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Dynamic Problems on MAGLEV Guideway Structures

Problémes dynamiques sur les structures de guidage
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SUMMARY

This paper presents an introduction of the study for the design and technical development of
a newly proposed guideway structure for the superconductive magnetically levitated railway
system (MAGLEV). The design concept of the new guideway which combined twin precast
prestressed concrete beams and infrastructures, and the dynamic design of structures for ultra-
high-speed vehicles are described.

RESUME

Cette communication présente une introduction de "étude sur la conception et la mise au point
technigue d'une structure de guidage récemment proposée pour le réseau ferroviaire 3 lévita-
tion magnétique supraconductrice. Les auteurs exposent les caractéristiques essentielles du
projet de ce systéme de guidage qui prévoit une double poutre préfabriquée en béton précon-
traint avec l'infrastructure correspondante. lls fournissent une méthode de calcul dynamique
des structures a prévoir pour les véhicules ultra-rapides.

ZUSAMMENFASSUNG

Der Aufsatz ist eine Einfiihrung in die Entwurfstudien und die technische Entwicklung eines
neuen Fuhrungstragwerks flr supraleitende Magnetschwebebahnen. Beschrieben werden das
Konzept eines vorgespannten Zwillings-Fertigteilbalkens mit zugehdoriger Ausristung und die
Bemessung fir dynamische Einwirkung aus dem Hochgeschwindigkeitsbetrieb.
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1. INTRODUCTION

Extensive studies and developments are now being proceeded on the superconduc-
tive magnetically levitated rajilway system (MAGLEV) taking a new "side-wall
levitation”™ as the fundamental system. All the ground coils including those for
levitation, which was placed on the horizontal floor surface in the conventional
system, are installed on the same vertical side-wall surface of the guideway.
Although the section shape of the guideway remains the U-shape because the
vehicles have to be supported by the floor slad at the time of wheel-traveling
at low velocity, the new system has a lot of compositional advantages because
the maintenance for the alignment of coils which require high accuracy can be
conducted only by the side surface where the support, guidance and propulsion
coils for the ultrahigh speed levitated-running are installed.

The authors proposed and have been developed a "Twin-Beam Guideway (TBG)" system
in order to make the most of new system's advantage. The structural composition
of the new guideway, and its dynamic behavior are reported in this paper.

2. STRUCTURE OF TWIN-BEAM GUIDEWAY SYSTEM
2.1 Composition of Twin-Beam Guideway

A schematic of TBG is shown in Fig.1l. Its basic concept is as follows:

(1)The side surface finished to high accuracy is made of a precast concrete beam
and set as a maintenance-free module with accurately aligned coils.

(2)The twin-beam (TB) can be placed on arbi-

trary infrastructures as both-ends supported

beams. The structure of bearing is made finely Twin-Bean (TB) (Ly=12.6m)
adjustable in order to facilitate the correc- )

tion of long-wavelength track irregularity. ;2 {dsnce coll
<} g ance b
, \‘(.1'.&/ z / F
<A Propulsion coilske]
7y )
i A ‘I

Fheel gulde m

Levitation and

(3)Separating the coil-installed module clear-

ly from infrastructures, the coordination of /
inter-industrial works between structure, ’)‘1-/'
track and electricity is made easier and %f//i/,/-"/
enabling a labor-saving, mechanized and rapid Peeriie<se= -
construction. Infrastructure

2.2 Structure of Twin-Beam Fig.l Twin-Beam Guideway
The sectional dimension of TB is shown in

Fig.2. The determining factors for the dimen- 155

sion are as follows: S
(1)Helght 1s determined by the dimension of ! N A

ground coils. Width is determined by the PClendon($2ma) | ...4

lateral rigidity and stability requirements woo Levitation and
for an independent beam. Length is set at Stirrmp o ‘ L guidance coils

12.6 m to limit the deflection due to 1live
load within 2 mm and considering the relation
to the multiple of propulsion coil

r Propulsion coils

1300

0 I
length (1.8 m). i )
(2)Box-beam is adopted except both-ends in ¢
order to obtain higher natural frequency. PC strands 5L\1 SR
(3)The pretensioning prestressed concrete (#l2.4m) [ T{:::: ]

structure is adopted to minimize the steel %h““"“ S I
quantity in guideway and it is designed to “ﬁ“Tm“lu b
keep full prestressing condition under service plate v
loads to sustain rigidity. Fig.2 Cross section

2.3 Structure of bearing
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The structure of bearing is shown in Fig.3 and
the technical key points are as follows:
(1)Elastomeric bearings with lead cylinder at
center are adopted for economic efficiency and
requirements to provide enough horizontal
spring constant. They allow free expansion and
contraction of beam under the slow-strain
loading due to temperature change.

(2)PC tendons are placed in order not to ,
produce negative reaction at supports due to o haghs fﬁ?ﬁam?? ~
the eccentric loading of vehicle and 1large Fig.3 Structure of bearing
horizontal loading at emergency.

3. DYNAMIC RESPONSE OF GUIDEWAY FOR ULTRA-HIGH VELOCITY

The study of dynamic response of guideway is very important from the point of
view not only of the structural design but also of the riding comfort because
the dynamic load due to vehicle may determine the design condition and its

deflection may work as a track irregularity. Tieveliicle tua el
As JR's MAGLEV is adopting a system of concen- g 5| oS
tratedly-arranged superconductive magnets to = === =S = o
minimize the magnetic field in the cabin, the a/m Vertical load s/m

train load becomes a series of distributed o o

loads with a constant interval as shown in Lot S.4m—| 5.4m
Fig.4 so that it resonates the guideway at a S N I 21.6m i
certain velocity. An analytical assessment of

dynamic response of the TB and bridges which Fig.4 MAGLEV train load

support them is made in this chapter.

3.1 Theory and Analysis of Dynamic Response

3.1.1 Equation of motion.

The equation of motion of a simply supported beam may be resolved into inde-
pendent one degree of freedom systems with respect to the modes of vibration in
the fundamental equation of motion of Bernoulli-Euler for the forced vibration
of viscous-damped system approximating the deflection to the summation of prin-
cipal mode functions as shown in Eq.(1).

Focusing on the first mode of vibration which has a dominant influence on the
dynamic response of beam, the non-dimensional equation of motion as shown in
Eq.(2) may be derived for a series of unit forces acting with a constant veloci-
ty and at a regular interval. [l

The dynamic response of beam is governed by two dominant factors a and Lp/Ly,
but the response value is obtained taking into account the additional factors ¢
and N.

nb
y=2 . ¢ 1-sin(iz x/I) (1=1,2,3,...,m) ...(1)
1=
where, y:the deflection of beam, x:the distance from an end of beam, Lp:the span

length, np:the mode number of beam.

27 p 1 o1
a? Fs a?

- N
¢ + X ej-sin(z - rj) ...(2)
j=1
¥here, v j=(j-1)- 7 + (Lp/Ly)~L
8j11: 0 < I~y S 7@
0 : T-7j < 0 and T-Tj >=x
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where, t :the non-dimensional time Prisary resonance
(the duration which a load passes [ Lo/ Ly=0.5

;fc=z%. N=15
through the beam is defined as =), e F CSPAN : Le=130m)
a :speed parameter, w o
a =v/ (2f1-Lp) ... (3) = Secondary resonance
where, v:the velocity of vehicle W Fstkm/h (£ =10.3H2)
(m/s), f;:the fundamental natural T 04 o8 08 e
frequency of beam (Hz). Speed partseter, a
Lp/Ly:the non-dimensional span length
of beam (Ly:interval of loads), o
N:the number of loads, ¢ :the damping - H<smﬁ:hzmﬁm BELNAT ISR
ratio of beam. .
5
= 3} Secondary resonance
3.1.2 Dynamic response of simply supported N s T S
beam 0 * 0?2 * 0?4 = 0.6 0.8 1.0
Substituting the MAGLEV train load (see Speed paraeter, a
Fig.4) into the term of excitation in right i
hand side of Eq.{2}, the dynamic load fac- HE LyrL,=15

L c=2%, N=15
r(Span : Ly=32.4m)

tors, A, (DLF=the ratio of the maximum 9

dynamic deflection to the maximum static =7

deflection at the center of span by the = :g“““nrﬁmmm
1

application of loads) with respect to non- 550km/h ¢ /;=3.4Hz)

[ —Ae———
dimensional span length of the beam are e b
obtained. The influence of distributed 1load Speed parameter, o
is taken into account in the computation. te)
¥hen the load excites the beam with constant uf 1yr2,=20
period, the beam is resonated at a certain of ¢=2%. N=I5
velocity and generates peaks of DLF. The  ~ 7 ‘Span:ls-dd2m)
relations between A and Lp/Ly are shown in =5 Sfgeconds
Figs.5 and 6. b - ”:s(io(:lmg Prissry m;;t:si (£1=2.THz)

W oy e
3.1.3 General law of resonance -
The following laws may be derived on the 4
resonance. b dord =50
(1)The velocity at the primary resonance of ¢=2%. N=18
where the DLF becomes the maximum is given by  ~< - (5pan:Z.=io8om
Eq.(4) using the speed parameter. Peaks of és-P”“nr“mmm
DLF also appear at one-half, one-third and so : 850km/h (/,=1.4Hz)

1
on of the primary resonant velocity. e Y.

a = LV /1‘f2 / (Zlb) ce. (4) Speedpat(‘za)leter, a

(2)The value of DLF as shown in Figs.5 and 6 Fig.5 Dynamic response of
is governed by Lb/Lv, and influenced by ¢, simply supported beam

L¢/Ly and N. (Lg:length of distributed load)

(3)When the speed parameter which is determined by Eq.(4) coincides with that
of Eq.(5), the resonance does not occur, This is a singularity where no residual
vibration is produced in undamped vibration system. The effect of repetition due
to sequential loading disappears.

a =1/ (2k+1) (k=1,2,3,...) ...(5) Lp/Ly = k+0.5 (k=1,2,3,...) ...(6)
When the damping ratio is sufficiently small (¢ %0), the singularity of disap-
pearing resonance is expressed by the relation between the span and vehicle
lengths as Eq.(6). As mentioned above, the dynamic response and resonance of
simply supported beam by the sequential distridbuted load with intervals are
clarified. However, the damping ratio has to be studied further to compute the
appropriate DLF for the design of structure.

3.2 Dynamic Response of Bridges and Determining Factor in Design
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Although the span lengths of bridges which 1 Primary resonance

support the TB widely range from approximately of i ?:?@
10 to more than 100 meters, the dynamic re- A Secondary resonance L,/ L,=0.25
sponse and the determining factor for struc- o

DLF, 4

tural design[“ may be classified by the domi- Y
nant parameter Lp/Ly based on the analysis and TN L /"\\/,_\\"f*\\_
the law of resonance as follows. (As for the AT

T Tertiary
values of f1, which are necessary to convert a 0 1.0 2.0 3.0 7.0 5.0
into the practical velocity, the standard Ls /L,
values for bridges on the Shinkansen-iine are Fig.6 DLF at resonance

used as appropriate ones.)

(1)When Lp/Ly is 0.6 (see Fig.5), the design impact factor for the assessment of
ultimate limit state may be determined by the DLF of secondary resonance which
appears at approximately 400 km/h.

(2)When Lp/Ly is 1.0, the primary resonance appears just around 550 km/h. If the
fundamental natural frequency of bridge can be shifted higher, the maximum DLF
may be avoidable. On the other hand, it can be designed to cover the primary
resonance, but, careful assessments of ultimate, serviceability and fatigue
limit states are essential in this case.

(3)When Lp/Ly is 1.5, a of the primary resonance coincides with one-third. It
is the singularity of disappearing resonance. Only a small peak of secondary
resonance is observed. Bridges can be designed by the smallest live load.
(4)¥When Lp/Ly is 2.0, the velocity at the primary resonance appears much lower
than 550 km/h. The design impact factor for the assessment of ultimate 1imit
state has to be determined by the DLF of the primary resonance, but those for
the serviceability and fatigue 1limit states may be determined by the DLF at the
service velocity of the train.

(5)¥hen Lp/Ly is 5.0, the influence of the resonance is very small. The DLF
becomes almost equal to that of the speed-effect of a single load. The allowable
1limit of deflection for the train load may become the determining factor in the
design.

3.3 Dynamic Response of Twin-Beam Bean: Shell element

More detailed study on the dynamic response
of TB is necessary for the following reasons:
(1)Torsional moment with vertical load acts
due to the eccentric loading of vehicle.
(2)As the TB is supported by elastomeric RMM:+
bearings, the dynamic response may change
depending on the elasticity of the bearings.

The dynamic response of the beam to)the
passage of MAGLEV train load (5 vehicles) is Ku WKy .
computed using a simulation program which can ‘j:;ﬁmrﬁhﬁm“ncgzﬂfiwuwehmm
model the structure by 3D-FEM. Only vertical

loads are used as the train load in this [1g.7 Analytical model of TB
case.

A schematic of analytical model of the TB is shown in Fig.7. The beam is modeled
by approximately 600 shell elements. Two cases are treated in the analysis using
different spring constants for the elastomeric bearing with and without 1lead
cylinder (Ky=9500tf/m, 2000tf/m, respectively). The response waves of vertical
and horizontal deflection of the TB at 550 km/h at the center of span, and the
relation between velocity and maximum response values are shown in Figs.8 and 9,
respectively.

In the vertical direction, the fundamental natural frequency is approximately
17 Hz. The TB can be assumed to behave as a simply supported beam on rigid
foundation judging from the magnitude of deflection. As « at 550 km/h is as
small as 0.37, little incremental tendency in DLF is observed.
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& Tvertical deflection | = “TVertical detlection | |
- 0.0 Al Ao Af ifa p AVAVnAvaVA - 0.0 ] -
";—o‘s ﬂ[ W \\ \”l J | 2 -5 ” H T W i | ] 2.5+ Vertical deflection
= b \ ! J =
e Besldual | &7 Residual 5 Fithoot lead cylind
E_HV { U V lIrvibmtionl B SU UJ U U ~vibration 2 i ok ot fea C{ néer
"o 0.25  0.50 0.75 1.00 |.2% 0 6.25 050 0.75 .09 1,25 e g
Tize t {sec) Time t (sec) S b
3.0 ———r 2.0 5 ¥ith lead cylinder
] Horizontal deflection | = Horizontal‘deflecti?\n | 205
= s . 1 ‘ ~ 5 I A 0.0 . , ) " .
O okA ANAA > :0" AN ﬂ _ 0 20 0 i
5 [V \/ \ VA “r ‘ CAY J y Velocity of train, V (im/h)
E o Residual = g7 ) TV Residual A
an w— “T?T”h Eﬁa L ﬁ‘r;ﬁ%M%i .Ezp Horizontal deflection
© Time t (sec} ' C 7 Mmet (see) = et
{a)Elastomeric bearing {b)Elastomeric bearing @ sb ¥ithont lead cylinder'ff
vith lead cylinder without leed cyiinder g \
Fig.8 Response wave of TB 5 Lof
(at center of span: 550 km/h) % (5|  pe—cpumme
S ¥ith lead cylinder
0.0 t i i L s
In the horizontal direction, quite different b 200 400 600

responses are observed for the cases with and Veloclty of train, V (in/n)
without the lead cylinder in elastemeric Fig.9 Relation between velocity
bearing. In the case with lead cylinder, the of vehicle and maximum response
maximum response at 550 km/h stays approxi-
mately at 1.4 mm and convergency of response
with respect to the number of vehicles seems
stable. The DLF, however, has a slight in-
creasing tendency. In the case without lead
cylinder, the response seems to diverge at
550 km/h.

The relation betyeen fundamental natugal fre- qumm1wdwan
quency and spring constant of horizontal R AT
direction is shown in Fig.10. Ky needs to be

more than 7000 tf/m. When Ky iSH small and fi Spring constant In horizontal direction, Ey (t/w)
is less than 8 Hz, a divergency seems to Fig.10 Fundamental natural freq.
appear. of TB in the horizontal direction
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4. CONCLUSIONS

The knowledge obtained through this study is summarized below.

(1)The Twin-Beam can be manufactured very accurately and utilized as a mainte-
nance-free module-structure with ground coils.

(2)The dynamic response with respect to the velocity of train load and the de-
termining factors for the structural design are clarified for the concrete
bridges which support the Twin-Beam.

(3)The analytical study using 3D-FEM reveals that the Twin-Beam has sufficient
rigidity in the vertical and horizontal directions and shows stable dynamic
response with respect to velocity of train. The premise, however, is that the
horizontal spring constant of bearing be made large enough by using the elasto-
meric bearing with lead cylinder.
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