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®opmyJia 1Jis mporuda pepmMbl pAMHOIO THIIA MO JeCTBUEM
COCPeI0TOYECHHOM HATPY3KH B CepeAuHe MpoJieTa

3umenxos Huxonati Anopeeguu
HUY « MOy
Cmyoenm

AHHOTALIUA

[Tnockas cummerpuyHas pepMa ¢ TMPSIMOTUHEHHBIM BEPXHHUM TOSICOM M HUKHUM
MOSICOM, pACHIMPEHHBIM TIO0 KOHI[AM 3arpy>kaercsi TMOCTOSHHON Harpy3KOu.
[locTaBneHa 3agava BbIBECTH (POpPMyYIly 3aBUCUMOCTH IMporuda (pepmbl OT yMcia
naHesneid. B obmeM ciaydae cTpexHH (epMbl UMEIOT pa3inuyHoe cedeHue. Ilo
HEKOTOPOMY UHCIY PELIEeHUH s pepM ¢ pa3InyHbIM YHCIOM IaHEIe METOI0M
UHIYKIIMK B Cpele CHMBOJBbHOH Marematuku Maple momydaercss wuckomast
3aBucUMOCTb. [Iporud onpenensercs no ¢popmyne Makcpemia- Mopa. Haxoaures
ACUMIITOTHYECKOE CBOMCTBO PELICHMUS.

KaoueBbie ciaoBa: d¢epma, pama, ¢dopmyna MakcBemia-Mopa, 1poruo,
unayknus, Maple
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Abstract

A planar symmetrical truss with a straight upper belt and a lower belt extended at
the ends is loaded with a constant load. The task is to derive a formula for the
dependence of the deflection of the truss on the number of panels. In general, truss
rods have a different cross section. For a certain number of solutions for trusses
with different numbers of panels, induction in the environment of symbolic
mathematics Maple yields the desired dependence. Deflection is determined by the
formula of Maxwell — Mohr. The asymptotic property of the solution is found.
Keywords: frame, truss, Maxwell -Mohr's formula, deflection, induction, Maple

Known analytical solutions for flat trusses are generally obtained bar-type
trusses [1-5].

Consider a truss variant, with two lateral extensions loaded with force (Fig.
1). The solution is supposed to be obtained inductively, from the analysis of a
series of solutions for trusses with a consistently increasing number of panels. The
inductive method was successfully used to derive formulas for arch type trusses
[6-13], frame type trusses [14-16], lattice trusses [17—20], spatial trusses [21-29].
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The induction method was also used to calculate cable-stayed trusses [30], regular
foundations [31] and sliding scissor mechanisms [32].
The total number of rods this number n,=8n+6, also includes three

support rods, the deformations of which are neglected.
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Figure 1— Truss under the load, n =5

The calculation of the forces in the rods is carried out in a program written in
the language of the system of symbolic mathematics Maple. For data entry, rods
and nodes are numbered (Fig. 2). The numbering of the rods starts from the
bottom.

Figure 2— Numbers of rods and nodes, n = 3

Sets the coordinates of the nodes. The origin is taken in support 1. Support
rods are attached to the nodes (hinges) with the numbers 1 and 2n + 2. Here is a
fragment of the program in the Maple system:

>for i to 2 do

> x[1i] :=2*a* (i-1) :y[i] :=0:

> x[i+2*n] :=2*a* (i-1)+4*n*a-2*a:y[i+2*n] :=0:

>end:

>for i to 2*n-2 do x[i+2]:=2%*a*i+a; y[i+2]:=h; end:
>for i to 2*n+l do

> x[i+2*n+2] :=2*a* (i-1) ;y[i+2*n+2] :=2*h;

> end:
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Rod connections are encoded by vectors N. The coordinates of these vectors
contain the numbers of the ends of the rods:

>for i to 2*n+l do N[i]:=[i,i+1l]; od:

> for i to 2*n do N[i+2*n+l1l]:=[i+2*n+2,i+2*n+3] ;0d:

> N[4*n+2] :=[2*n+3,1] :N[4*n+3] :=[2*n+2,4*n+3] :

> for i to 2*n-1 do N[i+4*n+3]:=[i+1l,i+2*n+2];
N[i+6*n+2] :=[i+2,i+2*n+4] ;o0d:

> N[8*n+2]:=[2*n+4,1] :N[8*n+3] :=[2*n+2,4*n+2] :

The expression for the deflection is obtained by the formula of Maxwell-
More:

A= Pn_sf(si )?L. | (EF).

Denoted by: EF — the stiffness of the rods, . — the length of the rod with

the number i, S, — the force from the action of a single force in the middle of the

span (the node with the number 3n + 3). Form solutions for farms with a different
number of panels has the form (n> 1):

_p Aa’+Cc®+H h’

A
" EFh?

1)

The main difficulty of the task is to determine the dependence of the
coefficients on the number of panels. For the coefficient A, the following fourth-

order homogeneous recurrent equation is obtained.
A,=4A —6A ,+4A ;- A .
The solution of this equation is given by the rsolve operator (for the
coefficients at ¢*, h*, the formulas are obvious):

A =n(1+8n°)/3,C =n+6,H =1.

The expressions for the coefficients together with formula (1) constitute the
solution of the problem.

To estimate the change in deflection with an unlimited increase in the
number of panels (at the same time, both the total load on the truss and its length
increase simultaneously) allows the limit obtained by means of Maple. Apply the
limit operator limit(Del/n”*3,n=infinity). Will get

limA /n®=8Pa®/ (3EFh?).

nN—o0

In order to take into account the different stiffness of the lattice rods and
belts, it is enough to rewrite formula (1) in the form
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_p Aad’ly +Cc®ly,+H h®ly,

h2
where the coefficients with respect to stiffness express the relationship of some
fixed stiffness EF and the stiffnesses of groups of rods of corresponding length

EFA,

EF, =,EF

Reviews of analytical solutions for the deflection of flat trusses by the
induction method using the Maple system are contained in [33—35].
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