of the Rankine Equation is F. = 8

Teqi7 2
For a factor of safety = 3, 5 = 12,50
For use with Ult. loads, q = 3 x 12500 = 37,500
;ﬁr value of 1/1800 for q is the one generally gdopted in

in steel construction.
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STRESS_ANALYSIS OF XB-36 TEST NACELLE & INSTALLATION (Cont'd.}

ANALYSIS OF ENGINE JOUNE
RESIGIL COIDITTONS

The primary design condition for the engine mount 1is
a 5 g vertical load acting down from the engine. The loads
from this condition are combined with these resulting from
torque and thrust if they are additive. Torque and thrust
loads are never subtracted from the downward vertical loads
if they are relieving loads. The mount is also satisfactory
for approximately 2/3 reversal or up load.
DETAIL ANALYSIS (For referenced members see fig.| page 2 )

A conservative analysis of the mount as a space frame-
work has been made.\ The vertical shear has been assumed to
be carried in the vertical truss systems (i.e.: AM, AB, BD,
CM, CD, BK and D&) while the overhang moment 1s taken by
members BH, B'H', DE and D'E' and thus back to the attach-
ment points. Conservative overlaps have been made viith res-
pect to taking the engine torque out, as couples in cither
tha vertical or horizontal plane, The detailled vork of going
through this analysis 1s not shown but the resulting member
loads and margins of safety are shown on table Il page _Z .
Also shown on table IX page _& are the various loads on the
engine mount fittings which will be used later on in this re-

port while analyzing the spars, etc.
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The iinglltructure is analyzed for two wind tunnel
conditions, The data for Cp,°c, and C.P, are estimated
on the basis of previous wind tunneli tests on scale models,

For a load distrikution, the values of Cy are assumed
to be constant over the entire span.

A factor of 6 is uzed on the air loads, and a similar
factor is used for relieving inertia effects. '

ARRODYEAMIC DATA
Condition I . Gonditien II
Cp = 1.0 o Cp = 1.5
o< = 10° > = 14°
Vv = 250 mph. V = 130 mph,
Cp, = .012 Cpo = +012
C.P.= ,5406 C C.P.w .2067 C -
Cpp = +0247 Cpp = -0347
GENERAL DATA

(Por Planform and dimensions of stub wing see Fig._@;d
page 10 .)
SSmb Wipng Area = (262.0 £ 12M.D)300 « 69,315 4. in.
w 451,35 2q., ft.
Chord Equation = 263.6 - £82.8.5d98.0 5 « 263.6 - .217 x
Whege X -2distance from largest chord of stub wing
Abs -k - %’gI.as - 1.287

C e
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RESIGN CONDIJTIONS AND GENERAL DAIA FOR STUD WING

Overal Drag Coefficlents
Condition I o 2 fin

L
CDi a A.R. - .2455

Cp = Opg ¢ Cpp ¢ Cpy = 012 + ,0347 ¢+ 2466 = .2922
Condition II

Cpy = 553

Cp = .012 + .0347 + .553 = .5897

A

- - R
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CONDITION I - AIR LOADS AND DISTRIBUTIONS

DETERMINATION OF NORMAL SPAN LOADING

q = 1/2 @ V¥ = ,002558(250)% = 159.8 #/a'

CN - CL cogo< + CD sinec
1 (cos 10°) + .2922sin 10° « ,985 + ,0508
1,0358
2 -
1/2 PVEC A = qCnA
159,8(1.0358) (481.35) = 79,900#

=
| ] ] L}

Assuming uniform CN on total area the loading in

pounds per inch of span may be determined.

g L Q3 = 1.1527 #/Sq. in.
Span loading at largest chord of stub wing:
« ¥ x ¢ - (1.152)(263.5) = 504 #/1n.

Span Loading at smallest chord of stub wings

g x C = (1.,1562)(198.5) = 229 #/in.
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D CHORDWISE NG
C = 1/2pVECoA = @ x Coy x A q = 159.8 #/a’

Cc C¢ = Cp cost Csinoc
» ,2022 cos 10° - 1 sin 100 =
= ,288 - ,1736 = 1144
C = 159.8(.1144)(481,35) - 8,800f

g " 69315

Chordwise span loading at largest chord
- g x Cy = (,127)(263.6) = 33.46 #/in. of span

= 127 #/sq. in,

Chordwise span loading at smallest chord
= & x Cx =(.127%(198.5) = 26.2 #/in. of span

L - __INB'D.
LIRY TTTTT———
¥ =
3 b
.| | 5
I-— RIQ0 irh -

CHORDWISE SPAN LOADING

RERERMINATION QF SPAR-LOARE

Assuming the total v.ertical load acting at the C.P,,

the load 1is divided between the spars 1nvo?nly as their
distance from the C.P,

C.P. = ,3406 Chord

Front spar = ,12 Chord "

Rear Spar = .43 Chord L e e pt

Ary .

T AR e b Y i
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C.F
l
e ',,, —————
— s | R E T e -
. - . . : . /,_,a——

IZ"\—L:Nﬂlc J T 7

- 340be — :
e | LOCATION OF GR AND SPAES
- —

At largest chord W/C = 304 #/1in,
¥ to F.5. = 29824 (204) « 87.6 #/1n.

¥ to R.5, = +E&088 (304) » 216 #/1n,
3 At smallest chord W/C = 220 #/in,
W to F,S, = -ﬂﬁgfg (229) = 66 #/1n.

W to R.S. « «ZE0R0 (220) - 163 #/1n.

REIERMINATION OF HORIZONIAL TRUSS LOADS

Assuming the total chordwise losdd distributed betwsen
upper and lower trusses inversely as their distance from the

chord plane at the position of the C.P.
C.r Z g T sy

- | -1 —
|~ ks -
i T i DR e
m——— T ...:*s—__; e
\.
—a (1 ’o > A e T
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SIBESS ANALJOIS OF AR-36 ILSI NACSLLE & INSTALLAZIQN

DETERMINATION_OF HORIZONTAL TRUSS LOADS (Cont.)

C.P., ™ .3406 (263.6) = 89,6 inches aft of L.E.
Distance from chord 1line to upper truss = 27 1/4 inches,
and distance to lower truss = 19 1/4 inches at largest
chord.

W to upper truss (largest chord) = (33.45) =
13.85 #/1n. Hﬂ

W to lower truss = %g%g (33.45) = 19.6 #/1n,

Corresponding distances at smallest chord = 18,76%
and 15.5"., Smallest chord of stub = 198.5 in.

W to upper truss (tip section) = (26.2) =
11.85 #/in. %

W to lower truss (tip section) = 18,75 (26.2) =
14,32 #/in. 74.26
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CONDITION II = AIR_TOADS A¥D DISTRIBUTION

-— - ——

gff'l‘ERP.-’EITTA'!‘I(“I‘}‘ OF SPAN TOADING

g = 1/2pV2 = 002558 (130)° = 43.15
CN w Cp cosol 4 Cpy sin o
= 1.5 cos 14° + .7997 (sin 14°) = 1.5 (.97) ¢ .*997 x
(.242)
= 1.455 ¢+ .145 = 1.6
N w 1/2PV2 CyA = q CNA = 43,15 (1.6) (481.3) =
33,300 ¥
Assuming uniform CN on total area, the loading in #/sq.in.

of span may be determined.

' % - 8933’13(30 x .4805

Tarpe Chord: W (Normal loading) = N x C = 4807 (267.4) e
A

126.7#/1n.

Small Chord: W (Normal Toading) « N x C = .480% (198.,%) =
A

925.5#/1in.

DFIUFRMINATION OF CHORDVWISE SPAN TONADING

Cw1/2fVC A waxCyx A n = 43.15
Co m Cp cos <. = Cp sin/ w 597 (cos 14%) = 1.5 5in 14°

= .5B0Y - .6 W L217°

Cow 43,15 (L0718) (4F1,01) w afon "

Chordwise span londing ot inppoct chord « £ x ©
»
41

(;'n; - LAk 1“"
C/A = ﬁ_‘.« = .0f /aa
6027
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DETERIINATICYN CF CHCLDVISE SPAN TCADING (Cont!'d,)

WeCxCw= 0674 (263.%) & 17,24/1n, (lnrpest obord)
A
WelxCae 0604 (198.5) = 12.97#/in. (asm:1lleat clord)
A
DETFRMINATICN OF SPAR LOADS

|
J

Assumilng fhe total normal load acting at the C.P., the
load may be divided between the spars inversely «s thelr
distance from the C.P.

C.P. = .2962 x chord

Front Spar = .12 chord

Rear Spar = .43 chord

Ct
! b
kY
( Fs. -jl ;- /
\\\E\,rmc ——mag € .]
- B — {
— PRSI R -

RN

W to front spar « ,1335¢c (126.7) = 54.5#/1in. (largest Chord)
.3le

W to rear spar = ,1767c (126.7) « 72.2¢/in. (larpest Chord)

qle

W to front spar = ,1?355 (9%.9) w 41.1#/4n. (Smn1lest Chard)
.le

W to rear spar e ,1767c (95.%) a S4.44/4in, (Srnllect Chnrd)

i le
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STRESS ANALYSIS OF XB-36 TEST NACELLE & INSTALLATION

DETERMINATION OF HORIZONTAL TRUSS ICADS

Assuming the total chordwise load distributed between the
upper and lower truss inversely as their distance from the

chord plane at the position of the C.P.

Ch
L -
LR FER TAUS S ; - -
o~ P
(\L B
e TN
R S W 3
) - N i‘" ~‘:::‘\‘L S

LOWEA TRZUES

LARGL IT SECTION
W to upper truss = *8 Zég (17.2) = 7.3#/in. (largest Chord)
3.

W to lower truss = 23 (17.2) = 9.8#/1n. (largest Chord)

v
L
L= T
el !
”~ ;
. ]
R /s
T = - ; ‘
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STRESS ANALYSIS OF XB-36 TFST NACELTE & INSTALLATION

DETERMINATION OF HORIZONTAL TRUSS_LOADS (Cont'd.)
W to upper truss = 1 (12.97) « 5.714/4in. (Smallest Chord)
29 1/2

W to lower truss e %g 152 (12.97) & 7.25#/in. (Smallest Chord)
1

CoF S
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LA D T O ] R . Foms W v
Montt XB-SG LAVCRL AT Bie o own g FZD-30-106

STRESS ANAL: SIS OF XB-36 TEST JACELLE & INS.ALLATION

SHEARS & BENDING MOMENTS DUE TO AT LOADS ALCNE

COYDITICH I (Cr=1.0)

FRONT SPAR
3
! W " ’
o o
B vA
' . o3
1 P
— - s 2
§ i

k4

Ry = - E% - 'L = -gﬁézgg) - n],ggggzog) = ~9900 - 2160 = -1i,000#
3

R, = 12,0¢0 # Down

Ro = -%é - 'L o~ -66(300) - 21,5(30Q) w -93900 - 1080 = =10:'HO#
6 2 6

R, = 10,9804 Down

The shear and bending moment curves may be found by the
integration of the loading curves and are plotted on Flg. _3

e}

Page /7,
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STRESS ANALYSIS OF XB-36 TEST NACKELLK & INSTALLATION

-

2 6
27,100f

The shear and bending moment curves are plotted on Fig. 4

Pagel5 .

UPPER_TRUSS

L.
!
i
|
|
{

R I VLS (

Ry = -¥L = 'EL ll;&.i;QQl - (,QQ) « -1780 -200 = -19804

1

CONSOLIDATED VU[ TEFE AIRCRANT CORPORATION A "
M- el XB-ZG. L T e RN FZS"56"106
od a \' M M a1
SP CT
F A T
) SR P
- 1 L, o | ! B ﬂ" ’ .
to| . . ! )
| 1 1
WL - VL = -163(300) - 53(300) = -24,450 - 5300 = 29750#
2 3 2 3
29,750¢
WL - ¥'L ]ﬁﬁ(,QQ) - ,gggg) = -24450 -2650 = -07,1004

=vL - 'L = -11.88(300) - ggwoo) » ~1780 =100 = -1£R04
2 2

—CORTIDIND s
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MODEL XB-36 AIRPLANE REPORT ~o._,,E_ZS-,§5§:lOS
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UPPER THESS (Cont'd.)

The shear and bending moment curves are plotted on Fig. 2

Page 29 .
LOVWER_IRUSS

i ——— b
| 1 L

| ek ey
§ 1 wi B
‘ R A S I
— o0 - --
! \ i
- 1eso ¥

Qg =14 30#

LOADING  CLRTE

_13-:_1_ . ;_g]. - _3'1. - -mg_(,agm - 5,283;500) - -2150 -528 = -z&

58'-'-51"'-31‘ u‘;gum)-w)--elso-zm--mn#

~2414f Fwd.

The shear and bending moment curves are plotted on Fig.

Page 30..
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FORT WORTI INVISION
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FORT WORTH. TFuas

AIRPLANE REPORT NO _EZ_S_::”_@:;NQ.B

CONDITION II(C!! z 1,5)
FRONT_SPAR

1 '
T m— ; -t
8 N :W
=15 ¥in. *\]_\___“ bri*/on‘
| T’ ‘ \rﬁql{é*/ﬂn-‘w
\ N’
#— 300 n. - -i
K= 75004 R, =Li30%
LGALING CURYE
RencTioNs
Ry = = - 'L » « 4]e -
Ri « 6160 - 1340 = ~7500# or 75004 ¥
Ro = ;g;, - WL = -41,1(300) - 1:_..1.‘(5299) = ~6160 -670
6 F;

Ro = 6830f 4

The shear and bending moment curves are plotted on Fig. 3 ’
Page %_Z_
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STRESS ANALYSIS OF XB-36 TEST NACELLE & INSTRUCT JONS

BEAR.SPAR

o ]
Jl B /7’5 ﬁn e
2 tln 31 g oW
5_44”!

| {
f'- I aig J

SRIhNG Gl ANE

. /‘('/.’iu IR T oS

Ry = :gl - YL = -iﬂdéﬁﬂ) - u_._ﬁ_ém = -8160 -'}‘31.780

Ry = -0940f or 99404Y

Ro-:_‘gx.-!%h-- )-lLﬂé,Q_QQ)-~8160-890--9060

Ro = 9060 # §

The shear and bending moment curves are plotted on Fig. &,
Page 2.8 .
UEPER IRUSS
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CONSOLIDATEDR VULTEE AIRCRAFT CORPORATION

FaRT Woath DivisioN . Forr WoORIN, Texas
Mool .__KB,‘_'l;s___Amm,Am-: REPORT No ﬂs:l6_-106
l STRESS ANALYSIS OF XB-36 TEST NACFRLLE & INSTALLATION
UPPER_TRU'S3
1
U wi*\jgﬁﬁm
! o By ,
1 ; “‘/_, \ ?',]f""i7‘ v
g | v
R
. 300 —
v Y
\ kot R,
l ‘ f‘\: ) ‘.»N (-

b4

Ry = WL = W'L = = 5,71(300) = 1.59(300) = =856 =159 = -101°#
1= =X &= Z%(J_)._ig.ﬁ_.ls:

Ry = 10154 Fwd,

R o= <YL - W'T, o = 5,71(300) ~ 00 = -856 -~ 80
o = L - ML« - 5.71(300) - 1.25(300)

B& = - ?6# or 0}6# WD,

The shear and bending moment curves are plottrd on Fig. ©

R4
Page Y,




CONSNLIDATED VULTEE AIRCRAFT CORPORATION A
IGETRIAN ._@‘Tj_é_._./\!m-l_m;r [Re gy Py PTZS~36_106
i STRFESS ANALYSIS OF XB-36 TEST N CRLIE & THOTALLATICON
LOWER_TRUSS
4 .
! S
Q2o ]
16N . = ;f' ,
R ’. Z.-\ /,). v
N 3 |
\\ . b
L" i
f

3 Ry » =WL = N'L = = 2.25(300) =~ 2.7 5(300)
- 3 2 3
~ 1088 - 255 w 13434 Frd.

= :§L - Eéé - - 2.2553002 - 2,5“?3002

= ~1088 128 = 272

The shear and bendinp moment curves :re nlotted on Fip. . ,

j=+}
[
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o]

e

Papes .,




237 mOILIGNOS - ATNG §T AT
STATID LNF O DT \,.., x\ AT

. .ﬂ,t
‘ mxm\Q,ﬁ LAC £
- P N v o o
i
R A I S i NPy P ¥ et RS e
LITADyd ST
, . ~
P -
\n\\
Sl
w v IS
i H [
e
G.E24enD - » 3
: . . .
- . . - PR / N e er .
($700000) N A O _ N
) . ,
Nowo s -
v
L
. %
{om R o7
b cir
- Y oy ~
Ed -
e et
=~ 4 .“ ..Ay
Sy AT .
TN e T T AR,
[
Sy TS ”
S — - et e m - . § ,h.\V«. S
1
- ——n e ot morrrmedrm - ET—— —— R, e e e e e —— —— ko




e e e ——_—— e et g i ot gt + - s i e e e e S = i

,_ ZPT MNOLLIONOS - ATNG SAavO7 2 LA
CCTANND I NTWDY AN BRI FST
L IV 2vIY FES

U LNTASp) SATNIG ST T S

T TN T gaise

e pvrs

= Ty R P NOLLrgvGES
T T T T T T T ey

i

W et PRI SRR A Ay e e

Ay

AN T

i)

SR7 oo

S

’ .’
r');:y Q/)p(l- 7

-
\

@7

s

-‘_" A v g



CTRT WOIZIONOS R ANE TSR S

STAAHTD LINTIIH SrGHTE F 2 s
LT vo s

o SEpy By,
. TR N

oy

SR e s
!
A A =T

R - R

P

WS 00/

3

0

CF A
f'/f'r//' i

4

Sy

™

L

PR P
(}«y .







PiHdad BH 8-43

CONSOLIDATED VULTEE AIRCRAFT CORPORATION face
FOGRT WONTH DvisioN . FORT WARTH, TEXAS
MonELﬁ:%_LAmPLANE ReparT No F_'_ZS‘:?G.:&G
g e S 3 \I
RISIRIBUIION QF DEAD WEIGHT

The complete stub wing minus the power plant was found
by actual weighing to weigh 12,880 1lbs. To arrive at the
waight to be distributed the weight of the end plates and
end fittings was subtracted from the gross weight. The end
plates and fittings were calculated to weigh 3068 1lbs, There-
fore, the net welght was 12882 -~ 3068 = 9814 1bs.

Three scales were used in the waighing and were placed
as shown in Fig. ( 2 ). The net scale reactions are also
shown,

Using lines x-x and y-y as reference lines the C.G. may
be determined as follows:

Summing moments about line x-x
By , = (Reactlon Scale 1 x Distance to x-x) + (Reaction Scale

2 x distance 6 x-x) + (Reaction Scale 3 x distance to x-x)
B, , " 1870 (217.75) + 2775(115,75) + 5169(161.96)
= 407,193 + 321,206 + 837,120 = 1,565,618 in lbs,

TR, T Mg - L

‘ Summing moments about y-y

lly-y = (Reaction scale 1 x distance to y-y ¢+ (Reaction
Scale 2 x distance to y-y = 1870(-300) ¢ 2775(~300) =
-1,393,500 in.#

- M e

Pesition of the C.G. relative to jarts of »
wing are shown on sketch FPig. (2) Cyr.ver

APFPFR 1y et
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Fosit Worie Divieson . FONT WoORTH Trxas “
anLXB.'.‘ﬁé __AIRPLANE REPORT No __?ZS:lénl_Oé
STRESS ANALYSIS OF XB-36 IEST NACELLE & INSTALLATION |
SEA\ Loapiig
DEAD WRIGHT LESS ENGINE

Assuming a uniformiy wvarying distribution of weight |
along the span, the span distribution may be found as o
follows: (load factor = 5 g down.)

Ultimate inertia load = 5§ x net weight

g 5 (9814) = 49,079 ‘

Average Span Loading = w = 49,
g i = g

>
£
™
N

Position of C.G.
X l%’x 100 £ 47.4 £ of span

From table of gecmetric properties of trapeseoids

g% T 1.37 )

by S1.37 b,
Wr___
Cnscaso
LT IR R Arrmeigo_ ol
- o [ e s By
3 .

12

e e b g e L

Y AT P 2 ielirsec=




CONSCLIDATED VULTEE AIRCRAFT CORPORATION

Fort WonrTn Division

) -
VA =0

Foat WoriH, Tixas

Mn[n—].m"B.é ____AIRPIANF ’ REPORT N\.ngf36“1°6

STRESS ANALYSIS OF XB-36 TEST NACELLE & INSTALLATION

DEAD WEIGHT LESS ENGINE (Cont.)

but (b1 ¢ bp)(span) = total load
2

(1.37b5 ¢ b3) (300) = 49,070 #
~ 2

Bg = 138.2 #/in.
by = 1.,37(138.2) = 189.2 #/in,

DISTRIBUTIO WE Q

D WE S8 _ENG

The chordwise distribution of weipght was taken as shown
below,

! R V4 - -
Ay R - j
Rt .d’l A1 w/C'.

G

1/‘ -
s !L","
|

Taking half of the interspar load to the front spar and
half to the rear spar and finding spar loadings.

Load to front spar = ,114 W/C 4 .j%g w/C = 4085 w/C

Load to rear spar = 297 #/C 4 .5%2 W/C = 5915 W/C

r

Rl
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION

FORI WORY ™hyiftoory v Vort Waar s Tiwag

Moot XB_BG CATRPUANY Report Nc~FZS"3_6"106
SIRESS ANALYSIS OF XB.36 TEST NAGELLE & INSTALLATION
DEAD WEIGHT LESS ENGINE (Cont.)

Therefore, loading on spars ars: .
Loading Front Spar Inb'd, Section = ,4085 (189.2) = 77.4 #/in. (-
Loading Front Spar Outb'd, Section = ,4085 (138.2) = 56.5 #/1in.

W 7194 _ i » £
8T
|
e et 1 /S SRR -—

[TROUN T SEAR_LOALINLS

Loading Rear Spar Inb'd, Section = .591% (189.2) = 112 #/in,
Loading Rear Spar Cutb!'d, Section = .591% (138.2) = 81.9 #/in.

N 1 . ‘
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y 11 o ] lir
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The loads from the power plant are found in table IV
Page & .
Superimposing the loads from the power plant at the

dead wt., the spar loading curves are shown below:
b
X
™

N

/5520 %

r

77.4 *%)a,

L

v i 1 | 4

l &
t 58 —efe 40 =
¢

- . S50 me T e
FRONT SPAR
% W
g
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0 oYy
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STRESS ANALYSIS OF XB~36 TEST NACELLE & INSTALLATION

DETERMINATION OF BL& Ro OF FRONT SPAR

Ry = Wol ¢ (Wi-W2)T _ pj(262) . py(222)
- 7z 3 300 300

. ss.ggagg) 4 (72,4-56,5)(300) =~ 230(162) ~ LL.§%Q&2)
3 li‘BOO

z 8475 4 2090 ~ 8400 - 4585

<2420 # or 2420 #‘

WaL + ('1-'2)L P1(l38) - 92(173)
2

Ro i..:.g.QQQ) ¥ (ZLLig..iLQQQ) - lﬁ.g%xﬁ). LL:%%.QZD
= B475 4 1045 - 7150 ~ 6690 = 4320 # or 4320 # |
DETERMINATION OF Ry & Rp OF REAR SPAR

Rla;"_gﬁ.g.('l-'z) f!‘ﬁ_*g 122)
-ﬂl.%(.iﬂﬂ){»(lll-_-%M)i-ﬂ&g&ﬁ%) #W

= 12,290 ¢ 3010 4 22,000 4 10,100
- 47,400 ¢ }
Rp = Total Load - 47400 = 94479 - 47400 = 47079 #4

b——

o
no
[

m

The shear and bending ﬁoment curves for the total inertia
loads alone are shown on Figs., 7 & 5 Page 37 & 3P,
REAR _SPAR

Examining the air load shear and bending poment curves

and the 5 g inertia londing shear and bending moment curves,

by g it B S e Y Ctedes v e des
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FORT WORTH DivisicN . FONT WORTH, Tkxas

MODEL.._@ié AIRPLANT REPORT NOFZS"36"106

REAR_SPAR (Cont.)

it is found that the inertia loads in combination with either
of the air load conditions might give a critical conditiom,
Both conditions will be investigated,

Increasing the unit air loads five times and superim-
posing the loading curve upon the 5 g inertia loading curves the

16 ld:h
d cunves bOOOEO--—---7
[
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| ? ‘“j«~k_\r\\1
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The resulting shear and bending moment curves are shown
in Figure /Q_, Page 43_.
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FRONT SPAR

Examining the air load shear and bending moment curves and

the 5g. static loading shear and bending moment curves, it 1is
found that the air load conditlion where Cp = 1.0 in combination
with the 5g inertla loads will be the critical condition for
the front spar structure.

Increasing the unit air load curves five times and super-
imposing the loading curve upon the 5g. inertia loading curves,

the loading curve becomes

- INB'D.
4}
438 i/;n- * ;:. ‘"o
| L
- - - - S T ;
No o TS
”f’ér i
_ , |
- JAE usm“,ugﬁo“ [
—) 1’8 - v-1
}- R 135 >

FRAGM T SR

The resulting shear and bending moment curves are shown

in Figure _2_, Fage 4¢/.
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SIIUSSS ANALYSTS OF XB-36 T1ST NACKLLE & INGTALLATION

ANALYSIS OF SPARS

The applied loads are talen as the maximue loads from the
three conditions, (1) Sg. inertia loads only; (2) Sg. inertia
toads + air loads, Gy, = L.5; (3) éx.:iyagfin Toada 4+ wip londs,
FRONT SPAR S

For point and member notations refer to sketch, Fig. )| .

Applying vertical shear at K to diagonal KB, thear = 62,250#

down,

Pyp = %%%%%y where =< = angle between KB and horizontal

P = 62,250 - o
KB = TAT95. 70 73,600# Tension
Member 1s a 3 x 3 x % angle Area = 1.44,"

ft = i3600 = 51,100#/3(1.121.
Fp = 60,000#/sq.1n.

M.S.=FT-»1:60 - = 1
T, ?f:% 1 tslZ

Applying the vertical shear at L to diagonal LC, Shear =
53,0004
P z Shear = 000 = s
1c = ER88L = 2000 = 75,000¢ Tenston

sinee

fy = Ekg A= 1,44 3q. 1In. (3 x 3 x % ~ angle)

) =
= %;%%L 52,000#/3q.1n.
60,000#/ 3q . 4n.

(2
t

3
it

i G o . L5

-

ft 52000 =
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FORYT WORTH IThyvision . FORY WORTI, TEXAS

Monbel.. ,x..]?:;é_._l\mpumt REPORT NO _F}S:léigé
l/ STRESS ANALYSIS QOF XB-36 TEST NAGELLE & INSTALLATION

EBORT SPAR (Cont'd.)

Obviously, since the member MD 1s typical of members KB
and LC and since the shear 1s decreasing toward the center of
span, MD will also show a positive M.S,

- Applying the vertical shear at N to diagonal DO

Shear = 26,700#

Png = Shear = gg.z = 36,9004C
Do sinotl. sin %._33 !
Length of DO = 50 inches. Column fixity ¢ = 1.0

Allowable Cgmpress:lve Load = 47,000#

. I.S.s%’%_l . 3 .22

Applying vertical shear at O to diagonal QF, Max. Shear =
16,0004 '

Por = Shear = = 24,600# Tension
sinoc sin 40.

Momber OF is 4 3 x ,083 C.M, Steel Tube
Area ® .7606 sq.in.

£, = P .
t _%E = Z,,%% = 32,350#/8g.1n.
Fp = .841 (95000) = 80,000#/sq.1n. (Ref. ANC-5)

A SN §9u900 - 1

:

BT T S
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FORY WorTu [hivision . FORT WoRmnit TExay

Mnnm__@-;é ReFORY No hFZS —3 é:.];g6

STRESS ANALYSIS OF XB-36 TEST MACELLE & INSTALLATION

AIRPLANT

FRONT SPAR (Cont'd.)
Applying shear at G to diagonal GP.Max. shear = 35,000#

Pep = Max, Shear = 15,000 = 50,400#C
sin o, sin 44°

Length of GP = 45 in. - Member: 3 x .083 C.M. Steel Tube

Allowable Compressive load = 51,500# (Ref. ANC-9) i;
H.S.:%%g_g_g_-l: +% %
Applying the vertical shear at J to diagonal JS.Max. Shear
= 59,300#
Pyg = W z %5 73,800# Comp. .

Length of JS » 30 inches -~ Member » 3 x 3 x % in. angle

P= .93 }.—.%. 32.3 1in.
Fo = 58,200#/sq.1n. (Ref.: A.I.5.C. Handbook)
fe = {-}a’?@ = 51,2008/ sq.
M.S.:fg__l_gﬁ‘_g_%_-]_: + 2132
T, 1,20

Since the maximum shear curve decreases inboard and since
the members are of typical section, obviously members HQ and

IR will show positive margins of safety.

]
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» 8 s - ST NACELLE & INS \TION ..

FRONT SPAR (Cont'd.)

Maximum bending momsnt occurs at Sta. 23. N\

Checking axial stress in chord wmember at that section

]

.
h 3, . )
T ek e
R=l
CAHOM DS
b

Area per angle g 1.3l sq. in.

Axial Chord Load = E: g,ﬁ%,m z 147,300#
fb = %m = 56,300'/8(1.111.

n.s.gégj,%g-l: £.0009
LEAR SPAR

For point and member notations refer to sketeh, Fig._ i2

Applying vertical shear at K to diagonal KB. Max. Shear e
101, 500#
Pep = Max, Shear = 1¥%‘Z§Q 5 113,100# Tension
: s .8

sin oo

KB is a 3% x 3% x % in. angle, Area = 3.25 sq. in.

fy = W = 34,850#/sq.1n.

Fp = 60,000#/1q.1n.

M.S. = Fp _ ; _ .
’ ?3 S5

1}

t Sule
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FORL WORTH Divimion . Foswr Wonlis, Teva-

XB"36 RePORT NO ,~EZV.S,:3.6".';06

MopelL 7 Y AIRPLANE

) LYSIS OF XB-36 TEST ELLE & INSTALLA

BEAR_SPAR (Cont'd.)

Maximum shear causing compression = 47,700#

Pep » gz,zgg = 53,200# Compression
KB sin 63.8° ?

P = 1,06 Length of KB = 59

j&::.g?ag =z 52

32% 325 = 32,6004/ 3q.1in.
18000

u.s.:{Q_l.i:,%,gog-l, 2 .98
1

Since the curves of shear decrease inboard and since members
IC and MD are of typical sections, the members LC and MD will
obviously show positive margins of safety.

Applying shear at N (Sta. 104) to diagonal NE
Maximum Shear = 36,400#

Pyg » !ﬁ_._hp_gr_ jé.% 45,6004 Compression

NE: 34 x ,095 C.M. Steel Tube Length = 55 inches
Allowable Compressive Load = 64,4004 (Ref.1 ANC-5)

".S- 4 24:%8 - 1 = I Q 41

8ince members QF and PG are subjected to less shear than

NE and since QF and PQ are typical tubes, obviously they will

show positive margins of safety.




CONSOLIDATED VULTEE AIRCRAFT CORPORATION Pace 5

FORT WORTH Division . Fom Wonrd, TEXAS
MODEL_n_i':}_é____AmPLANE REPORT NO,EM?—@ .
g STRESS ANALYSIS OF XB-36 TEST NACKLLE & INSTALLATAON

REAR SPAR (Cont'd.)
Applying the vertical shesr at T to diagonel JS

Max. Shear = 88,500#
JS 1s a 33 x 34 x % in. angle A = 1,06 A = 3.25 sq.in.
P;g = Max, Shear = ggggog. o = 102,100# Compression

sin oc
fe = Prg ;ggi%go 31,4208/s
= - ’ g.in.
hyg 3.

ko= Rep= 3

Fr = 7200 = 34,700#/sq.1in,
180

M.5. = 34,700
. 31,420

- 1= £.0.40

Since the shear decreases as the curves progress inboard
and since R] and QH are typical sections, obviously they will
show positive margins of safety.

Maximum bending moment due to combined loads occurs at
Sta. 23,~ 138 inches from inboard end. Applying this moment Q‘x,
and checking chords in bending at this station, Maximum moment
= ¢ 9,500,000 in. #

" Chords: 2 - 3 x 2% x % inch angles,

1 .- e

N
gy g?

VI o e e

CRBCEND e i
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION

Fory Worna 1o o . Fowt Wohie Tevas

Moy XB-36 _ . AIRPLANY REPOiY N\)_Ez§~36-lq6

STRESS ANALYSIS OF XB-36 TEST NACELL NGT
REAR SPAR (Cont'd.)

Chord Axjal Load = F = 5,500,000 = 119,400#
1 4

£, = Chord Axjal Load = LLQ,QQ% s 45,600#/sq.1n,
b Area 2 x1.31 ’

M.S, = 60 -l e
£3:0% £0.208

Maximum bending moment due to inertis loads alone occurs

at 110 inches from inboard end of stub wing.
Aprlying this moment and checking chords
Maximum moment = 5,500,000 in, #
Chords 3 x 2% x % in. angles

s

b A7

I

Chord Axial Load = ﬁ_: EAEQQ7QQQ = 117,000¢
4

= Chord Axisl Load llZa%QgI.z 44,6504/ 8q.1n.
fb Area =210 'W'q

FB L 3 60’000
l'?' = Fp . - -1lg + 0,341
D 25 —

By

AT £+ 7 § SO

Arvm .00
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION pacr 55

FOoRY WORTK DivigioN - FORT WaRTH, Tavak

. Moot ,,X_B_-_@,___Amm ANE ReprnRT NG Fzs:_sgﬂ.qe

SIRESS ANALYGIS OF XB-36 IEST NACELLE & INGTALLATION

Descriptions The engine mount wing fittings are constructed
of welded structural steel, and are shown in Figs. |3_ and |4,
Locationt The fittings are attached to the rear spar of the
wing. There are four fittings, two at station 23 and two at
station 24. Atleach station there is one above the upper

-chord of the rear spar and ono below the lower chord. Accom-

panying sketches and drawings give the dimensional locations,
The loads imposed by the angine mount on the fittings

are tabulated on page &

of this report. The loads are re-
solved into components in three directions - (1) The vertical
direction perpendicular to the chord planej (2) fore and aft
{drag) direction parallel to the thrust line; (3) side direction
perpendicular to the thruszt line,

Method of analysis: The loads are applied at the face
of the bushing block and carried through the fitting, weld
plates, etc. to the wing structure, Welds are assumed to
transfer loads only as shear connections and the eguation for
allowable loéds for welds on low carbon steel from ANC-6 1s

used,

B
+

e g T e e e e
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CONSOLIDATED VULTEE AlRCRAFT CORPORATION Pace 56

FoRT WonT: Divietam - FORY WORTH. TEXAS

FZD-36-106

XB-36

MoDEL 2= 7%  __AIRPLANE RePORT No

Ultimate loads applied at the fitting-mount connection ares
(Ref. Page 8 )

1, Vertical load = 13,337 # Down

2, Drag load = 40,213 # ATt

3. Side load = 6072 # Inboard
Applying the total drag load to the block and checking the
weld to the fitting for strength in shear:

Py = 40,213 # Aft,

L =2 (1.625) = 3.25 in,

‘P' 32000 Lt; ¢t = 1/2 inch
32000 (3.25) (.6) = 52000 #

1 M.S. -g'-l -iﬁgﬁ-l- ‘.29

Applying the total drag load to the fitting and checking at
#*

section BB for tensile strength. ¢, = 40,213

I

b e 0F FIG I3
Total Area - area of bolt holes

2.6 (.6) + 2 x 3.125 (.5) - 2 (.5) (.5)
=1,75 + 3,125 « .5 = 4,875 - ,b = 4,375 aq. in.

P, = = 9. . .
¢ " Py 4_%:%% 9190 #/Sq. in

p | Fp = 60000 #/cq.in

H.S.'% -l = ¢554 D e

{»
e

ri i
o

0
a
ra

Area, A

¢
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The nine 1/2 inch bolts and the weld along the upper

edges of the inboard and outboard weld plates may be con-

sidered to resist the drag load. The resistance offered o

by the components (bolts and welds) may be assumed propor- .

tional to their relative strength., The bolts in addition

must resist the side load as shear
Lj of outboard weld plate = 6 in, ik
Lo of inboard weld plate = 3 1/2 in, '@1

Py / inch = 32000 Lt
t = .25

PW/ inch = 32000 (1) (.25) = 8000 #
Pw Total = 8000 (9.5) bd 76'000 #
Pg = 14720 #/bolt on 1/2" bolt

pg Total = 14,720 (9) = 132,700 #

11ow " Total Py ¢ Total Pg = 76,000 + 132,700 = 208,700 ]
allow

Py = 40,213 #
! Total Shear in Velds e W (Py)
: rength of welds + strength of boits t

- % (40,213) = 14,650 ¢
]
. 1d - -1 -
gtg (welds) (gotal shear in walas; §§%gg -l "il!

Shear in bolts due to drag load = Total Shear -Shear in Weld
= 40213 - 14650 = 25,565 #

S
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TAT IO (Cont'd.)

Shear per bolt due to drag load = zﬁgﬁﬁﬁ = 2840 ¥

PPER T

Determining shear in bolts due to side loadY
j s 1 S (.,,"‘ ¢, )L/«;‘ /lf" f‘/

Cross sectional area of one 1/2 in. bolt = .1961 8q. in,

EAy about line X-X = 4(1061) (2.628) + 6C. 1961) (.875)

= 2,06 + .859 = 2,919
, EA = 9(.,1961) = 1.765 sq. in.
‘ -
y = Eﬁx - i‘g%% = 1,651 in.
y—y « 1061 (11.26) + 2(. 1961) (9.125)

EAx about line
+ 2(.1861) () + 2(. 1961) (4.76)

+« 2 (.1861) (2)
- 2,21 ¢+ 3.58 ¢+ 2.76 + 1,86 + .79

- 11,10

ER® (x vya) since R -‘J

- (4'.'5'52 TR » (4'3—20 JPT52) o (1120.7752
+ (1’320.175 ) & (—520’755) . (aehmz)
o (ET7752+.775°) + (TP TTER) o (RFPs TS

- 113!% FIY o m -

-3
&
CHECREY e e o e s

APrR bRl e e
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION pack 59
FonY WonrtH DivisioN . FORT WORTH, TEXAS
MODEL_.;.n_i.:.gg__AIRPI_AN! REPORT No._!w

UPPER FITTING AT STATION &8 (Cont®d.)
Mcment of shear abont C.G, of pattern = 6072(6,355¢1.625)
= 48,450 in.§
Maximun R = (32 F2) % 2 4,06 1n., x = 4.9§ y = 775
Shear in drag direction due to side load = EE

s - = bl

Shear in side direction due to side load = gg;z + ga

Wi . 676 ¢ 2082 = 27574
Total Shear in drag direction = 330 + 2840 = 3170#

Total Shear in side dipegtion =
B 2 i
Total shear on bolt =\ 5I7 W2 = 4205 ¢

Since the side load is carried as shear in the bolts
and the vertical lcad is to be taken directly into the spar
by the diagonal K, the drag load _il applied and the fitting
may be put into equilibrium as shown below.

C"u‘_ ;7' 46:‘9‘"5
L50% ‘ .
|4'| . /___,,‘—-——-————'-—'jl a oL

- !
S A

6 Py
| <
| Fo
Py [‘ T .
. Fe.
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UPPER FITIING AT _STATION 28 (Cont.)

First assume Pw; = Pwp
Summing moments about point O
EM, =0
(1) - (Pwg x 6) = (P, x 12.25) - (14650)(.65) + 40215(1.625) - ﬁ
LF, =0 A
(28) - Pwgy ¢ Py ¢+ Pwy = 0 .
Since Pw; = Pwo
2Pwy ¢+ Py « 0
Pwp = - Zg
Substituting in (1) and transposing terus
(1) - (-Pg) x 6 - 12,26 Py = -4021.3(1.625) + 14680(.68)
3Py - 12,25 Py = 65,400 + 9530 :
- 9,26 Py = 56,870

P, = 60404 §
Pwy = Py = - - -3020# or 30204 |
A
Pwy = Pwg

Pwy = - 3020f or aoao#l {

To determine the stress at section A-Al

- =
i,} 31 Ny
i

i

|~
b
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STRESS_ANALYSIS OF XB-36 TEST NACELLE AND INSTALLATION

wllg

UPPER_FITTING AT STATION 23 (Cont.)

PROPERTI®S OF SECTION A-A —g -~y

Item|Area, A | ¥ | AY |'w | w® [ an% | 1o
1| 1.00 1 1.,0000| .35 | .1225 | .1225 .333
2 1.75 | .25| .4875 -.40 | .16 | .z000 | .o%7

5 | 1,00 .1 | 1.0000] .35 | .1225 | .1226 | .385
I | 3.75 2,4375 .5250 . 703

¥ = _AY =2,4375 = .65 in.
A 3,75

I, g = Io+ A2 = 705 + .525 = 1,228 In,?
Summing moments to the right of section A-A about
the neutral axis of A-A; we have
- I M; = (Drag load x distance to neutral axis of A-A) +
(P x Dist. to Section A-A) + (Bolt load x
distance to neurtal axis of section A-A)
Bolt Load = load taken by firts 4 bolts
= 4/9 (Total Bolt Load)
» 4/9 (25,563) = 11,360#
LM, = 40213(1.626-.65) - €040(6) + 11360(.¢5)
= 39250 - 36240 + 7380 = + 10,390 in. #

f¢ (section A-A) = Py o, MAC _ + 10390(1,35)
A T ﬂg%é% 1.228

= 10,720 ¢ 11,410 = 22,130 #/sq. in.

Fp = 60,000
) oSo - ) - - -
ol H 2{)1 30 l t_..]_'__z.?:. (131

TN IO T r—— -
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STRESS ANALYSIS OF XB-36 TEST NACKLLE AND INSTALLATION
UPPER_FITTING AT STATION 23 (Cont.)

Applying the load Py to the diagonal and assuming

i

the applied vertical load is taken directly by the diagonal
K,
Total Vertical Load = Py + Applied Vertical
= 6040 + 13,337 = 19, 377#
o<_ (Refer to sketch) = 45°

. 19,377 -
Pe = g5a%5tto = 27,4004

)

¢

i ity
- a4F — = M

SECTION - C-C

- e
3 PROPERTIES OF SECTION C-C

R T

Ttem | Area | Y AY n | n¥| ay?

kel T B

1 <203 876 | ,1777 | .466 |.2085 | .0423
546 | ,0626 | ,0341 |.3465 |.1200 | .0656

2
3 «203 8756 | 1777 | .466 |.,20856 | .0423
P

e i

952 | .3896 .1502

-y-.-gx.a%ggg..m,m.

Ie,e, = o+ AY;% « 1502 + .0892 = ,2384 in,?

Pl .E.r. - % = 502 in.

L, = 56,6 in.

c
e « 28 - 10.95

-,
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SIRESS ANALYSIS OF XB-26 TEST NACELLE AND INSTALLATION

UPPER FITTING AT STATION 23 (Cont.)

F, = %2# = 35,200 #/sq. in.
8

Po = A x Fg = .952(25,200) = 33,5004

ReSe = -1=‘522

Applying the loads to the weld plate and checking

welds for strength, considering all the loads on one

plate,

Summing Forces in a horizontal direction
Fy = 0 = 14650 - Pwy
Pw, = 14,6504
The horizontal couple is resistsd by a vertical
couple of magnitule 6 Pwy,
Summing momsnts about center of plsate,
7 Puy - 6 Pug = 0
Pwy = £ Pwy <2 (14650) = 17,1004
Since there are tw$ weld plates, one or each side of
the fitting, the load obtained atove 15 divided by two to

obtuin the load per piate,
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STRESS ANALYSIS OF X ~16 TEST NACEILFE & INSTALIATION

FITTING AT STATION 23 (Cont.)

Therefore,

Pyy = 4+ x 3020 = 1510#
Pusy © 4 x 3020 ™ 15104
Pw3 = 4 x 14650 = 7325¢
Py, = 4 x 17100 = 8550¢

Ry/in. = 32000 Ly 32000 (1)(.25) = 8000#/1in,
Determining the ioads in pounds per inch of weld.
Segment AF Lyp < 1 inch '

P. m P, = 3020 = 30204/1in.
VAP 1 A2

TaF
Py = 8000#/1n.

M.S. = %%8% -1=

Segment FE

= 1020 4+ 17100
B el Sali B

503 4 2850 = 13153#/1n.

E

ix'y]
=
-+
N
[ ]

pw = H(‘OO;“/in.

Yoo, = 000 - 1
1157

:
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. ey XB=36 e v v F48=36+106
form T » o et rd = MTIT TWMYT A PP A G w s e e
ii STRESS ANALYSTS OF XB=36 TEST NACELLF & THSTALLATION

UPPFR_FITTING AT STATION 23 (Cont.)
Segment CD Lop ® 54 in.

P, _==-PF, P

./ w "
cp 2 + T4 = - 3020 - 17300 ® ~550 + 280
Ico  Lgp .

P = 2300#/1in.
Yep

Py = B8000#/1n.

M,S. =8000 -~ 1% + 2,48
2300

Segment BC LBc = 14 1in,

P'BC =" P'2 - ?? =~ =2010

Tnc

Py = 2010#/1in.
BC

.4

Pw = 8000#/11’1.

M.S. = 8000 - 1 = + 2,98
2010
Segment AB and ED Iyp = Lpp * 6 in.

P, = 460 = 146 = 24A24/1in,
LA lrz;ig 1_359 #

P = P =~ 2442#/1n,
¥op  “AB

Pw [ 3 8000#/1)’1.

M.5. = 8000 - 1= 2,2

fa

- LU vy LA,
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STRESS ANALYSIS OF XB-36 TEST BA LE AND INSTALTATION

ANALYSIS OF ENGINE MOUNT SUPPORT BULKHEADS
The engine mount support bulkheads are of welded sgstructural

steel construction., Pages ¢5 and 75 show the essential dimensions

of the bulkheads,
The loads from the engine mount are distributed to the

spars and to the upper eand lowsr chord trusses by means of
the bulkheads.
The system has one degree'of redundancy, but since their

stiffnesses are approximately equal, the ovarhang moment is

assumed reacted half by the chord trusses and half by the spars,

-
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L
k3
3
g okl ;
. -~ — -




[P i i 25 e e SR DT P T ke v 0 by

wad B W’S
CONSOLIDATED VULTEE AIRCRAFT CORPORATION tan L&
L Fany wonry Drviean . Fosr Woarn Tras
; mpm,l_,,x,}_;?3,6 e AIRPLANE Rerort No _FZS“B_é“_J_-QG
3 STRESS ANALYSIS OF XB.36 TEST NACE ARD INSTALLATIO
= DETERMINATION OF REACTIONS FOR BULKHEAL

(For engine loads refer to Table IT , Page & .)
IMy w 46813(2.75) ¢ 11,799(7) ¢ 13337(7) & 40213(47.24)

= 128,800 ¢ 82600 + 93400 4 1,900,000
= 2,204,800

Moment balsnced in upper and lower trusses & 1,102,400 in.”
% Moment balsnced in spars - 1,102,400 in ¥
ﬁ 71By « 1,102,400

By = 15,530#}

Shear at front spar = 15,5304
2Py 5 0 Shear at rear spar = 15,530 « 13,337 ¢ 11,799
s 40,666#
Truss shear to balance moments = u 24,6004
W' ,
z !‘H a0
Horisontal Force at A = o 40213 ¢ 24600 ¢ 468131 = 312004 —=—

Datarmining interunal loads
Taking joint B as a free body

&
E\v e ' 5“"5‘—”

- 02
—aohtdbhllAL. .. .
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STRESS ANALYSIS OF XB-36 THST NACELLE AND INSTALLATION
DETERMINATION OF REAGTIONS FOR BULKHEAD #21 (Cont'd.)

EFy =0 o
(1) AB sin 2.4% 4 BO sin 46.9° < 15530 w O
E.FH x 0

(2) AB cos 2,49 . CB cos 46.9° w

0
AB = ga_sgg_gé&ﬂﬁ = .685 CB o
o8 2.4 N

Subatituting in equation (1) | :
,685 CB sin 2.4° 4 CB sin 46,9° a 15530 - §

(.02865 4 .73) CB = 15530 . s
S
SB = 20,9004 Tens. S

et

g L .685(20’500) z w m

Taking joint G.as & free body and solving for CD' and CA

D R

CE=D sincoZFH at E pust = O

SFy w0

(1) DC sin 6.2° 4 AC sin 49.4° . 20,500 sin 47.2° « O
IF, a0

(2) AC cos 49,4° 4 20,500 cos 47,2° < DC cos 6.2° 2 O

(2) AC = 9341‘%5- 13910 « 1.525 DC ~ 21,400
. 1

[ S .
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SIRESS ANALYSIS OF XB-36 THST NACELLE AND INSTALLATION
DETERMINATION OF RFACTIONS FOR BULKHEAD #23 (Cont'd.)

Substituting in (1)
.108 DC ¢ .759(1.525DC - 21400) = 15,050
0108 DC + lngB DC - 15050 + 16220

DC = %lf%g = 24,7204 Tension

AC = 1.525(24720)-21400 = 16,3004 Comp.

Shear to upper truss = fFH at D
LFy « 24,720 cos 6.2° 4 24600 - 40213 = BBB7#
Shear in upper truss = 8887#

Shear to lower truss = IFy at A

Fyy at A = 31,200 ~ 46813 4 AC cos 49.4° 4 AB cos 2,4°
31,200 -~ 46813 4 .651(16300) ¢ 14,030(H598)
~ 15,613 4 10,700 4 14000

Shear to lower truss s B8B887#

COREIDamTIR2L - 7

* S ‘

T
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SIRESS Al

Checking member DC for strength

Load DC = 24,7204 Tension

Section of DC - 4 x 1 5/8 x 1/4 open channel
4 = 1.82

fr = 24,720 = 13,580 #/sq. in.
) 1.82

Fp = 60,000 #/sq.1n.

4.8, = -1 - +3ad2

»580
Chacking member AC for strength
Load in AC : 16,3007 <€
Section - 4 x 1 5/8 x 1/4 channal
A + 1,82 I (least) = .38

<. P (least) = \/ta_ga » .4565 1.
/%g - %3%3 . 119

Fc = %2 = 21,000 $#/8q. in
8000

fc « % - 8,960
K.S. + 2000 -1 - .38

Checking msmber CB for strength
Load CB = 20,500 # Tension
Section 4 x 1 5/8 x 1/4 open channol

Ares ~ 1.82 gq. 1in.
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION

Fart WORTH DivisioR Fort Worti, TExas

MonsL_.xB-ss REPORT NO _?_ZE:-EM

e AIRPLANE

FT - 60,000 f/sq. in,

u.6, -M -1
)

Cheoking member AB for strength

Load AB = 14,030 # C, Ssction (typical)
Lg = 35.75 inches
S = 4568 /n.

%' % - 78.1

b ] ¥o = P‘i%ﬁ - 27,800
fo = My000 = 7720 #/a3. 1n.
NS, =BG -1 % 00 -1 - v2.6

.
g

H

Ry = 30200(46.25) + 9088(2) + 7670(2) + 36923(3)
« 1,400,000 + 18,186 + 15,340 + 110,800
. 1,“‘,326 in, "

Momsnt reacted by front spar = ].&%ﬁﬁ = 772,163" #

68.56 /y = 772,163 =

3 Momant reacted by force at F = 772,163 §
¢
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CONSOLIDATED VULTEE AIRCAAFT CORPORATION Pror T
K Fout WoaTH DivisioN . ’ Fom WORTH, TREAS
XB-36 ' ' w—;s..gs_ma

Mol o AIRFLANE . HiportT NT. 1255

orth

‘Porce at F = % - 18,280 ¢

Shear at front spar = J1,280 #¢
RFy = 0 o

stzsaretrear apar = 11,280 + 0093 + 7670 'M“
B!a'o S
ﬁém? ‘fovee at K --308?6-0'18280 + 86025 » 24,8154
Ee.i.t.in,g joint J as a tru body and solving for OJ & ) 1

-

(ﬁwmuvoumx - 11280 = O
"x‘o -
(2) K3 cos 1% - GJ cos 47.8° « 0

5 - Glgas 087

88 -
anbatimtm for EJ in equation (1)
o mcz.s" + GF cos 47.8° tan 1° = 11280
(,786 + .01182) GJ = 11280

PR RIS
B - 20000 sopAZ" * W0 F ©

- g ——. . 3

S " RS H a
ot e . st A 0 G 13
Stmmbn bt s e ofatemers T




CONSOLIDATED VULTEE AIRCRAFT CORPORATION Proe TE

FOAT WORTH DivisOn . FORT WORTH, TEXAR

Mor:n.....zkB ~36 AIRELANE

GH = O since EFy at H must equal O.
Efy = O

(1) FG sin 6.8° + KG sin 49.2° - OF sin 47.4°
BFy = O : o
(2) Ka cos 49,20 + GJ cos 47.4° « F0 cos 6.8° = 0

£G = FG o5 G.8° = o
¢cos -

Substituting for XC in equation (1)
PG sin 6.8° ¢ (W) sin 49.8° ©
15080 sin 47.4°

.1183FG « 1,149FG = 11,080 + 11,820 = 22,800

- g, MR

i - = -
- cGs -
=11780# C .
Shear td upper Truss = EFy at F
EFy at F = -30290 + 18280 ¢ 18070 cos 6.8° = 5950 #
»@ BY o e ——
Crousimbi - e e




"

~GONEERERTIAL
CONSCLIDATED VULTEE AIRCRAFT CORPORATION e

L R TR . Tl s we e Ty e

FZD-~36-106

Moter T AGREL A [ EEERRTE S

DETERIINATION OF REACTIONS FROM BIKHD. #24 (Cont.)

Shear to upper truss = 8950 #

Shear to lower truss = EFy at K

EF; at K = - 24813 + 36923 - 11780 cos 48° - 10220 cos

= -24,813 + 36,923 - 7,870 - 10,210 = 5570

Shear to lower truss = 59704

BID_PLATE BOLTS AND FIITINGS

1 31D >

Due to inertis loads (5 g.)
Inboard end of stub wing 4

Z Mﬂl - O

2420 (29.75) + 47,479 (51.6B8) - Ry(102) « 0O
102R,, = 72,000 + 2,45€,000

Ro = 2,02 “ 24,800 =
- ots

? FV - 0
420 + 24800 ~ 47479 + R} = O

Ry = 47470 - 7,000 = &)a.99 ¢
—
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION
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| A S

, - {
—~ <y Ed - - - e
- 4 - . :
q-i‘,( ISP S ob
‘f. HIE “{ |3 AR N i
' } st O NI N

ZHRI =0
47,079 (104,5) - Ro (102) - 4320 (42 1/2) = 0O

102R, = 4,930,000 - 183,800

Ry -m%gesz - 46,600 # 1
ZFv'o

4320 + 46500 - 47078 - Ry = 0

ﬁ-SO,BSO-47079*3751 $\
Due to Combined Air ¢ Inertia Loads

Inboard End

i i

4(/ "0
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XB-36 Fi5-36-100

e AIRPLANE ReponRt No |

Moopee .

MTNTING 8 ORT

T ‘!"'R'i_ =0 .
62500 (29.75) + 102(Rg) - 101,600 (51.688) = O
10232 - 5,250,%0 - 1’859,000

B = BaZgh,000 * 32,210 #

62500 + 101,600 = 33210 - Ry = O

Rl = 130,700 #
tboard End

* ¢3.20%

3 k' =; 64 i
Yoy o ot o ey

{{ ‘ ! Q AFT SUPPORTY
) w0 £S5 Fwp. y
i_ “Rl (Lbuppo (A8 qe%

-69300 (42.5) - 88200 (104.5) + B (108) » 0

Rp = 11,240,000 ~ Li5,000 #

LPy =0 R} = 88200 ¢ 59300 - 116,100 = 38,400 ¢

Inboard Emd
1. Bolts at rear spar = 48 - AN6-22i balts
Maximum shear = 101,500 #

’ a8v .

CHOCRL e oo
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L

STRESS ANALYSIS OF XB-#6 IRSI NACELLE & INSTIALLAIION

Allow. Shaar per bolt = 8280 4

Bhear per bolt = W = 2115 #
M,.S, = % )l e 4-2!91

Bolts at front apaer = 38 -~ AH6 -~ Z22A bHolts
Maximum Shear = 62,500 ¢

Allow shear per bolt = 8280 #

Shear per bolt = 53? = 1646 #

M.S. - ggg -1 = .04

Outhoard End
Bolts at rear spar: ANG-27A - 29 bolts
Maximun Shear = §8,200 #
Allow Shear per bolts 8280
Shear per bolt » W - 8.4!0*‘

M.S. -w-l -

Bolts at front spar ¢ ANG-274-20 bLolts
Maximum Shear: 59,300 #
Allowable Shear per bolt = 8280 §
Shear per bolt = §i§§m = 2966 §

M.S. -ggg =1« «¢1.79

dutad
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XB-36

¥ RS N A, e APLALY fort

STRESS ANALYSIS OF AB-3 JE & INSTALLATION

-

CHECKING SHEAR_IN BOLCS_TRANSFERRING LOAD FROM END PLATES
TO_FITTINGS o

Inboard End

Bolts at forward support
31.-ANB~31A Bolts

Maximum Shear = 130,790 #

Allowable Shear per bolt = 14,720 #

Shear per boli = ;ags{gg = 4215 #
M,S5, = -] = +2
e

Bolts at aft support

29-AN8-31A bolts |
Maximum Shear = 33,210

Allowable Shear per bolt = 14,720 #
Shear per bolt = g%4g;g - 1147 #

M.8, = i?%%g =l = E&Lﬁg

Qutboard End
Bolts at forward support
26 - AN8 Bolts
Maximum Shear = 32,400 #
Aliowable shear per bolt = 14,720 #

Shear per bolt = 32400 = 900 #

36
4.6, = 14,720 -1 =+ 3.3
a00

N A A e
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FZ5-36~106

XB“SG L e FEr

Arya
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TO FITTINGS
Bolts at alft support
27-AN8 bolts
Maximum Shear = 115,100 #
Allowable Shear per bolt = 14,720 #

Shear per bolt = 11§$1QQ w 4266 #
2

AN 5 3

U

b | o ;
; 1O Lig

4 ‘ 4 : ‘ i e
. 4
J
oo \,
’ : A
1
Checking shear tearout of lug
Allowable Load =.2'x1t]Fg)  (Ref, ANC-5)
x as shovn on sketch
t = thicknass of lug
2 Fo = ultimate che:r a  owable
4
v : ot s et
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Allowable load = 2 (1.6) (1) (.75 x 60,000) = 144,000 #

M.S. = 144,000 -1 = = 0.19
130,790
Checking tenslion at section A-A across bolt hole

Aliowashle Tensile Load, Pp = (2R-D) ¢ Fr (Ref, ANC-5)

Pp = (2 x 2-1) (1) (60,000) = 180,0004
:0-577

M,5, = %g&..% -1« ——= ,',:_\"'- 5
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L A A i . LIRSTERRNY

. XB36 FZ8-36-106

Ry iy N

STRESS ANALYSIS OF XB-36 THST NACELLE AND INSTALLATION

? ANALYSIS OF ATR LCAD 1 IB & DUIXKNEAD

For purposes of analysis, a section at Sta. 21 is taken
as a typical bulkhead,

Chord = 249,5"

Dist, midway between adjacent stations e« 38,5

Loading at L.E. = 2,263#/sq, 1in.

Loading at T.E. = .0526#/5q., in,

i
|-
3

Load per inch at L.E. w 2,26 x 38,5 = 87,2#/4n.

el

Load per inech a% T.E. = 0526 x 38.5 m 2.025#/4in

£ d

Rate of change = 2,% ; 2,025 » .3414/in./in.
49,

249.5 = 29.95" aft of L.E, | ‘5;

Rear spar = .43 x 249,5 = 107,3* aft of L.E, ’ i
g 87.2 - .341 x 29.95 = 76.98/1n,

Loading at Rear Spar = 87.2 - .341 x 107.3 = 50.5§#/in.

(o]

]

Front spar a ,12

b Pt - oa ol as cmne de  (Fon oo e
uui:ld.‘x.ug &0 rromny opar

n

Loading over nose section:

‘ T
PIZ‘."/‘}H.E ‘
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125-16-106
XB-,’,&__AHWLANE RErorT No Pés;_;é—lpb

Mooty D7

STRESS ANALYSIS OF XB-36 TEST NACELLE AND INSTALLATION

ANALYSIS OF ATE LOAD RIB & BULKHEAQ (Cont'd.)
Load w 87.2 ¢ 76.9 x 29,95 w 245%#
2

Ratic of loadings = 8%,2 = 1,034
76.9

C.G. = .505 x 29,95 = 14,93"
M = 2455 x 14.93 = 36,600"#

Couple = 316600 = 1020#
35.9

Loading over section aft of rear spar:
b

0.5 *h. | TTTre—— |

i

-~
|
i
|
i
-~

Load = 50,5 ¢ 2,025 x 142,2 = 3750#
2

Moment at rear spar = 2,025 (142.2 2 + 485425 42,2
3

2

z 20,450 ¢ 163,000 = 183,450"¢
~-Couple = 183,450 = 39804
46-3-;—

Interspar load = 26.9 + 90,9 x 77.35 = 4930#

The total loading is sumned up in Fig. 7, Page =

The interspar air load bulkheads have the same type of

i
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION pan 8

Fors Wolsig Giye e - Furs Wy Trxas

MODEL ,K,B:aé_,‘mmml\m Revonrr No FZS-BG-?‘Oé
ﬁjx
ANALYSIS OF ATR LOAD RIB & BULKHEAD (Cont'd.) —
construction a&s the onec supporting the engine mount. Inspection )
of the loading shows that the air loads are much less than |
thiose imposed by the engine. Therefore no further investigation —
is necessary.
Check of airload rib aft of bulkhead. s
M. = 183,450"#
The rib is mads from 1" Douglas Fir Plywood. i
Depth = 46.15
fb s 2 18 420 » 517%/sq. 1n,
PR 7 = aaln -1 a
z b * 37 2L

- - —a " . ) e
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FORT WuRIK Divicion

fi';Ol)hL.._wlvw.P:ié_‘AlRPl.ANE Rivort N, #9=3

j STRESS ANALYSTS OF -
ANALYSIS OF CHORD TRUSSES =

as the

The chord trusses are of the sans ecnstrncti’

hows that =
Front and Rear Spars. Inspection of the loadings
: on the
the shears and moment are less than those imposed
5 satisfactory
spars, Therefore tbe chord members are considere
with no further check. -
!:‘
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ABSTRACT: 2

Stress analysis is made of the engine stub wing of the XB-36 bomber. The report is subdivided into
analyses of the engine mount and of the wing structure. The mount is a welded Chrome-Moly tubular
space frame work which carries the loads from the engine and accessories to the main wing fittings.

The loads are then carried through welded steel fittings to twa wing bulkheads which distribute the load

to the wing structure. The basic wing structure consists essentially of a front and rear spar, and two
chord trusses separated by truss type bulkheads at each station point. The construction is of welded struc-
tural steel. The leading and trailing edge air loads are carried to the interspar bulkheads by means of
plywood ribs which support wooden longitudinal stringers. The entire wing is covered with plywood, which
in turn is covered with galvanized steel sheet to obtain smoothness of airflow.
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