SEG s ‘% Dynamics and [Control of Elevator Systems

Yaan Chen dhd Dr. Weidong Zhlﬂ\/\

[L" I

(] F.|-|'.ll. is Corporatian = (el Emports Corpoarakian

1,1 Ly le !f ‘E rlrfﬁymamm’%rﬁkm | ;}athﬁé La!bbrato& pﬁIVEITSItquJf h D’lfln

5aCKJrounc caled vioae evator
. To experimentally validate the
Guid . -2
Q O Rl:”: theoretical predictions, a scaled Ve rsus PrOtOtype Elevator
Theworld’ stallest \ | = 7 model IS designed anc! fabrlcatec!. o -
bU||d|n and theWOHd’ S Motor > By using the BUCkmgham Pl TE’O-Z' Due to the limitations
J _ At top theorem , a 162 m prototype | go: of the size and
fastest elevator: Clovetor elevator is scaled downto a25 = £ vaEble maternialar
. : .. h m model elevator by the @ 2., gty
car bottom _ a-02 it the model, the model
Talpel 101 In Talpel \ 0 S f0||0W|ng scale laws. R 6: 5 elevator can not be
Height: 508 m (1,667 ft) Elevator O moi)/ement E .| il il fully scaled. However,
i y(x t) X t [T 2 ol -t b 0 M ERERGEIIIRIL the scaling error
- car top == P, :_ _0 g ] TRV Rt
Floor: 101 | v P.= Pa=t K AN between the
Max. Speed: 1010m/min Damper — I(t) N - - - I prototype and model
Motor  Tensioner A _Band guide P, = P =V(t) \/7 - ©) ~""| elevators Is
st—QgQth- X ~ 60l .
1590 39 sec a base ki e o el minimized to about
1 1 y | 1 5 5.9%, in the terms of
= a(t) Pg= =cly T Y " the vibratory energies.
0 0 - - - ; - ; - -
0 10 tiqo(S) 30 40
The vibration and noise problem has been a severe P 1 :ﬁ Py = T P :W
problem in the design and operation of high-rise, high- 00 0 0 pt|ma Damper DeS|gn
speed elevators. To improve the design of elevators, one = Parameter Description
of the major tasks is to develop a better understanding of ly length of elevator cable at the beginning 162 m 2531 m The optimal damper location and damping coefficient are
elevator cable dynamics and a new method to effectively » e o sl ot e &ne 24 m 0.375m found by minimizing the overall energy during upward
reduce the vibration and noise level. - e T T T o T 957 kg 0.8 kg moveme_nt. Given the initial dlsplacements correspon(_jlng
Elevator design challenges include: , ——— T —— 1005 oI 08 el to the_flrit 12 modes, the optimal values are obtained
Efficiency: increase of the speed limit to over 1000 m/min v maximum velocity — 3.20 m/s> numericaty.
Ride comfort: vertical and lateral vibrations within 8-10 a aximum acceleration 0.66 m/s? 320 /<2 A typical overall I
i — = energy contour plot
mlllC.B. . . El bending rigidity of the cable 1.39 Nm? 0.966x102 Nm? with gr]gspect t0 tEe
Positioning accuracy: 6 mm for rises up to 500 m g gravitational acceleration 9.81 m/s? 9.81 m/s? ) = damper location and
L total total traveling time 42 sec 1.025 sec i it the damping
\/ odel anc qua“On O \/ Othn I distance between damper and car 8.4m 13.1 cm o ] coefficient. The
6.5E2 o ano 1
c, damping coefficient 2050 N.s/m 48.5 Ns/m N s 1 initial displacement
— | C natural damping coefficient 0.0375 Ns/m 0.057 Ns/m? 500__ < e, 35E2 corresponds to the
_‘ || 5E3 6" mode.
A L e 4 x5 4 5> yrg ::. I é I 3 4 5) 6
y Xperimental setup and results Damper Location ()
| - — The overall energy
: / _ o~ || with respect to the
10 Movement profile ~-& || damping coefficient
, i 5 . o[ and the mode
I(t) il | g {9 || number used as the
Damper = 1 : - E% initial displacement.
HH'W' - R Eery s
_+ I Il’ - | | | | | |
: vld ' B 0 500 1000 CV (les(/):)n) 2000 2500 3000
i | m ® I I‘f |
| ° 0 T Conclusions
! E!!! , t 0o 01 0z 0a 04 s 1. The vibratory energy in an elevator cable increases in
The elevator cable-car system is modeled as a fixed-fixed |||| || ¢ ) Measured fn general during upward movement.
beam with small bending stiffness and a rigid body W i A ----------- Prescribed 2. The scaled elevator can accurately predict the lateral
attached at the lower end. By using Hamilton Principle, g ﬂ‘l response of a prototype elevator.
the governing equations are derived: 3. A damper attached to the car and moving with the
: : ble can effectively dissipate the vibratory energy of
D2 ca . .
r 2/ J [T(X, t)ﬂ] + El M+C— =0, x1q Comparison of experimental and a moving elevator cable during upward movement.
Dt™ ix Tx fix* Dt theoretical results 4. Experimental results validated the theoretical
3. [ + 3,/ - _ predictions.
El t y(q3 Y El t y(q3 4 =C, Dy(@, t) 22 . SYEI ﬁ 1 o 5. The damper is designed by minimizing the overall
fix fix Dt I i | Iﬂ{"!aﬂlﬂ If" Wl' | vibratory energy during upward movement.
E T T e e B * T
T(X’ t) :TO +r [I (t) - X]g +{rne tr [I (t) - X]}a(t) ‘E’ . Torsional Vibration il _
c -1.0
. % 0.61 \ (b) Experimental
Vibratory energy and rate of change of energy S o4 hon oa o, Theoreted
?)_ 0.24
ﬂy A 00
Ev(t)——Q Ir ( ) +T(X, t)( ) +El( )]dX 02]
T ' ' -  Award CMS-0116425 and |
de, 1 ad[yo _. 0.008] o (©) REU supplements from
dt _V(t)Q m - T R = E the National Science
P \ s . A L roundation B
) é(t) C@g dx- C éDy@ by 1 1 (t)eﬂy(O DU Y T g7l |- ‘ « Gardaute Students: _
Dxg '8 Dt H 2 8 x H o o CLE o > Guangyao Xu, Jun Ni, and §
- : Lars Teppo :
Note that the third tc?r:f o thehRI;I]S of the abO\r/]e eguatlon Natural damping alone dissipates 50% of the overall energy, but the . yndergraduate Students:
IS negative semi-definite, which means the damper | anergy density at the end of movement is 7 times higher than that at the -
t d t f th The last t _ I < Ben Emory, Tom Sequin,
guarantees dissipation ot tne energy. 1ne last term IS g3t of movement. The attached damper is able to dissipate an additional d Lesli
t definit h <0 hich th : and Leslie Lorentz
posilive —semi-detinite - when v<U, whiCh means (€ ' g704 of the overall energy, and almost 100% of the energy density at the
vibratory energy increases during upward movement - the end of movement. 3
“unstable shortening cable behavior”. =




