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SUMMARY

This report gives in detail the calculation of
the distribution of forces in an integral structure
by the matrix force method. The design of a full
scale structure to test the theoretical results is
described in an Appendix but test results will be
given in a separate report. The method of analysis
is suitable for a small first generatiom digital
computer and would now be superceded by 'automatic'
programs on large computers.
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Figure 18 shows the breakdown of each plane of the structure into

the chosen systems while Figure 18a - o show the load distribution
in one of each of the systems due to a given internal load.
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The six columns of the R matrix (page 14) are the six loading cases ....
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1n*“0ductlon

Lntegrd7 vehicle structures have been developed largely on a trial
and error basis and are normally constructed of spot welded sheet metal. The
present investigation was commenced in 1961 to obtain information on the
possible weight saving on a typical vehicle if it were comstructed of
aluminium alloys of high strength (aircraft specification) and if the sizes
of the members were determined by using the stress analysis methods current
in the aircraft industry at that time. It was hoped that some light would
be thrown on the pogsibility of reducing the trial and error approach for
normal sheet stecel vehicles as well as evolving a design that could be made
as a full scale model for detailed investigation of the theoretical results.

The essential differences between vehicle structures and aircraft
structures from the point of view of analysis are :-

1)  The irregular nature of the vehicle structure, usually a mixture of
beams and panels, ’

2) The sma aller size of the vehicle structure removing the possibility of
using repeated similar structural se

3) The lack of reliable information on the load envelope the structure
can be expected to work im. -

The first two points would suggest the use of a displacement
method of analysis and this has been adopted by other workers in the field,
McKenna (Ref.l) at General Motors in America, Allwood and Norville (Ref.2)
on ‘behalf of the Ford Motor Company in Great Britain, Only‘the‘McKenna
paper was availabie when the project started and his method consists of
reducing the structure to a three dimensional Erambwork with stiff joints,

shear panels being represented by extra framework nembers dlsposed across
the diagonals, For a voallstlc idealisation this mpthod required the
solution of a large number of simultaneous equations and the paper ‘referred
to the need for considerable test work to establish characteristics of the
framework to give a guod theoretical model for the structural behaviour of

tho bodyo

The present iunve tigati01 was tied to the use of the Pegasus
Computer at the College of Aercnautics and this made the use of a force
method essential as the store capacity of upprux.mately 6,000 matrix
clements limits the number of simultancous equations that can be solved,
if standard matrix manipulation methods are to be used in the solution.

ThL problenm then became one of mating the idealised structure of
shear panels and end load carrying members with the separate beams having no
shear deformability. It is interesting to note that the Japanese workers
Kirioka {(Ref.3) and Kawai and Koganai (Ro .4) have developed very similar
combinations of structural members when using matrix force methods on
vehicle body structures and have shown that good agreement can be reached
between theory and practical sheet steel bodies.




Work was carried out concurrently by students at the A.S.A.E. under |
the guidance of the writer developing these idealisations on simplified small
scale model structures, nctably Mann (Ref.5), Marsden (Ref.6) and Crawford
(Ref.7). Crawford's work, however, was influenced by Kirioka and he has

‘used the forces at actual cuts in rings as redundants rather than the type
of system used here which are "self-equilibrating" local sections of the
structure as proposed by Argyris and Kelsey (Ref.8).

This report can be régarded as an amplification of Ref.9 and some
repetition is inevitable in order to make this report complete. The main
divisions of that report are used and in particular the seven steps listed
for the analysis are given in detail.

Design of the Structure

Since the structure was designed with a view to checking the
theoretical analysis it was possible to use well defincd straight structural
members and flat panels. The outline of the structure and the structure
itself are shown in Figs. la and 1b, and can be compared to the non-load
carrying Land Rover Estate Car body reproduced in Fig.2.

Several simplifications have been made in the design :

1) ' The second door opening in the side has been deleted.
2) The windscreen pillar has been made vertical.

3) The floor is flat instead of being raised behind the driver's
seat - this is made p0551ble by the sav1ng of depth in the chassis
members., . : ‘ l

4) The. shock absorber attachment p01nts and bump stop reactlons ‘are:
assumed to be at the same point in the structure,

5) The spring hanger points arc taken at the same‘horigontal-lével.

6)  Solid panels are assumed at the scuttle instead of footwells.

The basic idea in the design was to keep a shallow frame, assumed
to be loaded in bending only which would serve as a basic system in the
analysis and which could be used to attach the running gear in much the
same way as the present chassis. The main bending loads should be carried
as far as possible by the deep beams formed at the front by the side panels
of the engine bay and behind this by the main side frames of the vehicle,
Referring to Fig.3 this means that the bending load must be transferred
fron the plade of the main longitudinal (points 1 to 11) to the side frame
(points 13, 56, 61, 18). The cross members are assumed to transfer this
load in bending only, assisted by the torque box at the scuttle section
(points 4, 5, 22, 21, 68, 69, 44, 43) and the structure round the rear
wheel arch The assumptlon made by Kirioka ignored the problem of the
rear wheel arch and while it is true that in passenger cars the rear spring
attachment points are more widely suaeed they are not in the same plane as
the side frame of the vehicle.

The joints between the longitudinals and the cross members have
therefore been designed to operate as continuous members in bending but

.
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not in torsion. Although the floor panels do, in fact, close the top hat
members, zerc torsional stiffness is assumed.

For the analysis the nodes are numbered as shown and, for
convenience, the constant shear carrying panels are given a letter and
suffix number. The side windows carry numbers bjg and by; for use with
the cut—out technique proposed by Argyris and Kelsey in Ref.8, Members
where bending stiffness is assumed are shown in Figs 4a, b & c.

Preliminary design calculations were confined to ensuring that
the main underbody cross members would carry the dead load across the vehicle.
This gave a second moment of area for the section. The top hat section was
then designed on this basis. The first computer calculations were run
assuming the same cross~section for the main longitudinals giving a unlform
underfloor grillage made up of 2" x 1.5" x 08" top hat section.

The rasults, altﬁough containing errors in some parts of the
program, indicated that the main bending loads were not sufficiently
transferred to the side frame of the structure and it was decided that the
31mplest way of keeping the stresses within safe levels was to increase the
size of the main longitudinals to 3.5" x 1.5" x .08" top hat section. The
joints between the longitudinals and crossmembers were subjected to bending
tests with the results given in Appendix IV, and modified until the required
strenpth was obtained. From the final computer results it was found that -
nodes6 and 8 still carried theoretical bending moments greater than the
‘design figures., These joints have been strengthened locally in the full
scale body, on the assumption that the very local changes of section will
not materially alter the computed stress distribution over the remainder
of the structure. The early program alsc indicated that the choice of a
«75" % «75" x 18 swg. square tube for the wiandscreen pillar was far too
small as no load of any significance would be transferred to the roof. The
size of this member was therefore increased to 1+5" x 15" x 14 swg.

Order of Indeterminacy

A literature search failed to reveal a simple method of finding
the degree of Lndetermlnacy (or redundancy) of a structure idealised into
beams, end load carrying members, and shear panels. Denke (Ref. 10), gives
formulae for structures consisting entirely of shear panels and axially
loaded bars which contains a term for the number of external loads.
General formulae have been obtained by Henderson and Bickley (Ref.ll), for
frameworks under any loading and these formulae have been extended to in-
clude shear panels :=

For 2 dimensional structures
n = AIM~-N+1)+P~-r (D
For 3 dimensional structures

n = 6b(M~-N+1)+P -1 (2)
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Where M Number of lincar members
Number of nodes
Number of panels
T Number of feleases

No satisfactory method could be found for combining these two
expressions for a structure of the present type, i.e. three dimensional with
the planes containing separate members.

The following rules were evolved for this type of structure:-

The value of n for the box-like structure is found using the 3-dimensiona
formula with each plane face assumed to contain ome panel surrounded by
end load carrying members.

The value of n is then found for each plane in turn from the 2-dimensiona
formula with the actual breakdown of beams, end load carrying members and
panels appropriate to that plane.

The sum of the values of n found in 1 and 2 gives the order of redundancy
of the structures,

More details and examples of the use of the formulae are given in
Ref., 12, In the process of checking the application of these formulae the
structure forward of the scuttle section was analysed under various aasumptlon
as follows:

Simplified 3-Dimensiocnal Analysis of Front End :Structure

The simplified structure was made statically determinate in all
possible planes so that the analysis concentrates on the three dimensional egg
box effect, it has becen shown that indeterminacies in individual planes can be
1ncorporated simply. For this reason the sections of rudimentary chassis
which take bending moment only are left out, further, the outside face of the
wing is assumed to be a rectangular panel wiftH no cut out for the wheel.

Three cross members are retained across the bonnet top with no
bending stiffness about the z axis

The structure appears as in Fig.5, with an 1mag1nary panel c,
continuing the vehicle floor across the wheel arch. The order of redundancy
of this structure for symmetrical loads is two.

The panel ¢, was removed in the computer analysis by the use of the
Argyris cut out procedure given in Appendix 1 of Ref. 12. Since the order of
redundancy is so low this analysis could be done by pencil and paper methods
but it was found that the condensing of the data from the 31 loads defined 1n
the structure to the four coefficients of the two simultaneous equations was
time consuming and led to errors. It was, therefore, decided to use Pegasus
and to gain experience in using condensation techniques. Since the matrix
division was only concerned with 2 x 2 matrices the computer time for this
program was only a few minutes. The results are shown in Fig.6.
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It was proposed that the basic system for the final calculation
should be made up of a set of systems transferring the down loads at the
extremities of the cross members to the longitudinals of the rudimentary
chassis and each concentrated load on the chassis would then be supported
by the axle loads, Fig.7b. This method was adopted for the first program
of the simplified front end structure (Fig.8a) but to ensure its accuracy
another program was run using basic systems that linked each down load
with the support points (nodes 2 and 5, Fig.8b). The results of this
program were identical within rounding off limits and the equivalence of
the two systems established. It can be seen from Figs.8a and 8b that the
first method gives much more simple basic systems.

Since the simplified analysis assumed two redundancies and then
effectively removed one of them by making a cut out it seemed reasonable
that a program could be written with just one redundancy for the whole
front end. Advantage was also taken of the fact that the loading assumed
gave no loads in the outside panels b; and bg or in the remaining floor
panel c¢j;. The structure to be analysed could then be represented as in
Fig.9. This analysis also gave the same result showing that the front
end structure has only one redundancy due tc the three cross members in
the bonnet top plane, : :

Structdre in Plare of the Bonnet Top

It was orlglnally proposed to idealise the structure in thls
plane with a stiff ring round the bonnet opening.,

A completely stiff ring in one plane has three redundancies and
the computation would be simplified if these could be omitted. The structure
was analysed in the two forms shown in Figs, 10a and 10b, with 4 redundancies
for the first case and 6 in the second (Fig.ll). (The indeterminacy formulae
indicate 8 redundancies, but for symmetrical loading 2 on each side will be
identical). A symmetrical load was imposed on each system assuming unit
tension in the member joining points 69 and 69', This method of loading is
not satisfactory in.that the unit external load is divided between direct
tension in the member (approx. 0.98 of the load) and the load taken by the
remainder of the structure. Since the relative flexibilities of these local
paths are different the remainder of the structure is only dealing with
approximately +02 of a unit load and all loads in the members are small,

: Redundant system No.2,  (Fig.lOb) used in the analysis represents
the structure in the plane of the bonnet top with no bending stiffness
included, and for symaetrical loads it is a sufficient structure. 3By
reducing the load at point 69 in the member 69~44 to the mean value computed
for the two redundant structures the comparative table of loads table 1

can be drawn up.

From the table it can be seen that the end loads are within 107
for the three idealisations except for Fj,3x and Fggx where the actual
loads are small, The errors due to ignoring the corner fixations on the
shear loads in panels cg and cg are approximately 147 but again the actual
shear loads are small. The conclusion can therefore be drawn that for
symmetrical loading the bending stiffness may be ignored for this structure.




This simplification allows a reduction of 6 redundant systems
and 7 loads to be defined in the structure.

The Baéic Syétem‘

A basic system is generally taken as a staticallv determinate
structure which will support the external loads and follow the major load
path of the complete structure. It is not essential to the theory that
the latter condition should be satisfied and in this case the basic system
has been chosen solely for simplicity.

It consists of the rudimentary ladder frame with outriggers,
showm in Fig.7a. The outriggers are stepped up where necessary to form
the rear wheel arch. The loads carried by the vehicle, and the weight of
the vehicle itself, are assumed to be concentrated at the node points shown
and transferred to the support points by members in bending only, except
for the member 9-63 which has a constant end load. The support points are
first considered to be at the axle centre lines which are vertically below
nodes 2 and 63,

Since each load case is static, it is possible to allocate this
support load between the two ends of the spring and the shock absorber or
bump stop. For example, the single support load at node 2 is redistribute
so that the spring hangers at nodes 1 and 4 carry a proportion of it and
the load at 2 is reduced, Fig.7c. ' '

The Redundant System

The method of determining the order of redundancy indicated the
number of redundant systems required in each plane of the structure. The
plene redundant systems were then selected in the following way :-

1 Where the four shear panels were adjacent the classical Argyris X
systems were used, Fig.l3 (see Ref.8). :

When a shear panel crossed the centre line of the vehicle it was
possible to use special X systems with the end load carrying members
.crossing the centre line having uniform load. These systems were cal
Xg systems (Fig.l4), since the shear panels cross the centre line
could well be deleted the same type of system was used for the bonnet i

One or more of the panels could be replaced by a beam having no shear
deformability. The most common. type is when two panels are replaced
by a section of continuous beam and these were called W systems
(Figs.12, 13, 16) and with modifications for centre line conditions,
‘Wg systems (Figs.1l6, 17).

When one of the four panels in an X system is replaced by a beam, the
system was called a V system (Figs.l3, 16) and the modified systems
where one of the remaining panels crosses the centre line a Vg system
(Fig.14) and where two cross the centre line a Vg, system (Fig.l4).
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5 In the case where 3 panels were replaced by a beam enclosing two sides
8

of the remaining panel it was called a U system (Fig.12).

6 The large door opening on the side of the vehicle is essentially a
ring with beams ot the top and bottom having shear deformability
with shallow shear panels while the front vertical member includes
the wind screen pillar and is idealised as having no shear deforma-
bility along its complete length. The rear vertical member of the ring
consists of the front panels of the panelled section of the side of
the vehicle., The three redundant systems for such a ring were chosen
by replacing the beam on three of the sides in turn by end load carrying
members having a unit end load. These systems were called S systems
(Fig.12) and are more local in their effect than the 'cut loads' used
by Kirioka when analysing the same problem.

The only redundant systems that were not in a two dimensional
plane system were those in the floor acting as a grid in bending. These
were essentially the same as the systems used by Lucas in Ref.13, and here
called T systems (Fig.15). The beams are here considered to have zero
shear deformability and are consequently more simple than those used by
Lucas. Variations arose due to the cranked beams over the rear wheel arch
but no separate designation was required. The most forward of these self-
equilibrating groups involved the torque box at the scuttle sectlon and
was calied the Y,1. system (Fig.l1l6).

Figure 18 shows the breakdown of each plane of the structure
into the chosen systems while Fig.19a~k show the load distribution in one
of each of the systems due to a given internal load. The values of the
member loads in each of these are the terms in the column of the by matrix
corresponding to that particular redundancy.

The by and by Matrices

As has been stated, the rows of the by and by matrlces contain all
the loads to be defined in the structure, totalllno 231. '

There are 22 columns in the bg matrix corresponding to the number
of separate loading points (Fig.7a) and 49 columns in the bl matrix corre-
sponding to the order of indeterminacy.

Each column lists the loads in the members for either a unit
external load for the by matrix, or a "unit load" in a particular redundancy
for the by matrix. Theoretically there is complete freedom of choice of the
order of the rows but there are considerable advantages in a particular
choice of row order. Similarly the order of the columns may be arbitrary,
but advantages again accrue from a special choice of column order.

As noted in the descrlptzon of the simplified 3-dimensional
analysis of the fromnt end structure in section "Order of Incetermlnacy R
the by matrix is made up by transferring the unit loads on the outriggers
of the basic system to the main longitudinal and then transferring these
loads to the support po:nts (Fig.7b). The actual layout of the matrix is
shown in Fig.l$ where it can be seen that the order has been reversed and
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the first block of colums give the bending moments in the main longitudinal
(nodes 1 = 11) due to units loads at each node. For instance, the first
coisrm represents the bending moments along the beam due to a wnit load at
node 1 when supported at nodes 2 and 63, The first nine columns are similarly
constructed and the next two columns represent the distribution of the support
loads between the shuck absorber/bump stop node and the spring hangers. The
remaining columns give the loads in cach cross member due to a unit load at
the node given at the head of the column and supported by the main longi~-
tudinal,

The loads to be computed in the structure were first listed in
numerical order, starting with the end loads in the x direction Fox to Fy4x
and continuing with Fiy to Fg4y ete. then working through the bending
mowents and shear panels to form the 231 rows., The columns corresponding
to the redundancies were then written in any order as column headings, The
positionswhere non-zero elements occurred were marked in the matrix. The
51 matrix formed in this way would not provide the optimum use of the computer
store, first because the conditions imposed by condensation techniques
would not be fulfilled and second there is no guarantee that any complete
zero sub-matrix would be formed.

The rows required by the basic system were listed first and the 1
raedundant systems which had teims in these rows were chosen as the first |
columps in the by matrix. The redundant systems having terms in the first

row were listed first, and became the first columns in the bj matrix, then

any system not already covered haviung elements in the second row were added |
as further columms and so on, care being taken to ensure that row sequences

required by condensation were preserved. In this way a rough banded matrix

was produced (Fig.20). : :

‘This type of grouping could have been obtained either by a
geographical grouping or by a computer search program, however, since it
only had to be performed once it was carried out by hand.

The resulting sub-matricres were very sparse and are given in full |
in Fig.2la and they were put into the computer by small section blocks.
Because of the need for checking the sub-matrices they were output from the
computer and used as separate input data tapes in the Part I and Part I1
programs. This method kept the number of instructions in the main program
sufficiently small to be held in the store at the same time as the matrices.

To read in a transposed sub-matrix in blocks each case has to be

examined separately but the principles used can be set out as follows :-

1 Clear a store place twice as large as the sub-matrix required.

2 Split up the sub-matrix into small blocks consisting of diagonal !
matrices, rectangular matrices or scalers vhere elements occur in
an isolation. : ‘

3 Read the blocks into the computer in clear spaces, beyond the space
to be used for the transposed matrix, in row sections of the original
matrix, : '




4 - Transpose each row section back into the reserved space where they
become columns stored end-on as required for the complete matrix.
A careful count of the beginning store numbers of each block of non-
zero elements is necessary,

Examgle:

. . t . .
To read in sub-matrix bjgI starting at store allocation 2.

The complete sub-matrix by,; is shown in Fig.2la, where the crosses
represent the non-zero elements. :

The blocks chosen are numbered from 1 to 8, and when assembled in
the final transposed sub-matrix will lie as shown in Fig.21lb. The numbers
on the diagram are store allocation numbers. '

The diagonal matrix (1) is stored as seven consecutive numbers
and can be read into spaces 794 to 800. If it is then added to a zero
square matrix starting at 801 the result will be as shown in Fig,22a.
Since the store will have zeros in all spaces from 2 to 1585 a rectangular
matrix 7 x 24 starting at 801 will be as shown in Fig.22b, This matrix-
can now be transposed starting at 2 and will form the first 7 columns of
the required bl;l matrix,

The next section of the 5121 matrix will be the 12 columns
containing block matrix (2)Y., The cleared section of the store from 850
to 1137 can be used to assemble a 12 x 24 matrix corresponding to rows &
to 19 of the original bial matrix, This would appear as in Fig,.23a, from
which it can be scen that it is only necessary to read in the block matrix
(2) at store No. 910 to give the required 12 x 24 matrix, which, when trans~

posed and placed to start at store number 170 will give the 12 columns required.

The next 5 columns are obtained in a similar way as indicated in
Fig.23b, the two scalers (4) and (5) being read into store at the spaces
indicated., HNote that it is important to transpose Fig.23a back to its
correct space in b1§1 required before reading in the block matrix (3) to
begin at store number 1009 since it will overwrite some of the zeros in
the previous matrix., The matrix, Fig.23b, is transposed to start at 458.

The final nine columns are prepared as in Fig.23c, and transposed
into the spaces 5378 to 793 to complete blgi‘ '

The Unassembled Flexibility Matrix

The formula for each term in the.flexibility matrix depends on
the condensation procedure adopted and the values to be substituted in the
formulae depend on the size ¢f the members of the structure. Some measure
of choice is allowed at each stage and the actual choices made are given
in detail. :

The condensation procedure was first given in Ref,l4., This is
based on the fact that when a continucus member is idealised into a number
of separate elements with a linear variation of the load in each element
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the whole system can be defined by one load at each node point, see Fig.24,
Where an externel load is introduced or a point load can arise from another
part of the structure the load distribution takes the form shown in Fig.25,
and it is clearly necessary to specify the lcad in the continuous member at
each side of the point of discontinuity. This general statement will be
true whether the load distribution is a direct load along the member cor a
bending moment.,

In the case of continuous beams in the form of portals or rect-
angular rings it is important to define the sign of the bending moments
in such a way that one figure at cach corner will specify the bending
moment in both the adjacent arms.

The condensed flexibility matrix was found in each case as
follows :-
- If the uncondensed column matrix of end loads or bending moments
is defined as:

me-=s )

S = {s 02

112 5120 S21° Sap» S3pe S3pe”

11 and S19 refer to the loads at either end of the first

structural element.

Where s

From the discussion above we can write :

511

512

S22

532

The condensed form of the column matrix will be
8. {so, 815 895 Sgp T = T T = - sn}

A transformatiocn or condensation matrix Ac can be written

which will premultiply §, to give the original load matrix S.




Le€. A S = §,
c ¢
or
190909 - 90 50 = So ] = 511
0,1,0,=~ = = - ,0 84 sy 819
0,1,0,= = == ,0 Sy 84 So1
0,0,1,= = = = ,0 54 s, S5y
0,0,1,~ = = = ,0 - 5, 54
s - -eo
n
s 1 il 8, 8.9
The same condensation matrix will also condense the b and bl
matrices, : °
i.e. A b = b
¢ oc
and A b = b
c lc
t
Now D = bl £ bl
t t
- b1c e £ Ac L1c
.t
- blc fc blc
Where fc = Az £ AC is the condensed flexibility matrix.

The same formula can be used to find the flexibility matrix where
the load at one end of a member is zero throughout the calculation.

Appendix III gives detailed examples of the continuous members
condensed in this way and the corresponding condensed matrices.  The
suffic 'c¢' was not used in the partitioned matrix analysis as only
condensed systems were considered and a suffix 'c¢' refers to a partitioned
set of rows in that analysis.

The individual terms of the flexibility matrices involve the
calculation of the effective cross—~section arcas and second noments of area
of all members.
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The members were made up from the top hat sections or angles with
plates rivetted to them. The usual assumption of the addition of one sixth
of the cross~section areca of the adjacent plate was made for the uctetmlnatw»
of the effective area in each case, see Fig.26. For the second moment of ar
the contribution of a plate normal to the axis under consideration was 1pnor@
but one sixth of the width of any plate parallel to thc axis was included,
see Fig.27., The complete list of effcctlve cross—section areas and seccnd
moments of area are given in Table 2.

The Load Matrix

”he structure has been designed to carry the full cross country
veight of 5,705 1bs. as specified by the Rover Company Limited for the
10“" W/B Statlan Wagon Landrover.,

An equipment (engine, gearbox, axles, springs etc.) weight list
was obtained and the weight of the model structure estimated. The maximum
payload was then determined as the cross country weight less the equipment
and structure weight and not the maximum payload of the standard vehicle.

The equipment loads were distributed on the Basic System as showm |
in Fig,.28a, while the structure weight distribution was as shown in Fig.28b. |

Six payload cases were chosen, the first case being with the 1
driver and one passenger only, while Lhe *emdlnlng five cases were all based
on the maximum payload distributed iu various positions, Fig.29

Case 1. - Driver and Passenger 1

Case 2. Full payload uniformly distributed on the area between 5-22
and 7=-24.

Case 3. Ten people and equipment distributed ou seats (i.e. 279 1bs
per seat).

1
1
Case 4, Full payload uniformly distributed aft of 5-22. 1

Case 5. Driver and passenger on front seat plus 2,489 lbs. aft of 64—3%

Case 6. Full payload outside main longitudinzal members.

Figure 30 shows how the loading csndltlun for Case 5 was applied
as point loads on the Basic System.

The total static load on the Basic System for each case was there-
fore the sum of equipment, structurs and payload.

Allowance for the dynamic lcading of the structure was vased on the
acceleration lovels recorded on an 86" W/B Landrover as reported in F.V.R.D.

Report No. B.R.152/5. Maximum vertical acceleration levels were 1.9g at the
front, 0% g in centyre and 2+6g at the rear end of the vehicle. The maximum
acceleration on the structure of the vehicle was therefore 3.6z (dynamic
plus static), and the load on the test structure was therefore based on 4g
acceleration i.e. the total static lcads were multiplied by a factor of 4.
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These loads were reacted by the spring attachment points and the
shock absorber or bump step. It was assumed that the proportion of axle
load carried by the shock absorbers be 25%. In all cases except Case 1 and
Case 5 both front and rear springs were compressed against the bump stop
and in fact for Case 2 the load carried by the front bump stops is 757 of
the axle load. ‘

The six columns of the R matrix (page 13) are the six loading cases
and the 22 rows are the loads arranged in a similar manner to the colummns of
the bpa matrix. The first nine rows are the sum of loads at each cross beam
giving the bending distribution on the longitudinal members and end load in
member 9-63, The next two rows give the distribution between spring hanger
points, while the remaining eleven are the loading conditions along each
cross member giving bending of the cross members and end loads in members

8-62 and 10-64.

The Computer Program

The theoretical basis of the force method was developed in Ref.8,
and summarised in Ref,12.

Using the notation of Ref.12, the matrix of loads in the structural
elements (8) is given by :

s = (b, - le-lDo)R : (1)
Where D = -blt £y : (2)
and D, = b, £ b / &)

?
Since there are 231 separate loads (either end loads, shear flows
or bending moments), equation (1) has 231 rows. The unassembled flexibility
matrix f contains 2312 or 53,361 elements, that is some eight times the total .
storage space available in the computer, This problem can be overcome by
the use of row partitioning as demonstrated in the example of Appendix I of

Ref,12,

The device of columm partitioning is also available and the theory
has again been developed in Ref.8, and summarised in Appendix I of this memo.
The following calculation shows that this is not necessary:-

2401 elements)

i

Assume matrices D (49 x 49

1078 elements) are available for

and D, (49 x 22
input.

The matrix D_lDo can be formed by reading in each matrix and
dividing, providing the result does not overwrite either of the two matrices.
Since D=1Do will contain 1078 elements the total storage space required

would be:~
2 x 1078 + 2401 = 4557




R MATRIX

1 2 3. 4 5 6

Loads Case 1 Case 2 Case 3 Case 4 Case 5 Case G

1 1+19 120 120 120 120 120

2 3 933 933 933 933 933

3 4 64 64 64 64 64

4 5+22 583 = 1745 583 928 583

5 6+23 1210 3699 1747 1740 1210

6 7+24 568 1895 1105 1236 568

7  8+462+35+25 139 139 976 1153 139

8 10+64+37+26 310 310 1426 1255 2799

g 11+27 366 366 924 781 2855
(front ) ‘

10 (1~b)RF (spring) 1313 1313 1313 1313 788
(load )

(rear ) ,
11 (lwb)RR (spring) 1614 2962 2962 2962 2962
(load )




Further, if the number of rows in each purtltxoned part of by
were less than 49 they could be read into the space origlnally occupied by
D and the further multiplication by (D~1Do) performed in the same program.

While the above shows that column partitioning is not strictly
necessary, no advantage would then be taken of the organlsat1on of the b
matrix into a rough banded form referred to in the section "The by and by
Matrices"

When such a banded matrix is partitioned by both rows and
columns some sub-matrices zre formed which are composed entirely of zeros,
and these zero by sul*matrices can be ignored in the calculation, thus
saving overall computing time. The choice was therfore made to partition
the 49 columns into two parts, Part I having 24 columns and Part II the
remaining 25 columnms,

In order to form the three parts of the D matrix, namely Dy, Dry
and Dyyy (or D1rIt) in one program, limitations on the number of rows in
each sub-matrix are imposed by the computer store. The store layout adopted
is showm in Fig.31 where the instructions read naturally from left to rlghr
in each line and store spaces cn the upper lines are overwritten by matrices
appearing directly below.

If y is the number of rows in any sub-matrix the total store
Space required will be as follows :=-

Read in bl 0 (24 x xy = 24y

1 c 4 =
Transpose to blaI (x x 24) 24y

Read in £, (x x ) = x2
_ . i ,
Form blaI fa (24 x ) = 24y
Form Dla (24 thé) = 576
t : . \
Form bchI fc (from a later stage in the program)
(25 x x) = 25%
T 2 2 =
Form DIIC (25 x 25) 625
t ==
Form DIIIC (24 = 25) = 600
Total = % + 97x + 1801

It is necessary to carry a zero in the store to clear spaces for
the f matrices as required so that the limitation is:-

6142 3 x2 + 97x + 1802 (4)
i.€. 33 » ¥
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The conditions imposed on the value of X by overwriting are
indicated in Fig.31 and are as follows:-

(@) Dy & by £y

i.2. 242 < 25y e X 2 24
() lell ™ fc

i.e.  25¢ < x2 e X 2 25

: €

(e) Bieg 7 o Pryg § 2 by,

i.e. 234 % 23 x 24 s 4By

or 48y 3z 1225 T 2 26

Combining all the conditions we have:

26

A

x & 33

The 231 row matrix system could thercfore be partitioned into 7
equal sub-matrices of 33 rows each. The row partitions were designated by
the suffices a to g.

The diagram, Fig.31, shows the actual store layout adopted for
the Part I Progvam. The maximum storage space required for the program was
6092 elements and the remaining spaces were used to increase the number of
instructions from 80 to the 95 required to write the complete program. The
program is shown in detail in Table 3. ‘

. t
The matrices output from the Part I program were D. T I?

III
and Doy. The first two should be symmetrical square matrices ané
complete chec& was carried out visually that this was so, enabling any
errors in either the program or the data te be found.

The remaining matrices were output in binary form as no checks
were possible and time could be saved in output and input to the next part
of the program,

The second part of the program completed the calculation of the
internal load matrix, S and the displacement matrix, r.

There were no probl& 15 of storage allocatlon and the layout of
the store adopted is shown in Fig,32.



Results

The results are plotted as bending moments along each member,
Figs. 33-37, end loads along each member, Figs. 38-75, and shear flows in
each panel, Figs, 76-C1.

In order to ensure that the maximum stress on any members was
within the yield limit the meximum and minimum values of end loads and
bending moments were selected from the six loading cases and combined to
give an overall maximum stress value. The detailed stresses have not been
included in this report as it is intended to arrange the practical tests
to give results in terms of end loads, bending moments and shear for
diract comparison with the results given here.

The checking device used was to calculate both bending moments
in the beam and the end loads in members normal to the beams, These end
]oada, considered as a load distribution on the beam, should give the same
bending moment dlawram as the output of the computer. An example of the
agreement obtained is shown in Fxg.SZ. Certain structural properties have
not been included in the idealisation, probably the most important is the
torsional stiffness of the cross bearers which become closed sections when
the floor is attached, . Also the idealisation of a panel and a beam when
adjacent is as shown in Fig.83, i.e. the effect on the bending stiffness of
the beam of the very deep web attached is ignored. It has been shown by
Marsden (Ref.l) that for a simple structure this idealisation will give
approximately correct stresses but the calculated displacements will be
greater than the actual structure., Marsden suggested an improved ideal-
isation which made some allowance for the stiffening effect of the panel on
the beam and obtained the same theoretical stress distribution but the
calculated displacements were less than those for the actual structure,
It may well be that for a more complicated structure it is more important
to include the stiffening effect of the panel on the beam and this could be
established when the model has been tested. The displacements calculated
along the beam by the present programs are shown in Fig.84.

The most remarkable result of the analysis is the fact that the
bending moment in the floor beam is not shared by the inner wall of the
rear whell arch. It appears that the sudden change in stiffness at the
ends of the arch makes the two beams work against each other instead of
sharing the load, (see Fig.85). This result, although satisfying equilibrium
and compatibility conditions for the structure as idealised, is a little
surprising and the results of the analysis in this area will be carefully
checked on the model.

Conclusions

The method of analysis detailed in this report is justifiable only
where small digital computers are available, With the availability of large
fast computers automatic methods of structural analysis are the rule. Most
of these are based on displacements as unknowns but scme automatic programs
have been developed using force methods (Ref.15)., Although these automatic
force methods use large computers to organise the data and mathematically
select redundancies they still have less equations to sclve in the final
analysis than displacement methods. The accuracy of the calculated load




distribution in the structure for & given idealisation will be largely |
independent of the method of computation so that the comparison of the test
resuzlts when available and the theoretical results siven here will be
significant,

' . . . . o
The ree! conclusions to this work cannot be written until the test]

program with the full scale model has been completed.
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Appendix I

Summary of Theory

. In Ref.12, it is shown that if S is a matrix of the internal loads
in a structure having one column for each external load condition then:

S = b R+b, X 1.1
I} 1

Where the by, by and R matrices have already been defined and ¥ is an unknown
matrix given by the solution of the compatibility equation:-

P _
!.11 f8 = 0O 1.2

iz, X o= (b £ b7 (0yF

h
o
Q
ot
pace

1.3

and the solution for S is:

S = (b, ~by D-DIR = bR 1.4

Where D = ;Y £y 1.5
. t

and Dy = byt £ b, 1.6

In Appendix I of Ref.12 the theory is extended to include row

partitioning and it is shown that if:

] = Sa
Sp
"
13
78
- uf
™~ - - ~ .y _1
then b = ba = boa - bla D‘ Do
bb bcb b1y
8 147 111
L 1% ] : 11}
W 1" ] "
Wheve D = byt 5 by o+ byt fp by 4 - - - - - 1.7
t T S
and Do = by1a £43bsg + bip fp bop + 1.8
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If column partitioming is required it can be treated separately
© for simplicity, e.g. = ‘

r |
- > N .
S = ‘00 R + z 2171 blII] XI

X171 | 1.9

-

Where bjy is the first 24 columns of by and byyy is the next 25
columns of by, Xy and X171 are the row partitioned sections of the unknown
matrix X and solutions must be set up for both parts of the matrix,
Equation 1,9 is only true if there are less than 24 columns in the basic
system which is the case for the present problem, :

Substituting the value of S given by equation 1.9 in equation 1.2:

T

£ i ‘ 1 ] r i .
JPir | F ] PR P P jt Xy ] = 0
t he .
- %y ||
A 111 | L 1T .i |
l.e@r .
t r 1. t t ' P
bt Eb f Ref b e, bt E bln-; [ . |= o
t t : € 1
b ) 1
Pirr £ Prrp P Pipe Prpp FPiprfd Kip | 1.0
writing ’ ¢
= 1 i,
noI °11 £ Lo
t
Dorr = Pirr EP
Dy = bip EPyg
. . t
Dy = Pypp Ehygp
D - b teb
171 111 11
Fquation 1.10 becomes:
| ) )
D, R + fDI Do [ X, | = 0
Dort {szx Dyy %11 1.11

-

Since f dis a symmetrical matrix and blIt f by




Equation 1.11 can be written as two simultaneous equations in X_ and X

I I1°

Drrr 41 * DPyp %gp

Equation 1,13 can be solved for X as

KII -D

and equation 1,12 becomes:

-1

-D D L. -D D, ™D 2 D

II o1t Prrr {P1 Prmx III - Yor1)

A new notation is clearly required to meke these equations more
convenient.

Let

-1
01T “Pr11 P%

The required soluticn for the unknown internal lcad matrix S
is from equation 1.9:- ‘

-1 -1 -
“by11 P11} Porr Prxr Px Pox
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If row partitioning is used as well as column partitioming it

only affects the calculation of the D matrices which become:-

DoI

ol

IX

IT

I

I

= t + T t £ es e ome om oww e
bia1 £a Poa b 5 Pop * ;
= Dga * Byqp ¥+ — """ mmmmmms ) 1.19
£t . . € ..
= ?1a11 £ Poa * Pinrr B Pop * ;
e T R ) 1,20
—-— L t ~~~~~~
= Pt faPrar f o Pipr B Pipr Y ;
= D 4 Dy 4 mmmmmmmm------ ) 1.21
= t 1 t - - -
Pya11 f2 Prarr T Prorr B Puprn t ;
= Drgg ¥ Pqpp * " T T m o m T ) 1.22
= b, . tf b + bt E b b= )
1all “a, “lal "1bIT b P1bI 3
= DIII& + - DIII}J + ““““““““““““ ) ) ]- "?'3

The equations 1.19 to 1.23 define the matrices DoIa etc, which are

used as steps in the computer program. The row partitioning will be carried

through to the calculation of the

1]

kil

S matrix and equation 1.18 can be written:

1 .7 - -1 1 -1 { - -1

| boa blaI Dx Dyx ~P1a1z Dyr {:DOII DIII Dx Dox} R
b b 0 tp o __p tfp o plp
ob  “1bI Tx ox 1bII TIX oIl III "=z ox |

17

" 1.24




For the problem described in this report there are seven row

partitioned segments (suffices a to g) and of these the following sub-matri
are zeroc:=

1,1~ Prgr = O ) 1.2

Substituting equation 1,25 into equations 1.19 to 1.23 we have:-

Pr1 ® Prze * Prza * DPrre * Drre * DPpyg

+

DIII@

DoI

i1 = Prrze ¥ Drria

and from equation 1.15: D

-

With the considerable simplification introduced by the zero
sub-matrices the required partitioned sections of the load matrix are:-

T -1 -1 -1 '
S = i bleI Dy Dor * Prerr Prx Diy By "D 1 153
- -1 -1
= B
S¢ brerr Prr o Pror Px Doz} R
-1 -1
= %1
¢ = UPigrr Prr o Prrr Dy Do:[] R

As described in section "The Computer Program” of the main report
Part 1 of the program prepared the D matrices given by equations 1.26, 1.2
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1.29 and 1.30 {with D11t being computed instead of Dyjy) while Part 2 of
the program worked out equations 1,32 to 1.38,

Part 2 of the program also calculated the displacement of the load

points relative to the support points when the complete structure is loaded.
This displacement matrix is called the r matrix and is given in Ref.1l2 as:

r = bt Efsg 1.39
Q

When row partitioning is used equation 1.39 becomes:

r = b Y Ff § +b L E 5 ===t ete. 1.40
ca a a ob b b

. . . t
Since, in this case bnb = b = m - - =

the expression for r 1is simply:

r = b "f 8§ 1.41

oa a a
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Appendix II

Internal Load Sign Convention :

1. END LOAD CARRYING MEMBERS
Tension +

2. SHEAR PANELS

Shear force acting on a panel in the positive direction of an
axis with the most positive value of the other axis gives a positive shear
i.e, '

z (UP)

FRONT x (REAR)

, (¢ PANELS)

+ve N X y plane
—o—-m.—w‘ N

AT
i

(b PANELS)

x z plane

™ : (a PANELS)
y z plane

P S—
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3. BENDING MOMENTS

Each "continuous beam" must be treated separately as follows:

M

Crossmembers. M

Mlx’

1
5x° L6x’ M7x’ 11x°

\&
l/?h’b []
N HOGGING B.M's +ve

(Loading on the beam)

fig.(ii)

.J f : 3810 e ° I‘“ ¥ A
Cranked Crossmembers in’ ﬂézx’ ng, 1 0x?

HOGGING +ve on 35-62
} and 8-8'
' SAGGING +ve in v
Bz’ - } direction on 8-62
Y - - - ‘
~ L e
<\
Z
| A,
y fig.(iii)
M

9x indicates the complete system:-

Directions as above
lg9x always equals Mgy,

fig.(iv)
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Lateral Bending Moments, Screen Pillar.

ve
+ ~ B.M's shown

Hogging +V¢ in vy direct

M

Lbx?® .

ISGx

ey direction

Main Longitudinal

fig.(vi)
Hogging B.M.'s

1e€o




Front Wing-Wheel Arch

ALL SHOWN +Ve€

OR Forces Acting on Arch

+ve p M'sg,

" Front Door Post

i ot e

£ 56
\ by
\ LJISOy
4

& 50 M44y

b5 50 M33y
v M
i 22y
!
f +V€ B M's
f

FL«JAA shown

31 32
=,
~ }«"‘.}2 MBOy
o M3y
) Y32y
Lo
fig, (vii)
(i.e.Compression

forces at extremities)

<

fig. (viii)

HOGGING in +V€ x direction
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Rear Wheel Arch

ez T T T (e T2 I ms
(====) ) M
35 36 36 37 25y
——— o
1V 35 37 ﬂ\? y
i ' t 35y
if ALL SHOW +Ve } M
y ' 36y
a
MZGy
25 z 26 ¢~
/] T
\j ‘ X é;
D16 17 &
fig. (%)
Scuttle Portal in Floor
VEHICLE £ X
5% e L5
Y 3
" “‘i ‘..:\_\ , gr—w X
‘ »
i ety ¥
~ ‘; L F i‘ i‘QU""' 4
ALL SHOW +Veé
fig.(x1i)
MSz B.M. between 5 and 5' always constant
Rear Wheel Cut Qut
N e o e - N .- — - "'
8 9 9 10
L ’
. 8 10 ;, MBZ
‘ i
M
9
! ALL SHOW +Ve ! z
! { M1Oz
; !
v )
g__{_,«z.ﬁ 26 1
Lo &
fig.(xii)
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This last may be better seen if drawn with the axes as for the
scuttle portal

, 10
¥
i
! £h
V
fe 9
> ¥
379
i
t
.
i
-}
"8 8 25
L\\ -"") ) . . [
.- fig.(xiii)

Now 8-9 and 9-10 have hogging B.M. +7¢ for +Vey as does 4-5
in the other system,
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Appendix III

Condensation

The end load distribution on the main longitudinal would have

the form:
| ﬁ‘N““~u,,-’”"w A
, ,/"i{'\\ // % 1 Z\! rd R
e | § | :
] $ i ! ’ N \«
i . ; < ? i : 3.
1 Al,;{ 2 Agx3 A§x4 orc? 6 7 8 9 10 11

fig. (1)
The discontinuities at nodes 8 and 10 being caused by the
horizontal portal at the rear wheel arch. ,

The section 1 to 8 will form one chain having the condensed
flexibility matrix:

Condensed Flexibility Sub-Matrix 1

Row
Desig-
nation .
[A 1 JA
Fox 35 (3,41; * 3z2$ ) 6§
Ix 2x 2%
. l9 (Zz . 2 ; 2
] 9 A 9 /'
3x 6A2x BAZX 3A3K 6A3X
v e I BN SN
9 \Qa H
bx 6A3X 3A3x 3Aﬁx 6A4x
1y 2 A 1
Fox v (32 + 53— 72
hx 154 5% 5%
A le g lg
Féx 62 ¢ (32 * 3A )s 6A
: 5% 5% 6x “6x
A l6 1 A
Fre s (o 3z7x. s 5%
- 6x 6x 7% 7x
) Iy ly
3"‘72{ : 6A7X’ 3A7X

The above rows must be placed next to each other in the matrix

calculation.




No row need be defined in the matrix for the load Fg_gy» nOT for

F10-9x: and one value at ng determlnes the 'roof' distribution with one
value of flexibility

lg lg
= 3+ - =
ax 3A8xE jAng

8 9 10 fig. (ii)
This single row designated ng can be put at any place in the
matrices.

The final section of the main longitudinal distribution carries
the row designation Fip-11x and is again a separate row with a flexibility

t10

10-11x 3A10xE

for row F

All the remaining end loads in the x direction can be made by
combining the properties of the above three condensations. The correspondence
between the suffices of the lengths and the effective areas cannot be main-
tained but from the above example it is clear which cross~section is applic=-
able in each case. ’

¥ Rows
b

These rows anolve members crossing the £ of the vehicle. For
bending loads the £ is fixed and the uncondensed flexibility matrix for the
load distribution illustrated will be:-

- 197 1' _ o difkrle_MdZA]_;»jl? fig.(iii)
| C2d; 4 Y
Load at ¢ f = L 1 L
E 6A1y 6A1y
. dy 2dq
1"%}7 6A1}7 6A1y
. 2d9 dg
f1-19y | 6819y 0A19y
dy 2dq
¥
19y | Sh1gy  Shioy]
Since the value of the load Fly only need be specified the condensed
flexibility is: - dy do
A BAjoyE
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At node point 4 there is only an outrigger 4-21 with zerc end load
at node 21, The flexibility is: dy

by = T

The next cross member has a discontinuity of end load at node 5 and an
end load at node 22 provided by the bending stiffness in the windscreen
pillar.

This system can be split into two, one
@ e constant end load across the ¢ of the

‘ hm-_~hm~Nh~ vehicle, designated F5y, where the

Vg,

. d
l flexibility f5y = Eglﬁ
y

*—-dl e 5 e dz-—---—w—er 22

fig, (iv)

The remainder of the cross member required two rows for deflnltlon
and the square flexibility matrix is:

Row No:
1 2d d
F = e p— 2 2
5=-22y 6A22yE
d 2a
F22y 2 2

The other cross members at floor level are combinatioms of the
above,

At scuttle level the cross member 44-69 requires two loads to
define the distribution and the condensed flexibility sub-matrix is:

9& . Row Nos
T
\ — . 1| 42 dy
‘44y E 3A44y 6A44y
) : dz /dz dl \
i : ;
D dlﬁ»69 *w-"d2'**"9 44 - :369 T 1 6A 3A * A
0. (9) - 69y | Sasy (Musy 69y,

+

The member across the top of the windscreen has a constant end load
since there is no shear in the panels between it and the roof, (These panels
do not appear in the calculations for bending). Consequently only one row 1s
allocated to the load in this member.

i

. The corresponding flexibility is:
! g load
i Dist®. o . 41+ 4
e 1 —-«#«i(——«-d 9 w2 50 50y ASOyE
g. (vi)

Assuming constart effective cross section area across the vehicle,

The remaining cross member end loads have the same form as those
detailed above.




i
i
i
i

T T,
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F Rows-
z

The condensed flexibilities for the various continuous and isolated
end load members in the vertical direction can be made up from the same types
as were discussed for the Fy rows. There are no cases of constant end load
as occur for the cross members.

M Rows
X .

The M, bending moments will occur on the cross members and for
straight cross members the rows required to specify the loads and the form of
the flexibility matrix are the same as for the Fy rows e.g.

T

E for the M,  row
1x
* e eraas g1 d
. Flexibility = 7T + 5T
. 1x 19x
el Rt b T
e Tiox g4, (vid)

Where the cross member is cranked over the rear wheel arch two
separate cases have to be considered. At the ends of the wheel arch
(members 8, 62, 35 and 10, 64, 37) the bending moment at point 62, say, is

- different from point 8 due to the shear in the end panels of the wheel arch

whereas in the centre of the wheel arch the bending moment is the same at
points 9 and 63.

For the ends of the wheel arch two adjacent rows will be necessary,

Mgx
Meox :
' ! M
\ 35 62x
, e |,
H62x el Having the condensed flexibility matrix

b - -y
=2 }- dl . h2 h2
S ‘ s
- E ] Ige  3goy 6160
. {Ma.
x| hy By L 4
®, I .
e d; Mex |8 ®lax e5x 335y

fig. (viii)

For the centre cross members only one row is necessary, Mg, with the
corresponding flexibility

—_ %

ng Mox ‘?!'“L....‘“”

L s 1 d hs i
& I 637 36 1, 2, 2
S IS e R S
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The windscreen pillar and its continuation has also lateral
bending stiffness with a distvibution as shown:

s

22 b hy —>33 ©hy =44 <

by

> 50g- h5—-—-~~>156 fig. (x)

and a flexibility matrix for the two rows:-—
N 1| haehy My by
=, ?
hbx E 3122x 3144x 6144x
by, by, + hg
M.~ B
50x 61442 3144x 3ISOX
M Rows
v

The bending moment distribution on the main longitudinal member is
continuous with zero moments at points 1 and 11 and the flexibility matrix
has the same form as for end loads except that the discontinuity at the rear
wheel arch does not exist, The rows Mpy to Mjq, must therefore be kept
together. The windscreen pillar has fore and‘a%t bending stifiness over a
greater length than for lateral loads and there is a load input at point 33
giving a change in slope of the bending moment distribution at this point.

The wheel arch surrounds are treated as continuous beams with
flexibility sub-matrices as shown:=—

Front Wheel Arch

20




Rows Flexibility
u 1 B, bl L1-lg
29y E 3,0y 3,9, 8T,0,
y Li-lg hi=lg Ly Ly
3 B .
30y 61,5, 3L,y Iy 6150,
7 A l A
M3y 612 ’ 312 * 313 ’ €?3
30v 30y 31y T31ly
y L3 L3 L b
A T H :
32y 6£31y 3131y 3121y
Rear Wheel Arch
‘MM,M_V/
M35y | M35y M36y Y37y
—B7F
35 g 36 M37y
hy ny
Mass\ )‘I Mooy PO
\ hy el M gig i
' | - ig. (xii)
” e gl

Rows M
front wheel arch

.

M Rows
2

25y° MBSy’ M36y’ MB?y’ M26y

&

will have similar form to the

There are only two portal members with stiffness about the z axis,
One is at floor level across the wvehicle at the scuttle section %o react

shear in the floor panel of the footwell box,

The symmetrical bending

moment distribution shown requires only cne row to define it.

i

L

i
i
i
i

§ ]

[ gl aned Ry s

' iS’

re

The flexibility for this row is:
5 3
dy
ET

2
ET,,

<+
5z

fig, (xiii)
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The horizontal portal frame at the bottom of the rear wheel arch
is the other M, member with a distribution as showmi-

Mgz / MlOz
I§~z Mg, ’392
. ) “ —F
\ug, 184 9 Mipz |10
. A »
8
d, dy
126z -\
125 L. | < lg »d 261
fig.(xi
Leading to the flexibility sub-matrix:-
Row Flexibility
VI N R SR 8 ’
& s
8z E 3125Z 3182 6183
y Ly bg b Ly
? H
9z 6182 3I8z 319 6192
N | lg g , %D
: s
10z | 6192 319 31262
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Appendix‘ IV

Detail Design and Sample Tests of Floor Structure

Overall Design Considerations.

It was decided to construct the model of high grade aluminium alloy
material using as far as possible existing production equipment available at
Cranfield. This equipment consisted of folding machines, a small fly-press
and basic hand tools while the heat-treatment facilities consisted of o11y a
very small furnace.

With these factors in mind and alsc the fact that extruded
aluminiun alloy sections are only produced with relatively low strength
alloys it was decided to manufacture the model using high grade alloy sheet.
The main members being made straight and folded from sheet on the existing
equipment. This method alsc allowed sections most suited to this application
to be used, standard extrusions not being of desirable shapes.

The material chosen therefore was 2 L 72 Alclad sheet in the solution
treated condition which has a reasonable strength and is also ductile enough
to allow bending operations to be carried out without cracking. After bending
it would have been desirable to brlng the propertles of 2L 72 up to 2 L 73 by
preC}?ltat]un treatment giving an increase of 407 in the proof stress and 87
in the ultimate stress. The lack of furnace facilities however, prevented
this being carried out.

A rivetted and bolted method of joining components was chosen as
this could be carried out cheaply and only needed the purchase of a few
air-line drilis and rivetters. Construction of this type has the advantage
that if modifications are required it is relatively easy to drill out rivets
or remove bolts and replace with new components. An alternative construction
would have been to use spot welds., This would have meant the purchase of
more costly equipment and alsc promote corrosion and future modification
problems,

Allowable stress levels have been based on 2/3 of the ultimate.
The ultimai~ ‘ensile strese of 2 L 72 is 56,000 1b/in? giving a working
stress 37,300 in/in® which corresponds to 0-37 proof ctress.

Design stress levels have been calculated from static loads factored
by 4 for the dynamic condition. This high acceleration factor is 117 above
any measured level on a vehicle of this type used in cross—country operations.
It was therefore considered satisfactory to equate design stress levels to
the maximum working stress without further factors. :

¢ Detail Design Considerationsg

The length of 168 inches of the model structure and the limited
production facilities of the A.S.A.E. dictated that the main longitudinal
members 1 ~ 11 had to he manufactured in four sections. Ideally, a continuous
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beam with a tapered section at node 4 is required giving uniform stiffness
over lengths in front and behind this node point. This could have been .

. achieved if large press equipment had been available. However, by maklng
these members in relatively short 1engths the work was handled on existing
folding machines,

The positions for the joints were chosen at nodes 4, 7, and 9,
which enabled the basic floor structure to be made in three sub—assemblles,
with members 1 - 4 being attached as individual items, These positions
also avoided the areas of high bending stress at nodes 6, 8, and 10 and the
need for large joint reinforcing. In addition to the joints in the longi-
tudinal members reinforcing has had to be added to these members at cross

, member connections even where the longitudinal members are continuous.
" (As at nodes 5, 6, 7 and 11). Over the rear wheel arch the cross members
of course have two 90° bends which required joint arrangements.

The design of the rivetted joints has been based on basic text boo
rivet group loadlng calculations with design loads based on the computed
results of bending moments, end loads, and shear loads. A typical analysis
of joint stressing is shown below.

As indicated in Section "Design of the Structure", and fig (i), th
basic beams are loaded beyond their design Elgureq at nodes 6 and 8., Local
reinforeing has been added at these p01nts in order to carry the higher load
At node 8 the bending on the crossmember is also too high for the basic
member and reinforcing has been added to this as well,

A

Allowable B.M. , \ .
,

R ¢ -

AN

S ;\\ ;.,' | \},f
/ . .

.

\

fig. (1)

In de51gn1ng this floor structure it was considered wise to
invcstigate these joints by conducting tests on typical joint assemblies,
Two points which needed verifying were (1) the compressive/buckling character
istics of the floocr ;nn>1 over the crossmembers as shown in Fig.l, App.IV.
(2) the stiffening effecct of the reinforcing on the basic beam.
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Two longitudinal member joints were tested, one similar to joint
at node 5 and the other similar to joint at node 7. Two -types of angled
joint for the cross members were also tested.

The tests showed that a reinforcing plate on top of the floor
nanel was required to avoid buckling and some indication of the stiffening
effect was obtained. Redesign of the right angled cross member joint was
also found necessary. However, due to to subsequent computer calculations
the jointe used for the actual model have been modified from the test joint
design and if time had been available further tests should bave been
conducted. As these tests were not carried out no alterations to the flexi-
bility matrix have been considered.

To obtain the most efficient design considerable computer, design,
workshop and testing time would be required as this is an iterative process
involving design and testing large numbers of joint assemblies and in-
vestigating their effect on the overall flexibility of the structure.

Design Calculations for Joint 7

783" Effective Width

>

i 30" - 064" j
, § ” ! .oaa"ﬁb{ ) P
Sn-« RN 720 20 200 2 1 200 0 S I Y A0 N AV I 24 v Tt Mt = A

) R = RN _ 3

i ;? Profile of 1-065"
1.7 |p.125% 1y ‘; | = Dbasic section
;‘ ‘ it
' ti
1
N.A. - ¥
A
Y Datum
| A
l 1-445" (1-22") 2.643"
L
(1 +50") ——-> ¢
e Y 3 A ——
' fig.(ii)
Position of Meutral Axis ' Second moment of area about N.A.

« = :937 igms., Iy,A, = 2°1415 in"

Avea A = 1°:008 in?

Loading Casse is Case 2 from computer results

Bending Moment = =24,385 lb=in
End Load = =2,442 1bs,

Shear Force (from bending moments) = +2,009 1bs.
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Stress Distribution due tc Bending

.  fe 1.065

21415

~24,385 x

il

-12,110 1bs/in?

20643
21415

24,385 x

< .

-l

30,100 1bs/in?

Y

~ve Ve s e
compression | tension fig.(iii)

Stress Distribution due to End Load e - 2440

el 1.008
mﬂwafn—- k?“_fe

v

= =2425 1b/in?

Note: End load assumed to act at N,Axis

- - - - Computed loads assumed to act at
' i ' Datum. An eccentricity of <063

' has been ignored.

fig. (iv)

Resultant Stress Distribution

18,075’”""‘." < 1.768
@) - )
24,975 " FE% -
3 - - ),
{3) VAR LA AT LT
b ¥ 27,675 4J . fig.(v)

This is equivalent to:=

1) End load in top reiaforcing

-14,205 1b/in?

~14,205 x 64 x 3 = =2725 1bs

Strength of bolts and rivets attaching top reinforcing = 5028 lbs
(Based on 2/3 ultimate strength)

#

Mean stress

End load

5028

R.F. = = 185

2725
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(2) This is equivalent to end load and moment

End load = mean stress x area
= 3525 1b

1! . . .
2 (applied to side parts of reinfcrcing)

= (24975 - 18075) 0242
61

274 1b-in
(3) End load in base of reinforcing
End lead = 27,225 x .12 = 3275 1b

Combining (2) and (3) and applying forces and moments to rivet group

we get:-
. 875 875 -875 -875
bes %
L L EJ—
L TR
. i
N N
ig_"_:;@wmz_a, ,
%‘,6 / s
~
—
° +30
O - __11 A
5 - T M
274 1b=-in
{“ 3525 1y N 3
N N .
i 15 18 ¥
CX.)
f. L] :
3275 1by ig. (v)
Moment applied o vivet group
= {3273 x L=771) + (3525 x -966) + 274
= 5800 + 3405 + 274
= 9479 1b/in
. . - s Wn 2 2 2
Resisting moment of rivet groups = -  (x- + XKgf = m - X1g )
(2 rivet groups, one 2ach side *n

of beam)
wheve W, = load on rivet n

(3525 + 3275)
36

= 189 1bs

Load on rvivets Jus to end load

Load due to shear force = 2009 = - 56 1bs.
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Combining these loads by vectors gives rivet 18 as meost severely loaded rivet.

189 - -
-~
: — ,
56 j - fig. (vii)

Resultant leoad on rivet 18 = 400 1b,

Ultimate single shear load on AGS 2045/508 rivet in 14 SWG plate = 625 1bs,

| Allowable shear load = 2/3%625 = 416 1b.
| o _ 416
| Resarve factor = 06 = 104

Buckling of Floor and Reinforcing over Joint

L= 2.375"
s 2.
t = «128"
. y «
Y 1

fig.(viii)
Stress when buckling occurs

2
ip = KEt(%) where K is a factor dependent on end fixing
| E, = tangent modulus

Using data based on R.Ae.S. Data Sheet 02.01,15 we get

I e o128 2 = .o0716
E, 7.375
£, = 30,000 1b/in?

Bending Moment at this section to give this stress level

_ 30,000 x 21415 »
M= T5eE = 60,300 lb-in

Without rveinforcing buckling will occur at approximately one third of this
value.,




Test Method

The two main longitudinal | iéces were tested (one similar to joint 5
- reinforcing only - and one similar to joint 7 - complete join - .for Floor
Longltudlnal Members) by the conventional circular bendlng test arranged as
shown in Fig,2/fig (ix) App. IV. Loads were applied in either direction
i.e. to induce both sagging and hogging bending moments. Fig.2 App.IV shows
the hogging moments applied to test joint 5. Deflections were measured
under each load point and under the centre of the joint,

W
S 15—

H -
2 _—
Aoy fig. (ix) |
2 |
Wiy 122
' Theoretical § = ——mei
E 4 EI
11 = §.5 |
| 1, = 105 ?
Giving Theoretical & = g%%H

Local reinforcing was fitted to the beams at each loading point
to prevent local buckling.

These twe joints at nodes 5 and 7 are both loaded with sagglng ]
moments, howewsr, hogning moment loading was applied to the test pieces = |
up to the +1i3% proof loading of the basic beam. |

Basic Beam and Floor Plate of Test Beamg

. i £ %
8] © ]
P C"') {
| 3 P P 3" } S { o ]
f . i -t , v

14

1 g aammwjﬁ- /;:mnmj ?

X -
g 3
j ‘ -
L o
i - - f - :
,"ﬁ ; i
e .
o % ‘080"
| . |
strmrere ] 0 51 | fig. (x)
N.Axis is as shown 1-188" below top face of plate
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Toa = 1.886 in"

Allowable Bending Moments

fl

33,600 1.886

iT: 26,600 1b~in

0172 Proof M

39,200 1-886
2.376

0572 Proof M 31,100 1b-in

. 56,000 1886 .
Ultimate M o= =2 37376 = 44,500 1lb-in

Summary of Results

Test Joint 5 Figs.l, 2, App.IV

Without reinforcing on floor, beam failed at a sagging moment of
19,600 1b-in (Floor panel buckled).

With reinforcing on floor, beam was satisfactory up to 30,000 lb-in
sagging and hogging bending moments.

The equlvalent value of I for the length of beam under circular
bending = 2.50 in'* showing an increase in stiffness of 32% over basic beam.
Load deflection test results are shown in Fig.3, App.IV.

Test Joint 7 Fig.4, App.IV

With no reinforcing on floor the beam failed as a sagging moment
of 20,600 lb-in. (Floor panel buckled).

With reinforcing, failure did not occur unt11 a sagging moment
of 35,000 lb-in was applied.

In the hogging condition, the test was stopped at 43,000 lb-in
bending moment at which stage no failure had occurred. Load deflection
test results are shown in Fig.5,App.IV.

The equivalent I values are 3+09 in'* (sagging) and 24 in"
(hogging) which are 647 and 267 increases over the basic beam stiffness.

Note:- F1g3.3 &5, App IV are plotted such that any permanent set incurred
by the sagging moants is not shown in plotting the hogging moments.

Test Method for Right Angled Joint (Joints 8, 9, & 10)

Fig.6, App.IV

Thls test piece can be idealised into the system shown:-

Zl—.—gio

e 1, = 754 in Measured along
li;l ”'“'“ , theoretical
s 1, = 5.29 in N. Axis

fig,(xi)
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2
. Wly 1
Theoretically 87 = F { L1, + = }
5 _ W11122
2~ T7EL

Measurements were taken at points (1) and (2) up to a bending moment at
point 2 of 15,400 1lb-in., The results are shown in Fig.7, App.IV.

Basic Beam of Right Angled Test Piece.

6'0" - ég
N 19
£ > )
3 . 'OBQ"-Mt :
¥ uN.A. _ -
1.5" ™
T
N ) v
300"
= > fig.(xii)
I = 499 in"

NA

Allowable Bending Moments

33,600 <499
146

0+17 Proof M 11,500 lb=-in

39,200 +499
1.46

i
i

0:3% Proof M 13,400 1b-in

Glcimate M= 32i9%953l322 = 19,100 lb-in

: 3

From this tesr the equivalent I of the beam measured between load point
and built-in end is:~ '

I = 1562 in*

iz a2 reduciion in stiffness of 67+:5% from the basic beam

aro. L% m&ﬁﬁﬂﬂ?ISGLﬁe

Summary

Taese tescs confirmed that the joints in the longitudinal members
i.e. joints 5 and 7 were satisfactory up to their nominal proof load.
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Yielding of the members was becoming noticable at proof load conditionms.

The preliminary tests of these members confirmed that the floor buckling
predicted would occur and that reinforcing on the floor panels was necessary.
No visible damage was incurred by any of the rivet groups.

The large increase in member stiffness is perhaps undesirable and
as indicated on page 41 of this appendix, much more work is required to
produce the most efficient structure.,

However, it was therefore concluded that these types of joints and
their analysis were satisfactory for this structure.

The right angled test piece was however less satisfactory as
the stiffness of the joint was considerably reduced. Inspection of the
reinforcing bracket revealed that yielding of the flanges had occurred
and this was the main cause for the high deflections.

In the light .of this test, the joint was redesigned as a closed ... ..

box section for the actual structure. This is shown in Fig.8, App.IV.




TABLE }

Comparison of loads in bonnet top for three idealisations

p— o a2

Non~redundant

. F

‘M

7

Loads Bonnet top Bonnet top
Defined in Basic. System. ... R
" the Structure 2 -1 -2
Feo - 69ty +1 + .983 + .983
M69 +0 + 000199 + 000208
z [
M682 +0 +0 - 0000745
M67 +0 +0 + 0000450
z
+0 - 000897 - .0000923
66z R BSOS .
F - ,0278 - 0291 - .0293
65y
Feo - 4y + 0445 + 0460 + 0459
L +0 ~+ ,0000089 + .0000264
y .
+0 - 0000199 - .0000405
68y
- - ! -
F69 - 4hy 0167 0169 - 0166
F -~ 0295 - .0308 - .0310
41x .
42}{ - 00197 - 00210 - .0215
F - ,0098 - 00924 - .00859"
43x
F + 0295 + .0308 + .0310
66x .
F67x + 0197 + ,0211 + 0215 |
F + ,0098 + ,00924 + ,00859
68x »
C6 - .00164 - ,00171 - 00172
C7 + 00098 + ,000975 + 000945
C8 + .00098 + ,000925 + 000861
09 + .00098 + .000924 + 000858
+ 0445 + 0460 + 0459




TABLE 2

20 e iy sy 3 0 e .

Effective Cross Sectional Area Second Moments of Area

Apx = 884 Ay, = 722 Ay, = (344 1, = .419 Ily = .419

Aoy, = 884 Ay, - .288

Aggy = .884 Aq, = ,233

Any = 1.209 Ay, = .358 Iy =1.729 1,, = .536

Ag, = 1.244 Agy = 1.015 Ag, = .519 Is, = .455 Isy = 2,028
Ige, = .451

Agy = 1244 Ag, = 1,111 Igg = 500 Iy = 2,028

Ayg = L.244 Apo = 887 Ijx = .511 Iy, = 2,028

Agy = 1.352 Agy = 972 Ag, = 988 Ig, = .485 Igy = 1.927 Ig, = .551
Igig = .525

Ag, = 1.352 Agy = .933 Ay, = .993 Igy = .531 Igy = 1.927 Ig, = .551
IQ;X = ,531 |

AlOX = 1,244 Aloy = ,940 Aloz = ,988 Ilovx = ,516 IlOy = 2,028
Ally = .695 Allz = .306 IllX = 458

111YX = 458

Alzx = .301 Alzz = .181
AlSX = .301 Al3Z = <545 IlBy = -359
Atax = 301 M4y = 633
AlsX = .301 AlSZ = .681

Algy = +269 116Y = ,006
Ajye = .09 A7, = 210 Li7y = 004
A19X = .225 Algy = .885 Algz = .206

Agpz = 078 EZOy = 001
Agix = 654 Agly = .332 Apy, = .279 | Ipiy = .006

fApgx = 482 Mgy = 995 Ao, = 577  Ipox = .204 Ip2y = .210

bpgg = 482 Ap3y = 887




Puvininpuimeprer Lol

(continued)
Effective Crose sectional Ares
Az = 662 Aoty = L9510 Agpy = .358
bosy = 377 Bggg = +369
Aggx = 407 Bogy T 345 Agey 345
Aoy = .849 Aoygy = 345
Apag = +160  pggy = +206
Mooy .110 Aggy = <144
Azgg = 110 Aggy = .184
Ay = +110 Aqip = 160
Azgy = 160 A3gy = 160 Agpp = +361
A33y 160 A3z = <713
Aspx = .234 A3pp = 339
Ajgy = .319 A3sy = J940 Asggy = 439
Ajpx = 319 Azey = L9946 Aspg < 455
A3y = 234 A37y T 940 Ajyy T 415
A3gy = 345
Aoy = 238 A3y T .235
Mjox = 238 Moy = 146
Ayix = 238 Bgry = 184
Ayog = 238 Myoy = .160
Ag3yx = 238 Ay = .385
Bty = 558 Agpng = o497
Apsy = 343 Angy = 338
Bygg = <193 Mgz = 291
My7x = .195 Ay7z = 159
Aggy = 343 Augy = .267
Ayoy = <345
Agox = 163 Aggy = 163 Agpy T 489

Thsx

I50x

Second Moments of Area

175y

L6y

I29y

I3Oy

132y

I%%; = 485 135y

136y

= ,007 150y

006 155 = .006

,006 1262 = .006

.001

.001

.006

007

1.007

146

.006




TABLE 2

o e £ oo s o

(continued)
Fffective Cross Scctional Area Second Moments of Area
A1 = . 300 ASlZ = ,543
ASZX = .163 A52Z = 352
Agay = L1633 Aga, = 455
5543 = ,300 Agyy, = .328

hssy = 240 Agsy = 4345
Asex = 192 Aggy = 409
As7x = 192 Aggy = .543
Asgy = 192 Asgy = .352
Asgx = 192 Aggy = 455
Agox = <192 Aggy = .328
Agly = 210
Agoy = 364
Agax = 364
:A65X = .361 Apsy = 204
Agex = .361 Aggy = 204
Ag7y = 2361

5,368}; = .361

A72X = 463 Aj = ,352
A7szx = 463 Agzy = 453

A?@X = .463 A7{ = .328

Ayéy = L1€3 hygg = 546
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LAND ROVER SYM PART 1

T63.6
1045 -=00
0

J64.0

(0)~1

(1)=x(2,25x111)~»2
(0,33x17)+794

(794,33x24)%>2

(0,66/)+2708
(2708,33/)+(1586,33x33)~+1586
(2741,33/)+(1587,33x33)»1587
(2741,33/)+(1619,33x33)»1619
(2,24x%33)x(1586,33x33)>2675"
(2675,24x33)x(794,33x24)+3467
(0, 33x22)~794

(2675, 24x33)x (794, 33222)+4043
(46043, 26x22) v>1

(0, 33%24)7%

(794,33x24)%>2
(1)x(1586,20x60)+1586
(0,47/)>2708
(2708,33/)+(1586, 33%33)>1586
(2741,33/)+(1587,33x33)+1587
(2741,33/)+(1619,33x33)+1619
(2,24%33)x(1586,33x33)+2675
(2675,24x33)x (794, 33x24)>4043
(3467 ,24x24)+ (4043, 24%x24)>3467
(0,33x24)+79%4

(794 ,33x24 ) %2
(1)x(1586,20x60)+1586
(0,66/)>2708
(2708,33/)+(1586,33x33)+1586
(2741,33/)+(1587,33x33)~+1587
(2741,33/)+(1619,33x33)+1619

(2,24%33)x(1586,33x33)>2675
(2675,24%33)x(794,33x24)+4043
(3467 ,24%245+(4043,24x24)+3467
(0,25x33)v>2
(2,25%33)x(1586,33%33)+4043
(2,25x33)#>1586
(4043,25%33)x(1586,33x25)+4868
(2675,24x%33)x(1586,33x25)~>5493
(0,33x24)+794

(794,33%x24) %2
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TABLE 3

Input

Zero

bjar

fa diagonals

boa

bipr

fp diagonals

bch

fc‘diagdnals

bf .1 binary

big1

Output

Dp1a binary




Table 3 (contd)

Input Output

(1)x(1586,20x60)~1586

(0,66/)~+2708 fq diagomals
(2708,33/)+(1586,33x33)~+1586

(2741,33/)+(1587,33x33)~+1587

(2741,33/)+(1619,33x33)~1619

(2,24x33)x(1586,33x33)>2675

(2675,24x33)x(794,33%24)+4043

(3467 ,24x24)+ (4043,24%24)+3467 ‘
(0,25x33)u>2 bjd11 binary
(2,25%33)x(1586,33x33)+4043

(2,25%33)#%+1586
(4043,25%33)x(1586,33x25)+2
(4868,25%25)+(2,25%25)+4868
(2675,24%33)x(1586,33x25)-630
(630,24%25)+(5493,24%25)+54983
(1)x(2,25x111 )2

(0,33x9)+1289 | blel
(794,33x24) %2
(0,66/)+2708 fo diagonals

(2708,33/)+(1586,33%x33)-+1586

(2741,33/)+(1587,33x33)->1587

(2741,33/)+(1619,33x33)>1619

{2,24x%33)x(1586,33x33)>2675

(2675,24x%33)x(794,33%24)>4043

(3467 ,24x24)+(4043,24x24)+3467

(3467 .24%24)~0 N v Dy
(0,25%33)u>2 byeyy Pinary
(2,25%33)x(1586.33x33)4043

(2,25x33)%>1586

(4043,25%33)x{1586,33x25)>2

(2,25%25)+(4868,25%25)- 4868

/ (2675,24x%33)x(1586,33x25)630

: (630, 24x25)+(5453,24%25)+5493 : : p¥yr binary
(5453,24x25)uv+1 N : : ’

! (0,25x33)u>2 bie1I binary

I (1)x(1586,20x60)+1586 '

(0,66/)2708 f¢ diagonals
(2708,33/)+(1586,33x33)+1586
{2741,33/)+(1587,33x33)+1587
(2741,33/)+(1619,33x33)~>1619

(2,25%33)x (1586, 33x33)+4043

(2,25%33)*+1586

{4043,25%33)x(1.586,33x25)~2

(2,25x25)+(4868,25x25)+4868 c
(0,25x33)u>2 bia11 binary
_ (1)x(1586,20x60)~+1586

. (0,56/)+2708 fg diagonals

R —_—m
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Table 3 (contd)

Input Output

. (2708,33/)+(1586,33x33)>1586
(2741,33/)+(1587,33x33)+1587
(2741,33/)+ (1619, 33x33)>1619
(2,25%33)x (1586, 33%33)~4043

{(2,25%33) %1586

(4043,25%33)x(1586,33x25)2

(2,25%25)+(4868,25x25)+4868

1 (4858,25%25)+0 : D11

x

R




Table 3 (contd)

D

N
LAND ROVER SYM PART 2

J6Z" .O

(0)-1

(0,24x%25)u>2

(2,24%25) %602

(0,25x25)+1202

(1202,25x25), (602,25x24)+1827
(2,24%25)% (1827 ,25%24)+2427
(0,24x24)>2
(2,24x24)= (2427, 24%24)+3003
{0,24x22)uv>1262

(3003,24x24), (1202,24x22)>2427

(1827,25x24)x (2427, 24%22)+602
(0,33x22)+1152
(1)x(2955,33x24)+2955
(0,33x17)-+2955
(2955,33x24)x(2427,24x22)+3747
(1152,33x22) %4473
(1152,33%22)~(3747,33%x22)~>1152
(0,22x6)-2
(1152,33%22)x(2,22x6)~+1878
(1878,33x6) (5)-0
(1)x(2955,30x40)-2955
(0,66/)+4077
(4077,33/)+(2955,33x33)+2955
(4110,33/)+(2956.33x33)+2956
(4110,33/)+(2988, 23x33)+2988
(4473,22x33)x(2955,33x33)+5199
(5199,22x33)x(1878,33x6)+2955
(2955,22%6) (5)0
(0,33%24)+2955

(0)-+134
(2955,33%24)x(2427,24x22)~+3747
(134)x(3747,33%22)~>1152
(1152,33x22)x(2,22x6)>1878
(1878,33x6) (5)~0
{0, 33x24)>2955

(2955,33%24)x (2427 ,24%22)+3747
(G,25x33) 4473

(4473,25x33)*+5298
(5298, 33x25)x{602,25%22)>4473

Input. Output

+0
D%Il binary

D11
Dr

Dot

boa

bial

=

f, diagonals

bipr

biel

t .
bjcpp binary



Table 3 (contd)

(4473,33%x22)~(3747,33%22)+1152
{1152,33%22)x(2,22x6)~1878
(1878, 33x6) (5)-0
(0,33x24)+2955
(2955,33x24)% (2427 ,24x22)+3747
(0,25%33)u>4473
(4473,25%33)*+5298
(5298,33x25)x(602,25%x22)+4473
(4473,33%22)~(3747,33%22)>1152
(1152,33x22)x(2,22x6)~+1878

(1878,33x6) (5)~0
(1)x(2955,33%24)+2955
(0,33x9)+3450
(2955,33x24)x(2427 ,24%22)+3747
(0,25x33) u4473
(4473,25%33)%>5298
(5298,33x25)x(602,25%x22)+4473
(4473,33x22)=-(3747,33%22)+1152
(1152, 33x22)x(2,22x6)+1878
(1878,33x6) (5)~0

(0, 25%33) 4473

(4473,25%33)%+5298
(5298,33x25)x(602,25%22)+4473
(4473,33%x22)x(2,22x6)~>1878
(1878,33x6) (5)+C
(0,25x33)u+4473
(4473,25x33)%+5298

(5298, 33x25)x (602, 25%22) 4473
(4473,33%x22)x(2,22x6)+1878
(1878,33x6) (5)=0

%

s

- 53 =

Input

bidr

bdeI binary

bleI

bfeli binary

b%fil binary

bfgII binary

Qutput
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