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INTRODUCTION

bulkheads,

The structural analysis of the Model XV-5A fuselage frames,
The

fittings and miscellaneous components are presented in this report.
Model XV-5A is a U,S.Army V/STOL 1ift fan research aircraft.

A summary type load analysis 1s presented for each component, with the
primary intent of showing the structural configuration, final critical
loading and unubBual assumptions made. Structural adequacy of many of
the primary components has been demonstrated by proof tests.

Structural analysis on the fuselage forward and aft box structures is
given in Volume I of this report, and the analyses for the fuselage
center section and propulsion system mounts are presented in Volume II.



BULKHEAD FUSELAGE STATION 35
(Drawings 143F084 and 143F070)

The bulkhead at Fuselage Station 36 ties the two pitch fan support beams
together and distributea shear from the nose fairing into the box beams.
The pitch fan thrust diverter door forward pivot fitting is also mounted
on this bulkhead.
Nose Fairing Side Shear = 464# Condition L.G-3
Nose Fairing Vertical Shear = -1077# Condition F-6P

Load applied to forward pivot fitting by thrust diverter door = 750#
(Door @ 45° open position, load acting 20° inboard from vertical).



BULKHEAD FUSELAGE STATION 85_

(Drawings 143F087 and 143F071)
The bulkhead at Fuselage Station 85 supports the pitch fan thrust diverter
door aft pivot fitting, and the pivot for a bellcrank which is part of the

diverter door actuating mechanism. Ultimaie loads applied to the
pivots, for two critical door positions, are shown below.

A Door pivoT

B . Bé&recrPrAVK  Prvor

Cor’d. I — Doorr 45° ope~y
\/A‘=‘ 176 # VB 2—3227#
S4 = 504'#. S8 > —3ilo L
Cowdp. I — Dpoorr 81° orPer)
Vy = g8 ™ Vg = -3220%
5,9 = &3¢ # 53 = 123 -
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U AD FUSELAGE STATION 91
(Drawing 143 F005)

Bulkhead Fuselage Station 81 provides transition from the nose structure
to the cockpit region structure. Loads from the pitch fan box beams are
redistributed to the primary structure aft by bulkhead Fuselage Station 81.
Also, the bulkhead redistributes loads from the forward ends of the
wheel-well side beams to the fuselage primary structure. Other loads
are applied by the windshield centerline frame, pitch fan aft mount truss,
control system bracket and pitch fan diverter door mechanism brackets.

Loads for the critical condition; redistribution of wheel-well loads, are
shown below. Three-point spring-back condition is oritical.
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CANTED BULKHEAD FUSELAGE STATION 145.3
(Drawing 143 F0086)

The canted bulkhead redistributes side shear and torque from open
cockpit region to the closed box section aft. Shears from the aft ends
of the wheel-well beams are distributed tc the aft box section. The aft
end of the cockpit is closed by the canted bulkhead, which also supports
the seat mount rails. The upper portion of the buikhead incorporates
the canopy hinge support structure.

Loads for the critical condition; three-point spin-up condition, are
shown below.

|

l_, ﬁa c 2Sexr9?

3.6
L = 202 */u,

}

- S —— <
T P e P

F 1

O 11O
I

—g = 35¢ "

(Rvaw Rerorrtb. 62.5/127, £ 2/9)

- STk



'rn,~ i

BULKHEAD FUSELAGE STATION 165.2
(Drawing 143F078)

The web of bulkhead Fuselage Station 165. 2 supports the forward end
the main fuel cell, Vertioca! loads are applied to the bulkhead by the
aft ends of brackets, which back up the uppor portion of the North
Amerioan seat mount beams.

Critical loads are summarized:

Fuel Pressure: Crash landing condition.

Ult. Horizontel Load Factor = 8

Ult. p = (214 -3168.2) %;% x8=11psi

2850 s930% (Ree P, 48
i it
L -
f .
i IR
e St




=t ¢ M N BN, W EE

—4

vy

FRAME FUSELAGE STATION 177,2

(Drawing 143F079)

The frame at Fuselage Btation 177. 2 functions as a stiffening member
for the fuel cell Miner. The loading consists of internal pressure applied
by the fuel. Two critical conditions are considered; horizontal orash
landing and 6 g maneuver.

ERASH LAIDINIG -
6.5
Vere p=(214-177.2)F57 <% = 8,34 pst
FRrAMHE LOADED WroTH = 12 1».

w- = 8.24 < 12 = loo #’//u. UVNIFORM LnADING
68 MARNEVWER
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Wiaw * 6:15< 12 » §1 */ 0.

/

AT r:c..fx nr,...: ""\ |
e
o) |




FRAME FUSELAGE STATION 188.9

(Drawing 143F089)
The frume at Fuselage Station 188.9 acts as a stiffener for the main
fuel cell liner, and the lower cross beam forms the forward web of the
wing torsion carry-through box. The lower portion also supports a
fitting, which tranamits wing chordwise bending loads across the fuse-

lage. The critical conditions are horizontal crash landing and wing
support loads in wind tunnel.

CRASH LANDING .
b = (214-1889) $5-< ¢~ 5,65 bsi
W™= = 5145 = 12.36 = ¢9.7 #,0.
Wiy 7ovwse Svpporr
L. Loap @ wWinvg Spr Fré. (A’L 102,75 ) = 4s50o%

L r, LoAD P L&EaADidG E06E AryicH. /6. =

#6522 (Voo 25 ~25.25) #~
214 ~/79.4 IO HRE
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FRAME FUSELAGE STATION 201,09
(Drawing 143F081)

Frame Fuselage Station 201. 9§ stiffens the main fuel oell liner. The
frame is loaded by internal fuel pressure. Two critical conditions are
considered; horizontal crash landing and 8 g maneuver.

CRRSA LAIDIAG
Uere poe(2/6-2009) 555 <7 = 2.72 pst
w = 255 2,72 + 34.2 *, .
6,@ ManNnesvvers
615— [4
VeT. Puypgx = 28.4 < 237 %6 = 4.7 ps

W = 12.55 x4.8 = éo0.3 "/,
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BELAG = (0) 00

The bulkhead at Fuselage Station 214. 00 consists of the fuselage section
of the wing forward spar together with a full web framed and stiffened
by formed aluminum sections. The bulkhead serves to redistribute
fuselage torsion and fuselage and front spar shears between the space
frame and the forward fuselage structure; to support the forward engine
support frame ( Reference Volume II, * Section XIII) and as the
aft pressure bulkhead to the forward main fuel tank.

A sketch of the bulkhead with applied loads and reactions for two fuse-~
lage loading conditions {s shown. The loads applied to the bulkhead are
determined as follows:

1. Bpace frame forward reactions. These loads are taken from
Section IX of Volume II for the desired condition,
and are applied at the longeron-bulkhead intersections. Loads
include kick lcads developed by axial loading of the angled for-
ward longerons. .

2. Wing forward spar loads. These loads are derived from the dif-
ference in fuselage shears and bending moments between Station
214. 0" iorward and Station 214. 00 aft in '"Structural Design Loads",

Report Number 143, The loads have been transposed from
the fuselage reference axis to W. L. 100.00 for clarity of presen-
tation.

3. Forward engine support loads. These loads are taken from
Section VI and distributed to the bulkhead per Section XIII of
Volume II.

Reaction shear flows are provided by the forward fuselage torgque box
bounded by the longerons, and are calculated assuming uniform shear
flow to react torque and side load, and vertical load reacted by hori-
zontal and vertical webs respectively.



FUSELAGE BULKHEAD - STATION 214. 00

Loading Condition L-10 Rev,
Ultimate Loads
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FUSELAGE BULKHEAD - STATION 214, 00
Loading Condition Roll 4P Rev,

Ultimate Loads
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FUSELAGE BULKHEAD - STATION 214.00

Bulkhead Pressure Loading:

Maximum fuel pressure is exerted on the bulkhead during landing con-
dition L~-16, dynamic spring-back condition.

Ny = -2.73 Ult.
n, = 5.67 Ult.

p = .0281 psi/in./g

.0281 (49.00) (2.173) 3.76 psi uniform pressure

©
1

= .0281 (25.77) (5.67) 4.11 psi @ spar upper cap - W. L. 106. 23

T
S
\

Total maximum fuel pressure on the bulkhead web varies linearly from
3.76 psi at W. L. 132.00 to 7.87 psil at W. L. 108, 23.

13



FUSELAGE BULKHEAD - STATION 214, 00

Front Spar Attachment Fitting
Ref. Drawing No. 143F010

14




FUSELAGE BULKHEAD - STATION 214, 00

Front Spar Attachment Fitting
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RAME ELAGE ON 28
(Drawing 143F018)

The frame at Fuselage Station 287 redistributes loads from the center
section truss structure to the aft semi-monocoque structure. Becondary
loads are applied to the frame by tailpipe and aft fuel cell support fittings.
M. L. G. loads are applied to the frame through 143 F020 attachment
fittings, which also functions as an integral part of the frame.

A 25 Y u0,
.__A.. f'___._. x ——— —e

™~

e &
T

2025 %]

|

COMD., L1641 TAare  LOvss) r 1541 *'///J.
SPRIIMG ~BACK LG,

[ A SRS SE———— — —_—
——

27920 % 374920%
2
i }OOSQi’J W.L.45.7C
30020 % 1857 — ]

16



FRAME FUSELAGE STATION 287
Critical symmetrical condition is L-16 tail-down, spring-back landing.

Loads applied to the M. L. G. attachment fitting by the landing gear and
space truss are computed on Page 68 .

Total vertical load/side = 31850 + 18800 - 2 x 6415
= 379204 (applied @ B. L. 18.57)

28000 + 1280 + 1570 - 820
30030# (applied @ W. L. 95,86)

Total side load/side

Loads applied by upper longeron cluster are given in

Volume II,SectionXlThe longeron is normal to the plane of the frame,
and therefore does not apply any in-plane loads. The X brace applies
a side load.

Ultimate load (member 9-13) = 1.5 x 3432 = + 51484
Side component = 5148 x . 5883 = 3025#
Distance between longerons = 36

379820

36 - 1052 #/1in.

Reacting shear flow =

Curved panel above upper longeron is lcaded by shear flow resulting
from unloading upper external longeron and effective tensile skins.
Total load is determined from bending stresses at Fuselage Station
296.6 given on Page 115 of Volume 1I.

17



) E SELAGE STATION 28
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F E FUS GE (8)
(Drawings 143F021 and 143F022)

The frame at Fuselage itation 296. 5 disiributes the wing rear spar
shears and unsymmetrical B. M. (fuselage torsion) to the fuselage box.
Wing symmetrical bending moments are carried through the fuselage
by the frame lower member, which is a continuation of the wirg rear
spar. Loads for the critical symmetrical flight condition are shown

below (Ref. Wing Stress Analysis, Report No. 130 Page 134 ).
& see.
-u"""“'-\

?u.- To.L “/IN 0
4\ ‘q

'
i H

V 2, » 1702 "0,

35.7% ' t
*

(g\ ”“—"':It@ G " ¥

B

Cowd. 5-C , sy~ Freronr
B. M., = [ 5=99 < 54557 ~ §l6111 “F

SHerr = 1,5 <99« 563 = 5301 *

19




FRAMF FUSELAGE STATION 286,65

Rear Spar Attachment Fitting (143F022)
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FRAME FUSELAGE STATION 296, 5

ea r Attachment Fittin 43 F022

Lug is analyzed by Melcon-Hoblit method from Product Engineering,
June 1963, Page 160,
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BULKHEAD FUSELAGE STATION 3186. 5
(Drawing 143 F025)

The bulkhead at Fuselage Station 316. 5 transfers the vertical component
of the drag strut load to the fuselage box. The drag strut load is applied
to the bulkhead-through-attachment-fitting 143F118, which is an integral
part of the bulkhead. The lower cap of the bulkhead is also loaded axially
by shear flow in the lower shear web (143F057), resulting from transfer
of the drag strut horizontal component to the longerons. The critical
load occurring during tail down, spring-back landing is shown below.

It 18 conservatively assumed that the shear is reacted only by the fuse-
lage skin between the upper and lower longerons. (Ref. fitting analysis,
page 76 , for loads.)
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BULKHEAD FUSELAGE STATION 341
(Drawing 143F029)

The bulkhead at Fuselage Station 341 supports the aft end of M. L. G.
drag strut support structure. Loads applied to the lower member are
beamed to the fuselage side skins. The lower cap is also loaded axially
by shear flow in the lower shear web, resulting from transfer of the
drag strut horizontal component to the longerons. Critical loads for
tail down, spring-back condition are shown below. (Ref. Page 78 .)
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FRAME SELAGE ON 366
(Drawing 143F033)

The frame at Fuselage Station 366 redistributes side shear and torque
from the full fuselage section aft to the forward section, where the lower
skin is replaced with the lower shear web to provide space for the M. L. G.
Net frame loading is found by subtracting shear flows on the forward
section from those aft. The critical condition is 1.G~-4 Volume I,

Pages 147 and 160).
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CANTED FRAME FUSELAGE STATION 389.7
(Drawing 143F038)

The lower fuselage skin aft of the canted frame is eliminated by the tail-
pipe exit nozzle, and is replaced functionally by a shear web above the
tailpipes. The canted frame at Fuselage Station 388, 7 redistributes
lateral shear and torque between the fore and aft sections. Jacking and
hoisting loads are also distributed to the fuselage by this frame. Re-
distribution shear flows for the critical condition, L.G-4, are shown
below. Critical load applied by jacking fitting results from supporting
the airplane in the wind tunnel (4500# down and 15004 aft).

4.5 %m0,

15.3 d/ly.A

soso * ( WIND TUMMEL SPT. LOAD
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VERTICAL STABILIZER ATTACHMENT

The vertical stabllizer is attached to the fuselage by means of three

frames which are integral portions of the three spars. The MI_Q dis-

tribution of bending moment to the three spars at the root station ie
altered to allow for possible inaccuracics resulting from the sweep
effect. A conservative overlap distribution is assumed. Spar bending
moments are computed below from bending stresses computed in Ryan
Report No. 132 " EMPENNAGE STRESS ANALYSIS "

Page 101. Condition LG-4

-i8 critical. Total shear ia distributod in proportion to the spar bending

moments.
B. M. % Total
Front Spar - 13.1 x .175 x 235630 = 53800 22,6
Center Spar - 14 x :462 x 25147 = 162800 68.1
Rear Spar - 7.6 x.216 x 13651 = _22400 9.4
239000

Assume Following Distribution:

B.M.* Shear*
Front Spar 256% 86000''# 1326#
Center Spar 76% 188000 39764
Rear Spar 20% 62800 1080+

*Root B. M. = 264000''#
Root Shear 5300#

Spar Axial Loads

Maximum horizontal stahilizer shear of -10653# (Ref. '"Empennage
Btress Analysis'', Report No. 132, Page 6) is distributed to
spars as follows, (critical condition is F-12):

Front Spar 1300#

Center Spar -6360+#

Rear Spar -5000#
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VERTICAL STABILIZER FRONT SPAR FRAME

(Drawing 143T005)

Frame distributes vertical stabilizer loads to fuselage. Two critical

loading conditions are shown below.
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VERTICAL STABILIZER CENTER SPAR BULKHEAD
(Drawing 143T007)

This bulkhead distributes vertical stabilizer loads to the fuselage.
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VERTICAL STABILIZER REAR SPAR FRAME
(Drawing 143T008)

‘The rear spar frame distributes vertical stabilizer loads to the fuselage.
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PITCH FAN MOUNTS

The pitch fan is mounted at 3 points; two at the nose side beama and one
at the aft tripod which is supported by bulkhead Fuselage Station 91.
The left hand side mount reacts only the vertical load and the right side
reacts both vertical and longitudinal loads. Loads in all three direc-
tions are reacted at the aft mount.

Reacting loads for unit values of applied lift, linear and rotational
inertia, and angular velocity are given in the load report. Net reac-
tionse are obtained by multiplying unit load values by inertia and velocity
factors specifled in the design criteria, Report No. 122, and
combining these loads to obtain critical conditions.
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PITCH FAN MOUNT LOADS

Basic Data (Ref. G.E. X376 Pitch Fan Specification #113, March 1, 1882)

Weight and C, G,

W =

10 @ Fuselage Station 61.27, B.L. 0 and W. L. 100.15

Moments of Inertia

L =

[ ]
[ ] f

Fan

2.646 Slugs -FT2
2.530 Slugs -FT2
5.175 Slugs ~-FT2

1.293 Slugs ~FT2 (Polar)

eed

4684 RPM (Meximum short-time overspeed limit)

4481 RPM (Maximum continuous speed limit)

Fan

T
T

Lift

1910# (MIL. Power, S.L., 30 kts) (hovering)

2200# (MIL. Power, S.L., 125 kts) (transition)

Critical Conditions

(Ref. Report No. 122,
defining parameters.)

Emergency Landing

N, = -8.0 Ult.

32
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PITCH FAN MOUNT LOADS

CRITIERL L OtDI /OIS

Hove 1406 - diMr T VAlues

Fan crer = /20 * /72 = © 7O IS

Wi w522 Ra>fsEc. sy = LLO5 EPAYsec*
Wy = L oo RrRAo/ssc. Wy = 2 /o0 LASf5EC*
wa ~ X [3/ rav/sec. wy = L 105 oA fsEc

TRAA Y, 7/104) = Liror7 VALvEs

Faw) Licr = 2200%" 7y = Z.,/6 772 /3 70 2.0

e = L /(3P Rad/s&c e = L 263 pLad fsec™
o y T - .6/0 Rap/s£c Aﬁ, 2 +3.00 Rap/sec™
Wz = L 13/ gas/fssc eog * L1105 papfsEe™

AGCULNRL VECOLITIGS ArID ACCGLERAT ros)S

ROBOU7T 9 Cortrror) Quo/s AEXF LPAPIEED 44D

COAM B/, ED Wyt LIF7 LD L/ A/ERE AHALCELFLAH -
TIOLS WAER) CRITICAL TO DERLIVE LOAD COrIDI TS,
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CANOPY SUPPORT LOADS

V' WL 2.0
N Fs 154,
D -
Da
Wi g5,
Fs ’3: 5{3‘5 (]
P
Puv
Canopy pressures are obtained from Report No. 123, Page 45.
Pad loads 6 through 19 are assumed to be applied symmetrically.
3s



CANOPY SUPP LOADS
ULTIMATE LOADS

/:S: Loao | V4 L P | we ¥ At | aM, | aM,
(A 7501 5¢2 | 45 | 123 | 138 | 3c. 0 ]| €% |20309] cio
7 700 | 5.8 ©O 130° S 29,1 152950

4 550 | 412} © 134 = 0 ° 9270
9 | 400 | 300 O 1so| - .1~ 27130

10 790’ Mo -1 191 1) | 141 3t.0] lhx J28200] 1NO
’/ 740l 742 | (4 124 | 192 | 3o 2 212w o
/72 s00 | Vo o 137 * .\ 11059

/3 300}] 3925 o 13y - N 33%

14 230| Lso] o Ise’| - 2.0 710

/s | 792 192 | 1718 jzt |14 32.4 | WL | 3ot10a] 20
/é 72504 750} -65-| 127 ] 14T | 3.y , T |240m0] 10
/7 | 450| 950} 0O 13¢7] - 23, lo3vo

/72 Jso.| 3s0 e ILI 8 I1&.t 4430

/9 | 230 236| o 185 | - 4.1 950

5 ¢179 | <93 |ﬂ15'°~7 lore

THM & ZMr ARE  TOTAL MomerdT ABOUT PiVOT
OUs 1o AIRcCOAD .

Poy = P, cos 32.8° ~ .3¢3 P,

Poo * PL ssmd2zs" ~ . S3u P

Poy (1561 2723.50) + Puo C1en15017.15) = 128904 1010
P~ 4260 *
PL,= Stoa ® vt /sipe

PL..) -« 2?2%0 L
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CANOPY SUPPORT LOADS

ToTAL PiveT LoAdS ©

SIDES

\/A e 2 (o950 -Scaa) = L&56O * BOTH
Dy = 2(22%0 - 560 )~ 338’0#

CRASH LANDING CoslD.

Uer, LoAD  [PAcworRr = 40
WTI = 50#.
Uer Load * dox5o = 2000 #

317




CANOPY SUPPORT LOADS

Distribution to Hinge Fittings

~— CANTED BLKHD

sear pac ¢
Assume Following Distribution (Conservative Overlap)
. 50 Center .375 Ends
V = 6560 cos 25.5° + 3380 sin 28.5° = 7380#

D = 6560 sin 25.5° -3380 cos 25.5° = 530#

Center Ends
Ve = 7380 x .5 = 36904 Vg = 17380 x .375 = 2770#
Dc = 530 x .5 = 265# DE=530)(.375=200#
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CANOPY SUPPORT LOADS

Latch Loads

4260 ™
Y

T, Loap (P,_ FromFE._3& )

- (3 CHANWNEL

o

~ g --_ i -- /_03 b — 00

@ 3000™ \ —

W e

TPy

K 00—

(ovez DcSap ce’un-g)

HSO#'

Ve

FS 12244 Fs 1332.5

2M1=0

4260 x 4.28 = 5.7 Pg
Pp = 32104

Loads applied to -63 @ points 1 and 2 by graphics shown above as
applied to -63 channel.
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CANOPY SUPPORT LOADS

Latch Support

Frame Loads

£s 733,57
9 — F T~
£Si2t.S
T——— ——— |=F— D
* A/
1.5 -1r*v
l 2SooH 2
b B Bocoo # R o
Y #.
1150
Vi

D = -3000 + 800 = -2200# (Reacted aft only)

11.01 V; = 1150 x 1G.06 + 3000 x 2.5 + 2500 x .8
vV, = 1920#
V, = 2500 + 1150 - 1820 = 17304
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SEAT SUPPORT STRUCTURE

(Drawing 143 F006)

The pilot and passenger seats are supported by rails attached to the
canted bulkhead at Fuselage Station 145.3. There are provisiona for
mounting two different types of ejection seats. The structure was first
designed to support the North American Aviation, Inc. lightweight seat,
and then modified to also accommodate the Douglas Aircraft Co.,
Escapac I-C seat. Since the seats are interchangeable, loads for both
arrangements are given.

Seat ejection and crash landing are the critical conditions.

The NAA secat is attached to the support rail at four fittings. Since the
attachment reactions are redundant, a simplifying assumption is used

that only two of the supports are active. Loads are then computed for

all combinations of two reactions.

The Douglas escape seat is supported by two tracks through a set of
three rollers. It is assumed that the normal reactions on the lower

pair of rollers are equal.
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SEAT SUPPORT STRUCTURE
(NAA Seat)

Yer. LoAds

SET EJECTION 2 °g

CRASH L ArDrIG

ST SUPPILTEL Ly 4 FTES . (Pr.f.

Y7 SvPPoRTED @ ool /5( Wl R
Begcas 7 (4/ G, c:)

wWr = 3349 #e

L 2,3 £4)
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SEAT SUPPORT STRUCTURE
(NAA Seat)

Calculation of Rail Bending Moments

Conn. [ — EJecTros)
CR7APAcC T THERUSr LEACTED LY SPr.d oy

oot Aadcep HMortersT o Sear = /S T
7= 30« 331.7 = 9990 ¥ Use (=T X- X *
M = /5 <0000 = HS5000 "
CASE A — Assurté + recacreEp £ SPrs. 1§ oz
Coupee = ’7’%0‘—,_?-2-- 92¢0*
eacrions = —;%%o-fz 370"

Max B.M. = 3390 =il = 37200"*

CASe DB — A reac7eo By SPTS. /-3 3320

[/ 85020
Covpee = 34.9¢ = 4-6!0"'L 4612
Max B.rf, ~ 33%0 x/0.6 = 35800 " :
f
4¢10 /
3I3%0



SEAT SUPPORT STRUCTURE

(NAA Seat)
Rail Bending
CAseE C - M PReacTep RBY SPTs. I-4
Covree = 153204, 44 = 34450 F

Reacrionds = //5000/43’. 5¢ > 2¢40*

dor crerricAac

CAhse D - MM PBeAcrer opp Sez 2 -3 d200
_ [t/So0o -~ 2
CovPLe *= /12.s = 9200 s
RGAcTions = ”5_90‘7/34.04.:- 33?3#
92oo-y
MAax B M. =~ 380 < 23.04 = 79090 " ¥
3370

Case & - M Peacreno nBr Sers 2-4
rMor Crrrcac
CAase F - M ReACTED BY SpPrs 3-4
Covpee = 7/5929/9 = 14380 *

PRI  suppolreDd BY UPPEL BfxelT — o Sewdinls

SVMMARY &

Max. Fra. Loao = /2370
"

s

MAx. PEdcriond = T30

Max. Lrax B M. = 72000
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SEAT SUPPORT STRUCTURE i
(NAA Seat)

Loads and Rail B.M. for Crash Landing

P =t 40 < 23/.7 = I32580 ¥

Assume  sear supporTED By | £

—_— . 13250 s, 13° = 2910™
x"‘*qsso 13252 cos /3° = |2900%™
12402 JEE e
v P« 12902<i124 4 Z990<13¢y '4_,;007‘~
12.44 .44 -
24%0 9 P' e« 24500 - 143400 = - 2Zax a‘
2032
R, = Jt9923 < 242a | 25721303 _ e
v 3¢.04 V=S5 = 1530
) Re = 12405-95%0 = 3370 ™
T~ 3370"* o

ax, B.M. = G530 < Il ~ 04T 00

ConsSI1DeER FAK ALSo SvPPoRTEL By LoAcKET
2 Mg (Gel)= %’-ﬂ' (¢4 e A (2.4
U L,

TN L 3
2 My (39.04 +45 )=~ ’—°’;—:'—':‘—" (34.04"-104")

+ 189222229% (s4.04% -2307)

§7.08 ts =-65105> +63a0 039
Ma =~ ¢5400 **

D )
RL. s 6—3‘?—: = éﬂoo"“

1990211 =20005<23.44 —-3Q.04R,, = 65%00
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SE PPOR UCTURE
(NAA Seat)

Seat Support - Crash Landing

Rg = /94920 #4900 - 2000 -/520 = [/P280 ¥
Hax B.rM, = 6700 <2o.5 -1£280 x 1l = - 5§00 «#
Ver7ricae (loap Facror
Pg v 30« 337 « /oooo*
100239 pr(3® = z_zsot \‘215‘0
J0330 Co I3 = 9740 /7740
2~ 2250~ 1.2 % G2¢0 x /363 +*
P T.+a i raa— > PesS
P, = %éds t 2250 z-10095 "
= 2250 21,99 4+ 9790 <363 2qa23 %
R 34.04 34.0% 2 SRSy
R, = 2429 + 210 a-4677 #
2427
5e4s
Max B.HM.* 4¢78 < /0.6 = 49400"*
/0995
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SEAT SUPPORT STRUCTURE

(NAA Seat)
Sipe LoAado = /5 < 33/.7 = 4—6(,0#
Terode =~ 4960 (/A5 + 2./25) = 727007

Assorre &@EuAL PEACTOMS Ar Fr7T7/AGS
/2 £ 3

Swoe  Lowo /Fre. = 4960/3 = Jie0 *

//#
TozQue /Fré = ‘7705’/? = 22¢o00
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SEAT SUPPORT STRUCTURE
(NAA Seat)

Upper Support Bracket Loads
Horizontal Crash Landing Condition

cq00%

7.3¢
R, 6900 < 357 =
B, = lo00*
rz:_ ~ 7400 *
Rq = (9202 % "

Rs v J620*

AET  loas Acowva Ffeooe = [9F00 - 7400 v j23oo ™

BLACKGET ALOADS MAiomws Floa€ 7o LRAME £S5 /77,2

12400 * . j2400 "
L8110

—]*—O-‘-"‘—'— —l_—- F, S. ,77r’L
3) | ! ‘ |
§ | ‘ J 26.%2
2l Ly [
N] I N

I
Ll‘——lt'L*':-;'.—;v ‘)i-‘-’/—«! { FS. 150, 3%

12400 * (2000 *

2 = /2900(2¢5: = #é2 “L

P

LATERAL ST/PEEIER Loap = 462 /3,75 = G810 &
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DOUGLAS I-C SEAT SUPPORT

T = ey B ew B
Y v
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DOVGLAS I-C 8EAT SUPPORT

WEIGHTS JNSTALLED EVECTALCE
SEAT Oy ”* So
RockeT (Avadcd Tuse 6.25 o
Roecx&r 21.75% 2175
PARAcC HUTE 25. 0 25 00
SEAT LAl 5.0 g o
SeAT Aps. AcT. 4.5 )
CrutPE RAICS T.0 )

123, s |l04.75
CREWAA W 201, 0 {Dlio
ClLorMialGg I 2 {2
Torso SuiT 2.5 3.5

EJECTION) THRJIST = 4Gp00</,6 = 7250 OLCT
Crasrrine FEAx)

CRPASH CandDiT1onls = ler,

rng = f20 Cermiredp oy Emcecy Aé’f.y,el.:'z’:)
DESIGA) CRITER/IA SFicrFeEs 30

/5

J

~
f
(n 3

SEAT CADTED /3 °

Ker. Dovce As SPEC 7777126 ¢ LoD ALACTsis
RE~DORT ror orME & PAT A



DOUGLAS I-C SEAT SUPPORT

= = == == = s
r

Copp, /' —  F9 g

/V(D'Z /=2,

C LA H

Fro =

Hommke Corip, =

4O x 339, 5 = /F550 F

PEE0 cos/FC = (3200 T

[PRIRPALEEL = /Z570 So /3% = 3050 F
E, = [F550 < /6,75 _ FO52 < ,5/2 _ S S0 #*

26. 5

2, = /3550 < 1,656

26, 5

+ 30.5-0)(._}7/'2. :4534_;':
el 5

Ve . Creqok

.
-
3
X
3
S
r\
Q
RS
R
1]

FRZActe e "

]

2, = 770 <2723 _
245

T, = 6790x</5.45
- 26,5

6790 #

6790 s/ /3° < /EZY’%

670 <cos /3¢ = 6(590’7"*’

el 5

Léoo ~ , & 3755 Z
26 =
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DOUGLAS I-C SEAT SUPPORT

(A

= EJECTIo)

. = L _
/J,_I)—O ™ 7"1""4":’ yu f

225 2T
— ' > (7 g ny
p7o= 735C Sap s = 107
- _ 7250 X753 50 ey =
B TS S = 7 - e T Jo5557
/

) d B D& A

/=y = /5 < 336,45 = Spp0 7

Covrte = SO0 < /7 el = L£F622 77
JENRIE S /7 " 9T

Lok frvie = 6960207 = dros T

Lok pn .  nd comz ;g = PP =g 70

x4

7 C o, . & PO I Py A C OIS PAZED
7aRD, C 2D /
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DOUGLAS I-C SEAT SUPPORT

)0 2)2 7 Al Loancs

CoOrD

/

7.
f
= ; il MA X K-H- e
L 4°5.° PO x7 a f/foo e
Ru= 72 (42504325 + 22677+ /525 </9)
P, = 5720 %
/ —
Re = g55.(2207x205 -/1525449)
Ry = 17722 %
5770 cos 21502 @760 20 Sear 2/ e’ = JF107
/772 cosi?°5 " < 165257 1272 srous7s5c’ ~ s35 #
s = /657 F5¢5 /5262 dz0 ™
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DOUGLAS I-C SEAT SUPPORT

-, - - (=5 . o .
S22 T e .. / r'O/iw‘_.’

Lol 3 - Evd o]

Couvrcet. = JesSoo - -é_ < G = F720 " #

/?L/ 2 4729&/?/‘4 - /50; #

= §7792/55 25 gz F

Codl, 2 - vererT, CEBASH

/
(22584505 + 2422 1)

p
e T z2z2.25 >

= 1740 ¥
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AFT MAIN FUEL TANK

The aft main fuel tank i8 a separate structure supported by the fuselage
as shown by the following sketch:

FS 287 E529C. %

- 2.0

B, £ £, | 7ews/08) STRAL o7 ATIACHED TO TRNL
s /&‘ By | TERSION STEAL Ko7 ATITACHED TO TSN
Ls L TENSIon) STeAr ATTACHED T THANK

Rz E Rg . RBUMPER REAC770s)S, COMPRESSION OIS

WEIGHT oF 74wk £ cowrewrs = 9200%
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AFT MAIN FUEL TANK

Four critical conditions are considered: maximum = longitudinal load
factor and max{imum # vertical load factor. Reacting loads are shown
for these conditions on the following pages.

Cond. A - FFRwrrRo LoAo
e = —F.O0 EMERGENLY LAIDI/ILIG

2, Ry, P , 5 ;‘ £y ARE Acr/ive

Corts, 3 - Do LoAO
772 = &.O POSsr7rir& ArModeEvvee

e , Ls , K¢ {‘ Ly ArPE Acrrive

Cowd. € - PUr LoAd

72 = ~3.0 ANEGCATIVE IMAdEwrEaR

£, , L , 5 ;25 ARE A TIVE

Coop LD — ArFrr LoRAD

P76 = /5 EMERGETINC) LAMND/IG

£, , &5, B3 /é’ By ArE Ac7rve

R, CTIOr) OF STERARPS MO7T Ar7ACAlED 7o

TA A 1< /S NEGGLECTED ,
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AFT MAIN FUFL TANK
corb A — Lo, LoAD

ConD B ~ Do Lord

== ’&
5400 %
ez #
/oo W
5439 ¥
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AFT MAIN FUEL TANK
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2018 *
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DORSAL FUEL TANK
(Drawing 143F085)

The dorsal tank is an integral part of the upper fuselage acceas door.
Door loads are shown below for emergency landing condition.

Weight of door, tank and fuel = 875#
Maximum forward load = 8 x 875 = 7000# (Ult)

‘
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Vlisso”
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B | TS
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,l’ ~NL I3
i
5
Max, pecssore (ar rwo. &wo) = 7‘.:%-"—7 x 44 x% = [/ psi(er)
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THRUST SPOILER
(Drawing 143P069)

The thrust spoilers consist of a pair of doors located aft of the tailpipe
nozzles and supported by the fairing structure below the fuselage box
structure. The tailpipe exhaust impinges on the doors when they are
extended. The doors are operated by a single hydraulic actuator lo-
oated on the airplane centerline. The actuator drives a rod which is
oconnected to the door links. Longitudinal movement of rod and door
links joint causes the doors to pivot about the door hinges located at the
forward end. The rod/door links joint motion is guided by a track. An
idler link at the actuator/rod joint reacts vertical loade so that the guide
track is not loaded.

The spoilers are designed for operation under the following condition:

100 kts., hot day, 2500 ft., 82004 G.W. full flaps, 98.6% RPM

Ultimate load per spoiler = 1553#
Load is normal to the deflected plane and c.p. is at the center of area.
Unsymmetrical loading due to differential engine RPM of + 0. 5% is + 404

Design temperature = 1200°F,
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THRUST SPOILER
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LPPER LONGERON SPLICE FITTING FUSELAGE STATION 214
(Drawings 143F121 and 143F122)
The upper longeron at Fuselage Station 214 is spliced to the space

frame longeron pad by two bathtub type fittings. The longeroa load is
determined in Volume II. ‘. The maximum load occurs in

lateral gust condition LG-38.

Ultimate load = 19197# (Ref. Volume IV, Section XI)

Additional aide and vertival loads in the plane of the bulkhead are re-

acted by Fuselage Station 214 bulkhead. The distribution of load to the

four tension bolts is based on the following assumptions:

1. The load 18 equally distributed to the upper and lower fittings,

2. The distribution to the inbcard and outboard bolts is midway be-
tween an equal distribution, and one which beams the loads from
the longeron centarline (no lateral bending of longitude).

Load per fitting = 19197/2 = 95894

Outboard Bolt Inboard Bolt
Equal distribution 48004 4800#
Beamed distribution 86510 1089
. 2| 13310 2| 5889
Assumed distribution 66554 20464

a4
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UPPER LONGERON SPLICE FITTING-FUSELAGE STATION 287

Critical Load = 39000# (Ref. Report No. 63B131, Section XI)

L-16 is critical condition
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MAIN LANDING GEAR SUPPORT FITTING STATION 287
(Drawing 143 F020)

The main landing gear vee-brace/main strut pivot joint is attached to
the fuselage by the fitting at Station 287. This fitting also splices the
space truss lower cluster to the aft lower longeron and bulkhead at
Fuselage Station 287. Loads applied by the main landing gear are ob-
tained from H.W. Loud Machine Works, Inc., final stress analysis
report for the main landing gear. The loads applied by the space truss
members are obtained from Volume II, , Section XI. Ver-
tical loads are reacted by bulkhead 287 side member and the unbalanced
moment i8 reacted by a couple in the z-y plane. Longitudinal loads are
reacted by the aft longeron and two stiffeners on the lower shear web.
The distribution to these three members is based on estiiates of the
relative stiffnesses determined in the preliminary analysis. Unbalanced
moment in the x~y plane i8s reacted by a couple in bulkhead 287 and 298. 5
lower flanges. The unbalanced moment in the x-z plane is reacted by
kick loads, K; and K3. An overlap assumption of 76% of My taken each
by K; and K, is used.

Tail-down, spring-back landing (landing condition 6 or fuselage loading
condition L-16) is the critical condition.

*Loads Applied to Pivot Lugs

Lateral load = 1.5 (~18677) = -28000# (acting inboard)

Loud Machine Works loads are in the vee-brace/main strut plane,
which is 10.5° from vertical.

*Ref. Loud Machine Works Report No. 1510L00, Page 166,
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MAIN LANDING GEAR SUPPORT FITTING-BTATJON 287
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MAIN LANDING GEAR SUPPORT FITTING-STATION 287
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MAIN LANDING GEAR SUPPORT FITTING-STATION 287

COMPUTATION OF LeERET/OMS
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MAIN LANDING GEAR DRAG STRUT SUPPORT STRUCTURE
(Drawings 143F118 and 143 F085)

The aft end of the drag strut vee-brace is supported by 143F118 {itting,
which is attached to bulkhead at Fuselage Station 317.2, and the 143F130
backup structure. Vertical loads are reacted by bulkheads at Fuselage
Station 317.2 and Fuselage Station 341, and the longitudinal load is re-
acted by the lower shear web.

The critical condition is a two-wheel, tail-down, spring-back landing.
Loads applied to the support fitting by the drag brace are computed on
Page 74 .
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MAIN LANDING GEAR DRAG STRUT ATTACHMENT FITTING
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MAIN LANDING GEAR DRAG STRUT A:ITACHMENT FITTING
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MAIN LANDING GEAR DRAG STRUT ATTACHMENT FITTING
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LANDING G DRAG STRUT ATTACHMENT F ING
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MAIN LANDING GEAR DRAG STRUT ATTACHMENT FITTING
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DING G ODE CHANG CTUATOR SUPPO;
(Drawing 143F129)

The lower end of the mode change actuator is attached to fitting 143 F129,
which is supported by the keel and fitting 143F0685. In addition to chang-
ing the wheel position, the actuator acts as a fixed compression link in
gear aft landing conditions. The actuator reacts compression loads {n
the drag brace when the attaching slider is in the up position. The ori-
tioal condition is No. 27 - 8200# G.W., gear aft, two point level spring-
back. The actuator load is found by equating the vertical component to
the vertical component of the drag brace loads.

Limit Drag Brace Load = 98462¢#
Z Comp. Drag Brace Load = 73254

(Ref. : . Report No. 131, "LANDING GEAR CRITERIA, GROUND

LOADS AND REACTIONS "', Page 131.)
R TR .

2 x 7326

Ultimate Aotuator Load = cos 18. 6°

" x 1.6 = 23100# (Comp.)

The actuator has been designed for an ultimate compressive load of
27000# (Ref. Drawing SCD-1.00068). Therefore, the backup structure is
also designed for this conservative load.



}‘ GEAR POSITIONING ACTUATOR SUPPORT STRUCTURE
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FLAP INBOARD HINGE FITTING

(Drawing 143F180)
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JACK PAD FITTING
(Drawing 143F061)

The jack pad fitting is attached to the canted frame @ Fuselage Station
389.7. Critical loads are applied by the airplane wind tunnel supports,

and during hoisting.
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L ACTUATO PPORT
(Drawing 143F166)

Ultimate Actuator Load = 50004 (capacity)
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TAILPIPE AFT SUPPORT
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PAR. TE ATTACHMENT STRUCTURE

Tue parachute attachment structure and storage canister is designed to
accommodate two types of parachutes: a 6' diameter, 12 gore, ribless
guide surface parachute used for deceleration from high speed or spin
recovery, and a 12.75' nominal diameter ring slot parachute used for
deceleration during landing of the 12F00# G. W, configuration or spin
recovery in a reefed condition* (Ref. 1 rawing S8CD-Q-0002). The maxi-
mum load is applied by the smaller parachute during high speed deploy-
ment. Loads ocourring during spin recovery are also considered, be-
cause the load can be applied at large angles relative to the airplane
longitudinal axis.

1 Degeleration Co on
Ultimate Load = 250004 (g = 850 psf)
ego 0 on:
Ultimate Load = 3220# (g = 110 psf)

Load is appiied 30° in vertical plane or 21° in horizontal plane.

*Equivalent drayg area = 43.2 8q. ft. in reefed condition.
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PARA E ATTACHMENT STRUCTURE

Loads Applied to Tail Cone (Drawing 143 F064)

The parachute is attached to the fuselage by a fitting located forward of
the tail cone. However, loads are applied to the tail cone by the riser
when the angle of the parachute load line is sufficient to cause the riser
to bear against the tail cone aft frame. Critical loads applied during
spin recovery and reactions at the tail cone splice are shown below.

Riser 30° up in Vertical Plane
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P. TE ATTACHMENT STRUC E

Parachute Attachment Fitting (Drawing 143F156)
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PARACHUTE ATTACHMENT STRUCTURE
Fitting Support Beam (Drawing 143F134)
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PARACHUTE ATTACHMENT STRUCTURE |
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The parachute riser is secured to the attachment fitting (143F156) by
143Q003-1 hook which is lock-wired in the UP position after installing
the parachute, Initial movement of chute control lever by the pilot
rotates 143Q004-1 link to an intermediate position, which locks the hook
in the UP position, and also releases the canister cover allowing the
chute to be ejected. Additional movement of the control level rotates
the link to the full over position, which allows the chute load to break
the hook lock-wire, The hook then rotates down and the chute i8 re-
leased. Loads are shown below for the intermediate position where the
link locks the hook. Free-body load diagrams follow.
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PARACHUTE ATTACHMENT STRUCTURE

Release Mechanism
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PARACHUTE ATTACHMENT STRUCTURE
Release Mechanism

143Q004-1 Link




