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The inductive method of solving the problem of deflection
of the symmetric core structures of complex shape in
the system Maple for arbitrary number of panels

IIpuseden anzopumm 6b18000 MOYHO20 BbIPAHCEHUS
04151 npo2uba cmamu4ecku onpedeseHHOl N10cKol
depmbl. B peweHuu npumeHeH memod UHOyKYyuu u
cneyuaJibHble 0nepamopsvl CUCIMEMbl KOMNbIOMepPHOU
Mmamemamuku Maple. [locmpoenbl 2pagpuku pewieHus
04151 pasAu4HbIx 8bicom epmul. Halidena
acuMnmomuka peuleHusl

Kawuessie cno8a: hepma, npozu6, hopmyaa
Makceenana-Mopa, Maple

Ezopoe Cepeeii Cepzeesuuy

Cmydenm

HayuoHaabHblll uccaedogamenvckull yHugepcumem
«M3H»

2. Mockea, ysa. KpachokaszapmenHas, 14

The algorithm of conclusion exact expressions for the
deflection of statically defined flat truss is proposed.
Used the method of induction and special operators
in the computer algebra system Maple. Graphs of
solution for different heights of truss and
asymptotics are obtained
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The geometry of the truss (Fig. 1) is specified by four parameters: n, m, a, b. Con-
sider the case of loading the truss by the Central power at m=3. Determine the deflec-
tion of the structure depending on the number of panels n.

The problem is solved symbolically in the system of computer mathematics Ma-
ple using cut nodes. As the basics program is used [1], tested on the number of tasks
for plane [2-11] and space trusses [12], in the derivation of the lines of influence [13-
15]. A review of some analytical solutions obtained by this method is given in [16,17].
We give the fragment program that specifies the matrix of the system of equilibrium

equations
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ma 2nb ‘ ma

Fig. 1. n=2

> for i to m0 do

> Lxy[1]:=x[N[i][2]]-x[N[i][1]]:

> Lxy[2]:=y[N[i][2]]-y[N[i][1]]:

> L[i]:=sqrt(Lxy[1]"*2+Lxy[2]"2));
>forjto 2 do

> jj:=2*N[i][2]-2+j:

> if jj<=mO0 then G[jj,i]:=-Lxy[j]/L[i]:fi;
> jj:=2*N[i][1]-2+j:

> if jj<=mO0 then G[jj,i]:= Lxy[j]/L[i]:fi;
> od;

> od:

It marked Lxy- the projection of the rods on the axis, L - length of the rods, G -
the matrix of system of linear equations, m0=16m+8n-4 - number of rods, including
support. Conditional operator if jj<=mO restricts the output indexes outside the ma-
trix, what happens when one of the ends of the support rods have hinge mounted on a
pedestal. The solution for efforts (vector S1) obtained by using the inverse matrix:
G1:=1/G: S1:=G1.B1. Point in the system Maple is defined multiplication of matrix by

a vector.
The deflection determined by the formula of Maxwell - Mohr
m0-3 Q2
A=PY 2L, (1)
= EF

where EF is the stiffness of all rods, S, - the forces of the force P=1, [ - the
lengths of the rods. Three control rod is assumed to be elastic and in amount are not
included. The number of tasks shows that his view does not change

EFA=P(A,a’ +B,b’ +'n+18na’b+6n’ab’)/ (2h*),

where [ =+/a® + b* . The coefficients in the solution conveniently are allocated by
the operator coeff. The invariance formula follows from the regularity of the structure.
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The resulting sequence of coefficients a° etc., The operator rgf_findrecur of Maple on
this sequence gives the corresponding homogeneous recurrence equation. By induc-

tion on the ten farms obtained the following values A4 =(3n+33+1 1442)/3,
B, =n(2n* +1)/3 .In figure 2 the curves of the solution, exhibiting a minimum value at
some values of n. We introduce the dimensionless deflection A'=AEF / (PL) . Taking

L=an, we have the following limit:
limAY n* =b’/ (3h’L).

n—0

00 A I

Fig. 2. Deflection L=10m, h=1m m=3

Cnucok ucno/1b3yemuiX UCMOYHUKOG:

1. Kupcanos M.H. Pewie6Huk. Teopemuueckas mexavuka/Ilod ped. A.U.Kupusaaosa -M.: Qusmamaum, 2008.
382 c.

2. Tunbvkos /I.B. @opmybl 045 pacuéma npozuba ecnapyuleHHoU 6a/104HOU pacKocHOU ghepMmbl ¢
NpoU3B0/bHbBIM YUCAOM NaHesell// CmpoumenbHas MexaHuka u koHcmpykyuu. 2016. T. 2. Ne 13 (13). C. 10-14.
3. Kupcanog M.H. @opmyabl 0415 paciema npoz2uba u ycuautll 8 Cmepi#cHIX CUMMempu4Holi 6a104HO
¢epmvl// Cmpoumeabcmao u pekoHcmpykyus. 2017.1(69). C.19-23.

4. Kupcanoe M.H. CmamuyvecKull aHa/1u3 U MOHMAXCHAS CXema naockou gpepmvul//BecmHuk
20cydapcmeeHH020 yHU8epcumema Mopckoao u peyHozo gaoma um. admupana C.0. Makaposa. 2016. Ne 5
(39). C. 61-68.

5. Kupcanos M.H. O 8ausiHuu Hak/A0Ha no08UMCHOU 0nopbl HA decmKkocms 6a104Hol gpepmbl//Becmuuk MI'CY.
2016. Ne 10. C. 35-44.

6. Kirsanov M. An inductive method of calculation of the deflection of the truss regular type // Architecture and
Engineering. 2016. T. 1. Ne 3. C. 14-17.

7. Kupcanoe M.H. CpasHumenbHblll aHAAU3 Heecmkocmu d8yx cxem apoyHol pepmul // Cmpoumeabcmeo
VHUKA/bHbIX 30aHull u coopyxcenutl. 2015. Ne 9 (36). C. 44-55.

8. Kupcanoe M.H. 3asucumocms npozuba pewemuamoil ghepMul om yucaa navesetl // HayuHolli gecmHuk
BopoHedicckozo 2ocydapcmeeHH020 apXumeKkmypHo-cmpoumesibHo2o yHugepcumema. Cmpoumeiscmeo u
apxumexmypa. 2016. Ne 4 (44). C. 150-157.

9. Kupcanose M.H. AHaaumuueckull pacuem 6a/104HOU hepMbl CO CA0HCHOI pewiemkoll // CmpoumebHas
MeXaHuKa u pacyem coopycenutl. 2015. Ne 3 (260). C. 7-12.

10. Kupcanos M.H. AHaaumuveckuii paciem 6a/104H0U pepMbl ¢ y8eauveHHbIM N00PepMeHHbIM
npocmpavcmeom//CmpoumesbHas MeXaHuka u pacyem coopydxrceruti. 2015. Ne 5 (262). C. 21-25.



- http://ucom.ru/na - ISSN 2411-7609 - Science Almanac -

"

HayuHblit anbmaHax - 2017 - N 3-3(29) | duzuKo-Mamemamuyeckue HayKu 257

11. Kupcanos M.H. AHaaumuuveckull pacuem 6a/104HOU hepMbl ¢ pewemkoii muna "Butterfly” //
CmpoumenavHasi MexaHuka u pacyem coopyxcerutl. 2016. Ne 4(267). C. 2-5.

12. Kupcanos M.H. OyeHka npozuba u ycmotivugocmu npocmpaHcmeeHHol 6a/104Hotl ghepmvl //
CmpoumenavHasi MexXaHuka u pacyem coopydxceHutl. 2016. Ne 5 (268). C. 19-22.

13. Dong X., Kirsanov M.N. The dependence of the deflection of the truss from the position of the load for an
arbitrary number of panels//BecmHuk Hay4Hbix KOHPepenyuil. 2016. Ne 1-4 (5). C. 6-7.

14. Al-Shahrabi A.M., Kirsanov M.N. Line of influence of the deflection for cantilever truss // BecmHuk HayuHbIx
KoHgepeHyuil. 2016. Ne 2-1 (6). C. 6-7.

15. Jiang H., Kirsanov M.N. An analytical expression for the influence line of the truss // BecmHuk HayyHbix
KoHgepeHyuii. 2016. Ne 1-5 (5). C. 10-11.

16. Tunvkos /].B. CpasHumebHbIll AHAAU3 AHAAUMUYEeCKUX peweHull 3adaqu o npozube ghepMeHHbIX
KoHcmpykyulii // HHaceHepHo-cmpoumenwvHbill dcypHaa. 2015. Ne5(57). C. 66-73.

17. Kuiiko /1. K. AHanumuyveckas oyeHka npoz2uba apo4Holl ghepmol nod delicmeuem 8emposoii Hazpysku //
Hayunbtii gecmuuk. 2016. Ne 1 (7). C. 247-254.

© 2017, Ezopos C.C. © 2017, Egorov S.S.

NHOyKkmugHbIli MemoO peweHusa 3a0a4u o npoaube The inductive method of solving the problem of
cuMmempuyHol cmepxHe8ol KOHCMPYKYUU CAOHCHOU deflection of the symmetric core structures of complex
gopmol 8 cucmeme Maple 0a5 npou3sosnbHO20 Yucaa shape in the system Maple for arbitrary number of

nadenel panels



