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World War One Fighters




In the Beginning...

Chanute Glider (1897)

Wright Flyer (1903)
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British Monoplane Ban

THE COLLAPSE OF MONOPLANE WINGS.

Royal Flying Corps
bans monoplanes
Oct 1912 — Feb 1913

MR. GRAHAM GILMOUR’S FATAL ACCIDENT.—General view of the monoplane after the disaster,

REPORT OF THE GOVERNMENT COMMITTEE ON
| MONOPLANE ACCIDENTS



Sopwith Camel

Camel |[Cessna 150
Engine {(hp) 130 100
Area (ft%) 231 160
Span (in) 336 400
Weight (Ib) 1453 1600
Max Speed (mph) 115 122
t/c 0.06 0.12




Mr. T.O.M. Sopwith (1888-1989)

1910 Royal Aero Club Aviators’ Certificate No. 31
1913 Founded Sopwith Aviation Company
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Sopwith Tabloid

1914 Schneider Cup Winner |
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Camel Structure
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Upper Front Spar (Spruce)

© Pilot Press Limited

The lllustrated Encyclopedia of Aircraft

Volume 9, Issue 102

Orbis Publishing, 1983



Structural Analysis Steps
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‘ External Load Balance
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Weight | % TOTAL
[[4] °
Strvcrure Weight Breakdown
Top Plane 104
Bottom Plane a0
Struts 15
- . ENGINE: 130 CLERGET AEROPLANE: Sopwirh Caner, F's3
EXTEI’I"‘IE' BI’ECII"‘IE Wires 20 Tree_ Ain-cooren ::fllv ::Pl SincLE Seater FiguTER
.HP 12778 D) *OF WiINGS AN
TOTALWINGS 229 16% :l:nlr-ﬂ' 21 u: 1230 LIAL sme-;.. € —
Tail Planes 13 L e —
- _—'-'._i—_
Elevators 8 P P rom L 2 T .
_ FutL per Max BA P Hour AP+ CHORD . DIMETRAL
Fins 2 - - - - DSL i sW W WRGATE
Rudders 3.5 Areas Werars L] We/Se Fr [%WrionT
TOTALTAIL 27 1.8% Y P Top PLANL 108 5
1 Botrom Pran
Fuselage 108 > z WioDLE PN = .
Chassis 70 v | mwm—w T Structure 31%
Tail skid 3 o ExTeanaL BRACING WinLS 20
al J 2] TOTAL WINGS, | 225 | 10 1575
Controls 14 5 1. ) TaiL Pranes 13 ) pﬂwerplant 32%
TOTAL BODY 195 13% 3 ‘22 5 ’f.‘.f,'""" 1t Fuel 175,
TOTAL STRUCTURE 451 31% —_ = ==
3t-+ ToTaL TAIL, 27 L 185
’ ;| r g Load 20%
POWER ) ?ILSIID )
- o ONTROLS (L] .
Engme Dr'i'r 375 ToTaL BODY. 198 943 e 1DDE!IE
Propeller 30 TOTALWEIGHT OF STRUCTUREUNIT] asi- [ vos 3o
WY/HP
Engine Accessories 27 - ¥ B "f.::' ’;: ’.’,
Fuel Tanks 24 « = ET‘ (s P hIEA FI
Oil Tanks & Pipin 13 32% 3 " |POWER UMIT. suf i i %ie a2 3a 297 ~
p E 0 Gaus.  2e = FueL Tanxs 28 8 ot Load Factor 5_7
Fuel 180 a n - 6 3 :Muuwmu(k.':::::s 13 |18k
OpRS _ 2'a 4 ' "
oil 63 17% - HER = .
TOTAL POWER 712 49% TOTALWEIGHT OF POWER UNIT, T2 50 490
E CRew 10
(2] _nstauments 0 -
LOAD ofil Wr—
<34 Sunbnuzs
Crew 180 3 § ::usl AmnuniTion “;. 7
Instruments 10 2 Rewoos . "
Guns & Ammunition 101 TOTAL WEIGHT OF LOAD UNIT.| 23 200
=T = 0% Hﬁ.} TOTAL WEIGHT OF MACHINE] 145+ [S3 =81 50,
Fia. 5. AxaLysis or WEIGHT. SorwrTE-CAMEL.
TOTALWEIGHT OF MACHINE 1454 100%




Loads Balance

P=L-W
Condition w(lb) ef(in) d(in) L({lb) P{lb)
cp fwd 1455 -5.9 147 1399 -56

cp aft 1455 4.9 147 1505 20
Load Factor =1
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Wing Load Distribution

wm”mmzzszz:zz:r:x::T::

L = total air load Load on Upper Wing = (L—W) 1.2A;
w = wing weight 1.2A; + Ay
A; = upper wing area _ Ay
A = | - Load on Lower Wing = (L—W)
s = lower wing area 1.2A + A,
L {Ib) w (lb)  L-wilb) A {ﬁl} A {ﬁl} L (Ib) Ls (Ib)
1399 220 1179 125 115 667 512

Load Factor =1
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Spar Load Distribution

x A 66% load on fwd spar
< P | Wy 34% load on aft spar
—
d=27.4" .
> RAF 16 Airfoil
63%c
c=54" >
_ : a+d-—x
Wy = -runnlng load (per length of span) Load on Front Spar = ; cp ]WT
a = distance from LE to front spar
b = distance from front spar to aft spar X, —a
X., = distance from LE to cp for load condition ~ Load on AftSpar=| — — Wy

Load Factor =1

Condition wr (lbfin)  xg (in) a(in) d (in)

Front Spar Aft Spar
Load {Ibfin}) Load (Ib/in)
cp fwd (0.3c) 2.00 16.2 6.9 27.4 1.32 0.68
cp aft (0.5¢) 2.14 27 6.9 27.4 0.57 1.57
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Front Upper Spar Bending Loads
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Front Truss Loads

cp Forward Condition
Load Factor =7

m S E—
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Spar compression load =-3057 |b
Lift wire tension load = 3546 |b
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Beam-Column Magnification

Beam load (aero forces)

-2500

-5000 -
a 5 50 75 /, 100 125

X-axis / 4889in-b =

Bending Moment Magnified 59%
due to presence of compression

Compression (truss action) 10.3 Ib/in
cp Forward Condition \ T T T T T T T T I p
Load Factor =7 P=3057 Ib—> /4—
1
Unmagnified Moment \\ //
10000 9,666 in-Ib / \ //
7500 \ /
5000 // \ //
2500 . — \
D “_é_./ | / -3,075 in-Ib \ //
< \
|
|
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Flying Wires

Steel Flying Wires
%" BSF
Strength = 3450 |b

0087] O

- -

0.348

Total Load = 3546 Ib
Load per wire =1773 |b

M.S.:@—l 0.95

1773

Flying wires were
doubled for extra safety

|

STREAMLINE WIRES.

4B. A to §" B.S.F. Material to the British Engin-
eering Standards Association Specification, 2W3,

F ORK ENDS.

Sizes 4 B.A.to " BS.F. Madeto lho Alr Mini: try
Speaifications and Limits, and passed A

| TURNBUCKLES.

A.G.S, or Binet Pattern. Large range of sizes stocked

We are in a position to ‘nvo cxoopt oul service in the
supply of Aircraft Parts and Materia ay we heip
you? Send your onquirlu lo Dopc 4lA.

| BrownBrothes

W(hwhchl amalgamated Thomson & Brown Brothers, Lid,
(W holesale only) Head Offices :

Great Eastern Street, London, E.C.2..}
Branches in all large towns.

Complete with either Fork Joints or Trunnions. Sizes |
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Spar Stresses

A
/_J
‘ Front Spar Rear Spar ﬁ -
A =2.445in? A =2.603in?
278 | = 2.256 in* |=1.611in 55
Compression &
Load 3057 b T
_/ \— Stress 1250 psi
Allowable 5000  psi
\J Ratio 0.25
Bending
- 15 — Load 9666  in-1b 2.125
Stress 3955  psi
Slg ruce Allowable 9400 psi
E - 13)(106 pSI Ratio 0.63 1 1
Fc = 5000 psi MS.=—= 1= ~1=0.13
Fb = 9400 psi R.+R, 0.25+0.63
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After the War...

Sopwith Undergoes
Voluntary Liquidation

i
Sopwith
Camels

An ideal plane for the experienced
pilot to get about with.

High Speed 110 M. P. H.
Landing Speed 35 M. P. H.
Fuel Capacity 4%, hours.

We have a few slightly used camels
at attractive prices.

THE LAWRENCE SPERRY

AIRCRAFT CO. INC.
Farmingdale, Long Island, N. Y.

Phone Farmingdale 133
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Summary

* Biplanes are structurally efficient (due to truss
action) and were dominant in WW1 & the 1920s

* Monoplanes became more prevalent as engine
power and speeds increased in the 1930s,
becoming dominant in WW?2

* The WW1 era structural analysis process was
similar to todays, but we use more complex
models, more load conditions, and durability is
more important
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Disclaimer: The calculations shown here were made in the interest of historical study only. Due to the unavailability of certain key
data, assumptions had to be made which mean that the results presented here cannot be used for a real airplane. Do not use any of
the numbers presented here for any purpose.
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