Amnanus TOJYYCHHBIX PE3YJbTATOB MO3BOJIACT CACIATH 3aKJIIOUYCHHUE, YTO IIPU
MPUHATBIX UCXOAHBIX JAHHBIX YBCIHYCHUC NMPCABAPUTCIBHOIO MOMKATHUA IIPYIKUH,
a CJICAOBATCIIbHO, W YBCIWYCHHUC INCPBOHAYAJIBHOTO BO3AYIIHOI'O 3a30pa MEXIY
CKOJIb3YHAMHU ITOCAJOYHBIX yCTpOﬁCTB W HallpaBJIAIOIIUMU IIYTHU COIMPOBOXAACTCS
SHAYUTCIIbHBIM YBCIIMYCHUCM JUHAMHWYCCKHUX CHUJI.
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CAR WITH ELECTROMAGNETIC SUSPENSION
EMERGENCY GUIDEWAY LANDING SIMULATION

Based on German-d'Alembert method the system of dynamic equations for vehicles on
magnetic suspension movements has been worked out. Railway car, bogie, electromagnets
and bearers during emergency guideway landing vertical and rotary motions have been de-
scribed with the help of this mathematical model. The calculated dynamic force worked on
the car and preliminary springs prepressure dependence has been received.
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University of Architecture, Civil Engineering and Geodesy, Sofia

NON-HOMOGENEOUS TORSION OF THIN-WALLED BEAMS WITH
OPEN CROSS-SECTIONS AND LOADED WITH TORSION MOMENT

Non-homogeneous torsion of thin-walled beams with open cross-sections has been inves-
tigated. There is the consideration of three beams with different supports where the load is a
torsion moment at the right end. Formulae of the function of the rotation have been deduced.
Numerical results are represented in figures.
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1 Introduction. Thin-walled beams with open cross-section are widely applied
in civil and aerospace engineering structural design.

These are two categories of the torsion of these beams — pure (Saint — Venant)
torsion and warping (non-homogeneous) torsion. In the case of pure torsion the
cross-sections remain flat.

The warping torsion is with an important effect on the static or dynamic re-
sponse of the beam structure. It is characterized by a warping of the cross-section
plane. The axial warping displacements are assumed to depend on the change of the
beam’s twist angle.

The paper presents a study of warping behavior for thin-walled beam with open
cross-section.

2 Method of solution. The problem of the warping torsion has been solved in
three cases of thin-walled cantilevered beams with open cross-section. They are
shown in Figure 1.

A = M.,
P

B % M,
il L ’\L

i

C % [~
\ - L
1 1

Figure 1 — Schemes of investigated beams

Their lengths are L and they are loaded with torsion M moment on free end.
The main characteristic of these beams deformation is a function of rotation (the
twist angle) ¢ (x) , where x is the coordinate of arbitrary cross-section. The differ-

ential equation of this function (see reference [1]) is
2 2
d—2 E]md—(zp A el (1)
dx dx dx dx

where E — the modulus of elasticity (Young modulus); [, — sectorial moment of

inertia; G — shear modulus; /. is the polar moment of inertia.
After the substitution

— GIC‘

El,

the equation (1) has been transformed in the following form

I @)
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ﬂ_k2d_2(p=

0. (3)
dx* dx®
The solution of the equation (1) is presented in the following manner
¢ (x)=C cosh(kx)+ C, sinh(kx)+ Cykx + Cy (4)

where C;, C,, C3, C4 — constants.
The other parameters of the problem ¢'(x), B(x), M (x) are shown in [2]. B(x) is
the bending-torsion bimoment. It is expressed by the formula

d 2(p
B(x)=-El,—-. (5)
@ x>
In case of warping the torsion moment is presented in the form
M(x)=G[ch+dB_(x)_ (6)
dx dx

The first term characterizes the resistance of the beam to the torsion and the second
term — its resistance to the cross-section warping.

The function of the rotation @ (x) is presented with the initial four parameters,
as it is shown in [2]

0()= ©(0)+sin(ke) (p];(o)+(l—cosh(kx))?+(kx—sinh(kx))%%0). e

c c

Using the expressions (5) and (6) the parameters ¢'(x), B(x)., M (x) are pre-
sented in the following forms

o ()= 0)cosh (ke 5 0)H Dy gy el g

2 .
B(x)=—FI, (p'(O)sinh(kx)+B(0)_k+[ih(kx)+M(O)_kscl;;2(kx) o
M (x)=M(0). (10)

There have been investigated three beams with prevented rotation on the left
end ¢ (0)=0. Three different conditions have been considered to regard warping

of the end-sections.

For the beam A the warping are free on the both ends, i.e. no bimoments on the
ends. So, the boundary conditions are

¢(0)=0; ¢"(0)=0 — on the left end of the beam
and B(L)=0=¢"(L)=0; M(L)=M — on the right end.
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The initial parameters B (0), M (0) are unknowns in the following linear system:

Jsinh(kL) —hsinh(kL) ¢'(0)] [0
GI, v (0) = 7l (11)
0 1
They are expressed in the forms
M _
'(0)= ; M0)=M . 12
¢' (0) oL 0) (12)

The function of the rotation (p(x) is
0 (x)= [(1 — k)sinh(kx) . kx} M

k GI. '

For the beam B the warping is free on the right end and it is constrained on the
left end. So, the boundary conditions were

¢ (0)=0; ¢' (0)=0 — on the left end of the beam
and B(L)=0=¢"(L)=0; M(L):M — on the right end.

The initial parameters B (0), M (0) are unknown in the linear system

(13)

kcosh(kL) sinh(kL)][B(0)] |0 (14
0 1 M©0)| |Mm|
They are expressed in the forms
M (0)=7; B(0)=—3mEL)7 (15)
k cosh(kL)
The function of the rotation ¢ (x) is
M [ sinh(kL) .
=——| ——————< (1—coshlkx))+ kx — sinh(kx) |. 16
0 (5)= | AL 1 o) s )| 16

For the beam C the warping is constrained on both ends. So, the boundary con-
ditions are:
©(0)=0; ¢ (0)=0 — on the left end of the beam

and B(L)=0= ¢"(L)=0; M(L)=M - on the right end.

The initial parameters B (0), M (O) are unknown in the linear system

[—ksinh(kL) l—cosh(kL)} {B(O) } {0 }

0 1 M©O)| |Mm 1n

ik
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They are expressed in the forms:

M(0)=M; B (0)= L= coshikL) o7 (18)
ksmh(kL)
The function of the rotation (p(x) is
M [1- cosh(kL) .
=——| ——F+—(1—coshlk kx —sinh(kx) |. 19
0= ot | L) o)t —sinle) . 19

3 Numerical results. The non-dimensional parameters have been introduced.
They are: non-dimensional parameter, non-dimensional parameter twist angle

_GI.9(x) ¢

" and non-dimensional parameter
max

Gl, (P(x)

The non-dimensional parameter —=———1is used for describing the torsion
M

flexibility of the beam corresponded to each of these three end conditions. The re-
sults are plotted as function of the parameter 1< k/<10. The large warping stiff-
ness is when £/ <1 and negligible warping stiffness is when &/ >10. The stiffening
effect of the warping constraints for “short” beams is observed.

The of the non-dimensional parameter ¢, and the position of the beam’s cross-
section C in the case £/ <4 dependence drawn in figures 2, a, 3, a and 4, a. For the
beams there is a difference for different values. In the cases of a negligible warping
stiffness the numerical results are reflected in figures 2, b, 3, b and 4, b. The influ-
ence of &/ is expressive at the right half of the beam.

s 74 s
a) > =
) i} b) 5 1000
o 6 ki=4 <
g 5 § s00- .
t_‘g_ ) g k=10
g Ki=3 T 600
% 3 .% k=9
S c 400
£ 2 k=2 g
? S 200
§ 1 Ki=1 s //
0 Z 9 —
0 1 2 3 4 o 1 2 3 4
Positions of beam's sections, m Positions of beam's sections, m

Figure 2 — Non-dimensional parameter ¢,, at the length of the beam A4 in the cases:
a—kI<4; b-4<k <10
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Figure 3 — Non-dimensional parameter ¢, at the length of the beam B in the cases:
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Non-dimensional parameter o,
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Non-dimensional parameter o,

kI=10

kI=9

- - *

0
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g T U

3 4

Positions of beam's sections, m

Figure 4 — Non-dimensional parameter @,, at the length of the beam C in the cases:

The influence of the supports of the three beams has been investigated. The nu-
merical results are reflected in figure 5. The values of the non-dimensional parame-
ter ¢, at the length of the three beams are shown. For beams B and C there is a little

difference.

The relation @ /@, for three beams in the case /=4 is presented in fig-

ure 6. The curves are very close to each other. The supports hasn’t got an influence
on this non-dimensional parameter. The results of non-dimensional parameter @,

a) k<4, b) 4<kl <10

in the cases 4 <k/ <10 are shown in Table 1.

In the cases of big values of %/ the results for the cases of three beams have

been very close. The difference of the supports has got a little influence.
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Figure 5 — Non-dimensional parameter ¢, at

the length of the beam in the cases of three
beams and i/ =2

Figure 6 — Non-dimensional parameter
@ / @ . at the length of the beam in the

cases of three beams and k/ = 4

Table 1 — Non-dimensional parameter @,, at the length of the beam in the cases of three

beams and 4<k/<10

kl Beam 4 Beam B Beam C
4 6,7642 6,5144 6,2723
5 14,6676 14,4677 14,2730
6 33,1296 32,9629 32,7999
7 76,9776 76,8347 76,6749
8 182,6037 182,4789 182,3339
9 440,0650 439,9539 439,8204
10 1073,8152 1073,7152 1073,5906

4 Conclusion. The numerical investigation of the warping torsion of beams with
open cross-sections and with three cases of the supports have been presented.
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. JI. KHHJ[OBA-TIETPOBA, C. B. JIMJIKOBA-MAPKOBA
HEOJHOPOJHOE KPYYEHUE TOHKOCTEHHBIX CTEPKHEW OTKPBITOI'O
nPOPNJIA, 3AI'PYKEHHBIX KPYTAIUM MOMEHTOM
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PaccmarpuBanuch TpU BapHaHTa 3aKpeIUICHUS KOHLA OalkH, K NPaBOMY KOHILy KOTOPOH
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0. C. KOJIOMHHKOBA
KBenopycckuii eocyoapcmeennsiti ynusepcumem mpancnopma, I omens

AHAJIA3 MPOYHOCTH YIAKOBKHU HITYYHOI'O I'PY3A
o/ JEMCTBUEM

HOPMATHUBHBIX SKCILUIYATAIIMOHHBIX HAI'PY30K
IIPA MEPEBO3KE KEJE3HOIOPOXHBIM TPAHCIIOPTOM

C moMomupi0 KOHEYHOIEMEHTHOTO MOJEIHPOBAHUS OBIJIO PAacCMOTPEHO B3aMMOJEHCT-
BUE OOBS30YHOM JIGHTHI C KapTOHHBIM KOPOOOM YNAKOBKM INTYYHOTO Ipy3a. Pesymprars
pacyeToB MOKA3aJId MECTa PACIOIOKCHUS HAaHOONBIINX HANpPsHKEHWH Ha KapToHe. Taxke B
paboTe omKcaHbl Pe3yabTAThl MPOBEICHHBIX YKCIIEPUMEHTOB IO ONPEEICHUIO CBOUCTB yra-
KOBOYHBIX MaTepuaiioB. [logy4eHHbIe pe3yabTaThl MO3BOJISIOT BEIPAOOTATh TOMOIHUTEIBHBIE
MepHI IO 00ECIEYEHUIO COXPAaHHOCTH Tpy3a.

IIpu TpaHCOPTHPOBKE WITYYHBIX T'PY30B Ha HHUX JCUCTBYIOT MEpEMEHHbIE Ha-
Tpy3KH, O0YCJIOBJIEHHBIE HEPABHOMEPHOCTHIO JIBUIKEHUS >KEJIE3HOJOPOKHOTO IMOJ-
BHIKHOTO cocTaBa. HanbGounblme Harpy3ku UMEIOT MECTO NPH COYAaPEHUN BarOHOB.

Pa3memare u KpenuTh Tpy3bl B KPBHITHIX BaroHax HEOOXOIUMO C y4eToM obecre-
YeHus1 0€30MacHOCTHU ABIKEHUS MOE3/I0B, MPOU3BOJCTBA MAHEBPOBBIX U MOTPY30YHO-
Pa3rpy304HBIX PadoT, IMOJHOTO HCHONB30BAHUS TPY30NOABEMHOCTH WM BMECTHMO-
CTH BaroHOB, COXPaHHOCTH IIEPEBO3MMBIX TPY30B WM MOABIKHOTO cocTaBa [l1-3].
BcenenctBue ABMKEHHsI BarOHOB M IPOM3BOJCTBA MAHEBPOBBIX OMEpaIfii B YACTAX
rpy3a U BaroHa BO3HUKAIOT HAMPSDKCHUS U eopMaliui, KOTOPbIE MOT'YT IPUBECTH K
UX OBPEXICHUIO U, CIIEIOBATENbHO, HECOXPAHHOM MEPEBO3KE TPy3a.

Hawnboxpmee pactipocTpaHeHHe IpH aHATH3E HANPsDKEHUH U AeopMaIiii B WH-
JKCHEPHBIX KOHCTPYKIMSAX MONYYII METOJ KOHEUHHIX aneMeHToB (MKD), Ha ocHOBe
KOTOpOTO paboTaeT nporpaMMHbIi komruiekc ANSY'S.

Pemrenne 3amau mpounoctr ¢ mpuMmeHeHneM MKD Bo MHOrOM 3aBHCHT OT TIpa-
BIJIFHOTO BEIOOPA PacueTHOW CXEMBI, alllIPOKCUMHPYIOIINX e¢ KOHEYHBIX AJIEMEHTOB,
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