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DESCRIPTION

Introduction

The investigation involves, briefly, the mounting of a wing
of MSO sweep~back in a dorsal position on the fuselage of
'Tancaster' PoA.L47L such that wing incidence will be variable
in flight over a 20  range, il.e. * 100, :

. A 'partial chord' technique for swept wings has been
established by the College using a similar wing mounting
configuration on an Avro 'Anson' Aircraft and this technique has
been applied to the current investigation.

Wing Dimensions

The equivalent wing chord is 130" but, using the above
technique, it is only necessary to represent accurately LO% (521)
of thise The actual wing chord is 26", the forward 52"
representing LO% of the equivalent chord and the remaining 34"
consisting of an elliptical fairing. Wing t/c ratio is 10%
giving a maximum thickness of 13" at 40% equivalent chord (52n
from the leading edge)é span is 8 ft. and the total wing area,
therefore, is 57.33 ft=,

Wing Structure

The wing is a composite wood and metal structure, the
decision to make it so having been influenced by the necessity to
achieve a very high degree of surface finish coupled with a
desire to minimise Jjigging problems. Basically, therefors the
wing consists of a conventional metal spar having birch ply bonded
to each face of the web, spruce leading and trailing edge beams,
close-pitched wooden ribs and a 16 s.Wage metal skin, the inside
face of which also cairies a birch ply bonding. This structure
was assembled using normal glueing technigque and, during assembly,
an internal humidity seal was achieved on the wooden parts by
spraying with 3 coats of 'phenoglaze' G.300. The lead ng edge,
trailing edge and capping mermbers are mahogany, agaln 'Phenoglaze’
coated, and the leading edge is detachable to allow of
experimentation with a variety of nose radii. Two heavy steel
joint plates are used to carry the spar boom end loads into
the root rib (rib no.%1) and the wing spar extension. The root
‘rib itself consists mainly of thick ply-wocd side beams connected
to the rib boom via ply bonded 16 S.Wego DsToDe 710 skin top and
bottom. These side beams are in turn connecved to the main spar
and the joint plates via welded flanges and 14 s.we.ge Steel plates
above and below the rib datum, which also act as doubling plates
for the spar web at the roote. The rib is blocked with ply-wood
for'd and aft at the wing attachment fitting positions; and light
alloy gusset plates are fitted to form a connection between the
side beams,  Transverse ply-wood shear diaphragms are alse
provided at these attachment positions. The wing design is
such that no actual physical connection is made between the spar
boom and the skin. However, in order to stabilise the boom under
end loading conditions it is necessary to provide a local
attachment of some description. This is achieved by means of
| LBAc's'k h'd bolts tapped into each spar boom flange at a number
{ of rib positions, the skin contour being maintained by means of
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Ibakelised fabric distance tubes glued to the rib boome  This
llocal attachment occurs at ribs noe. 2,4,7,11 and 17+

Pressure plotting holes up to 39% equivalent chord are provided
at % spanwise positions and 3 additional spanwise pressure
plotting stations are also provided on the leading edge only,
designed in such a way that an infinite number of percentage
positions may be plotted if desirede.

, A series of flight tests were carried out on the aireraft
using a pitot mast mounted in a number of different fore and

aft positionson the fuselage toD. Thése tests were done in
order to determine the airflow pattern along the fuselage and so
decide upon the best position for wing mountinge Structural
limitatiens, of course, were also considered and the final
decision was made to mount the wing at former Nos22. A further
series of airflow tests were then carried out to establish a
measuring datum in the vieinity of the former.

The wing is held in position via forward and aft

tachment fittings - the forward fitting being integral with
he incidence changing actuating Jjack, the actuating jacky in
urn, being attached to the port side of the fuselage between
ormers 19 and 20. A vertical wing spar extension carries
emale hinge fittings which engage in male fittings mounted on
ormer Noe22 in the case of the uppery, and on a channel bracket
ttached to the main floor in the case of the lowers The wing
inge line then falls 215" forward of the datum face of former
0,22 A torsion box arrangement is incorporated on this spar
stension to cater for the offset loads induced at the hinge

uselage Reinforcing

side loading due to wing lift, including the appropriate
ust factors, forms the major part of the induced wing loading
hich the fuselage will be required to withstand. These

oads are conveyed directly into the main floor via two tubular
truts with swaged ends whose attachment at former Noe22 is integral
ith that of the top hinge fittings End loading in the top

kin is diffused round the necessary cut-outs between formers 19
nd 20, 21 and 22, 23 and 24, by means of two channel section
ongerons running fore and aft between formers 18 and 24 and an

8 SeWsgs doubling skin also extending fore and aft between

hose two formers and, laterally, to stringer No.5, port and
tarboard, “The cut~out positions are reinforced locally by
ox-section transverse members running between the longerons,
oupled with a bearing plate which serves as a clamping base when
ing incidence is set and will, in addition, take out the drag

nd inertia loading from the wing attachment fittings. Channel
ection torsion members are also installed at the top hinge
itting, running aft between formers 22 and 235 _



Instrumentation

Consideration of the range of static and dynamic pressures
expected, together with the headroom available has led to the
choice of a 50 tube manometer scme seven feet in height

in which the manomatic fluid will be carbon-tetra=-chloride.

The manometer is mounted in the rear fuselage aft of former
No.22 and carries, on a structure integral with it, a Fe2l
observation camera, the whole being vibration insulated by
means of resilient mountings. A system of 'back lighting'

is employed for photographic illuminatione

A vane type yawmeter is mounted on the wing tip of the
'Tancaster'! in order to give to the pilot an indication of
alircraft attitudes This reads via a 'desynn' indicator
mounted on the pilot's instrument panel. In addition to this,
a differential pressure yawmeter is mounted on the tip of the
swept wing and coupled directly to the manometer = giving a
positive indication of swept wing attitude to the flight
observer in the rear fuselage.

; The above is a brief description of the swept wing
installation. A detailed treatise is given in the subsequent
pages of the type record addendum under the appropriate

headingse

ll
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LIST OF COLLEGE OF AERONAUTICS MODIFICATIONS TO AIRCRAFT

Title Drawings Issued by'
Modifications to Fuselage M.167-1 | C. of A,
M. 170-2
Installotion of Swept Wing M.170-1 | C. of A,
Installation of Actuating Jack M. 167-4 | C. of A,
Installntion of Wing Tip Yawmeter M. 167-7 { C. of A.
A.ERe and
14460 Re. A B,
Alterations to Aircraft Instr‘ument Embodied | C. of A,
Panel on :
Ins‘tallation of Swept Wing AD/51 C., of A.
Instrumentation
Modificetions to Oxygen System M.167-9 C. of A,




3

 LIST OF COLLEGE OF AERONAUTIGS DRAWINGS ISSUED

Issue

Title Date
GoAo of 45° Swept Wing 5 | 19/12/55
Detail of Ribs 4 1L/12/55
Arrangement of Main Spar 3 8/12/55
Detail of Spar Web Plates 2 25/ 8/54
Spar Boom Joint Straps 3 9/12/55
Lower Hinge Bracket (Wing) b 13/12/55
Upper Hinge Bracket (Wing) L 13/12/55
GeAes and Details for Pressure Piping 3 14./42/55
Assembly of Boundary Layer Fence 2 10/ 6/55
Yawmeter and Mounting Structure on
Swept Wing 1 16/ 6/55
Assembly of Wing Root Structure 1 16/12/55
GoAs of Actuating Jack 2 22/11 /54
Details of Actuating Jack 2 22/11 /54
Fuselage Reinforcing at Former 22 7 6/ 1/56
Detail of support tubes 2 28/ 2/55
Data Diagram , 5 14/12/55
Installation of Actuating Jack 2 13/ 9/55
Upper Hinge Bracket (Fuselage) 3 28/ 9/55
Lower Hinge Bracket (Fuselage) 2 28/ 9/55
Installation of Wing Tip Yawmeter Pole 2 28/ 9/55
Stub End for Wing Tip Yawmeter Pole 2 28/ 9/55
Moditications to Oxygen System 1 |12/ 8/55
Adaptor Plate 1|23/ 9/55
GoAs of Swept Wing Installation L 12/12/55
Arrangement of Wing Mounting Structure '
and: Fuselage Reinforcing 2 15/12/55
Wing Attachment Fitting (For'd) 3 8/ 9/55
Wing Attachment Fitting (Aft) 3 8/ 9/55
Assembly of Clamping Handle 1 26/ 1/55
Detail of Clamping and Lock Nuts 1 26/ 1/55
Detail of Bush ’ 1 26/ 1/55
Special Bolt 2 8/ 9/55
Multitube Manometer 1 29/ 8/55
InstaXlation of Multitube Manometer 1 14/10/55




SUMMARY OF STRESS ANALYSIS

WING SPECIFICATION AND DIMENSIONS

WING LOADING CASES

DETAIL STRESSING OF WING STRUCTURE

DETATL STRESSING OF FUSELAGE MODIFICATION AND ATTACHMENTS

DETAIL STRESSING OF WING TIP YAWMETER

Drgs. Noe M=167-7 and No detail stressing
M=1 67"‘8 dorie by Ce of Ae
‘/ Yawmeter installation’

is R.A.Ee design, sece
ReloRe Drge Noe AERe1LL60.
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& -1 WING SPECIFICATION (GENERAL)

Span b = 8!
Chord ¢ = 7' 2%

Ares S = 5733 ft2
Ratio t/c = 10%
Sweepback = u5o

Spar location (: L40% Chord {(Equivalent)

_Section : Constant

a =~ 2 WING DIMENSIONS
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35" 246" ’

- iince Line

For detailed wing dimensions and mounting geometry see
data diagram drgenoe. M?167—3g
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WING LOADING CASES -

- =1 Aerodynamic Wing Loads

The following limitations on forward speed and swept
wing incidence will be imposed:-

Max. Permissible For'd Speed

Wing Incidence
mopuhp knOtS
10° 230 200
9° 2110 208
8° 250 217

A side gust ~ = % 25 ft/sec is assumed to be the
worst encountered during flighte. The wing incidence
at a for'd speed V 1is effectively increased by an angle vV /V,

however the resultant airspeedJ‘Vz +*12 is not substantially
different from V in the cases considered. Alr loads on -
the wing for the three cases listed above are, therefore as

follows s~




Case

' 1 2 3

Incidence Degreés 10 9 8
Radians 0.1745 | 0.1571 | 0.1396

Speed YVY mnpohe 230 ZLI-O 250
‘ ft/sec 3373 3h2 36607

Side gust 4 ft/sec 25 25 25
| Vs Radians 0,074 | 0,0710 | 0.0683
Effective Incidence o Radians 0.2486 | 0.2281 § 0.2079
: Degrees 1he.2L | 13.07 11491

Per Radian 2&237 2e 237 2e 237

0s556 | 0e510 | 0.L465

1bs 4315 | 4310 | L26s

Ratio‘L/D (2) 7 8 945
Drag D 1bs 616 539 149

L Cos &¢ 1bs |l u180 | 4200 1170
1D Sin X _ 1bs 152 122 93
|P=1LcCosx+ DSinx  1bs 4332 | L322 | L263
L Sin ¢ ‘ 1bs 1062 975 880
D Cos ef © 1bs 597 525 Lo

Qd.= D Cosw{~ I Sin & 1bs - 465 | - 450 - L4o
Referencess—- (1) Lift Curve Slope : Flight Dept. Memo

; DF/Res/7

(2) Ratio L/D : Experimental investigation of the
effect of aspect ratio upon the
Aerodynamic characteristics of
sweptback wings at low speeds.
Fig. X by R. Bumstead
Rensselaer Polytechnic Institute
(Jano 19“-9)

L The critical flight case is, therefore, Case 1, with a
load normel to the wing chord P = L4332 1lbs and a load acting
forward along the chord Q4 = M§5 1bse ‘ '

o' Ultimate loads (factor of 1.5) := P = 6500 lbs

ii

700 lbs

D
4
fi




LB~3 —

Inertia Loads

Total weight o% complete wing assembly = 550 1bs estimated

Fofe and Aft Inertia Loads ‘

 Porward inertia loads due to forward and pitching
sccelerations are very small and can be neglectede.

i) Downward Inertia Loads

-~ Maxe downward acceleration appears to be 3.17g, giving an
ultimate factor of L.75 guoted in the '"Lancaster' type record.

(2-1-075 X 550)
2620 1bs

il

«%e Max. downward inertia load R

i

) Inertia gide Loads

Inertia side load due to gust is always a relief to the
aerodynamic load but the magnitude is so small that it may
be neglectede. Additional side loads due to yawing and
and rolling accelerations are also of small magnitude by
comparison with the gust side load and therefore they may

also be safely neglected.

s

Installation of the wing, therefore, imposes no
triction on aircraft manoeuvrability other than the speed

mitations quoted in section b-t.

N

COritical Loading Cases

7o sum up:—~ The critical loading cases for the wing and
achments are as followsi- '

;-1
| \ ;KO 1 ft<§?° Factored g P Qd R
230 10° 25 Le75 6500 | =700 | 2620
030 | 10° | 25 o - 6500 | =700 | ©
250 0° 0 Ue75 0 138% | 2620
*.qq =D =t 0p /P8 V2 x 1.5 = 138 1lbs
o : 0

4 o 01 (Refe 2)
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L, Shear, Bending and Torque Diagrams at Critical Lcad

istribution of load P = 6500 1lbs along wing given as followss—

station | X' = distence from 4 - distance from spar |AP(1bs)
o Wing datum (ine) Q (in.)
10 H o2 3944 | 385
9 8146 355 560
8 7240 3247 | 613
7 62.L | 3046 | 650
6 5248 . 2849 683
5 L4362 2745 705
e 33,6 2643 | 721
3 2Ua 0 | 2543 726
E Tl bl 728
1 L8 | 2348 | 729

£

 Assuming a rib is carrying a load A S with its CePe at
distance 'd! from the spar, the load 4 8 is transferred
to the spar web via the rib web and the torque A Sed will
. carried by the wing skin.




" B 1t

o _ /
- B he-t

Then shear force in spar web inb'd of rib 'm' is given

m
}",As
n

i

by Sm

‘ m
-

Torque T, = AA.S,d
n

ending moment along spar at rib 'm* - M= M4 + Speq ¥ P

(where p = rib pitch measured along spar)

: Although the loads given at the stations above are not
the rib loads, the shear, torgue and bending in the wing

can be calculated by exactly the same method. This

nas been done in the following table and plotted in figures 1,2

and 3 3=
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Bending and Torque at Wing Root and C.P. Position

o7 M
N /
\\ ,

s
™
\ 45° / _ _\\/ Mo Root Ri& ¢-

- -

Hing

p&r: exk.

3

yEical
S

Ve

1

iy
06,700 1be.inss l
186,600 1beinse

&

At Wing root M
‘ T

Balancing moment Mo = M Cos u5° = 287,600+1lbeins.

 acting on the vertical wing spar extension (vertical spar) .

M Cos u45° = T

287,600 = 186,600
= 101,000 1b ins

provided by wing attachment Tittings.

H

Balancing torque T,

L

C.P OF WING.

’Z‘
1 e
|

i #”




4B=-8

0 = _ o —gZ"””
 .°. Position of C.P. on wing : Jy ='§? = 2850800
s = Lh.25"
T _
- o _ 101,000
X =3 = 6500
= 15-20_"

‘ Wing C.G. is assumed‘to be at a point 39" from the rib 1
datum line and 32" from the vertical spar datum. This is
considered to be a conservative estimate.

p~6 Wing Attachment Points - Reactions

P
OF
)////. X“”‘;;fﬁ;f T
L / H M u ; g S“ S:
: “;’éiﬁ /// M_WTM{“
g :’Aw@ 3 ?; g’
i 730
iy
-
'r . R A /
.4 S meimee T

" / i »”
 pRoNT ArracimenT e D8
| » ;

RS

o))
1y

P

HINGE LINE .

H

|

|
BorTor HidgE. !
/ R

1
R "o h
o8 _L~

6500 (155 = 2405)
87,700 1b ins

S0 - 2310 1w

L%

i

Torque about hinge line

il

il

+'e Reaction at for'd attachment

{

:B}MQ at top hinge due to air load = 6500(L4e25 + 2,9) -
A 2310(6+75 = 249)

297,600 1b ins

1l

297600

59
5050 1bs .
(6500 + 2310 + 5050)

13,860 1bs

1l

*. Balancing reaction at bottom hinge

it

{l

im‘Reaction at top hinge

i1



/ /
. / / / /3860/55

) /

VB oS50 /ks .

B

For'd and aft load Qd acting at the C.P. is assumed to be

reacted on the for'd and aft attachments via the leading and
alllng edge memberse

~Vertical 1oad on each fitting = %ZA%Q Qd = 0675 Qd

D

ad R at C.G. is also assumed to be reacted at the attachments.

It

« Vertical load on for'd fitting 52‘ R = 0,085 R

ii
‘\:
.CD

=

«"s Load on aft filtting

Worst load on aft fitting occurs, therefors, in case C.

n Qg = 138 1b and R = 2620 1b, Vertical load = 2950 1b

imilarly, worst load on for'd fitting occurs in case B.

en Q. = ~700 1b and R = 0, Vertical load = 530 1b.
a
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DETAIL STRESSING OF WING STRUCTURE

NG SPAR ROOT (Drgs. No. M.160-10 and M.160-3)

6,500 1lbs.
406,700 1bs in

. Joint Plate (3 s.w.g. D.T.D. 124 with
| 10 s.w.g. D,T.D. 12l welded flanges)

Maxe. Shear Load in spar web
Max bending moment

o

o {
L2
- ;
)
Load on each plate = gggf%gg = 31,500 1bs.

Attachment Bolts (5/16" B.S.F. H.T.S.)

14 bolts .. load per bolt = égﬁﬁgg

= 221470 1bs.

Assuming a concentration factor of 1.2 for
uneven distribution o Worst load
= (2L70 x 1.2) = 2,960 1bs

Alloweble single shear in 3 s.w.g. plate
= 6,210 1bs

—

5. Bearing of Bolt in Spar Boom
Allowable bearing load - L65 extrusion

= (1700 x 4.33) = 7,360 1bs
Applied Load = 2,960 1bs

Spar Boom (2 x 2% x ,25" L,65 Extrusion)

Depth between centroids = 10, 44"
Max, end load = HOSTO0 = 39,000 1bs.

Spar'WQb-at root is reinforced by 1L S.Wege
S. 3 doubling plates .. there are no
buckling loads on the boom.

-‘Compression , } '
Area of boom section = 0,9375 in2
Max, compressive stress = ?Qggg

111,600 1bs/in®
55,000 1bs/in”

il

i

Allowable compressive stress

132




. Tension

Tension across 'A-A' =
§
2 - 5/16 dia. holes .. Area

i

Rqu

9375 - (2x72x%)

= 0.7812 in?
S, Tensile stress = 338?3 = 50,000 lbs/ln
Allowable tensile stres = 63,000 Ibs/ln 1.26
Tension across 'B-B'
2 - 5/16" dia. and 1 - " dia. hole
L. Area = L7812 - (3 x %)
= 0.687) in®
Toad in section = 39,000 - (2x2470)
. o - 34060 _ o2
. Tensile streso = g <L 600 1bs/in 127
Spar Root Web
Shear due to joint plate offset :-
t‘ o= ¥lg" ai
] o+ + =+ |+ ¢ ﬂ&wyww—-ﬁW@ﬂﬂﬁi
N i+ + N
2 1+ + |
x + + Y
? + 4 5
~5 + ¥ R
-+ +
+ +  + 4 |4 b el JH000 las
500 #_]L__"; - . § |
~Bendiag moment at root - M = 106,700 lbs. in

il

~ 8par boom end load - P
~Joint plate end loed - Py

it

39,000 1bs (ﬁ
3L, 500 1bs ( )
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. ’ R‘F.
R (p -P;) = L,500 1bs 3450Q ks
e ey 29000
Stiffener distance d, = L.1" | 45008 4‘*““;;"
' ~  Shear flow = Q%Q% ?
= 1 2100 IbS/iI'}. 5720/}35’ §7£Q%$
Moment on each boom due to SPAR _Boom
offset = 3L,500 ( 11, 8 10 Ly ) quzgﬁﬁ,
= 23%,450 lb ins.
I HA4O 165,
. Load on each stlilgner - L VERT, MEHBER
*%72~ { GRAPHICAL)
= 5,720 1b. 5720/Ms.
s, Total load through web = (2x5720) = 11,440 1bs

e e Allowable bearing load on joint

. Total allowable shear = (2x 3980)

Boom to Web Joint :=-

3 - ¥ dia. bolts
Allowable single shear in 14 s.w.g. plate

T}

Allowable bearing

i

h

Applied load.

H

Boom to Stiffener Joint :-

Weakest stiffener - 18 awe.g. D.T.D. 124 Channel
Section with 10 S8.W.gs

D.T.D.124 radius stri

2 -~ 1" dia, bolts at joint.

it

Allowable single shear per bolt

il

Applied load

1t

8tiffener to Spar Web Joint -

11 - 2 B.A. Bolts )

Allowable single shear per bolt

S, Total allowable shear = (11x2180)
- Applied load

1l

I

ii

.. Stiffener Strength :-

Area of Section = (2.2 x 048) =
Aren of Radius Plate

]

o Total Area =
Max. compressive stress on section

it

il

H

Allowable stress

8 750 1bs
2,600 6“6 1bs

(3 = 2600)
7,800 1bs
L1, 500 1bs 1.73

b

3. 980 lbs
7,960 1bs
5,720 1bs 1.39

2,180 1bs
24,000 1bs
11,440 1bs >2

29,200 lb/1n2
56,000 lb/ln 1292
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5. Shear Web (14 seWoge So 3)

Shear flow = 1100 1bs/in
Shear Stress

it

100 = 13,800 1bs/in?

o8 =

This figure is comparatively small and the root
web, therefore, is satisfactory.

Wing Spar at Rib 2

Spar Web. (18 s.w.g. D.T.D.610 B)
Shear load at Rib 2 = 6,400 1bs

(from Fig.

6400
104 x 048

= 12,770 1bs/in°

The spar web is honded on both sides with 3/64"
B.S.S., 6.V.3 plywood in order to provide a glue
 joint to the rib, A shear test has been carried

out on a similar composite panel giving results
as follows :~-

Shear stress in web -q

Buckling stress - g, = 92,150 l‘bs/in2
Failing Stress = 18,500 lbs/in”

(See Section 6A Report No. T.S.M. 146)

Ratio —+ = 1,40, hence, the panel will not

buckle under proof loading condition and will,
in fact, buckle only very slightly at ultimate
load. ’

Web Stiffener (8" x 8% x 18 s.w.g. D.T.D.610B)

—7&»—-—-
® WC..;...'.‘Q'
i\;g\.) u/w'"r
B S TR
A ANy Pl
\_ = M T
I 7
.‘3/84“;.%
Stiffener cross-sectional area - AS = ,058 in2
Stifferner moment of inertia - IS = ,0021 iJflLL
Diagonal tension factor ¥ = 0.434 (r + % r3)
éUSing-the incomplete diagonsl tension theoryg
T N.A.C.A. TcNu 2661
4 = % 3. 620
— PO, .- — RPN Ml ouhocil —
Wherg r = gF G = 37920 = 1607
_ . AS
Bffective stiffener area Ase = 5
1+ 25
iy
Where e = 0.17" + 0,048" (plywood) 4 O.O024"
=_. J,2h42" = distance from centroid to

median plane of web

R.F.

> 2




LC-5

Y [ = | 000‘28 26
p? = =082 - 0,037
. _ .2
9 ASG = 2.0225 in
A
8 _
c.o ff' = 0.1 é
fs = average compressive stress over length of
stiffener = (0.13 x 12770) = 1660 1bs/1n2
Allowable stress = 36000 Ibs/ln
E; = averagc compressive stress over cross-—
section of stiffener = fs Ase
' A
8
= 6Lk lbs/in2
Effective slenderness ratio = Eég = 272
Ratio 2 = 1,71

L]

. Allowable column buckling stress
= 23%,000 lbs/ln

Load in stiffener = (64l x .058)= 38 1bs.

% Riveting between stiffener and boom 0.K.

Max. stress in stiffener at mid-section :-

Angle of diagonal tension is approx. MBO

hence Tan @& = Cot x = 1.0
Compressive stress due to horizontal component
of diagonal tension =~ f2 5 kg Cottx

Ar 4 0.5(1-k)

dt
= 212 1bs 1n2

fs max = 1.49
fs
. _ : _ ' 2
o Ty opagl S 1.49 x 1660 = 2480 1bs/in
Allowable compressive stress (crlppllng)
_ B _ .2
f, = Ouli5 p - Eg o ft = 1,280 Ibs/;n
Spar Boom
Bending moment at rib 2 - M = 350, 50C lbs.ins.
(from Fig. 2)
Depth between centroids -4 = 104"
‘Area of boom section - Af = L9375 in2
e Fa ; - — 350500
% Stress due to moment f1 = T0.LL x L0375

- 35,800 1bs/in®

»2

>2

1.@3
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Mex. B.M. in flange due to vertical component of

diagonal tension - Mo = k. 05.4.% b2 Tanec
) " (O == 1)
P Zo0
- ’i = )—LQE lb.il’lS.

!
| ‘ |
§i///f// 77T

'._!:
t

IR
/B
Z} ~y

"Moment of Inertia of spar boom - If

, ﬂ : = 347 inlL

 Centroid - extreme fibre -y = 1.17"

- Then max. conpr6581ve stress due to Mp :- fB
= Me¥ _. 263 1pe/in®

I
Stresses, therefore, due to diagonal tension
are very small,

& Total compressive stress £ = T, + £y + f3
36,275 IbS/ln
5,000 Ibs/ln

i

il

Allowable conpressive Stress

Spar to Web Riveting (" dia.L.69 Snaphead )

Due to diagonal tension the load per inch run
on the joint increasesfrom @ to Q(1 + O.ulL k)

s Shear = %%%%E [1 +{0. kL x 0.0?Zl
= 630 lbs/inch

Rivet Pitch = 2" e
740 1bs/inch

S Joint Strength = (2 x 370)

v

1449

117
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e
2

00T RIB (Rib No. 1) EDrgSa Nos, M.160-10 g
and M.160-2

X
\ e e W e

> e ) ,,‘

““'*“Q*zfm@

3:\35

f t’//...‘ i~ @. e e i méﬂa '
R IN‘( 2 247 4 A5, ,7
f ‘ i o0 ¢ g

%%_..@w__%w

2318 185
Shear flow due to torque :- T = 186,600 1b.ins.
g = E%f = 106.8 say 4QZ Tbs/in.
(A = 874 in®)
: 0
Load in each joint plate flange = M“Q%E“EQ_
1
= 24,4500 1bs.

Torque due to forward fitting load
= (2310 x 35.95)= 83,000 1b.ins.

Torgue due to hinge offset = (8810 x 2.05)

= 18,000 1b.ins
287,600 - 186,600 - 83,000 - 18,000
o

il

Total moment or rib

i

‘Resultant force is also zero, hence the rib is
in complete balance.

Bending

b o i e s e e e s
-

b,




Le-8

Max. rib side beam load occurs at a section
across the first bolt hole on the joint plate
flange approx. 6.2" forward of the spar web.

B.M, on section r“, -
='2510 (35.95 - 6.2) + [106.8 x 2(528 - 76)J

= 155,300 1b.ins.
Depth between side beam centrolds = v

S Side beam load = 1—5-5—%_5-9—9 = 17,300 1lbs.
Each side-beay'section consists of a

plywood block 1,10 thick and 3% deep with

16 S.Weg. alum. alloy D.T,D. 710 bonded on each

sidee
st \i\ig ‘

DTD.H.

H

e——

M

fig”

B

Plywood Area = Ay = 2.3 in?

Aren of alum. alloy sheet - Ay= (3 x 064 x 2)

6

Young's Modulus - E1 (Plywood): 1.0 x 10 Ibs/in2

Young's Modulus - E, (A1, alloy sheet) ‘.. 5
: : = 10.0 x 10°1bs/in

Assuming the strain € to be jdentical in
both plywood and sheet

then £, = €& (Plywood )
£, = € B, (Sheet)
S Pom M Ty by £, = € (A4B + AZEZ)
o€ =g E,lef o - 21420 xjo"6
L fy = 2.h20 1bs/in”
Allowéble crushing stress = 3,570 Ibs/in2
£, = 2L,200 1bs/in?

0% Proof Stress - 36,000 1bs/in®
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=8
o
@

i)  Spar - Rib Joint Plate

e | é

74400 Ibs

S S . Coae C
N T/ ssteons. | S
+ A+ = , S -y
- ﬁ J
. |
v i
3160 ibs . 31k ths.
A
; - w,,OQ 65 //,/ }
: ! f;
s
\\m..\.mﬁ_‘ /
“"“‘\“ /’
/'}‘ g P /
: ;’/ ‘ \\) s f
/
/ 8000 /A;‘? | {/ , i
% 7 |
| 7 : .
/ -
S—éOO %‘ \\,_ .“\1
Jbs \\ ‘
-~ M_j \\ V
< t
Dk Sieoibs
Ny it
< &S50 N

Load at each rlange (bolt group OCrs, )

_ 2Mr4805x 1,10 = 3,160 1bs.
o ]

w o

Goupiés transmitted by doubling plates from

top and bottom Eoint plate flanges into rib

beams = 3160 x 8.5) 1b.ins. each side
Flange bolt Crs = 9.6"
Je Load due to couples = 2 X 3;62 x 8.5
= 5,600 1bs.

Total load transmitted by flange bolts
= (24,400 + 5,600) = 30,000 lbs.
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B.M. from aft part of rib at spar web
= (2 x 106.8 x 3U6) = 73,900 lb.ins.

. 75,900
9.6

= Z 2700 1bSe

Load in forward flange = (30,000 - 7,700)

‘ = 22,300 1bs

Torgue from the vertical spar torsion box

is also reacted by the forward flange bolts on
one side of the doubling plate.

Torque T = (13,860 - 5050) 2.05

il

S Load in aft flange

18,000 lb.ins.

LJ

»’.  Load on bolts due to torque

_ i%L%QQ = 1,880 lbs.

Detail of loading on forward and aft joint
»plate flanges =

Sanssiapss mavios

24400 1bs

v 4 ]I () 7 § 3\
T ‘ Ao i
T IB500 1K /// l A9001bs j !I ll )
‘L 2160 /b3 . ﬁéféo /bg

DouRiing  FLATE
( oL )

B e SO

Dm/s“Lw& /‘OLME !
(BoTToMm )

Doubling Plate (Bottom) :-

i W I5Bobs . 1580 ks,
— - -y
[ 4Boks 7 4o T hs |
\\]a A ) Mw‘,..a»-""' P
PN
Boocokn
N
-~ il i
e St e
[ ﬁé% I i NG - Ny
15Behs, l /580 1bs
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Doubling Plate (Top) :-

/B8O Mbs. | | BBV .

k
/400 Mbs T S goots . |

S e

|

, _
#W”,”w# i - . ——
l *@%ﬁf;_ D . ﬁ%@o%n ]
15 8elbs . 1580 /by,
1. Flange Bolts (5/16" dia. B.S.F. H.T.S.)

192 off each flange (forward and aft)

Shear
Max. single shear per bolt = T%~(12%99+ 1u00)
= 930 1bs.
Allowable single shear (16 s.w.g. al.alloy sheet )
_ = 5,650 lbs

Bearing
Allowable bearing (16 s.w.ge. al. alloy sheet )

= (4h5 x 3.9) = 1,740 1bs.

5. Bottom Doubling Plate Bolts (2 B.A. H.T.S.)
(across spar web)

Shear through doubling plate = 3,160 1lbs
Shear from rib to spar web = 2,310 1lbs.
S+ Total shear ‘ = 5,470 1lbs.

By inspection bolts are adeguate

3. Plange Welding :
Max. load per flange = 9,750 lbs.

».  Toad per inch of weld (6" run)
= 1:625 1bs.

Allowable load per inch = 3,000 lbs.

188

1485




Ls Joint Plate

4o-12

316085 .
| N 3140 185
QP
Y
Section 'X-X'
Section Area = (0,25 x L) = 1.0 in °
Compressive stress = EH%BQQ = 2L, 100 lbs/in2

it

56,000 1bs/in®

Allowable compressive stress

Bb Section 'Y=V » - .
| I | +00° - -,34
I B f .
il mT 1
H- X . - A
X S
: ||
™ ~
U .1
BN A1
Compressive load = 19,500 1bs.

S BuM. = (19,500 x 1.1) = (3,160 x 2.06)

| = 10,940 1b.ins.
Avea of section = A = (4 x 425) + (2 x 1.8 x o1
= 1.461 in®

Distance of centroidal axis from face of plate

y = -,T—;-?l-é':'- [‘(1. x »125) + (461 x 1.15)

= LJLL8"
[aa .

i

v§622 in

> 2

28)

3
3
!
¥
|
]
E
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Direct stress = 4290 = 13,400 1bs/in”

Bending stress (at face of joint plate)

_ 14940 x LULB _ 44 900 Tos/in2

o 562’7 )
Bending stress (at end of flange)
_ 14940 x 1.602 .2
= e = 42,600 lbs/in
Section is not symmetrical hence there 1s
induced bending moment about 'B-B' axis (normal
to A-A). ’
IBB9
bending stress will be so small that it may
be neglecteds

however, is large therefore the

S Max. Compressive Stress (at tip of flange

section): (L2,600 + 13,400) 5
= 56,000 1bs/in
Allowable compressive stress = 56,000 1lbs/in

Wire Attachment Fitting (Forward)
(Drg, Noe M-171-1)

LE MemBEE

s

=y ‘
/7 ‘!Sx - ((v
L - ‘

/ - ; \M%
Wl — 3

“The worst loading condition on the fitting
is 2310 1lbs,. laterally and 530 1lbs. vertically.
The vertical load 530 1lbs. will be diffused

into the leading edge menber via the fitting and
the diaphragm. The induced stress therefore is

negligible.
. Attachment Fitting Fork End

By inspection the fork end is adequate
under the applied loads.

s
25
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3e

LO=il,

Bending at Fitting Root End —

The applied load of 2310 lbs. at the fork
end produces a moment

= {2310 x 6.75)
at the fitting root end.

= 15,600 1lb.inse.
o Bending Stress at root end
_ 15600 x L

7 x (0.875)°

Allowable bending stress for 511 ' 5
= 108,000 1b/in

= f = 29,600 1B/in?

Base Flange of Fitting in Bending

.
£ G
st S 230 Ib.
APPLICATION.

B.M. about fitting Base :-
M = (2310 x 6.90") = 15,950 1b.ins.

The B.M. is assumed to be taken by tension
in the bolts on one side, % compression against
the base on the other of an estimated line 'C-C'
(See above Fig.). The base is assumed %o De
rigid, the loads in the bolts therefore being
$roportiona1 to their respective distances from

C-C*', as tabulated below :-

wo

o1t | 00| a4 (ins) | P = ka P. d P (1bs)
2 0,10 0.1 k 2 x .01 Xk 52
2 1.,00 1,0 k 2 x 1.0 k - 516
p) 1,90 1.9 k- 2 x 3,61 &k | 980
2 2.60 2.6 k 2 x 6.76 k 1340
Y 2,85 | 2.85 k 8,12 k 1470
otal Moment sbout 'C-C' = ZPd = 30.88 K
o k = 1.,5..9.5.0_ - 2,1__6_

30.68 -

=
L]
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a Bending across Section 'A-A'
(1,36" from fitting & )

lf’//.r‘f/f//////,{
325

_m-gg £5

BM at Section 'A-A'

M = (1470 x 0.45) + (2 x 1340 x 0.2)
= 1 201 1b olnSo

Sects Modulus ('6 X 3625 x O, 152)
' 3
= L0122 in

with a form factor XK = 1.&16 for rectangular o

‘section and a 0.2% proof stress of 97000 1b/in

for 896 the allowable B.M.

Moy = (0,0122 x 1.416 x 97000)

pb Bending across Section 'B-B'

(1.1 from fitting & )

M = (1470 x 0.7) + (2 x 1340 x 0.45)
= 2235 1lb.in.

The actual section can be idealised as a
rectangle plus a triangle.

2'04'/ {‘r‘
S
T?iﬂ0f7v7%@fTTh
L‘ étf ‘-l."f
\ A
\(‘1
¥ o )
L. uuuuuuuu l -1 ] J,og,
V///f!//ﬁuﬁﬁﬂjvfﬁ?”
‘*')T 3.6 N
fCroes sectional area = (3.60 x «15) + (1.0 x .15)
; ' = _C_J_,_69 in2

~Position of C.G. from base

yz ""g“ [(0 54 x O, 075}«*—(15 x .2)“‘

12X36X 1255 5&(0 027):}+(——6x20ﬁ .15
~+ [15(0,098)7] = 90.003035 in
" Max. sect, modulus W = 00,0298 J.n3

.102
Assuming a form factor of K = 0.8 for the section.
" (R.Ae.S. 01.06.03)

Aliowsble BM = (97000 x 0.8 x 0.0298)
- 2310 1b in

)

=)
=

|

1.035
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Attachment of Diaphragm to forward Fitting
(Drg. No. M.160~1)

= : / '

s N Rt i

¥

| Y/ )
?/ fhor Ritf |
EZi b mﬁj//f’% ?3!&& #E&

23101k L‘?’#—iﬁf&a

The fitting is assumed to be simply supported on
Ribs 1 and 2 via the diaphragm,
(2310 x 7.30")

Load on Rib 2 = B = 3100 1bs.
Load on Rib 1 & ={2310 + 3100) = 5410 1bs.

The glue joint between the diaphragm and Rib 2,
and Rib 1 has to carry a load of 3100 l1lbs. over
a length of 7.50", ¢

. . 3100 _ .
. Load/inch = 55D = UL13% 1b/in

Allowable load/inch for glue joint

= 600 1lbs
Section of the diaphragm at Rib 1 carries a
BM of {3100 x L.6") = 14,300 1b.ins.

Diaphragm dimensions at that section are 9" x 0,50"

' Y
. Bending Stress ={1-%—3~9—9——}§-—€3’ = 2,120 1b/in2
(9% x 0.50) |

Allowsble bending stress (ANC-18)= 3,500 '_Uo/iza2

Loads at Bib 2
At Rib 2, the shear of
3,100 lbs. from the LEADING EDGE MEMBER

diaphragm is taken out
at the leading edge \\
menber., The torque : ;

of {3100 x 2}= 6200 1b.in.
is‘balanced)by a shear \\ %
flow round the rib, ‘ A
which is very small - 2 N -
approx. L4 1b/in. '

The maximum B.M. at 3;0»0;},3*’
Rib 2 is therefore less ‘
than 6200 1b,in.

DiPrRAGM

=~
=

|

1.62
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Depth of Rib at diaphragm joint = 7.50"
o Load in each rib boom = %2%%*= 826 1bse.
The boom is 0.5" x 0.5" section spruce

. . _ 826 - .2
" Applied Stress = 5% 0.5 = 3,310 1b/in

Allowsble compressive stress LL,LLOO/Ib/in2

i

'6. Bending of Leading Bdge Menber

fFﬂz%s. |
| | | Ak Load A P ———
— r,ff"évf' S

l ,77!”?
Slooiba.

\ LEADING EDGE MEMAER.

"The load of 3,100 lbs. in the L.E. member.: is
balanced by air loads AP along its length, and
‘a load (3100 - AP) at Rib 1. The loads
AP can be obtained from wing span air load
- distribution and L.E. geometry, but it is assumed
that the load on Rib 1 is 3100 1lbs. and that the
maximum B.M. on the L.,E. menber occurs at Rib 2
‘which is J2 x 5.L5Y" = 7,71" from Rib 1.
Hence the max. B.M. & 3100 x 7.71 = 23,900 1lb.in.

The L.E. menber comprises a 6" x 1" spruce beam
glued to a partially hollow semi-elliptical
mehogany nose section the latter being approx-
imately 0.75" thick (see sketch below).

SELTION | \ N
, T \ SP{&“:& IBE#\LJSED SECTION ‘
ot S p—
] A \Eyf o \
,}‘Q ; o \R‘ .}‘{Q .
8 *@;ﬁﬁ Oy
IV A S R | WO

Assuming an idealised section, as above, having
uniform properties of spruce.

: ' 1 2 ’
Section Modulus 7 =7z x 6% x 1.75 3

= 2280 1b/in?

—
—

\S)

23900
10,5

Allowsble compressive stress (spruce) 5
| = LLOO 1b/in

®

oo Bending Stress =

J
»

14633

1.93
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~Effect of L.E. Member Alir Load AP on Spar and
,Rrb 1. e

The above treatment of the L.E. menber
,actually relieves the shear and bending on the
gpar, but as the air loads A P carried by the
L.E, menber are very small this effect is
neglected,

Rib 1 is subjected to a load of 5410 lbs.
by the forward fitting and (3100 - AP) lbs. by
‘the L.E. menber. The shear load between the
fitting and the wing spar is therefore 5410 -
(3100 - AP) = (2310 + AP). Again, as AP
is very small its effect can be neglected.

e e r——— .

MMMN -
.%i _ | ? (231040 P) lbs. —

3100~ 4 );bsl'~
: S410 5.

A —r————— oy e

The load (3100 - A P) from the L.B. member
aotually relieves bending in the rib booms.

Generally, therefore, the effect of the loads
AP on the sper and Rib 1 is favourable.
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TICAL SPAR EXTENSION (Drg. No. M.160-3 Sheet 2)

ol 100 Ibs,

13860 (bs.

Lower Hinge Bracket (Wing) (Drgs No. M-160-5)

The bracket is attached to the spar via
L - 2" dia. H.v.8, Bolts (boom) and 8 - 5/16"
dia. H.T.S. Bolts (web). The 2" bolts are at
9.125" centres.

There is a moment at the web face of 5050 1bs
X 2,05" (product of shear load and offset) which
is assumed to be taken by the " dia. bolts only.
Tensile load in bolts therefore is :

20022000 = 1,135 1bs,

The bolts are obviously 0,K. at this load.

Diaphragm on Lower Hinge Bracket
(Drg., M-160-3)

The shear load of 5050 1lbs. is taken by the
spar web, and the moment 10,350 lbs.ins. by the
torsion box via the diaphragm. The diaphragm is
14 g8eWege D.T.D,6i0, manufactured in two pieces.
and attached to the spar boom and web via the hinge
bolts, and to the torsion box via ¢" dia. rivets.

> 2
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/’/wj/
T

// | _ATTACHMENT
- |  CHANMEL..

DMEHRAGP1

Bending moment is maximum at the diaphragm
root. Assuming this load is taken entirely by
the attachment chamnel, (see sketch) load in each

flange of channel 10350
cross section area of flange = 3" x 0.08"
. Tom. Stress = 3 . 358 = 3.700 1p/in®
Local Instability stress £y = KB (%) 2

K = 0,58 :
S f1 = [;.58 x 107 x (4%§>:}= 4,120 1b/in2

Torsion Box between hinges

Torque between hinges = 2.05" x 5050 1bs.
= 10,350 lb.ins.

Included area of torsion box = 43 in® '

ve She@% flow due to torque == §~§é§3

£

= 120 1b/in.

Rivets attaching box skin to diaphragm - " dia.
at 1.,00" max. pitch are obviously OK at this
loading.

Torsion box skin is 18 s.weg. DID.610

. . 120 2
s Applied shear stress =5 0LE" 2500 1b/in

ir

Maximum unsupported panel size is 9" x 5.252

the buckling stress of which is 5200 1bs/in
| (R.Ae.S. 02.03.05)

The panels, therefore, will not buckle.

OIK"
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Spar webAbetween Hinges
Shear flow in web due to 5050 1lbs, applied

= %%%%Z" _ 183.0 1bs/in
(10.44" = distance between boom centroids).
Total shear flow in web is therefore

483 4+ 120 = 603 1b/in
Web is 18 s.w.ge D.T.D.610.
’.  Shear stress in web g = g?g

= 12,560 1b/in°

Maximum panel dimensions on spar web
= L.25" x 8.,38" the buckling stress

of which = 8800 1b/in? = gb
(R.Ae.8. 02,03.0L)

The spar web will buckle under ultimate load
but not under proof load.

Shear stress for failure in the web
> 0.445 x 56,000 = 25,000 1b/in

(02,03.13)

Since the spar booms and stiffener pitches are
identical to those on the actual wing spar, and
carry less load, the calculations for diagonal
instability also hold for the spar extension
but have an increased R.F.

2

Torsion box between upper hinge and Rib 1

: The diaphragm forward of the hinge transmits
into the box a torque of 13,860 x 2,05
= 28,100 1b.in.
<o Net torque from this diaphragm to Rib 1
= 28,400 -~ 10,350 = 8,050 1bain.
e Shear flow in this portion of the box

18,050

Attachment to Rib 1 is made via 2 B,A. bolts and
welded angle at box skin, and via Joint Plates
etc. at the spar. Pitch of 2 B,A. bolts is
approx. 2", Bolts obviously 0.K.

Diaplhiragm to skin attachment carries a shear
flow of*.” 210 + 120 = 330 1b/in

Shear Stress in the box = gyl = L380 1b/in?

which is very small, The panels will not buckle.

Diaphragm forward of the Upper Hinge Bracket

Max. bending moment on the diaphragm is
28,400 1b.in

Assuming an effective boom section resisting
this moment of 2 x 0.8" x 0.6" 14 s.w.g. D.T.D.
610 angles, their centroids being 10.5" apart.

OK

> 2
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e ' 205 |
" |
’ | AT ~_
280 13860 ibs | |
‘. Load on each angle = 23:490 _ 5 540 116
. 8¢ = 75,5 = 2000 lbs.
) 2 ) 700 : 2
and the stress = TTI0 % 0.8 = 24,100 1b/in
Allowable stress = 36,000 1b/in? 15

The diaphragm flange is bolted to the Spar Joint
Plate, no local instability will therefore occur.

Spar Extension at Rib 1

B.M. at Rib 1 = 287,600 Ib.in.

Distance between spar boom centroids = 10 ;LAM"
and Joint Plate centroids  11,80"

24400 s, ‘
TR oy A
| + et <§q&mww 127600 /bs
N + ¥ i
N S +
bPos7 t +
§ ' _t,_ ‘*ﬁ%\‘ f@é_ 7
| +
4 I | I
+ 44 émmaw‘gZ%amzﬁg" .

24400 #s Y
/

o
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Load in spar boom = 2%%*%89 = 27,600 1bs.,

Load in joint plate=-g%%iggg M

1i

2L, 400 1Dbs,

The difference, 3200 1lbs. is balanced by the spar
webe Moment on the spar boom due to the offset
is balanced by equal and opposite loads on two
posts, one at Rib 1 and one at the web joint.
Their centres are 6,25" apart.

The moment at each spar boom =

211400 (11-802” 1O'MM) = 16,600 1b.ins.
.o Load on each end of the posts
= 164600 | 5 660 1bs
S B25 T 2.0 e
Shear flow in the panel due to the offset
= é%%% = (ET%TEEQQ) = 512 1b/in
1. Post at Rib 1 - (1" x 10 s.w.g.D.T.Do124)
a8 g" dia, bolt in spar boom takes 2660 1lbs.

Allowable load in single shear

Max, Stress in post-cross section area
= (1" X 0.128"): 0,128 in

2660 .2
Mex. £ = @ Sx = 20,800 1b/in
56,000 1b/in®
i 2660 Ibs.
!
I

2

Allowable stress

i

5320 Ilbs.

2660 lbs.

"2 BA Bolts in Wedb
Total load taken by the web
= (2 x 2660) = 5,320 1bs.

0.K.

at Spar Web Joint

Rivets attaching post to web.

The loads of 5050 1lbs, from the web, and
5320 1lbs. from the post, are acting in
- opposite directions.

Load at one shear face (5320 -~ 2525 )
‘ 27 1bs.
This load is taken by 19 =~ 5/32W dia.
rivets for which the allowable single shear
strength in 20 s.w.g. DTD.610 is(19 x 500)

= 9500 1bs.

i

Bolts are at mFFrox,ﬁloﬁpitoh and are obviously

R.F.

-2
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Attachment to Spar Boom is made via
& - 5/32" dia, rivets, single shear strength

of which = {6 x 575 = 3.450 1vs,
Applied logd = 2,060 lbs.

Web Joint Strap (20 s«W.gs D.T.D.610)

Shear dvue to load of 2795 1bs. in the strap
is apprexe. 10,000 1b/in2 which is acceptable.

3» Shear in Spar Web between Upper Hinge and Rib 1

Shear flow due to offset fitting of spar
boom = 512 1b/in '

Shear load in web between hinge and Rib 1
= (13860 - 5050)= 8,810 1bs.

Shear flow due to this load

= -§§%%H = 8L3 Ibs/in

Shear flow due to torgue at same section
= 210 1bs/in

>

+'s - Total shear flow in web

=(512 + 8U3 + 210): 565 1b/in
of this,621 lbs/in is taken by the spar web
across Rib 1 into the wing spar webj the
remaining 944 1b/in is taken by the 14 s.w.g.
D.T.D.7T2L doubling plate,

Shear stress in L.A. web

= éﬁ% = 13,000 1b/in®
and Shear stress in doubling plate
| - %%% = 11,750 1b/in®

The above stresses are acceptable and buckling
will not occur.

Attachment of spar web to boom is made via
g" dia. bolts at 1" pitch which is ample %o
take out the shear flow.

l'.:ﬂ
txj
*
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{

Upper Hinge Bracket® (Drg. M—1éO—6)
(Bolts)

Loads on the hinge bracké% are :~
Shear of 13860 lbs. offset at 2.05" from the

spar web; and a normal load of 700 Ibs.

Attachment is made via L x $" dia. bolts and
8 x 5/16" dia. bolts in the boom and web
regpectively.

By inspection the bolt strength is
adequate.

a—

‘m
.
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WING SKIN AND RIBS gbrgs._ﬂp. M~160—1;

and M-160-2
Shear in Wing 8Skin

From Fig. 3, the maximum torque carried by the
skin

Enclosed area of wing skin
A = 874 in®

186600

Shear flow in wing skin = g = 107 1bs/in

Joint at Rib 1

Allowing strength of glue joint to Rib 1
= 600 1b/in

Applied shear flow = 107 1b/in

Wing Skin Buckllng

Wing skin is 16 s.wege D.T.D.710 reduxed
to 3/64L" birch ply.

Mean shear stress in L.A. neglecting any
effect from the birch ply

- ngu = 1,670 1b/in?

A typical skin panel is 6" x 86%,
.The radius of curvature is so large that
the panel is assumed flat for this calhulation

Buckllng Stress 5,500 1b/1n
(RuAee8. 02,03, 05)

The ranel will not buckle under the applled
load.

Wing Rib ~ (DPrg. No. M=160-2)

ASSLIMED LoAD
DISTRIBUTION

Each rib has a distributed alr load which is
reacted by the wing spar web, and a torgue which
is balanced by a shear flow round the wing skin.

=2

- 2

fases
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From the spanwise load distribution table
(Section B para.buu) the moximum alr load over a
span of 96" is approx. 730 lbs. Since the rib
piteh is 6", the meximum air load per rib

= {§% X 730 = L57 1bs.

: A triangular chordwise load distribution
curve is assumed, factored 1.5 to obtain a safe
overall factor for the rib.. The C.P. of the air
load is therefore(1/3 x 86" )= 28,63" from the
L.E. or 23.37" from the spar datum, which
approximates favourably with that stated in
Section B para. b.l.

Torgue due to air load

:T = (25¢37" x L57 x 1.5‘) = 16,000 1b.in.

This torque is balanced by a shear flow
~round the rib ‘

: T 16000 .
9 = T = TR 5 9.15 1b/in

it

: From this loading the vertical shear and
BN diagrom can be obtained (Fig.l)

ag * Shear in Rib Web
From fig. 4 maximum shear occurs at the
spar web &
Max. shear = U600 1bs
Rib web depth = q20
.. Shear flow = %gg = 38,3% 1b/in

This load is very small, the rib web -~
spar web joint is therefore adequate.

Rib web is 3/32" ply.
o Shear stress in web = %%%% = LO7 1bs/in2
which again is very small and obviously OK.
b Rib Boom Bending

Maximum BM in RiDb = 7,600 1b.in.
at spar web & (Fig.l)

Depth between rib centroids= 12"
_ 1600

'.  Rib boom end load = 55— = 633 1bs.
Applied stress inéboom
_ 33 _ - .2
= (x5 = 2530 1b/in

Alloweble compressive stress LLOO J_“b/in(2 1.73
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DETAIL STRESSING OF FUSELAGE MODIFICATIONS AND ATTACHMENTS

da-1 Fuselage Cut=-outs ~ (Drge No. M.170-2)

é " {’9 " é 1t
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: The original fuselage section is of 22 swg (.028")

DeTeDe 390 skin with stringers at 6.00" pitcg. The stringers
are 12 swg («104") angle sections of 0.22 in? area. 3 cut-outs
are made on the top of the fuselage to accommodate the spar and
the for'd and aft fittings. A doubling skin of 18 swg (.048")
DeTeDs 610 ‘is riveted in position over the cut-outs extending
fore and aft between formers 18 and 24 and laterally to stringer
Noeb port and starboards Dimensionally, the doubling skin
extends 22.00" for'd and 10.50" aft of the for'd and aft

cut-out edges respectively. In additiony, a 3.00" x 075" x 18 swg
channel section longeron is positioned on each side of the
cut-outs running parallel to the fuselage axis, again between
fermers 18 and 2. Bullt up box section transverse members

are also included at each cut=-out position, running between

the longeron faces.
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1)  Bending of Fuselage

A bending calculation of the original fuselage section

- (without cut-out or reinforcement) has been carried out using a
bending moment of 1520 ton ins, This is the maximum gquoted
in the "Lancastepr" type record between formers 18 and 24. '
Results are summarised in the following table:=

Station | £, A vy vag | v |f - Wilepar A,
1 =2900| 00148 | =4942 | =7.29 359 [ =15,370 | -2,270
2 =2900 | 04298 |=U6.8 |[=13,9L 653 | =1L43600 | ~lt,350
3 =L380 | 0e311 [~U546 |-104.18 6U6 | =1L4,220 | =4, 420
L - =5860 | 0.32 | =433 -14.03 607 | =13,500 | =L ,370
5 =5860 | 04330 | =39.5 |~13,03 | 515 =12,320 | =4, 070
6 5860 | 00337 | =349 |~11.77 | 111 | -10,900 | -3,670
7 =3920 | 0323 | =29¢5 | =9,53 281 -9,200 | =2,970
8 =1280| 04295 | -23.7 | =6499 166 ~75400 | ~2,180
9 =1280| 0s303 |=1743 | =5,21 91 ~-55400 | ~1,640
10 =1280 ] 0e31L [ =11.9 | =3.7L Ll =35710 | =1,170
11 - 06358 | =549 | -2411 12 -1,840 | =660
12 - 04388 0 0 . 0 0 0
13 - 0+ 361 540 1481 '9 1,560 - 560
14 - Oel}13 | 1041 Ue17 42 35,1501 1,300
Floor = 1 2:028 | 1545 | 31.43 | us7 4,830 | 9,810
Mgiggis - 34679 | 1745 | 6Le38 1,127 5,460 | 20,100
EEZ 110624 ~0.06 {5,450 0
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Notation:-
fbm's Mean buckling stress at station 5
(1b/1in")
Ae = Effective stringer area
%"’“’h a4 Yot 4 Zoy Do
3\ = fg TRV T T
| _
\ Y = Distance from neutral axis (in.)
§ I = Moment of inertia of effective |
} . section
. \ 14 = ZEAejZ = 10,900 in™
"3 T } { J f = Stress due to bending
T My 2
= 3 = 312j(1b/1n ) B
P = stringer end load (1b.) :
= fAe
Panel (b (in.) |t (in.) |R (in.) K £, (1b/in?)
1 =2 6.0 0,028 U746 1303 2,900
2 - 3 " " 1] 1 i
3 - L : " " 2245 2669 55860
LI- . 5 2] " t 11 it
5 = 6 " " " o 7
6 -7 " o " n i
7 -8 " " 50 5685 | 1,280
8 - 9 > 11 1] " 11 i
9 - 10 i 1 1" " 1!
10 — -11 " i " i i
11 [, 12 11 11 11 1 1"
-12 - 13 11 1" " it 1]
13 = 14 Lo " ] " ]
| 14-Floor 5,6 " " 1 "
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ii) Edge Loads at Cut-out

A1l the area of the doubling plate from the edge of the
cut-out to stringer No.b5 is assumed to be concentrated at the
position of stringer No.3, but corrected in the ratio of the

square of the distance to the neutral axis in order to give

to ite

moment of inertia equal to that of the original plate.

The total load (6620 1b) from discontinued stringers 1 and
2 is assumed to be carried by this equivalent area and is
distributed among the bays of the doubling plate in proportion

Bay Bdge of Cut-out | Stre3-Stre.l |Stroli-Streb
Stre.3 .
Ares = bt(in®) 0e2L 00288 00288
y(from NeA.) (in.) 1662 Uhe5 I
¥2 (inz) 2134 1980 171k
(At Stre3 Y5 = 4546 in y% = 2079 in®)
| y2/y2 1,026 0.953 00825
3 yz/ 5 o
8g = bt ( yB)(in ) 0.2L6 0e274 04238
- P
A, = gzae = 0,758 in
ae/Ae 04320 0,362 0.310
= 6620(ae/Ae) 2180 21130 2110
£ = P/ (1b/1n%) 9080 84140 7320
b : (il’lo) Ll-oo 600 60O
t (in.) 0.0L8 0.048 0,048
‘R (ine) 47«6 D2.5 2245
K(ReAoSe 02.01.10) 7.0 1845 1845
£, (1b/in®) 10080 118140 11840
?b/f“i 1.11 1.0 1462

From the above it is evident that the doubling plate
will not buckle under the loading conditionse
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iii) Diffusion of Edge Load into Fuselage (For'a)

2x2zv0 s
4350\, | 4350 fbs.

| i i -
FeRMER 18— i 3 o % i

T'

i
FoRWARD

b0 kbs.

The edge load of 6620 1lbs is assumed to diffuse back into
stringers Noe 1 and 2 over the length of the doubling plate
~extending from the cut-out to former No.18 as indicated in the
above diagrams

1) Riveting

I R S ‘ e
. e p

. P2xgz70k5 S 1, _ /é‘i
4,'2'.5_5'_2!%/ 2 . ,// |

. y

- 3

i , R \ /{ 482045,
/j/ { //Xi |
. — . Y
/ ' e KaiNmORCING  FPLATE

FUSELAGE ToRP PANEL

L

O 50"
Rivet pitch at stringer 2 = 1.00"

i

‘Rivetbpitch at stringers 1 and 3

Total No. of rivets to transmit the edge load on one side
of the doubling plate back into the fuselage top panels will
consist of the sum of all the rivets along stringers 2 and 3
and half the rivets along stringer 1.

Noe Of rivets = 88
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ReF»
«°s Load per rivet = éggg
Assuming.a stress concentration factor of L around
the corner of the cut-out.
"+ Max. rivet load = (4 x 76) = 304 1bs
Strength of 5/32" diae. L.69 rivets in single shear
= 520 1bs (in 18 swg DeTeDe 610) 171

2) ghear Stress on Fuselage Panel

(76 x 2)
152 Ib/in

Shear flow in panel 2-3 (2 rivets per inch)

i

il

Shear stress = 22 = 5430 1b/in?

Panel width is reduced to 4" by the addition of
the longeron, and the doubling plate provides an
appreciable stabilising effect, Buckling of the panel,
therefore, is most unlikely under the loading conditions.

iV) Diffusion of Edge Load into Fuselage (Aft)

The edge load is assumed te diffuse back in a
similar manner to the previous calculation but, in this
case, diffusion takes place between the aft cut-out
and former Ne.2l, a distance of approxe 10.5" as opposed
to approx. 22" in the for'd case. The maxe. bending
moment, however, over the region of the aft cut-out is
quoted in the "Lancaster" type record as 1380 tons ins.
compared with the for'd cut-out condition of
1520 tons ins. The edge load and the loads in the
stringer can therefore be reduced accordingly by
approx. %.e

“r | T =
_*~j£ CCQ . . //‘>;2& nbo b |
—_ g - . }Q*USSém)Mh.
7 KeinFoRone Rare yd

T i MMdeij FUSELAGE FANEL
e et
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| R.Fo
Rivet piltches along the stringers are the same
as before but we may assume that the longeron rivets
at 1.00" pitch are also effective.
Total No. of rivets = bH3
Load per rivet = é%%g = 114 1bs
Again assuming a stress concentration factor of L:-
Maxe. rivet load = (4 x 114) = 456 1bs
Allowable load = 520 lbs, 1.1L

it

Shear flow in panel 2-3 (114 x 2) = 228 1bs

«°e Shear stress = %%% = 8140 1b/in2

Again, the panel is unlikely to buckle under these -
conditions. : . :

V) Diffugion of Edge lLoad Between Cut-outs ' :

e
5 “ & P //,._., «««««« .
i o \ N / .
{!’f / i :
\ [ g kN & i : I :
‘ § f',.‘ * \ g 1 " P
3 ' ya t
\ ; 1""9 /ﬂ *\ ? , f)
( / o \ g H
NN 4 ™AL s
#%_‘K:‘M - _— P ) ""‘\Tl‘»*-: wi‘

A calculation has been carried out to
ascertain-the correct distribution of locad between
the cut-outs and it is found that, owing to the
short length available for diffusion coupled with the
excess of stiffness of the edge members over the
stringers, only part of the load is carried to the
centre line - the remainder going straight through.
The condition between the cut-outs, therefore, is not
critical compared with the ends and no detail is necessarye.
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Puselage Former No. 22
- Loads and Stresses Due to Vertical Spar Extension

i) _Upper Hinge Bracket (Fuselage) (DrgeNoe M 167-5)

Too b
. 138bo s . 3
- -
‘\V' !‘:’{gl\
p—— -
i - »‘\ Co- w“ 1
£ . Ve DA

“?ao” BoLFS

Y
Loads on bracket:~ 13,860 1b in direction 'X'
700 1b in direction 'Y'

sion in the bolts due to the 700 1b load is very small
mayvbe neglectede.

e load of 13,860 1lb. is assumed to be taken out by the
5/16" dia. bolts at the bracket centre and transmitted
ectly into the support tubese.

Load per bolt = 135880  _ 5 )65 1v

oweble single shear - 5/16" BeSeFe HeTeSe = 6,200 1b
Offset moment = (13,860 x 1.75) = 24,250 1b.ins

s induces tension and compression on the %" dia.
mer attachment bolts at 7" c¢'rs.

«'s Load per side = 2&72 Q0 _ 3470 1be.

Lcuad per bolt

i

1,490 1b

Allowable tensile load = §" BeSeFe HeTeSe = 9,350 1b

calculations are necessary on the bracket itself - this
s obviously adequate.

1)

Support Tubes at Former 22 (Drge Noe Me167=1)

23860 e

Ro.Fo

1.73

> 2
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/
' DL 132860 o
Load in tubes [ = Shon bla3° = 16,000 1b

?

Compression

28" Diae x 17 swg T.L5, £ = 68"

assucaszea

assume struts to be pin-ended.

A= .ab5t 0% k= L9081" o = 628"
g =215 E‘ﬂ-—-zz
Allowable stress f = L2,000 1b/in2
‘s Allowable load = 19,000 1b
 Applied load = 16,000 1b

Instability of Swaged Ends

Due to lack of information on the probable
behaviour of the swaged ends, a compression test to
destruction was carried out on an identical strut
simulating the actual end conditions (see section 6,
report Nos TeSoMe 145). Conclusions resulting from the
test indicate that there is no permanent deformation at
a load of 7.5 tons (16,800 1b.) and final failure (due
to instability) does not occur until a load of 10.5 tons
(23,500 1ba) is reached,

Floor Attachment Bracket (Drg. No. M 167-1152,
Support tube attachment - 7-5/16" dia. bolts

Average load per bolt = 1§%999 = 2,290 1b
Assuming a factor of 1.2 for uneven load distribution

Max. load = (1.2 x 2290) = 2,470 1b

 Single shear strength = 6,200 1b
- Allowable bearing load («224" S«3) = 5,800 1b.
By inspection the bolts attaching the bracket to

 the fuselage (10 - 5/16" dia., 2 - ¥ dia.) are
- obviously satisfactory.

ReFo

1019
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iv)  Fuselage Former No. 20

o YN/

v

/4400 b | f44oolbs

Lt AL s i et

We have previously assumed, for stressing
purposes, that the total side load of 13,860 1be is taken
by the support tubes. In actual fact, a Percentage of
this load is transferred directly into the former itself
and a detailed treatise will subsequently be given.

For the time being we may continue on the original
assumption.

1)  Loading conditions at the corners will be
6,930 1b. and 14,400 1Db. respectively in directions
'X! and'v’(see sketch) and, in addition, ‘a side load
of 5,050 1b. from the vertical spar will be applied at
the former ¢ , 1.75" above the floor, Assuming that
all bending is taken by the "pi" section longerons
concentrated at the corners, then the shear flow
~ between the corners is constante.

Resultant load in direction 'X!

I

(13,860 - 5050)
8810 1b

Shear flow alesng floor - Qg = §§%9 = §6yib/in

i

Floor member @ is 2" below flbor skin

6% Tofque about floor skin = T = (14,400 x 60.3) -

(55050 x 1.75) - (13,860 x 2) = 830,940 1b.i

°

+ o Shear flow around former - Qb = g% = 114 1b/in.
where A = Enclosed ares = 3,650 in® |

1N,
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5050 lhs
| X \4\
é93o,{é»s} | == < ?Z/A-é" ‘\ E93a _lbs.

o | |22

/4400 lhs 14400 lbhs

Consider the former cut at the top @ °

Since the former is symmetrical and the loading

agssymmetrical the only unknown force at the cut is a -
shear 'S'.

Let the statically determinate bending moment on the
frame be MO and let the bending moment due to 8 = 1 1b be me

Total bending moment M = MO + Sem

2
. M
Strain energy U =J/;EI as

/Ern%/{'cds
U

m®

EI

Q\

From 75 = Oy we have S = -

S

s ds
For strain energy bending calculation see table I p. 4D-1L
2)  Assuming, now, that the total side load is

transferred directly into the former, by~passing the
support tubes entirelys:-




ulfq; il

ﬁs.

e

SO -
vy

Using the same assumption, shear flows in the
fuselage skin and floor skin are again 11l 1b/in. and
22 1b/in. respectively.

Once more, fdr strain energy bending calculation
see Table I po» 4D~1le A
3)  The true side load distribution will be as Follows:

k% in ‘the support tube
(1 = k)% directly into the former.

If Pé = Load in support tube under total load conditions

!
then true load in support tube - P = kPOo

Bending-in former with total load in support tube

i

My
M

i

5 Bending in former with total load in former.

«"s Total bending moment in frame M = KM, + (1 - k)M,

Then total strain energy in former and support tube:-

| 2 2/
M B
v o= _//2EI 4 + 7%

which should be a minimum hence:-

¢
M ‘4P

C_'/_:g ~ 2M 7k as 2P 7E Z
7K ORI t TR

e, - m) pP'p ¢
_ 1 2 ds + )
= BT




0
My (M = M) o
hence k = 5 EL 5
fk!f (M1f ) ds
iB BT
Py = 16000 10s 5 L= 68" , A = 451 102 and E - 1071b/1n?
P2y
o°0 A""E—" = 32860 lbvo/inS

Integrals:- (For detailed calecs. see Table II p. LD-15)

u//&z(M1 - M) is
‘ o3
/(M1 - M2)2
ds
BT

. o (=23,099) _ _
tt K S T5EE0 f 5,535 = Q:u685

i

- 23,099 1b.ins

il

45,439 1b.ins

or 6085

Hence bending moment in frame
M = (0.4685 My +0.5315 1)

See Table II p.4D~15 for tabulated values of M
See Fige5 p.LD-27 for bending moment diagrems.

RaFe
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Former moments of inertia used in strain energy
calculations ;-

Above floor line (Sths. 1-20) - L.00" x 1.5%x 10 swg
DeToDe 390 Channel section.

= 1787 in®

Below floor line (Stns.21-28) = L.00" x 145" x 0.2
extruded light alloy channel

-]
* e o I =

(?%-x 002 X Lo07) 4 (2 x 103 x 002 x 1a9°)
= 2o 9L1-Ll- lnLL

Y | - -

A23" | ee”
] fomtapsninin . e ssnrmran.

v —

}

f

!
£on”

¥

V - :‘éu-m»-, — ‘? - hw*"\
#

L1117 ! iﬂg’m

Hhove_Froox

Ftew Flons

Mex. bending moment on former - M = 10,100 1lb.in.

[ TN A

at Stn No. 5

]

+°c Stress on former due to bending - f = %; s

e
~

Local instability stress on flanges -~ f_ = 0058Et(11%§)

= 28,000 1b/in?

%o ]fﬁk(%g X 34887 X 128) + (2 x 1obl X 2128 % 1092

ReFo

)

\f
N
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The former web is cut locally to allow stringer
continuity, however, if we assume an effective skin area
the loss is made good. The bending moment will, of
course, be a maximum at the top of the former and, in
this region the existing 22 swg fuselage skin is further
reinforced by the 18 swg doubling plate; +this is more
than adequate to cover any loss.

The loading conditions at former 22 considered in
the calculation are those induced solely by the swept
wing. Loads imposed under normal flying conditions
have not been considered and will, of course, be additional.
Sufficient detailed information for the consideration
of these loads is not available in the "Tancaster"
type record and, in view of thisy, it is suggested that
a check on this particular component might be carried out
by the parent company who, presumably, hold the detail
figurese.

d-3 Forces at Cut-out due to Shear in the Skin

Shear flow in skin = 114 1b/in (Section d-2,
Sub-section iv, paragraph 1.)

- Llongedons
i " |
FormeR 21 D) N
] | ,rg W&l 7 i Jr A
e 3
FuseLAcE = 2
FRAMES ‘f? ii 0
Curpur
FormeR 22 f —_— b s Y
A b B
e =R

]
The cut-out is effectively bounded by the
- fuselage frames and longerons, as shown above.

It is necessary to replace the skin removed
at the cut-out by a balancing shear force system along
- the reinforcement of the cut-out edges.

. Considering edge AD, the shear flow of
114 1b/in. produces a compression force at D and a
tension force at A,

Forces at A and D =(% x 114 x 15)= 850 1bs

e eV

FU
]
]
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Considering the remaining two edges the forces
at all corners are as shown below:-

850 Ibs. | l 850 bs.

/0 /bs <910 sbs

.

D

"

C’ H

B) o0 s
R

|
|
i
¢

Considering edge AB. At corners A and B
there are equal and opposite loads of 850 1bs. hence

850 ibs. 850 fbs.

displacement midway between A and By, due to these loads,

is zero.

The adjacent panel can

therefore be regarded as fixed A
at the centre with a load

of 850 lbs. applied at the , ]
corner of the longeron
diffusing into it

i

B Ty ‘
LOMGERONS

The above conditions are similar at all edges.

1) Stress in Longeron

The longeron is of channel section
3" X 0.75" x 18 sWgZs DeTeDo 610 Attachment is
made via the upper flange and web only, therefore
effective area =

(3" + 0.75")0.048 = 018 in?

«’o Maximum Stress ='%§$§ = 3,600 1b/in2

Allowable stress for 1oéa1 instability
| %462 (3..93;@.)2 R
L] 3 .t

i

5,200 1b/in?

i

$e35c:> lbs. 850 bs.

B

RG @

1al4ly
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1i) ghear Stress in Diffusion porel

= ﬂég =
v/ .
/’i/fégg ﬂ——ksif,«z,;/r.f A A0 A SRV A A o ’lg
-}
A
(‘//// 1‘1’!;'///!',!’/
o THICENESS T <

By analysis, the edge load

p”. p sinh k(£ - x)
T "0 sinh k¢

o

(P = 0 when x =£)

and the shear stress in the panel

/
PG cosh k(f7~ x)
Ko AR sinh k&

Q
1

Pék cosh k(& - x)
t sinh k¢

— L
-

where k mﬁ/%%E

Maximum shear stress occurs when x 0
) k

- P

. — O
“°C Gpex ¥ T Tanh WP

For these calculations:-
t = OoOL[-S" -+ 00028” = 00076”

b = 8.0"
A = 0.18 in2
G/ = 0030 0ok = 0,126 in~ !
Assuming 2ll the load in the longeron between fuselage
bays is diffused to zero £ 2= 6N
e k¢ = 2,01 tanh k€ = 0.96
. _ 850 x 0,126 412
*° Ymax ¥ 0.076 x 0.96 = 0,076

= 1470 1b/in°

- and maximum shear flow = q .t = 112 1b/in

‘Rivets attaching the longeron to the skin are 5/32" Dia.

at 1" pitch. Allowable rivet strength = 520 1lbs/rivet
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Ro ¥

Shear flow at cut-out corners
= 112 1bs/in (due to cut-out) + 114 Ib/in.
226 1b/in

ft

and shear stress = 5%%%3

3000 1b/in?

t

This stress 1s very small and is obviously O.Ke

. The diffusion of the 910 1lb. load from the
frames, treated similarly to gbove will also be small
and is satisfactorye.

d=-L Stresses in Fuselage due to Maximum Download on
the Rear Attachment Fitting.

¢

/23

"

|7

rem_ LOMGERON

/ ¢

GUN TUERET STRUSTwCE | CUT OuT EDSE MEMBERS.

Maximum download on fitting = 2950 1bs,

(Loading Case 'C' - Section B, sub-section b-l)

Load application at point Pc (see above sketch)

Considering Case 'A' 1load application at

point PA = 29508 - 530 = 2U20 1bs
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!m
a
3

The down load is assumed to be equally
divided between the edge members of the cut-out, FH and
JK, which are simply supported on the longerons at their
endse The reactions on the longeron are reacted by
the fuselage frame at A; and the gun~turret structure
at By this also acting as a simply supported beam.

i) Cut-out Edge Members FH and JK

. The critical case for these members is C
where 1475 1be is applied at the centre of each member
and reacted by the longerons at each end.

Maximum BM at centre = 1%;5 x 8-0" = 5900 1b.ine.

Edge member FH 1s a box section 2" X 3.5" deep at the
centre, 18 swg DeToDe 610

Moment of inertia at centre

I = (F5 % 3457 x 0.048) + (2 x 2 x 0,0L8 x 1.8%)
= 0,965 1 nt
My
o°e Max. Stress f = -f“-/- = 5908‘?9‘615"75 = 10,700 1b/in°

Allowable local instability stress

60 (0201812 2
£, = 3.62(*5*) E, = 0,002085 Ey = 19,000 1b/in 1.78

ii) Longerons AB and CD

The crlticql case for the longeroas in bending
is case A where the reaction at T and J on the longeron

‘2420 _ 12,
= ( 20 o 165)= 930 1bs
930 s 230 /bs
\ ¥
N P he
p ! 4 '
2400 B 73
Reaction at B = 930 (2.10121‘[7;10)2 594 1b.
and " at A = (5860 - 59&3 = 1266 1b.

Maximum Bending Mom@nt'at J :(B9u X 7.3) = U336 1b.in.

. n—o
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Assuming an effective skin width of 15t acting
with the section.

Section centroid from C.G. of channel only:=

0:.076 x 1.53%8
(Oo 076 + Qe 228)

y

=

= OO :):8 "

and Moment of inertia of section s

I

i

I, + (04228 x 0.384%) 4 0.076(1.538 - 0.38L)2

moment of inertia of channel about own

It

where Ic

centroid = Q.27 imL‘L
e’ I = 0027 + 0.0336 + 0.1012 = Q.4048 inu
2
. _ LL536 X 119 _ A
then Max. tensile stress = ORI = 12,800 1b/in

43236 x 1,116
0.4048

2
12000 1b/in

Compressive Stress in channel

Allowable local

instability stress (flange)

il

It

]

o¢58(8 ggs

0.00238 By

)Et

20000 1b/in2

Grlpical stress for inter-rivet buckling, rivet pitch
1.0 5 flange thickness t 0. 0L8"

= 28500 1b/in?
(ReheeSs 02:01415)

=

d-5  Stresses in Fuselage Top Panel ABCD due to Upper

Hinge Bracket Offset

\ A

S FTOLES.

fokigR 28
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Moment due to offset upper hinge load of
13,860 1bs, puts equal and opposite loads of 3470 1lbs
into members AC and BD. (See section Dy sub-sect. d-2,
para. i). These loads induce shearing loads in the

ranel.

Assuming uniform load distribution along
AC and BD ’

Shear flow = ?70 = 217 1b/in.

1) Edge Members AC and BD

/BSwe CHANNEL ]*

¢

Secnon.

T —— —————

A=A

3o

08" o 4 swa  RemFoRONG A
pa L—f_" ?Cjé-.aq ‘TE -

1) Section 'A-A'

Load on section = 3470 lbs
Section Area = 3.10" x 0.08" = 0.248 in2

. - LLZE_ ~ . 2
+ ¢ Stress = F¥5px = 14,000 1b/in“

Assuming simply supported section edges,; the local
instability stress '
0,08

2 r
fC = 3’.62( 3..1..) 'E't

it

20,000 1b/in® 143

2) gection 'B-B'  thro' the last rivet holes
ke L2100

approxe 53" from
Section 'A-A!

Then load on the
section

’ x
= 3470 =(5.50 x 217) 8
= 2__2_12 1bs Q‘:i

) Section Area =
(L"x 0.048") + (2.18"x ,08") L ems -

- o L
= 0.367 in® Rosd
+%e Stress = £502= = 6200 1b/in® > 2

75
1k

e S g

1
Secrion B-8

; Z‘ / 8 FF
N
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ii) Riveting at Panel Hdge

Shear flow = 217 1b/in

Rivets are 5/32" dia L.69 snaphead
Rivet pitches:- ‘
AlOng AC and BC eocooe Ce 63"

On former 22 A o Tell
On former 23 cooo9e 1. 00"
oo Mine rivet strength/in = 560 1bs

d-6  Actuating Jack and Forward Attachment

. ammae i S
DU D et e —]

. L
/7 ! v
o 1
Zbcm?uﬁ}f%fb. L e

gk Dol S

i

£ A&VWWLM%‘UL&QK

‘ Meximum side load jack must withstand = 2310 1lbs
(at positions 0, and O, on above sketch,)

»'s Max. tensile load on Jack = -—2119—3
Cos 24.5

= 2540 1bs. (0,F)

-and the maximum compressive load on Jack = -_§21Q75-
Cos 145

= 2390 1bs. (O,F)
(the slight angle in the plan view is neglected).

Hence the maximum vertical load on the cut-out
structure due to the jack = 2540 x Sin 2L.5°

= 1095 1bs. (downwards)
or 2390 Sin 24.5° = 992 1lbs (upwards)

e
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i) Structure around Cut=-out under Vertical Toad

FORIMER 19—t - -
St 146
F i, . —H
X0 m“*"”“‘fb ,
o P — K
FORMER 20 —BL . - L

LONGERONS /

Maximum vertical load on thé cut-out = 1095 1b (due to
jack)
+ 530 1bs (Case B)

= 1625 1bs acting downward
at O1

Making the same assumptions as in Section D,
Sube.Sectsd-L, the edge members FH and JK are subjected
to a smaller load than at the rear cutout, and are
therefore satisfactory.

Considering longeron AB. The load at F and
J due to the vertical load 1625 1bs :

=(1625 1u,6)m 740 1bs

5 * 35

«’e Reaction at 'A'

7401bs. 7140 bs.

= 711_0(5.»60 z 2060) *‘_{;Qf;*mﬁ"’ 62"
B 1L f*i* v«mmm«+
610 1bs L , y T E f

* 8 A

and Reaction at 'B!

]

i

=(2 x 740} 610
= 870 1bs h

Maxe. BoM. at 'Rt o= 2280 1b.in.

- This BeMs is smaller than that at the rear

- cut-out, and as the longeron section is identical
it is obviously 0.Ke.
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ii)  Actuating Jack and Attachments

Max. load in the jack = 25L0 1bs (tension)

and 2390 1bs (comp)

erioniey

Assuming a jack section equal to that of the
screw extension, and a max. length of 33"

B, - (strut) = 6110 1bs

The Jjack is obviously 0.K. in tension.

By inspection, the wing and fusélage

attachments are quite adequate to cater for the applied
loadSo
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AERODYNAMIC ANALYSIS

Flight Department Memo DF/RES/7.

- C.Pe Position of wing based on full half wing area,
i.e. including tip and area below boundary layer fence, is
as follows &~ -

1

Spanwise = O.&BQ% L. 25" from root

1

0027 6

il

Chordwise 23,25" from L.E,

Aerodynamic characteristics of wing to be fitted to
Lancaster PATTL s

1)  Derivation of 1if't curve slope using R.Aes.S. data
‘Sheets, '

From Data Sheet Wings 01.01.01 the equivalent
angle of sweepback is

,j& e = 380 18!

From Data Sheet Wings O%.O1.05g for a 154 thick
section at a R,N. of 25 x 10° with a treiling edge angle
of 20° and transition assumed to ocour at 0.1  the 1ift
curve slope in two dimensional incompressible” flow is @

'ao = 5.52 per radian

The compressibility correction is negligible (one
per cent), so that, (in the notation of R.Ae.8. Data
Sheet Wings 01.01.01). we have

(aO)Mghao = 5,52 per radian

The 1ift curve slope of the wing with sweep = 4509
taper ratio A = 1 end aspect ratio A =.2,3%82 is:

aJI = 20237

2)  S8tability Derivatives

Cp, Without Test Wing With Test Wing % Increase ! -
nV bl’ | nV bI‘ : nV br

o] 0.039 -0. 120 - 0.061 ~0. 129 57 7.5

0.5 | 0.,04Y ~0.115 0.066 | -0.12% 50 7

1.0 | 0.059 -0, 109 0.081 | -0.115 37 5.5

1.5 | 0.084 ~0. 104 0.106 | ~0.109 26 5

As stated in R.A.E. Tech. Memo Aero 101 this comparative
increase in the value of n should improve the handling
characteristics Wwhich were somewhat marginal at low speeds.
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Bo COMPRESSION TESTS ON STRUT WITH SWAGED ENDS

(Report Noo TseSoMoe J”-l-5>
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BONDED METAL_TO PLYWOOD SHEAR PANEL TEST
{4 £
FOR 'LANGASTER'PA L7l SWEPT WING STRUCTURE

by

D, HOWE, DqCaAeog AoFoRoAEsS,
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BONDED METAL T0Q PLYWOOD SHEAR PANEL TEST

=

25th November, 1955 _ Report No. TsM 146

Introduction

The test shear DPanel is shown in Fige1. It is
representative of g section of the main spar of the swept
wing structure to be fitteg to“Lancaster#PA L7k, The shear
web consists of 18g light alloy with a pPly covering on

snaphead rivets to the top ang bottom boom members,

The variation of shear strain with load is shown
in Fig.2,. From this the mean shear strain at buckling
1s seen to be 2.16 x 10~ °  The corresponding load was
3¢3 tons. Final failure was due to buckling and
oceurred at a load of 6.75 tons. :

(a)  Buckling Conditions

Using determined Shear Modulus of L.23 x 106 1b/sq.in,
for a strain of 2,16 x 107 (see Appendix).

Effective metal stress at buckling = 9,150 1b/sq-in. @

Using B = 11,2 x 106 lb/SQnino, the corresponding
buckling coefficient, K, based on the panel between the
Stringers is 6,7,

Assuming all the applied load ig reacted by the web, the
tgeoretical load to give a stress of 9,150 1b/sq.in. is
5600 1b, :

Actual load at buckling = 7400 1b,
Therefore bercentage loag carried by shear banel = 75,6

(b)  Pailing.Stress

Assuming thigs percentage to hold at failure, actual
load carried by panel = 11,450 1v,

Corresponding Shear Stress = 18,500 1b/sq.1in.

Results
Initial Buckiing Sheap Stress 95150 1b/sqein.
Pailing Shear Stress 18,500 1b/sqein.

Signed: D. HOWE :
Date: 28th November, 1955,




FIG.I.

TSM. 146.
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APPENDIX

CONTROL _TESTS

Tensile control tests were used to obtain the
strain gauge calibration factor, Young's Modulus and
Poisson's Ratio for the composite wood-metal material
of the shear panel.

‘ The gauge factor and Young's Modulus, E, were
determined by measuring the strain on a Ce 5" wide specimen
using electrical and mechanical instruments. The gauge
length was 2,0 in. Poisson's Ratio, & , needed to
calculate the Shear Modulus, G, was estimated by measuring
the 45° diagonal strain on a 1.5" wide specimen.

_ The stress=strain curve had a linear portion
consisting of three definite gradients and the Tfollowing
results were obtained,

. B @

Strain 1b/sqein é 1b/5qein.
0 - 0.00015 12.9 x 10° 0:317 | 14.90 x 10°
0.00015 = 0,00023 | 11,2 x 10° 0.325 .23 x 10°
0.00028 = 0.00040 9.62 x 10° 06335 3.61 x 10°

' The moduli are "effective" values based on
metal thickness. i.e.- the metal is assumed to carry all
the load, ‘

Metal Thickness = 0,05" Total Thickness = 0.138"

Strain Gauge Factor = 1:90 (Nominal value 2.17)
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COMPRESSION TEST ON SUPPORT STRUT  (Report No. T.S. . 145)

(Drg. No, M-167-2)

Antroduction

The support strut (Drg. No,M~167-2) for the swept wing
structure being fitted to Lancaster PA.L7l consists of a
nominal 2.5/8'" o/d x 17 S.W.g. TU5 tube with swaged ends
incorporating 24" o/d x 17 8.W.g. TL45 local liners, and is
70.23" in overall length. Due to lack of information on
the probable behaviour of the swaged ends it was decided
to test one to destruction, The strut chosen was one which
had been rejected for use due to the eccentricity of the
ends exceeding the prescribed tolerance,

The test Wwas carried out on 25th February 1955,

Test Specimen

The actual dimensions of the test specimen are as
follows : -

" Mean outside diameter = 2,626"
Mean thickness = 0,089"
e Average cross-sectional ares = 0.476 sq.ins.

Eccentricity of centre-line
of swaged ends relative to
tube centre-line

]

+ 0.128" and -0.070"

A slight amount of ovality was measured towards the
énds of the circular mortion of the strut, the maximum
difference in two diameters at right angles to each other
being 0.017'"

‘The waximum difference in wall thickness across any
one of the sections measured wasg 0.007",

Test Arrangement

The swaged ends were bolted to the free legs of
stiffened lee-section end plates as shown in Fig,l,, This
simulated the method of attachment to be used on the
aircraft, tut no attempt was made to represent the stiffness
of the attachment points., The specimen was then loaded in
the 150 ton Denison Coupression Testing Machirie.

Tinsley Type 6K electrical resistance strain gauges
were cemented to the swaged ends as indicated in Fig. 1,
The positionsg were chosen in an attempt to measure the
maximum strains at points of stress concentration due to
diffusion of load from the swageés into the tube proper,
Dial gauges were used to measure the average strain in
the central portion of the strut (gauges A and B) and the
amount of bowing (gauges C and D) at the centre, Their
dispositions are given in Fig, 1. !

Test Results

Table 1 gives the readings taken during loading, and
also shows the readings obtained on unloading from 7.5 tons.
The strain gauge readings are plotted in Fig. 2 and those
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of the dialngauges in Fig. 3.

The strut failed due to instability of the swage at
the upper end at 10.5 tons.

_ From the plot*of A+ B the mean contraction on the
middle portion of the tub& over 21.L" gauge length, the
modulus of elasticity of the material in compression 18
calculated to be 13,400 tons/sq.ins.

The maximum percentage - electrical strain recorded
was for gauge 5, which gave a reading of 0.502 at 10 tons
2 0.530 a2t 10.5 tons by extrapolaticn. With a gauge factor
of 2,18 and assuming the material still behaves elastically
the stress at this point at failure is thus 32.85 tons/sq. inch,
compared with the average stress at the cenlre of the strut
at failure of 22.1 tons/sq.inch.

The Southwell plot in Fig. 3b of 6.v. 5/P (where

6 = Mjg + D2 lateral bowing, and P = applied load)

1ndloatos that the strut would have falled flexurally at
about 13%.23 tons had there been no instability at the
endS-

Pig.‘5 shows the top of the strut after failure,
At the bottom of the strﬁt, -appreciable distortion

was evident from about 8.5 tons load at the flare out on
the centre-line of the swage. This is shown in Fig. 6.

Conclusions

The strut failed at a load of 10.5 tons due to *
instability of the upper swaged end. The stress distribution
at the ends is complex and the local strains measured do not
vary linearly with Zoad, thus indicating a continuous
redistribution of stress.

Unloading at 7.5 tons showed no appreciable permanent
set. '

Signed . C. K. TROTMAN
Date : 218t October 1955,
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WEIGHT AND Ce.Ge DATA

Aircraft Weighed Weight = 47,651 1bs gA/o Weight Formg
Ref., CAI/202

v Weight check carried out with airéraft in flying trim with
regard to fuel and oil and including the manometer installation.

GeGe at above condition then falls L8.02" aft of datum.

Additional Items:i=-

reignt | dme | TR
Swept Wing L9 | 2hl.ld 99963, 69
Wing Spar Extension 36 205 .41 73976
Boundary Layer Fence 1O 208441 8336.40
Swept Wing Yawmeter 20 281,02 56204140
Actuating Jack 13 169451 2023¢ 60

Z = 518 Ibs. Z = 123,338+85 lb.inss

(47,651 + 518)x = 123,338485 lbein.
0.- X = 2056'_'

Aircraft A.UsWe in flying trim with swept Wing and
attachments installed = 48169 1bss.

G.Ge then falls 50.58" aft of datum and is well within
limits. (See Drge Noe M=170-1).

Standard crew will comprisé‘pilot, flight engineef and
two flight test observers, but provision will be made to carry
three flight test observers.

Assuming, then, a crew of five:-

Additional Weilght = 1000 1bse

"o gtandard aircraft A.U.We.

il
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e}
——dn
(o)
\O
-
o
9]
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, This is within the maximum aircraft A.U.We of 50,000 lbs.
and is therefore satisfactory.




