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lNTRODUCTION 

This report contains an overall analysis of the C 105 Centre Fuselage 

for symmetric loads. The structure considered extends from stations 

255.ooin· to 485.ooin •• 

Stresses and denections due to unit loads are predicted from a strain 

energy analysis based ol). a method developed in Avro Stress Report 

Ger/1090/J.36 which permits the handling of large sclle problel!IS o 

SPECIAL FEATURF.S 

In all, twenty three loads are considered !lS acting symmetrically on 

the component. 0~ these, twenty represent inertia and air loads, three 

join the wing to the fuselage, and one acts as a dummy load to permit 

computation of the fore and aft deflection of the tank pin at station 

485aOOin•. 

In this solution the redundants total seventy one. Since it it 

economically impossible, even using the present method, to solve a 

problem of this magnitude by desk calculator, as much use as possible 

has been made of the company's c. p. c. type digital computors. Even 

, then, the capacities of these 111&chines~has ,ma.de a .furthe:r esi)npl_i.fiCi-1..ion 

desirableo This was achieved by partitioning the structure and solving 

' tour sub-problems. The results from these sub-problems are then 

canbined to obtain the final solution. 

This combination is effected by adding the four deflections from 

the sub-problems and operating on the combined matrix to produce a 

□-ATE 
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relationship between the applied loads ;and the joining loads o Using 

this, the final stresse·s and defiectioiis can be calculated, For 

detail,g see section 5 of this report. : 

r 2 

ln ardeti to prevent waste of expensive •machine time, all calculations 

were checked before the necessary data was released to the Computing 

Group, The Computing Group checks all of their calculations o In 

addition to these checks , all computor calculations were spot checked 

by members of the Stress Officeo All checks indicate that the final 

results are mathmtically correct and with better than slide rule 

aocuracyo 

REPRESENTATION OF STRUCTURE 

In order to reduce the number of redundants to seventy one, it has 

been necessary to lump the frames by twos, with the lumped frame 

DATE 
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located between the two. The frame at 469o501n• is considered separately,as 
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are, of course,the end bulkheads. Then -each lumped freme is represented 

by a ehear panel of equivalent thickneee to provide the same strain 

energy. 'lbe load (in kips ) transferred to each outer wall fr0111 the 

tank is 
0.131 238 Tm 

0.262 475 Tm 

for one frame 

for two frames 

The side wall and the fuel tank are both represented by two booms and 

a shear web, follo,ring the usual lumping method. 

In the duct,sneral stresses are associated with a signifiOUtt stress 

quoted at one stress point, Both the bending and warping axial stresses 

have an associated shear stress, These stresses are derived from 

redundant loads acting on the duct as shOll'Ilo 

:::---. -----~ 
J -~ ' 

'< 

_)----' ) i I _,., 

~!) 

section nine of this report. 

In sub-problems 2 and 3, the 

/( i 

·tij 
duct stresses are given by the formulae: 

In sub-problem 1, the stress pattern is complicated 

by the shape of the duct. For detail stressing, see 

DATE 
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D.\TA OBTAINED 
stresses are quoted for 163 s t ress points in kips per square inch for 

a load of one kip applied to each side of the structure. Of these 163 

points, twenty one are duplicates due to the partitioning, Th~s provides 

142 different point s , wh ich may be used, if necess ary, as a basis for 
j 

interpolation, The load at aey stress point mey be found by multiplying 

the stress by the area shown on figure lo 

The set of pageo of section 15 give all stresses due to all twenty 

three loads, These stresses are arranged for computor work as a matrix 

( here designated Sia) with the columns of stresses positoned as shown. 

----a 
I n z 

L ?.t-t ~ -4~ _ } t:t!JS •R,:.(") 'o i...t• , '2. 
~ 

~ ., .---+',i;--t) S'ue• P.. 0 e1.E'\ 7 \ 

..... 4 

l)ifiections are also given for each of the twenty three load points 

due to.all twenty three loads, All dei1ections are given in inches per 

kip per side, 'Iha Set of pages of section 16 are arranged for computer 

work (here designated zab or E!b interchangably) with the columns of 

denections positioned as shown. 

DATE 
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USING THE RESULTS 

Initially, these results are intended for use in an overall analysis 

of the complete aerq,lane and for detail analysis and weight saving 

of the component, 

In the overall analysis of the complete,aeroplane, the various 

component strain energy analyses (Centre Fuselage etc) must be added 

togethero This method is described in section 5 of this report. 

For detail stressing, stresses can be quickly established due to 

actual loading cases. For this, a Qam matrix expressing the quantity 

of each unit load required for each loading case is established, 

Until the complete aeroplane analysis is available, the following 

proceedure is recommended. 

lo For each loading 08.!le, the air and inertia loads should 
1 

b~ distributed to the load points . 

' 2~ For the forward wing pick-up load, use the loads of the 

Tank 3 Analysis ( Ref 7/0910/8) distributed to the unit 

load points lf and 16 

3, To cater for wing deflections, the deflections given by 

the Wing Ane.lyais(Ref 7/0510/2) should be applied to 

bulkhead 485,00. 

In using thesereaults, it should be remembered that bulkhead 255.ooin 
I 

has been assumed ~igid, pending further investigation, 
I 

Then the 5ia matrix (See pg J-5) is post multiplyed by the Qam matrix 

to obtain the total stresses at each stress point. DetaiJse of this 
i 
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proceedure have been established and are known to the Computing Group. 
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sdl X tB 
To speed the aeroplane analysis and the detail calculations, all 

results are already available on punch cardso 
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A V R OE CANADA LIMI T ED REPORT N o 7/051v/.2__ 
MALTON O ~TARIO 

TECHNICAL DEPARTMENT (Aircraft) S H EET N o _ 

P RE P ARED BY DA TE 
AIRC RAFT 

Centre fuscleee 
Analysis. 

f,'A_,._,,'-"G'-"r_.,,i.cee--=--·------ --+'"C".J~r,~,r'-'il 122_5_ 
CHECKED BY DA TE 

COi.!rU1'.;TIOl, FROGRM'.ltE, I 
Since • he Centre fuselaga Analysis 1:'rPscnts a largo scale problem 

all col'lput&t ions have been organized acco::-dirig to p:rir clr lea of piirt!t ion- I 

ing, Thus +,he problem has been reduced to 5. solt:.t ion of 

4 small partial problems with mutrh order for inversion 14, 11,, 14, 6 , 

and of 

l general problem 111i+!1 matrix order for inversion 19. 

Because while i:art.H ion!ng t.hreo unknnwns had to be added t,hi, P-xpendit,ure of 

punch cards was brooght down frox:-, 

(ll+ 14-t 14+ 6+ 19- J)
3 

to 

A) Indices and Mat rices given: 

1) Indices 

s• ress points i, k 

Redundanc!~s p, q 

-

.. 

lC, -
201 -
)01 -
401 -
lCl -
201 -
JOl -
401 -

• 262144 

15JC7 

143 1st prob, 

243 2nd prob, 

J4j J rd rrou. 

426 4
th 

prob. 

114 1st prob. 

,;. l4 znd rrob, 

314 
rd J prob, 

406 th 
4 prob. 

I 

I 
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A . V R OE CANAD A LIMITED RE PORT No ?/Q5jr/9._ 
M ALT ON O NTA R I O 

TECHNICAL DEPARTMENT (Aircraft) 
SHEET NO _.,i....,._ ____ _ 

Loads 

Retictfons 

In the general 

Loads 

Reactions 

Cent re Fuself.ge 

Analysis. 

a,' b "" 1 I 

a, b .. lCl 

106 

111 

1)6 

:rroblam 

PREPARED BY 

A.Gr,_,,, 
C HE CKED BY 

t • • ~ • • • • 1t , • L.,, (alwaye) 

- . ..10 in l 8t 
prr,b, 

- 1)5 in 2
nd rro . 

- .L. ir 1rd 
, rob • 

l}O th - in 4 rrot. 

a, b - 1, ..::., ...... . ' 
u, V - ' ...................... ,o . . ' 

2) Matrices given: 

Overall Ellis+.ic Influence Cooffldents 

k 

j 
1 □ 

LJ 

Only t.be elements contained in +he index range indk.ated by 

shaded areas lire different from zero, 

DATE 

-- --
DATE 

--

I 

I 
I 
I 

I 

I 

I 

I 
I 

I 

I 



AI R C RA F T 

A V R OE C ANADA LIMI T ED R EPOR T No.:!_ Q_t;J(, ~ 
MALTON • ONTARIO 

I I 
SHEET No TECHNICAL DEPARTMENT (Aircraft) ---- --
PREPARED BV 

Cent re Fuselage A,Grzo. 
---Analysis. CHECKED BV 
-

Overall Stress to Redundant, Load ;{elc•icnsh1r 

' - p 

I 0 
426 X 406 

i 0 
□ 

0 

Overall S+ress t,o Unit Load Realt.iorum1r (p1.rt.ial problems) 

I 
i 

Only the elements coM;ainad in the index range indic.uted by 

shaded 81eas are different from zero , 

DATE 

---
- ----

OATE --- - -
-

I 

I 
I 

I 
I 
I 

I 

I 

I 
I 



A V R O E CANADA LIMITED REPO FH No _fo51c/9 
M AL O N Q P,,,. T A~I O 

TECHNICAL DEPARTMENT (Aircraft) S HEET No _ -.l ~ --------

PREPARED BY DA TE 
AIRC RA F"T 

C H ECKED BY D A TF 
Cen•re Fuselage 

Analysis. 1-----------1------

B} Soltrt, ion or a partial Probla111. 

By surpressing the .. hundred''digits 1n ir.diree 1, k and p, q the 

following ma~rices can be obtained separately: 

4 Matrices Stress to U, it Load 

4 Matrices Displacement t,o Unit Load 

For method of cOr.:J:utation see Strua Rep. 7/0510/8 Taruc J AnaJyaia, in part, 

sheet 1C2 D) Co:?:put.at!.on required: 1) ...... 

Denoting Hip • Cik Kkp and observing rules of tratiSrosing 

mo~rices compute as follOW'a: 

(rrint results) 

C) Sohr+ ion oft.he General Probl-,m, pisrl1192'l'l.!nt MAi;rh. 

l) Add tour ptllit.ial Matrices Zab as shown on tbe next page. 

The Mat.rices havi, +he non zero element.a as ir-dic(.ted by shaded 

areru,, '!'hen split the resu ting Mat.ri.x as ir.dictt.t< ,:,n +.nis page. 

- b --- V 

+ □ ._I _ ___.1 
a 

UV 

In doing so the range of a, b • 101, 10:._,, ....... 1.,., 0 has to be replace d 

by t,he range of u, v • 1, .. , J, ...... . 20 . The range of a, b ,. l, 2, ... 2J 

1 
re .nain3 the same, ho1Jever. 
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2) Consider +he new Mat rices: 

Combined rnnuenco Coe fficfont s 

Cross Product 

Init !al Influence Coefricierit.s 

Compute the following: 

a) Invert 

b) Multiply 

c) Mult ir,ly 

d) Add 

'l'his quantity enters +.na geooral wing analysis, 

Pl Solut.lon of th& Ge!'lf<rs.l p_;c,b'e:,i, Strr,,ss Matrix, 

1) The four ",rt ial t reeo mllt.ricea when combfoed in- o one overall 

mat.r.ix appoar as shown in fipur,;i bl'low. 1,f+er +-he range a, b is split, seo 

paragraph C), two ma~rlces ~re ot+ ined S18 and Siu' 

-;a- a --- a -l 

t CJ t I i 

D 11 D 
= + 

C C 
r~ C 
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