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FOREWORD

It is with great pleasure that we present the prdiceys of a Symposium on Lift and Escalator
Technologies, September 2012, organised jointlytuy Lift Engineering Section of the School of
Science and Technology and The CIBSE Lift Group.

The Lift Engineering programme offered at The Unsiy of Northampton includes postgraduate
courses at MSc/ MPhil/ PhD levels that involvewdgtof the advanced principles and philosophy
underlying lift and escalator technologies. Thegoamme aims to provide a detailed, academic
study of engineering and related management igsu@grsons employed in lift making and allied
industries.

The CIBSE Lifts Group is a specialist forum for ni®srs who have an interest in vertical
transportation. The group meets regularly to prentethnical standards, training and education,
publications and various aspects of the verti@lgportation industry. The CIBSE Lifts Group
directs the development of CIBSE Guide D: Trangia systems in buildings, the de facto
reference on vertical transportation.

The Symposium brings together experts from thel félvertical transportation, offering an
opportunity for speakers to present peer revievagzers on the subject of their research. Speakers
include industry experts, academics and post gtaditadents. There will also be keynote
addresses by international industry experts invitethe CIBSE Lifts Group.

The papers are listed alphabetically by first auttedails. The requirement was to prepare an
extended abstract, but full papers were accepted fhe invited speakers where they preferred to
offer them. The submissions are reproduced aswieey submitted, with minor changes in
formatting, and correction of obvious language rsrmhere there was no risk of changing meaning.
We are grateful to everyone who has submitted jgagoadl in particular our invited speakers: Dr B
Powell, Mr A Shiner, Mr D Smith and Dr A So. Weealso grateful to organisations that have
supported this venture, as highlighted by theinkbelow.

Professor Stefan Kaczmar czyk, The University of Northampton and
Dr Richard Peters, The CIBSE Lifts Group
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ABSTRACT

This paper presents a graphical methodology ofalidng the optimality of an elevator design
solution. It introduces a new plane called the H#ARlane, each point on which represents a
solution to the elevator design problem.

By visually inspecting the plane and examining ifgersection of various curves on the
plane, the designer can understand how far theeaffgolution is from the optimal solution and also
whether the offered design is wasteful.

The HARInt plane comprises the quality of servi@gresented by the actual interval and
the quantity of service, represented by the hagdtapacity. These are compared with the
client/site requirements in terms of the targetnwl and the arrival rate. A number of curves can
then be plotted on the plane based on the possilmieber of elevators and the car loading in
passengers.

In drawing the curves on the plane, the roundtiniye has to be known. The round trip time
can either be calculated analytically or by the o$eMonte Carlo simulation. However, the
calculation of the round trip time is only part thfe design methodology. This paper does not
discuss the round trip time calculation methodolagyhis has been addressed in detail elsewhere.
The optimality of the design is assessed by a degy by step methodology that uses the user
requirements to select an optimal design.

Keywords. Elevator, lift, round trip time, interval, up pedraffic, rule base, Monte Carlo
simulation, average travel time, HARInt plane.

1 INTRODUCTION

The round trip time is the time needed by the dtavio complete a full journey in the building,
taking passengers from the main entrance(s) andedely them to their destinations and then
expressing back to the main entrance, under up (@eadkming) traffic conditions.

This paper presents a step-by-step automated thddnoelevator design under specific
arrival conditions, assuming that a method existschlculating the round trip time. It uses a
combination of rules and graphical methods to arat an optimal solution. A graphical tool,
called the HARInt plane, is presented as a meaust@alise the solution.

The fact that the methodology is fully automatedesait very attractive for implementation
as a software package. It has also been used dohitg elevator traffic analysis to final year
undergraduate mechatronics engineering students.

Full details on the use of the method in optimising number of elevators as well as the
speed and capacity can be found in [1].

! Corresponding Author, Tel. +962 6 5355000 ext Z302obile: +962 796 000 967, fax: +44
207117 1526, e-mailtal-sharif@theiet.org




2. THE PROBLEM WITH CONVENTIONAL DESIGN METHODS

It will be assumed that the designer starts withkhowledge of the following parameters that are
given either by the architect or the building owrmer that can be inferred from the type of
occupancy (e.g., office, residential...etc.). Theg@esent theser requirements.

a) The total building populatiort). If this is not given directly, it can be calcidd from either
net floor area of the gross floor area.

b) The expected arrival ratAR%. This is the percentage of the building populaaoriving in
the building during the busiest five minutes. Th&éue depends on the type of building
occupancy.

c) The target intervahti,.

A sufficient design meets the following two condlits:
HC% > AR% (1)
int,, <int,, (2)
...where:
AR% is the arrival rate expressed as a percentagedfuiding population in five minutes
HC% is the handling capacity expressed as a perceofage building population in five minutes
intir.is the target interval in seconds
inty:.is the actual interval in seconds
A design that meets equations (1) and (2) is armable design, but might not be an
optimum design (i.e., it could be a wasteful dekighhe optimum design is one that meets the two
equations shown below (3) and (4).

HC% = AR% 3)
Nt =int, (4)

In practice however, it is nearly impossible todfim design that meets both of equations (3) and (4)
above. This is due the fact that the number of gathe groupl., cannot be a fraction (it has to be
a whole number). Hence, in practice, an optimuhatg&m will satisfy the two equations (5) and (6)
shown below:

HC% = AR% (5)
int,, <int, (6)

This section illustrates the main problem with toaventional design method. It relies on the user
picking a suitable speed, and a suitable car capaci§C. The user then assumes that the cars will
fill up to the 80% of the car capacity.

The round trip time is then calculated based an gblected speed and the selected car
capacity. This provides a value for the round tiipe, 7. Dividing the round trip time by the
target interval and rounding up the answer provttlesequired number elevators.

The user has now two values that represent thetatig and quantitative performance of
the systems: The handling capacity and the astlake of the interval, respectively. Comparing
these values to the desired values, results indossible cases, discussed in detail below.



Quantitative Qualitative Design Criterion

Design Criterion int,, >int,, int,, <int,
Casel
Unacceptable design. Canngt Casell

be addressed by reducing the Unacceptable design. Might ble
HC% < AR% car loading. The designer wi|l addressed by increasing the cpr
have to increase the number pf loading and using a larger ca

elevators and repeat the capacity if needed.
analysis.
CaselV
Caselll Acceptable design, but might npt

Unacceptable design. But i be an optimum one. There may
might be addressed by be further scope in reducing the
reducing the car loading. number of elevators, reducin
the rated speed or both.

HC% > AR%

Specifically, there are two problems with this noeth

1. In the three cases where the design is unaccepthbldesigner does not have a clear set of
rules of how to move to an acceptable design (dsetkin Case IV). It is a mixture of
judgement, experience and trial and error.

2. Even where the user manages to get to an acceptesign by arriving at Case 1V, he/she
cannot be sure that he/she has an optimum solu&spite the fact that the design meets
both qualitative and quantitative criteria. Theidaer will have to do further trial and error
iterations to check that the design is optimum.(dwgther reduce the number of elevators,
L and then repeat the calculation of the roundtiniyg). The main reason for this is that the
designer starts from an arbitrary car size andrassdit fills up to 80% of its capacity rather
than calculating the actual passenger arrival expec

The next section attempts to address the drawbébklws traditional methodology.

3. ANALYSISAND DEVELOPMENT OF THE FORMULAE

The design methodology developed in this sectitowal the designer to arrive directly at a design
that is optimum and in a fixed number of steps withthe need for trial and error searches or
iterations. This section develops the method Aedissociated formulae.

Developing a clearly defined methodology for desigith concrete steps, offers the following
advantages:

1. It allows designers to carry out the design regesllof their level of expertise, through a
clearly defined set of rules.
2. It offers the opportunity to automate the desigocpss in software.

The methodology presented here uses the followileg r
The following parameters should be minimised in an optimal design in the following order of
importance (that reflects the cost of the whole installation):

a) Number of elevators.
b) Elevator speed.
C) Elevator capacity.



So where two solutions have different number of elevators, the one with fewer elevators is
selected; for solutions with the same number of elevators, the one with lower speed is
selected; for solutions with same number of elevators and the same speed, the one with the
smaller car capacity is selected.

Nevertheless, it is accepted that there are siusitivhere the order of priority above is not cdrrec
(e.g., the restricted headroom in the building rhigdstrict the rated elevator speed and force the
designer to use a larger number of elevators irerotd force a lower rated speed). In such
conditions the designer can alter the rule forgherities and select the answers accordingly.

The design process starts by finding the actualbaunof passengers that will board the
elevator in any round trip journey. In effect,sths the number of passengers that will board the
elevator from the main entrance (in the case ahgles entrance arrangement) or the number of
passengers boarding the car from all entrancethéirtase of multiple contiguous entrances). This
depends on three parameters that are all knowheastart of the design process and are usually
provided by the client, the developer or the agthit These are the target intervat,,, , the arrival

rate,AR%, and the total building populatiod, This is shown in equation (7) below.

The number of passengers arriving in the peakrfiveutes can be found by multiplying the
arrival rate by the total population, as shown te(the five minute period has traditionally been
used as the design basis in elevator systems):

P

5min

= AR% (7)

The arrival rate can then be expressed in unipeofons per second by dividing by 300 seconds per
minute as shown in (8) below.
ARY%
1= ( o[l j (8)

300
Thus an initial estimate of the actual number afsgmgers that will arrive in a single interval b&n
found by multiplying the target interval by theiaal rate of passengers as shown (9) below.
Pact i= (I nttar Ijl) (9)
The subscript denotes the fact that is an initial estimate.is Itvorth noting that (9) is used in
reference [4] as a tool to assess the actual mtatpartial car loading, but not as a sizing .tool

There is no need at this stage to consider theagaacity. This can be done later when the
final number of the passengers in the car has demmined.

Having arrived at an estimate for the actual nunabgassengers in the car, the next step is
to find the corresponding round trip time. Usinglassical method of calculating the round trip
time [2] and [3] or using Monte Carlo Simulatiori,[fhe value of the round trip time can be found.
The round trip time is in effect a function of thetual number of passengers if all other parameters
are kept constant (such as the kinematics, nunfid&ars, total building population, door timings,
floor heights). This provides an initial value tbie round trip time as shown in (10).

I = f(Pact) (10)
From the calculated value of the round trip tinle tequired number of elevators can be calculated
as shown in (11):

L= ROUNDUP(_LJ (11)
int,,

It is worth noting that this act of rounding upusavoidable as a whole number of elevators can

only be selected. The resultant number of elesalgris the nearest to the optimum as practically

as possible.



Due to the process of rounding up to find the dctatéue of the interval will be slightly
lower than the target interval, and the actual @atithe handling capacit{C%, will be slightly
higher than the arrival rat&R%.

The actual value of the interval can be found iwydthg the round trip time by the number
of elevators, as shown below in equation (12):

4

int,,, = fl (12)
The actual handling capacity can also be founddyguequation (13) below:
HCO6, = 00 P 13
0 = ——
" U Ont, (13)

This provides an acceptable solution that sati€fi@se IV discussed in the previous section. Ehis i
the optimum number of elevators required to meetdhsign criterion. However, it is not an
optimum design regarding the required speed andagacity. These two variables are discussed
in detail in [1].
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Figure1: Block diagram showing the automated optimal design methodology.

Figure 1 shows an overview of the whole proceséinofing the optimum number of elevators,
speed and capacity.

4, GRAPHICAL REPRESENTATION: THE HARINT PLANE

The methodology described in the last section @arepresented in a graphical format. The aim of
the graphical representation in this case is maathe designer to understand the effect of changes
on the resulting solution, and be able to asseasf&oit is from the optimum solution.

In order to develop the graphical representatioplaae is presented. This plane has two
axes; thex-axis represents the interval in seconds andytheis represents the handing capacity.
Each point on the plane represents a possiblei@ol(riot necessarily an acceptable or correct one).
The point representing the optimum solution, canooated by the intersection of the vertical line
representingnt,, and the horizontal line representiAg%, as shown in Figure 2. The plane is
referred to as the HARInt plane, as it containsHIB8 and theAR% on the y-axis and thiet on
the x-axis (HCARInt abbreviated to HARInt).

Plotting lines of equal (number of elevators) values and plotting linegegfalP (number
of passengers) produces the HARInt plane showimgur& 2. The HARInt plane can be veryeful
in visualising a specific solution and appreciatitige optimality or otherwise of suggested
solutions.

5



Figure 2 shows the position of the hypotheticalimpm solution on the HARiInt plane
which is the intersection point of th&R% horizontal line and thent, vertical line. It is
hypothetical because it is not achievable in pcacéis it requires a fractional number of elevators,
L. Applying the rounding up equation (11) and tla@plying the iterations (as shown in reference
[1]) moves the solution to the practical optimumusion (that lies on theAR% line and uses a
whole number of elevatork,

[}
Th= Handling /

Capacity, HC
7 /

Practical optimum

1 N

hypothetical L=3.4

solution optimum solution |
- z -~
-~
- & L=3
A8%
The HARint Plane.

-

Theinterval inrisi

Figure 2: Hypothetical optimum solution and practical optimum solution on the HARInt
plane.

The use of the HARInt plane shown in Figure 2 hesnbuseful for visualising the solution, but has
not been used to actually find a solution by the asgraphical methods. It might be possible to
find a graphical method of finding a solution fopeoblem by the using the HARInt plane as a
solution chart (e.g., as the Smith chart is usedidto engineering and the Nichols chart is used in
control systems). However, before this can beeadd, a method of normalisation needs to be
introduced in order to make the HARInt plane a ersal tool.

5. CONCLUSIONS

A new methodology has been introduced that provédsst of rules and graphical methods that can
be used to design elevator systems in buildingse Method optimises the number of elevators in
the group of elevators for a building based onuber requirements of arrival rateR%), target
interval (nt;) and the total building populatiod). The methodology then optimizes the speed of
the elevators and then the elevator car capaditye method allows the user to work backwards
from the actual arrival rate in tHmuilding in order to find the optimum number of elevators,
instead of the trial and error method.



The methodology assumes that a method exists fauraiely calculating the round trip
time. Both analytical and Monte Carlo simulatiorethods can be used to calculate these
parameters.

Due the automated and rule based nature of théodetogy, it is very attractive for
implementation in a software tool for the desigrelaivator systems.

The method has also been successfully used imitgathe principles of elevator traffic
analysis to final undergraduate mechatronic engingetudents at the University of Jordan. One
of the main reasons for its success is that staddmtnot possess any past experience in elevator
traffic design and hence rely on the rule base gmaghical methods in reaching an optimal and
convergent design.

It is worth noting the analysis in this methodglobas assumed a constant uniform
passenger arrival process. Further work is cuyrdyging done in understanding the effect of a
random arrival process on the results and the &inalvers.
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ABSTRACT

Vertical vibrations affect passenger comfort durargelevator travel. In this work the results of a
study to investigate the vertical vibrations caulsgdorque ripple generated at the drive system and
transmitted through the suspension ropes to thescaresented. The acceleration response at the
suspended masses and at the drive machine enlhoratory rig are measured during the system
travel. The machine torque ripple and the radiedds generated at the machine air-gap between the
stator and the rotor are computed using the Fiaiegnent Method simulation with the software
FLUX. The torque ripple excitation is then accounfer in a non-stationary lumped-parameter
model of an elevator system with 1:1 roping confagiwn. The model accommodates the dynamics
and control of the drive system. The model is immated in the MATLAB/Simulink
computational environment and the dynamic respaifsine system during travel is determined
through numerical simulation. Both computer simolatand experimental results demonstrate that
the vibration generated at the machine is tranehitib the elevator car becoming magnified if the
excitation frequency is close to the natural fremies of the system.

INTRODUCTION

One of the main problems in elevator installatie®igo achieve and to maintain adequate ride
quality standards. Car ride quality can be compsehiby excessive vibrations. Hoist ropes due to
their flexibility and loading conditions are patlarly affected. The drive machine is the source of
energy supplied to the system but it is as welbarce of vibration, caused by imbalance of the
machine, eccentricity of the traction sheave orttingue electromagnetic ripple.

Vertical vibration in elevator systems has beerdisti in a number of papers. Regarding the
mechanical part, the elevator system is usually etled as a translating assembly of inertia
elements coupled and constrained by one-dimensgleatier continua. The inertial elements are
the rotating components of the machine, the caemally and the counterweight. The one-
dimensional slender continua are the suspensioasrophey are usually divided into sections,
lumping the mass of each section at correspondsuyate points and joining the mass points by



springs and dampers with the corresponding stiéfreesd damping properties. Those models are
described by a set of ordinary differential equagiolrhe number of discrete mass points determines
the number of degrees of freedom (DOF) of the sysiad the number of natural frequencies and

mode shapes that need to be considered [1]. Tiisaph enables one to simulate the vertical

vibration during a travel by updating the modelewatry time step. Various strategies to suppress
vertical vibration have been tested with time-vagymodels of this sort [2].

In this work investigation is carried out to iddyptihe torque ripple excitation that is generatec i
synchronous motor used in a laboratory model of edgvator system with a 1:1 roping
configuration. The Finite Element Method (FEM) siation tests with FLUX are conducted to
determine the magnitude and frequency of the cporeding harmonics. Then, the vibration
response at the main components of the laboraigris measured during travel. Furthermore, a
mathematical model of an elevator is developeddeioto analyze the response of the system. This
model includes a comprehensive representation efdtive system. The mechanical part of the
system is represented by a model with 3 DOF: th&ica¢ displacement of the car, the vertical
displacement of the counterweight and the angtetation of the traction sheave, measured relative
to the equilibrium configuration of the system. Trhedel comprising a set of ordinary differential
equations is solved numerically to predict the oese of the elevator components to the torque
ripple excitation generated at the drive systempdexnental and simulation results are then
compared and discussed.

THE LABORATORY SETUP

The schematic of the laboratory model and the éxystal setup are shown in Fig. 1.

Traction machine Measurement system
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Fig. 1. Schematic diagram of the laboratory setup
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Two equal rigid rigs, whose masses afe=m, = 33 kg, are suspended at each side of the traction
sheave and guided vertically, together with the hmvec assembly with the traction sheave and the



diverting pulley. The suspended rig at the divertipulley side will be referred to as the
counterweight, and that one suspended directly ftairaction sheave as the car.

The lengths from the counterweight to the diverjnujley and from the car to the traction sheave
are |, and|_ respectively. The sum, +I. equals 8 m. Other approximate values of the system

parameters aré =0.3385 kg-, R=0.065 m,m= 0.095 kg/m and the produA between the
Young’s modulus and the cross-section area ofdpe is 16 N.

ELEVATOR SYSTEM MODEL

In order to describe and determine the dynamicomesp of the elevator system to any vertical
excitation originated from the drive system, arvater model has been developed. The model is
composed of two main parts (see Fig. 2): the fiest represents the drive system and the second is
the model of the vertical dynamics of the car-skeeaaunterweight-suspension rope system.

Drive System M odel

The input to the drive system (see Fig. 2) is ardéwelocity profile and the output is the machine
torque. It comprises a permanent magnet synchromatsr powered via an inverter that supplies a
pulse width modulated (PWM) voltage. The motor slspked is controlled in order for the car to

follow a prescribed velocity profiley, to achieve good ride quality.

In order to simplify the analysis of three-phasecsyonous machine of the setup, a mathematical
transformation known as the direct quadrature teqo) transformation [3] is used. In the case of
balanced three-phase circuits, application of the wlansform reduces the three AC quantities to
two DC quantities. Simplified calculations can thencarried out on these imaginary DC quantities
before performing the inverse transform to recdkeractual three-phase AC results.

According to the reference frame transformatiorothethe three phase variables, currents and
voltages, are transformed to the d-g reference drawhich is rotating at the stator current
frequencyw,, representing the fundamental frequency. In tess the d-q components of the

currents and the voltages are constant.

A well known vector control strategy oriented te thnagnets flux has been implemented in the
computer simulation [4]. Such control scheme cdas$ two control loops: outer and inner loops.
In the outer control loop the speed of the motaegulated by a conventional Proportional Integral

(P1) controller, which sets the torque reference with the aim of minimizing the speed
errora, — @, . In the inner control loop two PI controllers amgplemented in order to regulate the
d-q axes currentg andi,. These two controllers set the d-q axes voltaggercesy,and v, in

order to minimize the current errors.

10
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Vertical Vibration Model
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Fig. 2. The drive system, including the control diagréme power converter and the electric motor

The g axis current reference, is obtained directly from the torque reference because in

permanent magnet synchronous motors the relatiprstiveen the torque and the q axis current is
practically constant and known as the torque comgt®e Eqn. (8)). The field weakening strategy is
not implemented so that the d axis current refexeyis set to zero [5].

Therefore, the PI controllers try to regulate thg currents to constant reference values so tleat th
stationary error in the currents can be compendatede integral action of the controllers.

Electric motor mode

The machine is a 12 pole permanent magnet synchsomotor comprising a stator with 72 slots.
The electric model of the motor is described by thfterential equations

. dv .

Vo = Rsld +d_td_ pmequ (l)
. dy .

Vq = Rslq + dtq - pwm (Ldld + l'Ime) (2)

wherev,,v, are the d-q axes voltageg,i, are the d-q axes current¥),, ¥, are the d-q axes flux

L are the

linkages, ¥, is the magnet flux linkage, that is constaRtis the stator resistance,, L,

d-g axes inductancegy, is the mechanical speed apdis the number of pole pairs. From [3] it can
be deduced that the d-q axes flux linkages areeefas,

Wy =Ly + Wom (3)
W, = L, (4)
Consequently,
D dig _ .
Vd Rsld + Ld dt pwml-qlq (5)

11



) di )
Vg = Rslq + qu_s - P, (Ld'd + qum) (6)

The torquer generated by a motor is composed of two compon#saverage torque, and the

torque ripple,. In addition, the torque ripple is composed of thep two components: the

electromagnetic torque ripple and the cogging terdihe electromagnetic torque ripple is mainly
due to the spatial distribution of stator windiraged the magnets shape, while the cogging torque
depends mainly on the number of stator slots aiel geirs [6].

The average value of the torque produced by themeain be modelled by the next equation.

I :g p(wdiq - quid) (7)

If the d axis current, is set to O the following results

3 .
Iy = E prme (8)

Eqgn. (8) shows that the average torque generateithdoynotor 7, is proportional to the q axis
currenti, . The magnitude of the electromagnetic torque epplis also proportional to the g axis
current i, as it is demonstrated in [7]. Nevertheless, thgnitade of the cogging torque does not

depend on the current magnitude and it is const&ety when the motor is not supplied.
Then, the overall torqueis computed as follows

T=T,+T, :g PW. g + Kodg Sin(kpaot) + Az, sin(npey,t) (9)

pm'q

where K., is the torque constant for the main componentefdalectromagnetic torque ripple, of

order k, and Ar, is the magnitude of the main cogging torque coreptrwhose order 1. The

main electromagnetic torque ripple and the coggimgue frequency values are respectiviely 6
and n=12 times the fundamental frequency, giveruby w, p, for the particular motor of the

laboratory setup. Those components of the torquaeaihave been computed by the finite element
analysis (FEA).

In addition to the components of the torque ripgéscribed, radial forces are generated at the air
gap between the stator and the rotor of the madBindhat causes vibration of the stator core and
yoke. Those forces are decomposed in Fourier sesteghat the inner surface of the stator is
subjected to several sinusoidally distributed loddee main components in the series contribute as
well to the torque ripple, especially when the gpatrder and frequency of the excitation force are
close to a stator mode shape and correspondingahdtequency respectively. The torque ripple
components are added to the machine torque gedextitbe drive system as a perturbation in the
MATLAB-Simulink model.

Vertical Vibration Modd

The input to the vertical vibration model (see Rij.is the machine torque and the output is the
machine shaft velocity. The assembly composed @fctr, the counterweight, the sheave and the

12



ropes is represented by a 3 DOF model where thablarare the counterweight and car
displacements and the sheave rotation anglex.,f respectively. The ropes are divided into two

sections: the car-ropes subsystem and the counggrarepes subsystem. Both subsystems are
represented by a mass-less spring whose stiffeesddulated by Eqn. (10)

k= El—A (10)

wherel is the length of the corresponding rope subsystem.
The ordinary differential equation set defining th@amics is given by Eqn. (11).

MX+Cx+Kx =T (11)

The inertia, damping and stiffness matrixes areemiby Eqns. (12); the machine torqaes
included in the vectofl that together with vectox are given by Eqn. (13). The parametk[sk.
correspond to the counterweight- and car-ropes ystdrss respectively and are calculated
according to Egn. (10) and updated every time imstaring an elevator travel. The damping matrix
accounts for the friction at the guides-rails cohtd@he values of the coefficients,,c_have been

calculated from the vibration decay observed whewaicting the rig with a hammer. The
coefficientc, has been neglected.

m, O O c, 0 O k, O k,R
M= 0 m 0[;C=|{0 c. O0fK=| 0 Kk -k R (12)
0 0 | 0 0 c k,R -kR (k +k,)R?
T=[0 0 75 x=[x, x 6 (13)

The three natural frequencies calculated by solthrey eigenvalue problem for the case of the
laboratory setup as a function of the counterweigpe subsystem lengtl), are shown in Fig. 3

(natural frequency is 0 Hz and corresponds to Yegadl transport motion of the system).

Frequency [Hz]

. o i L
1 2 3 4 5 6

Length [m]

Fig. 3. The natural frequencies of the setup
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COMPUTER SIMULATION AND EXPERIMENTAL TESTS

The dynamic behaviour of the elevator system valsbnulated by employing the model developed
above and the results will be compared to thosaidd from the experimental tests.

Computation of the motor parameters by Finite Element Analysis

The electric motor model uses some characterisdi@rpeters such as inductances, resistance,
magnet flux linkage and torque constants. All thpaemeters of the motor have been computed by
Finite Element Analysis (FEA) with the software FXUn Fig. 4 1) the simulated motor geometry
along with the mesh distribution are shown. Asrtieor consist ofp =6 pole pairs, the simulation
geometry can be simplified to one pole pair domhirf-ig. 4 2) the magnetic field induced by the
magnets around the geometry of the motor is sholabhle 1 summarises the main motor
parameters computed by FEA simulations.

Fig. 4. 1) Mesh distribution, 2) Spatial distributiohtbe magnetic field induced by the magnets

Coil resistance R, 0.33Q

d-axis inductance Ly 8.5 mH

g-axis inductance L, 11.7 mH
Magnet flux linkage | W (rms) | 0.83 Wb
Average torque K, 10.44 N-m/A
constant

Torque ripple K. 0.1354 N-m/A
constant

Cogging torque AT, 1.25 N-m/A
magnitude

Table 1. Parameters computed by FEA simulations

Apart from those components of the torque ripplesttered, additional harmonics appear due to
the radial magnetic forces between the stator &edrotor generated at the air-gap. The radial
magnetic force per unit area or magnetic pressanesform at any point of the air gap is obtained
by means of the Maxwell's stress tensor theorengifddn by Eqn. (14).

1

p(6.4) = —(B:(6.1)- B2 () (14)

Ho

where 8 is the rotation angle with respect to the axissgihmetry of the machiney, is the
magnetic permeabilityt is the time, andB, and B, respectively the normal and the tangential
components of the magnetic field around the air-gag 5 a) shows the waveform of the magnetic
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radial pressure at a certain point of the statoe a function of the rotor position. The spatial
period of this signal is pi/6 for symmetry reasdrig. 5 b) shows the components (spatial orders) in
the corresponding Fourier series. The highest compiocorresponds to the spatial order 0 and it is
a constant pressure; the spatial order 2 is aaithaispressure distribution of spatial period @f&l
corresponding excitation frequency twice the fundatal one2«y, and it is the main harmonic of

the radial force.
Simulations and tests

Three accelerometers, each with its correspondiagge amplifier (see Table 2) have been placed
on both masses and on the machine, as it is showig. 1.

Acquisition system| B&K Pulse
Accelerometers B & K4371, s.n.
1573419

Charge amplifiers | B & K 2635, s.n.
1602883

Table 2. Details of the data acquisition and measurersgsiem

Force per Unit Area [N/mz]

Force per Unit Area [N/mz]

3 04 05 06 07 08 09 1 o 5 10 15 2
Theta [Rad] Spatial order

Fig. 5. a) Magnetic radial pressure at a certain pafithe stator core as a function of the rotor
position and b) components (spatial orders) of#akal pressure in the Fourier series

Fig. 6 a) and b) show the variation of the car-gidee lengthl_and the velocity profile of the

elevator model during a travel. The model has beglemented in MATLAB-Simulink and the
vibration during a travel simulated. The ripple gmments expressed in Eqgn. (9) with values given
by Table 1 have been included. According to Fidp) 5excitation harmonic force due t8"2rder
component in the radial force has been added dsasgel could arise due to any eccentricity in the
motor. The magnitude of this component is uncerésd has been given an arbitrary value similar
to the amplitude of the cogging torque (see Eq)). & the setup rated speed of roughly 0.4 m/s the
fundamental frequency, is around 6 Hz.

Fig. 7 a) and b) show the measured (red) and thalation (blue) accelerations of the car and the
counterweight respectively during the travel. Teéeorded signals have been sampled at 512 Hz.
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Fig. 7. Measured and simulated acceleration of thajued the b) counterweight

Figs. 8, 9 and 10 show spectrograms of the actielesameasured by the sensors placed on the
machine, the car and the counterweight respectideiyng the constant velocity stage. The
spectrograms, in dB/Hz (dB relative to the refeeevalue of 1 m/3, have been calculated by the
Burg algorithm [9].

8

Frequency [Hz]

i " |»u
4 i

o L
5

Time [s]

Fig. 8. Evolution of the PSD of the acceleration meadumn the machine

Figs. 11 and 12 show the evolution of the PSD&efsimulated accelerations of the car and the

counterweight respectively.

Discussion on experimental and simulation results

The results shown in Fig.7 demonstrate that thelation response predicted by the simulation
model does not capture all measured vibration corapis and the vibration levels predicted by the
model are much smaller than the actual levels. Wusld indicate that the actual excitation has
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been underestimated in the model. Furthermore, mehanical degrees of freedom would have to
be applied to obtain a more accurate simulationehod

As described before, the main electromagnetic ®rgpple and the cogging torque frequency
values are respectively=6 andn =12 times the fundamental frequency, that is arduhit at the
setup rated speed. Those frequencies are 36 HZ2htt respectively. Furthermore, th® arder
component of the radial force is around 12 Hz. tA#tse frequencies appear in the spectrograms
presented in Figs. 8-11.

As expected, the resonance regions are eviderntanspectrograms. This is manifested by the
presence of the frequency components corresponditite excitation frequencies that are near the
natural frequencies of the system (see Fig. 3}thatfrequency of 12 Hz, de amplitude of vibration
of the car decreases and that one of the countgitvieicreases during the travel (see Figs. 7, 9-12)
This is because in the'Imodal shape the amplitude of vibration of the sigpended from the
longest rope part is higher than that one suspefrdedthe shortest. The experimental results (see
Figs. 8-10) show as well that there is an excitafrequency at 24 Hz; it could correspond to the
component of spatial order 4 in the radial forae(kig. 5 b)). Although its amplitude is not sohig

in the FEM calculation, it could be amplified besalit is close to the"2natural frequency (see
Fig. 3). The simulation results show another exoitearound 108 Hz (18 times, ) that is not clear

enough in the experimental spectrograms (see &i6).

Frequency [Hz]
3 8 8 B 8 8 B °

8

Tsime [s]

Fig. 9. Evolution of the PSD of the acceleration meadum the car

Frequency [Hz]

Tﬁime [s]

Fig. 10. Spectrogram of the acceleration measuredendunterweight
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Fig. 11. Spectrogram of the acceleration of the cadipred by the model
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Fig. 12. Spectrogram of the acceleration of the cowrigit predicted by the model

CONCLUSIONS

Experimental tests confirm that the hoist rope® thutheir elasticity, are a key component of an
elevator system, as they transmit to the car, aed amplify, the excitation forces that originate a
the drive system. This leads to excessive vibratatrthe car end that compromise ride quality of an
elevator system. The FEM model employed in the Ktrans provides an estimate of the machine
torque ripple and the radial forces generatedeatribchine air-gap between the stator and the rotor.
Those estimates can be introduced in a comprereedsive system model of an elevator, where the
car-counterweight-sheave-ropes assembly is repgesséy a 3 DOF lumped parameter model. The
simulation results are compared to those obtaineah the experimental tests performed using a
laboratory model. The comparison shows that thaulsiion model underestimates the excitation
forces and the dynamic response of the actual sétepertheless, the simulation results help to
identify which the main frequency components of élxeitation forces are. The dynamic model can
then be employed to predict the resonance regiothshee dynamic behaviour of the system.
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ABSTRACT

The dispatching algorithm serving in a building lwinhore than one lift can use passenger flow
detailed information based on the requests madidypassengers to go up and down in order to
improve the performance of the system. The requssisbe analysed in order to extract detailed
information about passenger arrival and destindtmors and that information used to improve lift
assignments. The control strategy can be optimisddok for ways to react to changes in traffic
flow. In this paper the traffic flow is described detailed origin-destination matrixes for 5 minute
time intervals. The passenger flow analysis procesvided in two steps, first passenger detailed
counting and then, a forecasting process appligdegaata coming from the first step. For the first
step, the passenger counting process, data obtiioreda typical multi-storey office building is
used and the results compared with actual manuahtsofrom the same building. After this
validation process, the next step uses the dat#mes series where prediction methods can be
applied. Prediction methods can forecast the nen¢ interval traffic flow. Neural networks are
able to approximate different time series and aseduin this paper with two different data
resolution entries, 5 minute interval data andribute interval data. The results of both forecasts
are compared at a resolution of 5 minutes, andesalts show that a methodology of working at a
higher resolution to later aggregate the resudtlatver resolution can be useful in this context.

INTRODUCTION

A LGCS (Lift Group Control System) serving in a loimg with more than one lift can use
passenger flow detailed information in order to iaye its performance. This information can be
used to improve assignments of passenger requeste tcabs. Using detailed information about
passenger arrival and destination, the optimalkreatection process will be dynamically improved.
With this information, the service that the systsngiving to the lift passengers can be improved.
It can also be helpful to understand the buildimgds and to improve the management of the
resources it has. As an example, some lifts catetmporarily out of order or travel at different
velocities according to the passenger requestsraninum service levels. It is also expected that
improving the planning will move more people pendi unit. This paper shows some empirical
results obtained across the passenger origin @éstin counting process. Passengers moving
through a building are manually counted and thesgrager profile of the building created using
Elevaté™ simulation software. After this, the profile hasel used to generate a log data file and
this data used as an entry for an algorithm thebpas the passenger counting as suggested in [1].
The validation process compares these two diffggaasenger flows, the first coming from manual
counting and the next extracted from the log danegated by Elevat¥. These two different
counts are used for comparison purposes and dgdatian process in order to assess the accuracy
of the log based passenger counting algorithmwiedtave implemented.



The information extracted from this first procesveéry detailed and can be useful for the next step
the prediction step. Although neural networks hé@&een widely used for predicting incoming
passengers and the next stopping floor, in thig,caeme different neural network topologies are
going to be used to predict each origin and easthirdgion of the passenger flow. We will try two
different information entries to the neural netwovkth data at different resolutions. The output
from both of the entries will be used later to gate the prediction step using data from the real
count.

PASSENGER FLOW AND DETAILED COUNTING

When the passengers travel in multi-storey buildirsgng lifts, they use the up and down call
buttons of a lift system to register landing callbese landing calls are assigned to one lift by a
control unit called a lift group control system (GS). The information about the requests and the
number of passengers boarding and alighting foh est@p can be recorded and this data used to
extract passenger flow patterns specific for thiédimg. The passenger flow can be converted into
origin destination matrices. These matrices shawtimber of passengers moving from one origin
of the transportation network to a destinationaqeriod of time.

We will demonstrate an example of the informatiotracted for one 5 minute time interval,
presented in an origin destination (OD) matrix &or 11 floor building. Each row in this matrix
shows the number of passengers moving from thénditigpr corresponding to the row number, to
the destination floor corresponding to the colunumber. The matrix is first filled with Os; the
diagonal of the matrix, 0-0, 1-1, 2-2, etc. is aj@® because in a journey there is no passenger
going to and from the same floor. Consider thatetie a passenger on the flodf @ho wants to
travel to the 1Bfloor, 3passengers travelling from floof'& 9", and 2 passengers travelling from
floor 5" to 11", If the building has 11 floors the OD matrix Wik as shown in Figure 1.
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Figure1: An origin destination matrix (OD) of a up journey with 6 stops, people board on 2th,
3th, 5th floorsand alight at 9th, 10th and 11th.

In order to fill the OD matrices, the principle tfe conservation flow is applied and linear
equations are solved for each lift journey. A jayrtan be understood as a trip of one lift, where
people travelling in the same direction use the, dadarding and alighting but all in the same
direction.
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A journey finishes when the direction changes erlith has no requests to attend to for a period of
time. The information about how many people are impJ¥rom floor to floor in each journey is
then aggregated for all the cabs and processezhfibr time interval, 5 minutes or 2.5 minutes.

A system that wants to perform this counting hasoimplete the next steps:

1. Divide the log data, for the time period neededour case it was 5 minutes (also 2.5
minutes for forecasting purposes).

2. For a given period, separate the lift movements jotirneys.

3. From those journeys, the following information alected every time the lift stops:

 Number of passengers leaving and entering thealifeach floor. To obtain this
number it is necessary to have three weight messjust before the lift arrives at
the floor where it is going to stop, after the gamgers leave the lift and after the lift
has left the floor. The information about the numbég passengers boarding and
alighting can be extracted from weight sensor datanaybe the processing of
camera information.

» Time stamp associated with the landing calls confiioign this floor.

» Car calls that have been registered after leaviagftoor.

4. The principle of passenger flow conservation equatsays that the number of passengers
entering and leaving a lift during a journey is a&qgusing that principle, it is possible to
estimate the missing information about the reab@ager movements in the journey. This
calculation has been done using the symbolic caticui module of MATLAB. In some
cases, some rules, extra rules, are needed tgpliechm order to solve the equations. These
calculations are completed for all the journey®ssmall the lifts.

5. Information about the timestamp corresponding tofitst request of the journey has to be
collected to later aggregate the passenger movemeniss all the lifts for the five minutes
time intervals. The final value is obtained by aggating from the same time interval the
different journey data in one OD matrix and theggragating the OD matrices of the
different lifts.

Data collected manually in a London office buildimggth 12 floors and 8 cars has been used to
generate an Elevdf® profile. From that profile, a log file has beentaihed after processing the
passenger requests and this information given asnény to the passenger counting estimation
process. The data processed was from 10:30 to 12:8& morning, and the Figure 2 shows the
manually counted number of passengers enteringotilding and the results of the estimation
process. The results of the 5 minutes passenggnaléstination flow are aggregated to extract the
incoming passenger flow for comparison with the osrmount.

The X axis runs from 1 to 29, the number of 5 menatervals between 10:30 and 12:50, have both
been included. There were a total of 1015 passenganually counted as incoming flow and we
were able to detect 960, corresponding to an acgwh95%. We lost some journey data because
the movement complexity of some journeys was imptss$o solve. They were so complex that
the symbolic equations could not be solved. Itasgible that some additional rules could be added
to achieve a better fit.
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Figure2: Thenumber of real passengersentering the building and the estimated number of
passenger incoming.

Regarding the outgoing traffic, Figure 3 shows thenparison between the real counting of the
number of passengers that are leaving the building, the estimated ones. In this case, the total
number of passengers leaving the building was BhsPwe were able to detect 1087 of them, with
an accuracy of 94%.
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Figure3: Thenumber of real passenger leaving the building and the estimated number of
passenger outgoing.

In order to complete the next step, the forecastimgdata has to be disposed as measures atrregula
intervals of time. The number of passengers moWiag one floor to another (132 combination,
excluding the ones that are not possible to anth ftbe same floor), measured along the 29
intervals of 5 minutes and ordered over time amwshin Figure 4.

We have 132 different time series and 29 measatefnsecutive time intervals, for each one. The

objective of this step will be to use a numhbeof previous time intervals for each time series to

forecast the next value. As an example, one timesé¢hat represents the number of passengers

moving from floor 2 to floor 6, have the next vadué, 5, 4, 3, 0, 1. It has to be understood that 6

passengers has gone froff & 6" in the first time intervalt;, 5 passengers in the next time
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interval, t, and so on. Generalizing we can talk about themxetseries as a sequence of values
registered at regular time intervals.

X= X1,%2,X3,Xa;.+++,Xn

FORECASTING

Traffic flow forecasting is the core of the trandpplanning and traffic control. There are a lot of
forecasting methods but it is important to know tlagure of the data and try to select a method that
can be appropriate for the task in hand. Traffmnfldata features are nonlinearity and strong
interferences.

The forecasting task can be tackled in differenysv&ome of the methods [3] only try to train the
system to identify a possible congestion with atgamnic methods. Others understand the data as a
time series and use some signal processing mefdddsr box-jenkins methods [5] to do the
forecasting. Support vector machines has been aised[6] for this task. A brief table, with the
advantages and disadvantages of some methods caeié the table 1.

number of hall requests from
one origin to one destination for

every minute

Figure4: A bar plot of therequestsfor the 132 combinations (12*12 floor s excluding the
requests from one floor to the same) acrossthe 29 five minute intervals.
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Table1: Advantages and disadvantages of some for ecasting methods

Methods Advantages Disadvantages
Moving Average Simple Not Good Fit
Arima Good Fit Tedious

Programming

Kalman Filters Good Fit Tedious
Programming

Bayesian Networks Good Fit Tedious
Programming

Artificial Well known Fall In Local
Intelligence & Minima
Neural Networks

Support Vector Forecasting Of Sensitive To The

Machines Small Samples Selected Kernel
Function
Wavelets & Wavelets Have Tedious
ARIMA Good Programming
Decomposition
Power And
ARIMA Good

Linear Fitting

Using soft computing methods, like Neural Networksjs possible to train a network with
information about how many passengers have requestdt trip from one floor to another and
then expect the network to predict the number afspagers that are going to make the same
request for the next time interval.

The topology of the neural network is a questiat ttan be discussed. In this work we are going to
use quite a simple topology, where the input lagegoing to havéh=4 neurons and the hidden
layer is going to have 10 neurons. The output layidrhave only 1 neuron. The neural network
will be trained with the previous 4 valueg, X3, X2 X1, , and the result of the neural network will
be x. Figure 5, shows this structure and the relatignslith the OD matrices. 132 different neural
networks were created and trained with requests sfacific to each origin and destination and the
previous 30 intervals time data used for the nengélvork training. After that, 14 consecutive time
intervals data are given to the neural networkrasrary and the prediction results used to evaluate
the forecasting step.
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Figure5: Structure of the Neural Network

Figure 6 shows an example of real requests comarg bne origin and going to one destination, in
blue, and the predicted requests for the samenoaigil the same destination, in red.

The methodology used for the forecasting approaat t@ work at two different resolution levels
and to compare both sets of results. Working wighaited passenger flow data facilitates this
approach because detailed data about each jowsresailable. Five minute interval forecasting is
understood well enough to feed the dispatchingralgn. However having detailed passenger
requests data for each journey, working at a lovell€2.5 minutes interval or lower) and then,
processing the results to obtain the desired fireutas forecasted data can be a useful approach.

The combination of more than one method has alsn kepplied as a powerful approach,
combining the better of the two methods to imprprediction accuracy.

The forecasting process must be evaluated in aodselect the appropriate method. For this task,
some indicators are needed to measure the qudlitheomethod. In time series theory, three
measures of the error are commonly used; MSE (regaare error), MRE (mean relative error) and
MAE (mean absolute error). All of them calculateliacrepancy between the real data and the
forecasted data. The equations 1, 2 and 3 showthese discrepancies are calculated. In all the
equations, predictions are converted to OD matyiweereOD;;, represents the real OD matrix data
for the origin-destination pairs, represented bj).(In the same wayPDe;; is the estimated data
matrix andf represents the number of floors.
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Figure 6: Passenger requestsfrom oneorigin to one destination floor and the predicted
requests

The first measurement is the mean square error |MEIE describes the concentration and degree
of dispersion about the error dispersion:

1
MSE = WZ{’:};,jzl(ODij — ODey))? 1)

The second measurement is the mean relative &MiRE], an indicator to evaluate the whole
forecasting process:

1
2+f

ODij—ODeij
ODij

MRE = L3I

(2)

And the third measurement is the mean absolute @vFAE), the absolute average error between
the predicted and actual values:
_ 1 yff

MAE = mzl.=1,].=1|00ij — ODej| (3)
Table 2 shows the results of the three error measemts for 14 intervals. They correspond to the
time period between 11:40 and 12:45. The table shibnve time period, the total number of real
calls for this period and the total number of pceeli calls. It shows also MSE, MRE and MAE.
The table also contains prediction measurementsnwlata about the journey for each 2.5 minutes
is used to feed the neural network. The resultainbtl are later used to calculate the mean for the
number of requests coming for each origin desmati he results are really good with this second

approach. We understand that the mean calculatmeeps can reduce the impact coming from the
great variability of this data.
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Table2: Resultsfor the prediction step for 5 minutesinterval data.

5 minutes time interval OD matrix basq

bd

prediction 2.5 minutes time interval Od
matrix based prediction
Real [Estimateq MSE MRE MAE [Estimated MSE | MRE | MAE

Periods | calls calls calls

11:40-

11:45 35 58 3,068 67,429 0,0523 34 0,5@W47% 0,0374
11:45-

11:50 31 49 1,6970 54,559 0,03Q02 32 0,365%H41% 0,0163
11:50-

11:55 32 71 2,507 73,489 0,05Q0 43 0,4732168% 0,0208
11:55-

12:00 33 59 2,2424 65,159 0,050 44 0,421879% 0,0278
12:00-

12:05 28 52 2,2727 62,129 0,0501 50 0,615514% 0,0316
12:05-

12:10 a7 55 3,060 68,18¢ 0,0710 47 0,6(8%361% 0,0420
12:10-

12:15 32 38 0,924 34,85¢ 0,0217 40 0,3¥R48% 0,0222
12:15-

12:20 52 79 1,916 53,799 0,0490 52 0,503514% 0,0272
12:20-

12:25 48 62 1,484 53,03¢ 0,049 40 0,98111,82% 0,0383
12:25-

12:30 50 35 2,1894 67,429 0,0489 48 0,6132,2% | 0,030¢
12:30-

12:35 72 84 2,757 72,739 0,0510 64 1,1439)02% 0,0252
12:35-

12:40 50 48 1,5303 57,58¢ 0,0624 54 0,428,03% 0,0300
12:40-

12:45 58 50 2,8485 69,79 0,0883 49 0,41337,89% 0,0335
12:45-

12:50 79 42 3,1284 79,55¢ 0,0586 57 0,991553% 0,0243
Total 647 782 31,6288 8,7955 | 0,7364 654 8,4753,3221|0,4075

CONCLUSIONS

In the vertical transportation the information po®d by the log of the requests and trips of the

cabs, provides the possibility to perform a compredive movement counting between floors. This

valuable information can also be used to forecastahd in the minutes after. This will allow for
better planning in dispatching and also suppotdng applications that can take advantage of it.
As for the prediction, neural networks offer godtrfg to variable data. The methodology for
analysis at high resolution and subsequent avexialgever resolution has proven effective for this
type of data but subsequent tests need to confifurther development will consider origin-
destination matrices estimation [2] and hybrid roth[7].
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ABSTRACT

The general trend in the lift industry is toward$slwith lower energy requirement. Hydraulic
power units with inverters were introduced to daseeenergy consumption for heavily used lifts.
Since existing solutions are generally more denrandind rather costly these systems have not
found enough appeal yet. A compact, simpler and-efbsctive solution to compete with
advantages of the conventional hydraulic elevaystesn is necessary to make energy-efficient
solutions more attractive.

With the use of an inverter the pump outputs justugh flow for the momentarily targeted speed.
When pump leakage increases due to higher loadmand/temperature, the car speed decreases
which results in longer travel time and uncomfoltabide. Therefore, pump flow should be
regulated according to the load and oil temperamgessure targeted speeds and good ride-quality.

In this paper, a sensor-less load compensatiotiaolthat basically consists of a control valve and
an inverter with sophisticated hydraulic softwaredule is introduced to assure targeted speeds
under all load conditions. The solution has no sgasnterface between the control valve and the
inverter, works with open loop control and alsovyiies an extra energy saving mode. All these
advantages not only make the solution an energgiasit one but also an economically-efficient
one as well. The paper gives the details of theitmnl and features implemented in the
development of the control valve and the advanoeerter software.

INTRODUCTION

Use of an inverter with the Permanent Magnet Syarukation machine (PMS) has been the most
accepted development in the lift industry. Thisafled as “the new or the latest drive technology”,
which reduced operational energy consumption cenaidy and also enabled engineers to
construct Machine Room-Less lifts (MRL). Focusingtbe energy consumption issue and using it
as a marketing tool, MRL installations have manageabtain an increasing trend in the market. As
a result of that hydraulic lift installations ar@déto be reduced up to 40% globally.

“The new technology* has been reflected like ityides always the most energy efficient solution,
perfectly suits every installation and energy canalways regenerated and dumped into the grid.
However, the mentioned benefits of the existingwriechnology” are not remarkable and mostly
leads to higher energy consumption when it is deetbw-usage lifts [1] where, the investment for
the new technology may never be gained back duhadife-time of the lift [2]. This is because of
the fact that the inverter and its peripheral deviare costly and require energy to be active even
when the lift is at stand-by [3].

On the other hand, future developments in drivéarietogy and competition in the market is
expected to reduce or eliminate stand-by energguwoption (matrix converters) and lower inverter



prices considerably. In this respect, suitable vsefutions that are simple, inexpensive, easy to
maintain and offer high compatibility will be useddely in low-rise buildings in coming years.

APPLICATION OF INVERTER DRIVE ON HYDRAULIC LIFTS

Hydraulic lifts had been largely utilized in lowse buildings because of their superior properties
such as high reliability, low initial cost, easydaoost effective installation, high ride qualitydan
low servicing cost. In addition, they have the besbrds in safety and robustness against natural
disasters like earthquakes.

Having a more challenging market, hydraulic liftrméacturers have also given the first priority to

energy saving factors in their designs. Energycefit power units that employ an inverter drive, so
called the new-generation power units, have be@odaced to the market long ago. However,

utilization of the new generation power units has found sufficient appeal yet. This is because
while concentrating on the marketing issue to hdénee state of the art solutions, advantageous
properties of hydraulic lifts have been ignoredmany cases. By doing so practical, reliable and
low-cost ingredients of hydraulic lift have beerit lsnstead, more demanding, impractical and

expensive solutions have been introduced.

Having failed to address the main objectives of 1geweration power units properly, solutions
either became so primitive or rather complicated eostly. In many cases a conventional power
unit with the addition of the inverter drive is pemted as the state of the art. In fact, simplyrepd
an inverter does not necessarily lead to energingaVj4]. Moreover, employing the inverter
without justifying its 95% efficiency would only anease energy bills.

Alternatively there exist more demanding and costlitions [5], which besides the inverter, need
additional components like pressure and temperaseresors, flow meter, encoder, electronic
control card etc. In these solutions, the invedarsed mostly both in up and down directions with
the help of exclusive inverter software. Applicatiof such systems, no matter how good ride
quality they give and how little they vary the wmperature, are in general away from meeting real
market needs; unnecessarily extended pay-off tineydnd the renovation period), difficulty in
finding competent technicians and increased seryioeeds are some to pronounce.

REQUIREMENTS FROM NEW GENERATION CONTROL VALVES

High usage or low stand-by powen reduce stand-by energy consumption and obtaiximum
benefit.

Low cost:to have reasonably short pay-off period and totmegrket expectations. At present,
inverter, control valve and sensoric systems kbepptice of the new-generation hydraulic solution
high. Particularly inverters are having 2 to 4 tari@gher prices than the conventional control
valves. Therefore, a suitable solution should fydfie use of an inverter with an inexpensive
control valve and a simplified system design.

Minimum number of interfaces/componentsassure simplicity, reliability, easy maintenaniow
cost and also to eliminate the need for highly-djeal technical personnel.

High compatibility: to be fitted easily on existing lift controllersxch power packs in order to
respond renovation needs.

Exclusive softwareto assure ease of use, safety, good ride-qualdy@v energy consumption.
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EV4NEW GENERATION CONTROL VALVE

There can be many ways to engage a control valtle an inverter to obtain a new-generation
valve. The most important question is how to satisexpensive and simple solution with good
ride quality. Fig. 1(a) shows some new-generatipplieations. Here, the closed-loop control
solution (requires a submersible encoder and enterlectronics) with the electronic (requires a
flow meter and an electronic card) or mechanicalveraincreases the cost of the system
considerably. Simplicity of the system may be fartldisturbed with the existence of pressure,
proximity or/and temperature sensors. In terms oérgy-efficiency and initial investment,
application of such systems can only be justif@dvery high-usage lifts (over 700 cycles/day).

Electronic |- - c e e e e ,
card 1 !
Pressure :' T
________________ 1
Lift ! sensors Valve
controller R P
T 1!
1 [
Flow
CLOSED LOOP 71 Encoder meter
CONTROL T
1
1
(a) T —— "_ - Motor Pump
Temp.
sensor
== == mmemme e e mmmeemm——e—--
Lift
controller -7 3
OPEN LOOP  |éreiiiie
CONTROL it
[}
(b) I Motor Pump

Inverter  Temp.
sensor

Figure 1. (a) Standard closed loop control sol&i@) EV4 open-loop control solution.

Knowing the market needs and evaluating truly resogsrequirements from the new generation
power unit, the new-generation control valve, E\& been developed, as shown in Fig. 1(b). EV4,
which inherently offers the same advantageous ptiegeof electro-mechanical valves, is a
simplified version of an electro-mechanical valitewas designed to employ a V1000 inverter for
up travel whereas down travel is managed by thetrelenechanical means. EV4 has no interfaces
with its peripheral devices and does not requiresgec for load compensation. Since up travel is
controlled by the inverter, up solenoids and adpesits were removed from the valve and by-pass
transition stage was cancelled, which simplifiethbihe valve and the system set-up considerably.
To lower the initial cost and simplify the systeaguirements further, open-loop control has been
implemented. Thus, the need for a costly submerghtoder was eliminated. The real supremacy
of the system comes from the exclusive invertetwsne, which eases the use of the system and
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provides excellent travel characteristics. Thevgafe was designed to sense the load condition to
allow necessary compensation for the motor outpbe software is also intelligent enough to
modify transition times, when necessary, to asgoaa ride quality. Moreover, the inverter can be
optionally used for the down travel to control dospeed and to improve ride-quality without
needing any modification on the valve. An inexpeesemperature sensor was also included in the
system to account for the effects of oil temperttariation. Optionally, the car may be run either
at a constant speed mode, where the lift speeceps &onstant, or at an energy saving mode
(Maximum speed mode), where the speed of the dawisred according to the load in the car [6].

APPLICATION OF THE METHOD

The EV4 valve is an electro-mechanical type anaas designed to allow inverter to take control of
the complete speed regulation of the up travethis way only necessary flow rate is supplied to
the valve and no oil is by-passed. As a resuls lEsergy is consumed during up travel, which
increases the efficiency of the system and alsoaesl oil heating. Using the inverter also reduces
motor starting current and the size of the ele@nergy meter.

On the other hand car load and oil temperaturei@nite the leakage of screw pump drastically,
which may cause speed and the total travel timineflift to vary considerably (Fig.2). In some

cases, when oil temperature or/and car load ieedly high, speed of the pump during levelling
phase may not provide positive flow and lift starstii (zero speed) which is illustrated by the

dashed-dotted line in Fig. 2. Therefore, a suitadkition should allow for the compensation of
pump leakage by adjusting the speed of the pump.

A
B Empty car/low oil temperature Loaded car/high oil temperature
a
[%2) /
o=fmemmm == m == =RTY {
Y4
/
, \
II \_\
Y/ \
| N N
7 \. time o

Figure 2. Ride-quality and travel duration varia8avith car load/oil temperature.

Initial Settings

In order propose a simplified and cost-effectivéuson V1000 inverter, which also contains
computing, memory and monitoring modules, was a¢di At a very initial stage of the set-up
process, the user selects the oil type from a m&saitihe selection is performed, necessary viscosity
and temperature parameters are assigned to tlstensgi

In the second stage, the user inputs lift data@mdp performance data (obtainable from pump
manufacturers) according to the working pressungeeof the lift. Inverter then reads the current
temperature (Temjp and processes oil and pump performance datattnotmotor speeds (speed
frequencies) in Hz for the full, levelling, inspeet and secondary full speeds. Additionally,
temperature control gain (GaiRy) and leakage speed frequencies for empty and doade
pressures are also calculated. For simplicity tlaeseyiven parametrically below:-

fx [Hz]=f (&, Temp) 1)

Gainemp = f(a) (2
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where, £ : calculated speed frequencies [Hz]naut data (pump performance and oil-type).

The software also allows the user to input thes@bkes manually in case the data is not available
or the pump is old and worn.

Car Load and Oil Temperature Compensations

V1000 inverter software was re-designed to inclsi@e compensation procedures to sense the car
load and regulate the motor speed. The inverterncanitor at least one of the internal inverter
parameters such as, output current, torque proguairrent or internal torque reference, which is
mostly used, and also measures constantly theemipérature by means of a temperature sensor.

The monitored parameter is then compared with aseteeference value to determine the load
condition at recent oil temperature.

To obtain the pre-set reference values and thessacg control gains precisely the inverter
software has been armed with a teaching mode opAibfiTeaching Mode” a probe (teaching) run
is performed with the empty car to capture theregfee parameters. This is shown in Fig. 3 where,
capturing locations of full and levelling speedque references, >{ii and Tieveling are shown.
Knowing T , Tareveing@nd their corresponding speeds, other torqueemdes for secondary full
speed (Tsecond @and inspection speed4Js) are calculated with interpolation.

»
>

Taru (1) Full speed torque reference

capture
(2) Levelling speed torque
reference capture

Speed [Hz]

2) - - - Reference frequency

» — Output frequency
time

Figure 3. Capturing torque referencegyifand Tieveingduring a teach run

In Fig. 4 derivation of lift speed with respectampty and loaded car speeds is shown. Harand
T, are torque references that are captured at loadddempty car probe runs respectively. From
Fig. 4, speed,nfor a captured torque of, may be written as:-

An;
Ny = N _A_’rIl‘i* (Tx — TZ)Y (3)

where,y : constant, J: captured torque,,T torque reference captured at empty car probeatun
reference temperature Tegnpn; : difference in measured speedS;; : difference in captured
torque references. Thulsle , Which is the amount of speed loss in %, can ipldied as:-

2

niz = Gaintorque * (Ty — TR)Y (4)

Knowing T, the lift and pump performance data Gaircan be calculated.

34



T, ===

| Speed

ng Ny N,

Figure 4. Derivation of lift speed from the refecerparameters obtained through the probe runs.

Gaintorque = f(Ani'ATiY) (5)
Thus, new speed frequency can be calculated as:-

fhew = fora * (1+Gaintorque * (T — Ty * I)y) (6)

I = Gain3 * f(Temp,, Temp,) (7)
"I" is a special function that accounts for the ia@on of system resistance to flow as oil
temperature varies. Similarly temperature calooaatan be derived as below;

frew = fo1a * (1 + Gaintemp * (Tempx - Tempz)e) (8)

where,0 : a constant, Temp measured oil temperature, Temmil temperature reference.
The resulting equation for both load and oil tenap@re compensations may be given by:

f.

inew — f] + flevel * ( Gaintorque * (ij - T2j * I)y + Gaintemp * (Tempx - Tempz)e) (9)
where, j indicates speed frequencies of full, sdaoy full, inspection or levelling speeds.d is
the speed frequency of levelling speed,ahd Temp are reference frequencies for load and oll
temperature. In operation mode, dhd Temp remain unchanged but Bnd Temp are measured
for each run by the inverter to calculate the sp&eduencies under the actual load and oil
temperature condition. Speed compensation duel tieraperature variation is applied throughout
the travel whereas, that due to car load variasapplied after reading the torque at point lig F
3.

Down Speed Compensation

When electro-mechanical valves are used for doawety speed of the car increases with increasing
oil temperature and system pressure (car load} iy result in jerky starts, rapid accelerations
and hard decelerations, and jerky stops when wgrgnessure range is large. The total travel time
also changes due to varying speed and levellingtidur. This is depicted in Fig.5.

Some of the new-generation valves can also be fosetbwn travel. In that, while the pump/motor
shatft is rotated in reverse direction by the hyticaorce of the oil column, the inverter controbse
shaft rotation to regulate the speed of down traMelre, the energy generated by the system is
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burned into a resistor, which prevents hydrauligetting heated further. However, such a solution
complicates the valve design, increases the syststmrand can only be justified with high-usage.

An inexpensive, simpler and easier way of coninglidown travel ride-quality is introduced by the
V1000 inverter software for low- and mid-usageslifin that, to control downward speed variations,
controlled upward flow is produced when car load an temperature are excessive. During down
acceleration, the motor torquey(down is measured and a up-flow ramp is determinedréwige
smooth acceleration and constant speed. This rsho Fig. 5 where, the dashed-dotted line
shows uncontrolled down travel under loaded caanat/high oil temperature. The compensations
optionally can only be applied during acceleratama deceleration stages, which is shown with the
dashed line (Energy saving mode), or during thepteta travel, which is shown with the solid line
(Constant speed mode).

’ o e -_7;:1'.\(— Loaded car/high oil temp

uncomfortable elevator travel

speed

Output frequency [Hz]

\.
. pturing torquf/ l \ . End Dwell

% time
- Ll

Figure 5. Application of load &oil temperature coemgations in down direction.

Travel Modes. At constant speed mode, lift speed is kept constheteas, at energy saving mode
(also called maximum speed mode), speed of this Iiftodified with respect to the car load. In that,
car load and oil temperature compensations araemppbrmally for the levelling speed however,
the full speed is limited by a pre-set limitingdae value, T imit. This is shown in Fig. 6. When the
measured torque during the run exceeds the limtbngue, T imit (€9. point 1 in Fig.6) then the
speed frequency takes the value of output frequemty the end of the full-speed run. This is
indicated with point 2 in Fig. 6. In this way maxim allowable motor torque will not be exceeded
when the car load is excessive. Conversely, thecditild travel at close to the maximum speed
when the car load is low. In energy saving modedineeleration path/time is also recalculated for
each run to assure fix levelling duration. The ggesaving mode may allow lower motor sizes to
be employed and may lead to lower energy consumptio
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Figure 6. Load and temperature compensations.

Deceleration Time Compensation

When the full speed is modified to a lower speeentlievelling travel time, L may become
considerably long and create uncomfortable ridas Timay happen for example, etergy saving
mode as lift speed changes with varying car load. il , L and L’ show levelling durations of
normal and modified travels that are illustratedhwsolid and dashed lines respectively. Here,
levelling duration of L' becomes rather long. Irder to have a fixed levelling time, L levelling
duration and/or deceleration path of the modifredtel is altered.

A
Normal full speed run
5 7/
) o Compensated
o Modified full speed run
(%) smTTT " 7//L ________ '_\\ .
VAN
Y\ \ Non-compensated
YN
 \-
\,
* \
N @ NN S e = = e
\Y
// \ time S

Figure 7. Deceleration path/time compensation.

Additional Proceduresfor Better Ride Quality

In Fig. 8 some of the additional properties of theerter software are shown. These were
introduced basically to assure high ride-qualitym® of these are:-

Start dwell: A special soft start procedure that is definechwiite leakage frequency Q1 and ramp
frequency Q2, and ramp times Q3 and Q4, which alsmooth and quick take-off.
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Figure 8. Some of the additional procedures useithdynverter software.

Stop dwell:To assure short levelling duration, smooth ancuaate stop, fully compensated Q6

dwell (leakage) frequency was implemented.

Levelling duration checkto provide better ride-quality levelling run ducet is checked and when

necessary, corrective actions are taken.

Long waiting durationsThe time between two consecutive runs is meadoradsure smooth take-

off after long waiting durations.

SUMMARY

Most of the new generation hydraulic power units @anly suitable for high-usage lifts while they
put up with high stand-by energy consumption, higtial cost, impractical and complicated set-up.
With the present inverter technology, solutiond #ra simple, cost-effective, service-free and easy
to install seem to meet market requirements antl@maceptably be utilized on low-usage lifts.

0380 41— mls

21°C, Empty car
32°C, Empty car
21°C.Loadedcar
32°C, Loadsdcar

51.2
464

108 125

Figure 9. Speed and travel duration control by EV4
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EV4 valve and V1000 inverter,
using open-loop control and
sensor-less load compensation with
the use of special inverter software
introduces a cost-effective and
simplified solution for the new
generation power units. The
solution employs open-loop control
routine together with specially
designed procedures to assure good
ride-quality. It can easily be
applied to both up and down travels
without increasing the complexity
of the system by using either the
constant speed mode or energy
saving mode. In addition, the
solution can be integrated with
existing power units easily for
renovation needs. In Figure 9, an
example for the speed and total
travel duration control of the EV4
valve is shown under varying oll
temperature and car load.
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Energy Models for Lifts
Determination of average car load, average travel d istance and
standby/running time ratios
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Abstract: Lifts are essential for the operation of a buitdiand contribute to its energy burden.
They use energy in one of three main modes: sta(bgn the lift is dormant), running (when the
lift is moving) and idle (when the lift is betwestandby and running modes). The proportion of
time taken in each mode, and hence the energy swdwepends on many factors including: type
of building, traffic patterns and technology use€bthis paper gives data for these time proportions
for a specific installation by means of simulatimols, based on a set of buildings. In addition,
other important parameters are presented to eradderate estimations of energy usage to be
determined.

Keywords: Lifts, standby time, traffic pattern, Energy ddisation of lifts.
1 INTRODUCTION

The demand for energy-efficient lifts has increasedecent years fostered, for example, by the
European Directive on the Energy Performance ofddwgs. There are also several international
initiatives for buildings classification, such alRBEAM, LEED, CASBEE, etc. as well as an
international standard 1ISO 25745-1: 2012 [1] andesmational guidelines such as VDI 4707 [2]

Any method of assessment/classification requirkahie methods for calculating the total energy
consumption of a lift during a given period, acéogdto which the overall energy efficiency can be
assessed. Some of these methods incorporate farrfariaestimation, whereas others leave the
choice to the manufacturer. Different methods hasen proposed and most calculate the energy
consumption of the lift in two main operating camehs: running (when the lift is moving) and
standing (when the lift is stationary). The secomode can be further split into: standby mode
(when the lift is dormant) and idle mode (when lifias between standby and running modes). The
energy efficiency of a lift is intimately associdteith the building in which it is installed andwo

the building population uses it. This usage caruded to develop a classification labels for lift
installations.

Whilst the energy consumed in each operating cmmddan be easily measured, for example, using
the methodology described in the ISO 25745-1: 2@#2estimated from the mechanical and
electrical components of the lift, there are noacleules on how to estimate the other relevant
parameters. This paper shows how to obtain thanpeters by means of simulation tools and
provides data for general usage.

In the following sections, the chronological oradrthis research work is described. In Section 2
the objectives of the work are laid out, Secticte3cribes the simulation protocol design, Section 4
deals with the simulation execution, data treatmeerd definition of templates for collecting the
data and the final sections (5 to 9) with the fasd the advanced analysis of results, summary
tables, further work proposed and conclusions.
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2 DEFINITION OF THE OBJECTIVES

The ISO/TC178/WG10 (working group) committee waskéal to provide a means to classify the
energy efficiency of lifts in use. To achieve thigs necessary to carry out an accurate calanati
of the estimated energy usage. The research deddnere supported the work of WG10.

For a certain installation, where the charactesstif the building (number of floors, total heigfft
the building, interfloor height, population and ééwf demand, etc.) and of the lift/s installedtin
are known, the daily operation of the lift can Ineudated using simulation software.

One of the results that can be obtained from a lsitiom is the spatial plots of each car’s
movement. Using this spatial plot it is possilbecalculate the occurrences in each possible trip,
characterized by distance travelled, direction @ivement and load carried in a specified period.
Then knowing the number of trips it is possible&sily estimate the energy consumption. To assist
WG10 it was necessary to obtain values for theWalhg parameters:

average distance travelled,;
average load carried,;
average time spent in running and standing condit{alle and standby).

These parameters ideally should be obtained foryntanding types: residential, office, hotel,
hospital, airport, transport stations, schoolsyersities, etc.) and for different intensities &feu
(low, medium, high, etc.) represented by the nunolbstarts per day.

The objectives of this work are therefore to amalyee factors that influence the usage of a bugldin
and to issue application tables that can allowetstenation the energy consumption of lifts. A set
of standard benchmark buildings has been selecgdh® main parameters: type of building, level
of demand, traffic patterns, lifts mechanical pagtars, etc. has been defined.

A publicly available traffic simulation softwar&levate has been used (with some customisation
for this research) to simulate different scenaciossidering the population movement from floor to
floor. The results, obtained in the form of spagpiats or list of trips, have been processed, thed
values of average distance travelled, average éaaded, the proportion of time spent in each
energy mode: running and standing (standby, idd&erbeen calculated. This information allows
the calculation of the total energy consumed ineaod, depending on different building or lift
configurations.

3 SIMULATION PROTOCOL DESIGN
3.1 Analysis type

Elevate performs simulations using statistical procedures digitally model specified lift
installations. A large quantity of data is collet@nd presented in different ways.

3.2 Traffic control algorithm

The traffic control system (dispatcher algorithrejetmines how the lifts will serve the calls placed
on the system by the passengers. The ISO 257#5s sdistandards does not consider the effects of
the traffic control system and only considers glgifift. To obtain plausible results, the reséarc
reported here considers two car (duplex) instaltetioperating under two simple traffic control
algorithms: the basic group collective (COL) an@ thstimated time of arrival (ETA) control
algorithms only. The modern hall call allocaticak&: destination control, see CIBSE Guide D:
2010 -Ch 9 [3]) is not considered.

! Viisit http://peters-research.com/index.php?optimm_content&view=article&id=96&Itemid=91
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3.3 Building data

Initially it was decided to consider office builgis with 5, 10 and 16 floors above the main
terminal. Later some simulations were carriedwaitit 2, 3 and 4 floors above the main terminal to
accommodate residential buildings at the requestv&10. Buildings with express zones or
parking zones were not considered as they are atgb the ISO 25745 standards. Two rated
speeds have been selected to meet the criteridBBECGuide D: 20148.5.7 [3]. All interfloor
distances were assumed equal and 3.75 m high.

The other important variable is the population atle floor. For the purpose of this research, the
maximum handling capacity of the building was sel25% of the total populatidn From the
value of population that can be served by a spetilift installation a population per floor was
obtained. All floor populations were assumed eqtibk formula for the calculation is shown in
equation 4.9 of the Elevator Traffic Handbook [4]

3.4 Lift data

As already stated, the simulations considered €indpblex installations. Initially rated loads of
630 kg, 1000 kg, 1600 kg and 2500 kg were seletctexppan the common range of lifts installed in
offices. Later lifts with rated loads of 450 kg neeadded to accommodate residential buildings.
Other typical lift data such as door operating smetart delays, single floor flight times,
acceleration values, jerk values, etc. were salécte

3.5 Passenger data

The passenger parameters that influence the behaefothe installation are passenger transfer
times, passenger mass and car capacity factor (%)

3.6 Traffic patterns/templates

Traffic patterns are defined by passenger arriggds at specific floors and passenger destinations.
This activity is set to occur in five minute persocElevatecancustomize the passenger traffic flow
by defining a number of periods, each with its csem of arrival rates (in persons per 5 min.) and
destination probabilities for passengers travelfiogn each floor to create benchmarking templates.
Many of these are described in CIBSE Guide D: 2@i94 [3].

For this research, three different templates haenlused. The latter two were at the request of
WG10.

Siikonen full day template [5]

This is based on a sample multi-tenant office bhogdn Paris.

Strakosch residential all day traffic template [6]

The profile is based on the requirements of a esgidl building,

CIBSE Guide D: 2010,

A third traffic profile based on CIBSE Guide D: ZDWas provided by Dr. Richard Peters.

The resulting Total Passenger Activity graphs canfdund in theElevatemanuals and CIBSE
Guide respectively.

216 floors is considered the maximum practical nermdf floors in a building zone.
% This is considered by CIBSE GUIDE D and BCO atagisg point for most traffic designs for offices.
* Data available on request.
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4 SIMULATION EXECUTION, DATATREATMENT AND DEFINITI  ON OF TEMPLATES
FOR COLLECTING THE RESULTS.

Initially, the simulations were performed on 24tsyss, that had three different number of floors (5,
10 and 16), each with four rated loads (630, 10@00 and 2500) and two rated speeds (0.63, 1.0,
1.6 and 2.5m/s combined in pairs) and a colledt@@L) traffic control system.

The simulations used the Siikonen all day (12 hhpete, which was considered the most
representative one, as it has up/down/inter-floafit and includes a lunch break (CIBSE Guide D:
2010-4.6 [3]). Although it corresponds to an ddfiouilding, it can emulate other building types.

In order to consider the four different levels ofensity of use, four runs are carried out in the 2
different buildings with floor populations at 100%nd reduced by 1/2, 1/4, 1/8 representing
intense, heavy, medium and low use respectivelghithnway, there were 96 sample systems.

The simulation is run only once, but as there e ltfts in each installation, the results obtained
for each simulation corresponded to two casess gave 96 x 2 = 192 cases.

From the reports automatically provided Bjevate it was necessary to obtain the following
information: average travel distance, average ecad,l idle/standby time in different time slots (1
min, 2 min, 5 min, 15 min and 30 min.) and the nemtf starts.

The standard version of tHelevatesoftware provides spatial plots and a correspandable of
data.

The processing of the full table provided:

Total running time

Total standing time

Times the lift is stationary by time bands (<1 ¥, min, <5 min, <15 min, <30 min, >30 min)
Total number of starts per day

Average distance travelled

The details of the car load transported can beaetdd from the graph named “Car loading on
arrival at home floor” provided bilevate which shows the average and maximum values (of %
rated load) in 5 minute time slots.

Depending on the purpose of a study, this averafggmation can be sufficient, as it allows the
calculation of the average load transported bytania certain period. However, it is not precise
enough for an accurate calculation, where it ieegary to know the number of occurrences of each
possible trip (defined by direction of movemenstdnce travelled and load carried), which are the
parameters necessary to calculate the actual energumption.

For this reason, aikxcel macro was created to analyse the detailed infoomatlated to the
passenger trips. A later processing of this da@mbanade it possible to create the matrix of
occurrences, from which the average distance feyahd average mass transported in loaded trips
can be easily calculated. The number of empty tgdd be calculated as the difference between
the total number of starts provided Blevateautomatically in thé&xcelsheet and the final number
of standard trips. In this way, they could be acted for with view to the calculation of the
average load, but not for the calculation of therage distance travelled, as the origin and
destination of these empty trips was unknown. Tdaiobthis information, the software was
customized.

The 96 sample buildings (192 cases) where simulag@ih at the end of these improvements and
the deviation in the average travel distance shoawveeérror of approximately 5% compared with

the first estimation, which had supported the fasifts of the work for the ISO standard. Later

improvements to the analysis software further immptbthe results.
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5 FIRST ANALYSIS OF RESULTS.

From the first set of simulations carried out, &saconcluded that, as expected, the number o$ start
increases with intensity of use. This caused tlediptable effect of extending the running time at
the expense of the standing time and modifies tistriltltion of the trips in the different
idle/standby time slots depending on the numbestarts. The trends also showed that lower traffic
levels would produce even lower average car loaddanger travel distances.

The presentation of the results to the WG10 grdulfteexperts developing the draft of ISO/DIS
25745-2 [7] raised questions.

1 For example, how good is the traffic template@siBes the very good office template used
(Siikonen),Elevatealso provided a reasonably representative resadgrattern (Strakosch) and the
new one based on the CIBSE Guide D: 2€Higure 4.1 [3]. The simulations were repeated with
additional traffic patterns to assess their infleeen

2 The need to add systems with lower capacity &6 kg) and lower rise 3/4 storeys, Iin
order to accommodate residential buildings. Altjitothe addition of such low rise buildings would
lead to significant errors in the simulation mof®king to the poor statistics) these were simulated
for completeness.

3 The desire to have higher usages above 2008 girtday. It has often been stated that the
number of starts in Asian countries is considerdbgher than those in Europe, so higher usage
categories with the number of starts above 20Qtsgp@r day were requested. Although this might
indicate an incorrect traffic system design, it wasuded.

4 A wider range of traffic intensities to six.

5 More statistical data were needed to produceessgyn graphs.

In order to give response to all these questidresrange of simulations was increased.
6 ANALYSIS OF RESULTS.

In this section, the final plots obtained after Huftware and templates were updated are presented
and the results and tendencies observed are egglalimey contain the results of the final set of
sample installations, which were increased to aghike six usage categories requested by WG10.

6.1 Effect of the traffic pattern on number of stats
The number of starts in the simulated period ireesavith the population served per lift, Figure 1.

The results are almost identical for the collec(€@®L) and estimated time of arrival (ETA) traffic

control algorithms. The values obtained for residémuildings using the Residential (Strakosch)
template are higher, followed by the Office (Siikah template and the Modern Office (CIBSE)
template. However, it has to be noted that the ksited period differs (slightly), but should have a
minor effect, depending on the traffic templatedise

(RS) Strakosch Residential 14 00 h
(0S) Siikonen Office 12.25h
(OC) CIBSE Office 1200 h
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Figure 1: Average number of starts -v- number of personseskfall patterns)

If a plot of average number of starts per houraadtof the absolute value was presented (Figure 2),
then the different lines would become closer togethith the Modern Office template producing
the highest number of starts per hour and the Besal one the lowest.

CIBSE: 1.04 starts per hour/person
Siikonen: 0.96 starts per hour/person
Strakosch: 0.88 starts per hour/person

The first part of the graph shows a linear depeogewhich becomes a nonlinear (polynomial of
degree 3) at the maximum values with around thé@g2arts. After reaching this maximum value,
note the curve begins to fall, which indicateslifienstallation has reached saturation.

Although logically it might be thought that an irasing population demand (persons served)
would result in the number of stops limiting to aximum, the real effect is that they fall. The
reason seems to be that at higher demand levelittimstallation has reached the limit of itsffra
handling capabilities. The result is a trafficlduip in the lobbies, passenger boarding/exit times
increase and the transportation becomes ineffici€hese inefficiencies can be also observed in the
plots showing the distribution of the time spenttle different operating conditions. However,
further research might be carried out with add#iosamples to confirm the validity of this
reasoning.
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Figure 2: Average number of starts per hour -v- number oéqes served (all patterns)

The graphs confirm that the traffic template (iaffattern) does not make a large difference and
show that the values are similar for Residential @ffice buildings.

A further important conclusion is that the highember of starts reported from Asian countries can
only be achieved if the operational time is incegaBom 12-14 hours to include night time activity
at high levels.

6.2 Average distance travelled -v- average numbef starts

The average distance travelled decreases with uhgber of starts, Figure 3. It ranges from a
maximum average of around 50%, except for very lie& buildings (see rectangle in the figure),
and a minimum of 20% for very intense use. Ifrbsults were represented as average distance vs.
number of starts per hour, the difference betwesadfid templates would be small.
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Figure 3: Average distance travelled (all patterns)

Lift professionals frequently state that intuitiy€from their own experience) the average distance
travelled should be larger. A further analysis wagied out to check this impression. Could it be
caused by the fact that the observers only seectfést when they are travelling in loaded cars?
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The graph obtained (Figure 4) confirms that theraye of distance is heavily influenced by the
intensity of use, which drastically reduces thisrage.
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Figure 4: Average distance travelled (% of Building Heig&[T]
— Average, empty trips [ET], loaded trips [LT]ffdrence

6.3 Average load transported -v- average number aftarts

A plot of average load transported vs average numbstarts shows an intense “swarm” of points,
which strongly indicates that the average loadspanted depends on another factor and not only
on the intensity of use. Looking at the results lfmwer intensities, where the points are more
concentrated, five groups of points can be seeighamoincide with the different rated capacities
analyzed. Another finding is that, as expected,dle increases with the population handled. The
range of variation is large (from 5% to 25%). Heee by taking the median values, the results do
not change very much with the traffic template u¢adnaximum of 3% for high numbers of
persons served) or the traffic control algorithniisTcan be more clearly observed in Figure 6
where the results for 1000 kg capacity cars orgysiown
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Figure 5: Average load transported (% rated load) (all pater
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Figure 6: Average load transported (% rated load) for 1000ekegd load lifts

If the data is plotted for one single template #ra&results grouped by car capacity, a much clearer
tendency can be seen of the load increasing welusie with delimited range bands, according to
the car capacity Figure 7.
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Figure 7: Average load transported -v- number of starts (gedlby car capacity)
6.4 Distribution of running, idle and standby times-v- average number of starts

The average time between trips shows a very chegaoreential tendency, with its maximum at a
very low building occupancy. It can be observéd} bnly for a very low number of starts, does the
lift spend more than five minutes stationary betweensecutive trips This is a result of great
importance, as currently most lifts switch intocsvér energy consumption mode after this fime
This leads to the supposition that the standbystatay not be reached during the daily operation
time and just during the non-operating hours.

If for any specific number of starts the runnirgjeiand standby times are summed, the results will
always be 100%, see Figure 8.

® S025745-1 defines standby as commencing afterrfiinutes of inactivity.
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Figure 8: Distribution of time in different operational modes number of starts

In the following graphs, it can be observed tha time spent by the lift in running conditions
increases with usage, reaching a maximum of 50%afbtigh activity (2000 starts). When the
number of starts increases above this quantityliftieses efficiency as already stated before.
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Figure 9: Distribution of running time during normal operatio
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The time in non-running conditions is split intdddFigure 10) and Standby (Figure 11).
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Figure 10: Distribution of idle time during normal operation

The plot of the idle time (Figure 10) also shows thefficiency of the passengers handling when
increasing the number of starts above 2000, asrtteethat it is stationary increases again.
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Figure 11: Distribution of standby time during normal operatio
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Distribution of the time spent by the lift runnirgy in stationary conditions, during the daily

operation time is shown in Figure 12. The gragbarty show (in accordance with the tendency of
the average time between consecutive trips) thatigh traffic demands, the lift does not have time
to switch into standby very often, the time beipgr#t in this low energy state is less than 10% for
more than 500 starts.

7 SUMMARY
Table 1: Summary of results

Usage category 1 2 3 4 5 6
Usage \|/ery low mediu high very intensi
ow m high ve
Trips per day 50 125 300 750 1500 2500
Average 2 storeys 100%
travel 3 storeys 67%
>3 storeys 44% 33% 18%
Average car < 800 kg 7.5% 9.0% | 16.0%| 23.0%
load 801 —-<1275 kg 4.5% 6.0% | 11.0%| 18.5%
V- 1276 —< 2000 kg 3.0% 3.5% 7.0% 13.0%
Rated load
>2000 kg 2.0% 2.2% 4.5% 9.0%
Time ratios | Idle 13 23 36 45 42
(%) Standby 87 | 77 | 64 55 48

Table 1 summarises the results of the researchh miuehich have been adopted by WG10. Note
there are six usage levels. Surprising the rulthefb assumed in ISO 45745-1 of an empty car
that travels about half the distance between tahfiioors is close to reality in many circumstances
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8 FURTHER WORK

The 1SO 25745 series of standards only considsimsgle unit. From the results obtained, the two
simple traffic control algorithm do not seem to @anfluenced the results for the type of buildings
analysed However to be more scientifically rigarowork on other traffic control systems will be
undertaken, in particular, the hall call allocatioraffic algorithm. This algorithm differs
significantly to with other dispatchers. The slations should also be run for groups of at least
four lifts rather than two lifts. The effect of egual distribution of floor population/demand stbul
also be researched.

The effect of an express zone should be analyzedbmre detail to allow the method to be used for
zones located high in the building.

It is hoped to validate these results by collaboratvith industry as most real life measurements
are carried out by lift companies.

9 CONCLUSIONS

The research study detailed in this paper is basdthe results of thousands of simulations, which
are considered as if they were experimental data.

However, simulation is notorious for delivering aess, which do not occur in real systems, but
these answers will be as good as the traffic patised in their production. The use of simulation
tools for predicting the value of parameters witkmwto the calculation of the energy consumption
of lifts seems to be the most accurate method wtiyravailable.

Although average tables (calculated for standaddiaaildings to cover the scope defined in 1ISO
25745) are precise enough for standardization pagdor a better prediction in any commercial
offers, it is recommended that every specific casealculated taking into account the real
characteristics of a building and the lift and thest suitable traffic pattern.
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ABSTRACT

Performance time is a measure of how long it té&ea lift to travel between two floors, including
opening and closing of the doors. Performance tiwa® a major effect on handling capacity and
passenger waiting times. Performance time can béehed in traffic analysis and simulation
through the application of lift kinematics. Forraelcan be used to calculate travel times and to plo
the distance travelled, velocity, acceleration gedk against time. Measurements of these
parameters can be derived from accelerometer rgadiMeasurements of start and levelling delays
are more difficult to make, but are necessary taeha lift trip completely. Site measurements and
ideal lift kinematics are plotted together for caripon. Performance time assumptions typically
made in lift traffic analysis and simulation arengquared with site measurements. The difference
between assumed performance times and measureraardrsidered in the context of their impact
on handling capacity and waiting times. Proposaks made which help designers to avoid
discrepancies compromising the traffic design.

LIST OF SYMBOLS

a Acceleration (m/s?)
d Lift trip distance (d)

j Jerk (m/g)

T Performance time (s)

T(d) Performance time for flight distance d (s)
ty Advanced door opening time (s)
te Door closing time (s)

tr(1)  Single floor flight time (s)

tr(d) Flight time for travel distance d (s)
t, Door opening time (S)
tqg  Start delay time (s)

% Rated speed (m/s)

INTRODUCTION

For traffic analysis and simulation results to lealistic, we need to base our calculations on
achievable performance times, specify the requaediormance in tender documents, and measure
the installation to ensure that the necessary padoce is being delivered.

In the 1960's and 70's a major lift company hacefandion for performance time, “start of doors
close to doors three quarters open on the next’fldéor a floor to floor height of 3.5 to 4m, ate



of less than 9 seconds was expected for a higlonpeahce lift. CIBSE Guide D Transportation
Systems in Buildings Section 3 (1) breaks performance time into fivenponents:

T=t:(1)+tsqtt.+t,—t, (2)

In the Elevator Traffic Handbook (2), Barney definbe door opening time as “a period of time
measured from the instant that the car doors &taspen until they are open 800 mm”. Like Otis,
Barney recognises that in traffic analysis, from plassenger’s prospective, the passengers can start
loading and alighting lifts before the doors aryfopen.

The performance time as described above gives d goerall picture of lift performance and can
be measured simply with a stop watch. Howevetintgations are:

1. The performance time of the same equipment willliferent according to floor height.
2. The performance time cannot be applied in simuba#ie the travel time for two floors is not
twice the travel time for a single floor.

To overcome these limitations, we need to make lemaeter measurements and to apply an
understanding of lift kinematics.

LIFT KINEMATICS

Lift kinematics is “the study of the motion of dtlcar in a shaft without reference to mass or
force”. We are studying how the lift moves and, riot example the implications of the car size on
the lift motor.

The time it takes for a lift to travel between tfloors is limited by the rated speed, acceleration
and jerk. The jerk is rate of change of accelerati.e. when a lift accelerates is does not acatde
at the same rate all the time, it takes time tddowp and down to the rated acceleration.

Humans are sensitive to acceleration and jerk andfeel discomfort if either is too high. We are
not sensitive to lift speed, except in very higeexg lifts where the change in atmospheric pressure,
particularly during descent, can cause discomfort.

Formulae can be derived (3) to plot distance, vsipacceleration and jerk against time.
Microprocessor controlled variable speed drives lmarprogrammed to match these profiles very
closely. The plots look different depending onftifig options A, B and C as shown in Figure 1.

For option A, the lift reaches full speed, travatsthis speed for some time and then slows down
again. The plots are typical for a lift which iavelling several floors.

For option B, the lift does not actually reach fsfieed. The plots are typical for a high speed lif
travelling one floor; there is insufficient time teach the rated speed before the car needs to star
slowing down again.

For option C, the lift does not even have timedach full acceleration. This is representativa of
re-levelling operation, so would not normally bersén lift performance measurements.
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Figure 1 Ideal lift kinematics for: (A) lift reaches full speed; (B) lift reaches full acceleration,
but not full speed; (C) lift does not reach full speed or acceleration

MEASURING LIFT PERFORMANCE

Equipment

There are a number of lift performance tools which help measure lift velocity, acceleration and
jerk (4) (5). Measuring start delay and advancedrdopening is more difficult, so we have
developed our own performance tool (6) which inkégs accelerometer and time measurements,

then uses software algorithms to interpret thesgsomements directly.
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Measuring procedure
With the accelerometer placed on the lift car fldee measurement points are triggered when the:

(i) doors start closing at floor

(i) doors are fully closed

(i) doors start opening at destination floor
(iv) doors fully open at destination floor.

The accelerometer is taking measurements contihpéasthe whole period so, for example, we
can calculate the start delay as the software krmtls when the doors have closed, and when the
car starts moving.

General observations

Note that we have chosen to measure door time thdildoors are fully open rather than three
guarters or 800 mm open. This gives us enhantbdugh more complex options to improve our
modelling of door dwell times and passenger transfees. Currently where passenger transfer
occurs while the doors are still opening we wouliliect this in passenger transfer time assumptions
and calculations.

In some installations the car doors finish closshgrtly after the landing doors. Our measurement
for door close time ends when the car doors atg flbsed. At the instant the car doors are fully
closed we start our measurement of start delayal&l observation is that if the car doors finish
closing after the landing doors, it is easier tbayw start delay as the landing door interloakes
made before the end of the door close time. Téigyed car door closing has been observed in the
installations where we have observed zero motat skelay. To minimise start delay, some
equipment pre-torques the motor and lifts the blezthre the doors are fully closed.

Ride comfort has become more important in receatsye This has resulted in the use of lower
accelerations in some high rise buildings with hggeed lifts; requirements are subjective and
sensitive to culture. At the economy end of thekaia some very low values of acceleration have
been measured. This is probably because lowelesations require less torque, so smaller lift
motors can be used.

Processing measur ements

As all accelerometer measurements have signal ,ntbis@cceleration reported will depend on how
you filter the signal. However, for performancatfier than comfort) analysis, we want to model
the trip as accurately as we can with lift kinemdtrmulae. So, our approach is to best fit the
idealised measurement to the idealised kinematits ptee Figure 2. In this example the maximum
acceleration is 0.95 m/s, but the accelerationgubgst fit is 0.81 m/s2. This second value gives u
the most accurate input for modelling the lift imalation.
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Acceleration (m/s?)
o

time

Figure 2 Measured and ideal acceleration
By differentiating the acceleration measurementsaredetermine jerk, see Figure 3.

1 -

Jerk (m/s3)
o
—
—

time
Figure 3 Measured and ideal jerk

Integrating the acceleration gives us the velositg Figure 4.

57



Velocity (m/s)
N

time

Figure4 Measured and ideal velocity

Finally, integrating the velocity provides the diste travelled, see Figure 5.
80 -

70

Distance (m)

10 4

time

Figure5 Measured and ideal distancetravelled

Calibration of the accelerometer can be confirmgaddmparing the measured and actual distance
travelled.

Door closing time and start delay are overprintedhe start of the plots, see Figure 6.
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Figure 6 Close up of start of velocity plot showing door closing time and start delay

Although modern drives normally allow lifts to telwdirectly into the floor, we have measured a
number of installations where there is a signiftdamelling time. The combination of acceleration
and time measurements allow the software to determihen the doors start opening relative to
when the car stops. Figure 7 provides a closenugh@ end of the velocity plot. Note the levelling
delay and door opening time overlap; in this inateln part of the levelling delay is compensated
for by advance door opening.
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Figure 7 Close up of end of velocity plot showing levelling delay, advanced door opening time
and door opening time
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The software summarises results which corresporetttyy to the inputs of our traffic analysis and
simulation software (7), see Table 1.

Table1l Sample performance measurements

Distance (m) 79.12
Velocity (m/s) 3.97
Acceleration (m/s?) 0.81
Jerk (m/9) 0.51
Door opening time (s) 4.31
Door closing time (s) 3.84
Start delay time (s) 1.00
Levelling delay time (s) 0.61
Advanced door opening time (S) 1.00

ENHANCED PERFORMANCE TIME FORMULAE

As all the performance parameters have been detednperformance time can be now calculated
including levelling delay, and for a trip of anystiince. Equation (1) is revised to:

T(d) =te(d) +tgq+t, +t.+1t, —tg (2)

The travel time functiom(d) is know from kinematics research (3):

Zev4viej d a v
If d= w then tr(d) = —+—-+- (3)
Jj-a v o j a
2.a3 2, 2. Jad+4-d-j2
If za <d <L—I—U} then tf(d) = 2-}_ a J (4)
J Jra J Ja.j
a’ d 3
If d<?2 S then t(d) = <32 7) (5)

PERFORMANCE MEASUREMENTS
We are building a database of performance measutsrtee

() improve industry design guidance for people plagtiih installations
(i) help owners and consultants assess the relativerpemnce of their lift installations,
particularly in the context of modernisation pragec

Some initial results are given in this section; mave different amounts of data for each plot as
early measurement techniques vyielded just somehef garameters. These results include
measurements by consulting engineering firm Arug welcome others to contribute their

measurements. For more information, and the latsstlts please see our lift performance web
pages (6). Currently some results are “peak” ratien “best fit” values; in due course all results
will be presented as “best fit” as this allows foore accurate simulation modelling.
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Figure 8 shows acceleration measurements; each guresents a separate lift group. Guidance
from CIBSE Guide D 2010 (1) Table 3.4 is plottedtbe same graph; where CIBSE suggests a
range the minimum and maximum is plotted.
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Figure 8 Site measurements of acceleration plotted with CIBSE guidelines

Figure 9 shows jerk measurements. CIBSE Guide lideT&4 recommendations are also plotted.

4.5

4.0 *

3.5 * ? 3
_ 3.0 * *
£2 L
¥ 20 : 0 ¢ %o N ; g # measured
2

15 - a® O M CIBSE

1.0 - “»we o

’ @« 0‘ ¢ L g
0.5 R L2
0.0 T T T 1
0.0 2.0 4.0 6.0 8.0

lift speed (m/s)
Figure 9 Site measurements of jerk plotted together with CIBSE guidelines

Figure 10 shows motor start delay measurement&SElguidance is to refer to the lift installer,
otherwise to assume 0.5 s.
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Figure 10 Site measur ements of start delay

Figure 11 shows site measurements of levellingydelghis is a new variable not discussed in the
current edition of CIBSE Guide D.

»
n

levelling dealy (s)

= N w
=N W s

* *

0.0 2.0 4.0 6.0 8.0
lift speed (m/s)

o
n

o

Figure 11 Site measurements of levelling delay

SENSITIVITY ANALYSIS

To investigate the impact of a single parametenswer a simulation of a building with lunch time
traffic, based on Example 4.3 in CIBSE Guide D 2q1Q This simulation is repeated for
increasing start delay. The average waiting timd &ansit time to destination is plotted in a
stacked area graph, Figure 12 .
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Figure 12 Sensitivity analysis showing impact of motor start delay on simulation results

To investigate the impact on handling capacity, aiseip peak round trip time calculation for the
same building, again with increasing motor stataylesee Figure 13.
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Figure 13 Sensitivity analysis showing impact of motor start delay on handling capacity

Measured variances in a performance time paranh@es a major impact on passenger waiting
time and handling capacity; variances in other mpatars can have an equally dramatic impact.
These differences can compromise the traffic design

CONCLUSIONS

Performance measurements demonstrate that CIBS&mpance guidelines are achievable, and in
some instances are surpassed. However, they &lsa shat sometimes performance is
compromised, for example by a long motor start ylel&he impact on waiting time, transit time

and handling capacity can be significant; thisamdnstrated with a sensitivity analysis.
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In planning and specification of a lift installatics it important to specify the required perforroan
parameters. Although specifying performance tioreafsingle floor flight time is a valid approach,
our recommendation is to specify all the perfornreaparameters individually, as listed in Table 1.
In variations provided with tenders, recognise that the combination of all the parameters which
is ultimately is the most important; for exampl®.&s start delay may be offset by doors which
close 0.5s faster. All parameters should be chlie@separt of the commissioning process, and
monitored during the lifetime of the installation ensure the best possible performance is
maintained.

As we can now measure all the performance parametéhe performance is poor, we have a clear
indication of what is going wrong.

Measuring performance is especially important wbemsidering modernisation. In some instances
we find clients have been recommended control sysfegrades (e.g. to destination control) where
adjusting or upgrading equipment to achieve bgkeformance times would represent better value.
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INTRODUCTION

Knowledge about the transfer function and the feeqy behaviour for elevator systems is of
interest for several aspects. For example, to apalye sensitivity of the cabin to specific
frequencies, which may causes mechanical and acalugibrations and thus results in discomfort.
In addition the frequency behaviour is of high et while applying control algorithms for active
vibration suppression or cabin position control. [Due to the different suspension rope length,
depending on the cabin’s position, the transferction is time-varying during the travel on one
hand. On the other hand it depends on the cabaykad. Existing literature concentrates on the
frequency response analysis lower than 20 Hz [Bjleathis paper concentrates on methods and
measurement signals which are precise enough ¢ondigie the frequency behaviour up to 100 Hz.
In addition a wide range of elevator constructi@xssts, which differs for example in roping,
number of rope pulleys or the location of isolatelaments. For the model validation of numerous
elevator constructions a method is needed, whichi beaeasily applied to many elevators and
preferably does not need additional measuremesbs&n

At first, this paper describes different measurempassibilities and input shapes for the
identification process. It is analysed which inaud output signal produce meaningful transfer
functions and how they can be compared to eachr.offfeerwards the different identification
methods are described, which is followed by thecdpson how the experiments have been
conducted at a real elevator. Finally, the freqydrehaviours are discussed, which are obtained at
a low-rise elevator for different cabin positiomslgayloads.

METHODSFOR SPECTRAL ANALYSISIN ELEVATORS

Determining the frequency behaviour it is of spedifterest to know the resonance frequencies of
the system. While the resonance frequencies applthe whole system, the peaks of the transfer
function depend on the chosen input and outputsgmhus meaningful signals have to be chosen
to ensure that all system resonances are représentbee transfer function. It is advantageous to
use excitation and measurement signals which aemdy} available in the system and thus
determining the frequency behaviour may be conduictenany elevators, easily. This is especially
important, as elevators are constructed in marfereéifit ways concerning the roping, rope pulleys
and the position of spring elements, which resultifferent frequency behaviour.

In state of the art elevators, often permanent mtagrachines with a frequency converter
and a position encoder with sine/cosine tracesuaeel. Thus, the currents, voltages and traction
sheave position/velocity are available in a higacmmion and in a high frequency. In this paper the
set current 4 is used for excitation, while actual currégi, and actual rotational velocity, are
evaluated to determine the frequency behaviouhefdevator. This dependence is shown in the
block diagram of figure 1 and for the modellingtbé mechanical system the reader may refer to



[1]. If other measurement signals are used, elginoar counterweight acceleration [2], additional
sensors are needed as they are usually not imstallelevators. The data of different sensors also
have to be accurately synchronized as otherwisedlailation yields a wrong transfer function.
This is with less effort ensured for the currendl &raction sheave velocity measurements, as both
are captured by the frequency converter.

Feed-Forward
control

T _Load
Pl . c 1/dds
g 4| current Mechanical
W ﬁ/ | Control Loop| | TMot System
T Velocity-Contr.
Wact

Figure 1: Overview cascaded control structure

Several Methods for the identification of the trf@ngunctions in the frequency or time domain
exits [3]. In the following the frequency respormealysis (FRA) with a pseudo random binary
signal (PRBS) as excitation is described. In addithe excitation with a single discrete frequency
and the evaluation with the orthogonal correlatitethod are considered.

Transfer functionsin elevators

In literature transfer functions with different uipand output signals are analysed which makes it
difficult to compare the results. In addition, ésk meaningful input and output signals are chosen,
the peaks in the transfer function do not repregensystem resonances. In [1] the transfer functio
Gac tmotfrom motor torqué ot to car acceleratioac is used, which is, except for a constant factor,
the same likeGrc Fmot from motor forceFn,: to car forceFc [4]. In the following and in [5] the
frequency behaviouG,tmet from motor torqueTmo to traction sheave angular velocidy: is
regarded. Furthermore, in [2] the transfer funct@&u ,r from traction sheave velocity; to car
velocity vc is used.

In this section the similarities and differences tbé transfer function are showed up, while
analysing the poles and zeros of a simplified 3smaedel. The equations are described in [1][4]
and yield the following differential equations whiare solved via the Laplace operator

Fe =meac = (vr —ve)De + (xr — x¢c)Cc (1)
_ mg(dcs?+ccs)
- FC - (Sz+d(;S+Cc) (vT) (2)
_ mew(dews?+ccws) _
- Few = (s2+dews+eomw) (=vr) (3)

Heredc=Dc/mc, Cc=Cc/mc, describes damping and spring constant of the oopthe cabin’s side.
Indices cw represent the variable on the counterweight sklethermore x and x are the
displacements of traction sheave and cabin.

Via the relationFc=mcAxS, equation (2) yields the transfer function listedeiquation (4) from
traction sheave velocityr to car velocityc.

= vc_ _(dested)
GvC,vT(s) T v (s2+des+cc) ?
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This represents the differential equation with éatwelocity excitation at the traction sheave. Then
the parameters of the counterweight's side havanmmact on the resonance frequencies. The
behaviour is equivalent when the brake is closatithae cabin is excited. With the forced velocity
excitation and elevators with compensation ropes ¢bhunterweight parameters influence the
transfer function only via the compensation shehegever not via the traction sheave.

Equation (5) results from equation (3), if the ti@mac sheave is excited via the motor torque. Via
transposition of equation (5) this yields the fumeiG,,mmos Which is displayed in equation (6).

Here the static forces due to gravity are negleatati only the d’Alembert forces which influence
the frequency behaviour are considered

w _ L( _ mew (dews?+cows) w2 — mc(des?+ccs) 7"2) 5)
act S]T mot (SZ+dCWS+CCW) act'T (Sz+dcs+Cc) act'T
_ Wqcet _ V7 __
Gw,Tmot(S) = = =

Tmot rTTmot
1 ( (SZ+dCWs+ch)(SZ+dCs+Cc) ) (6)
sit \(s2+dcws+cew)(s2+dcs+ec)+mewrE (dews?+cews) (s2+des+cc)+meré(des?+ccs) (s2+dews+cew)

Out of this also the transfer function between mdboce F,:to car forceFc is derived in the
following equations

v
Gur(s) = 2 7)
V¢ _ VT V¢ _ _Vr Fc . _ F¢
- Gw’T(S) vr TTTmot VT 7#Fmot s Mcvr with Ve = smc (8)
F
- GFC,Fmot(S) = meyt = Gw,Tmot(S) : GvC,vT (s)-s 7'77VC7"7g (9)

As visible from above equations the transfer LTS Grc FmotaNd G mot@re dependent also on the
suspended masses and the elasticity of the suspertgies at the counterweight side. Looking at
Grc Fmot (€0. (9)) it results, that the poles frdBoc vt (eq. (4)) are cancelled via the zero<Qfrmot
Thus Grc Fmot has the same denominator and poles Giamo; however slightly different zeros.
Therefore the resonance frequencies are the saimée antiresonance frequencies differs. In
comparisonG,c,r has different poles and respectively resonancesh We forced velocity
excitation the counterweight’s influence over thaction sheave to the cabin is not considered.
Thus the functiors,c yris only meaningful for a part of the elevator syst

Frequency Response Analysis

Most identification schemes are only valid for st functions which are time-invariant during the
identification process [4]. This requires in eleratthat the cabin stays at the same position, as
otherwise the transfer function changes [1]. Thigniification cannot be performed during higher
speeds and only small motions around a constamh gaisition are allowed. Therefore the static
and coulomb friction influences the transfer fuant[1].

For the frequency response analysis the elevatstersyis excited by the torque generating set
currenti*q with a pseudo random binary signal (PRBS), whielgibning is shown in figure 2. In
this paper the sample tinTg has been chosen to 1.008 ms, which results wetlSttannon theorem
in a frequency range up to 496 Hz. Additionally3bit PRBS is used, which results with equation
(20) in a measurement time for each sequence 6f<8.RPuring this time the PRBS is uncorrelated,
which is a mandatory requirement for the frequemesponse analysis [3]. Afterwards the PRBS is
reiterated several times, to obtain a less noisylteThis has a frequency resolution of the transf
function of 0.12 Hz as displayed in equation (11).

Tv = (28-1)1.008&3% s = 8.26s (10)
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fres= 1/ Ts = 0.12 Hz (11)
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Figure 2: Pseudo Random Binary Signal

The spectral densitie,y (f), S (f) are determined while calculating the cross/auexspl density
between input signal and output signafl. Then the transfer function is given by equatia?)(1

G(f) = Suy )/ Su() (12)

For determination of the open loop transfer functimm actual motor torquén; to actual speed
wact the velocity controller is set to a low bandwidth avoid influence from the feedback. In
equation (12) the input signalis represented by the actual currgnt, while the outpuy is wact
With this procedure the non-parametric transfercfiom G(S)=wac(S)/Tmo(S) is obtained, where
motor torque is given for permanent magnet machiyeE,.:=C - i_Gc The transfer function in
equation (12) has complex numbers, thus a commagrtavidlustrate the frequency behaviour is via
bode plots, which display the absolute value arasph

For evaluation of the calculated transfer functithms coherence is chosen as assessment criterion
and given in equation (13).

¥ = 1Sy AP 1 (Su () By (D) (13)

If the system has strongly linear dependence, thercoherence equals one. Otherwise it is less
than one, which occurs also at the location ofmasoe frequencies [4].

Orthogonal Correlation Method

The orthogonal correlation procedure may be usedei@rmine the frequency behaviour and
excites the system with single frequencies viana $unction [3][6]. In figure 3 the scheme of the
method is displayed with the amplitude of the setent( which excites the single frequenty
The system is excited using a sine signal durirgnieasurement timém. With this estimation
method the real and imaginary parts are obtainethétransfer functions

Gy(S) = wac(S) /T (S) (14)
G(S) = iqac(S)/ T o(S) With s=j2xf, . (15)

Out of these the complex transfer function betwaenal current to actual speed is givend(g)=
Gi(s)! &(s) and the gainG| may be calculated vigGi(s)/ G(s)|. This is reiterated for several
discrete frequencies and the data is added tcethéting bode plots of previous section. Also here,
the velocity controller is set to a low bandwidthdescribed in the previous section.

68



Advantageous of the orthogonal correlation mettsothé concentration of the total energy of the
excitation signal to one frequency. This yields enaccurate results, especially if non-linearities
like friction or quantization inaccuracies are s In contrast the energy of the PRBS is
distributed over the whole frequency range and gach single frequency is less excited.

O-sin(2mmfy) i_Qact Wact
Sine- iq L 2/(Tm-0?)
Generator > x o > > Re{G1}
:EB \t X > > —» Im{G}
N
@
Q
st 2/(Tm-0?)
> x > > —>» Re{G2}
; X > > > Im{G,}

Figure 3: Scheme of orthogonal correlation

EXPERIMENTAL SETUP

To apply the tests to many elevator constructitims experimental setup should be easily installed.
In figure 4 the general setup is shown, where teegator controller is unplugged and instead a
dSPACE box is plugged to the CAN-buses. The boxrotsnthe frequency converter via the first
CAN-bus for slow signals - e.g. initiating, operakes, cabin position, load sensor signal or set
speed. It also provides via the second CAN-buddbkesignals, like the set current excitation and
also the captured sensor data from the frequenoyecter is exchanged. The captured data is
offline processed and then the transfer functiacalsulated.

CAN1 — 100kbit/s (Load signal, drive signals for converter, etc.)

dSPACE CAN2 - 1000Kbit/s frequency P

(Controller, converter
PRBS, capturing) lyset

qact H=10.6 m
Wt RSN

A

=
AN
WY

| H=53m

1./ H=om
Safety Chain g

Figure 4: Experimental setup

The basic safety is ensured via the safety chamg¢hwis coupled to the frequency converter. It
would stop the drive, if e.g. the elevator wouldwado the end switches of the shaft.

The test elevator used in this paper has a trasighhof 10.6 m, a 2:1 roping and a maximum
payload of 450 kg. Further parameters are listddbie A.1.
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EXPERIMENTAL RESULTS

The experiments have been performed for differabtrcpositions and loads. In figure 5 the results
are shown for different cabin positions, while tha&yload is held constant at . 7180 kg. The
distance in meters has its origin in the bottonorf|aeferring to H=0 m. Therefore, the distance
9.6 m is shortly below the top floor, which is lbed at H=10.6 m. The first resonance frequency at
5 Hz stays constant for this elevator. The secasorrance is also distinctive and increases with
lower cabin position. The reason is found in therskuspension ropes between counterweight and
traction sheave when the cabin is in bottom pasitichis results in a very stiff coupling between
counterweight and traction sheave. This couplingtiffer than the coupling when the cabin is in
top position as the cabin is additionally isolated the cabin springs. This behaviour is also
confirmed by the theory of a simplified three massdel, while looking at the poles of the transfer
function (eq. 6). If typical parameters are insgfiteresults in a higher second resonance frequency
when the cabin is in bottom position and the couveeght is not isolated with additional springs
applying to this test elevator.

Further resonances occur above 30 Hz and varygdyravith the cabin’s position. Mainly the anti-
resonances or the zeros of the transfer functiamg the location, which thus may eliminate or
reduce the peak of a resonance. Especially, thissiisle for the cabin in top position and the ffirs
resonance.

L —Cabin;in top f;Ioor (;9.6n‘”|) |
Cabin in mid floor (5.3m)
10t — Cabin in bottom floor (Om) A
AT\
4R
A \
\ / }Nm
102 S y / \‘h"\ /
£ 10 A /RIS N VA
S N7 / \ F’V
o N\ I h LY T
\\\ / I\\A !}\ /’I’ J Y
10° i 5/
\
1 2 3 4 5 6 8 10 20 30 40 5060 80 100
f [Hz]

Figure 5: Bode plot for different positions: |G&)|oac(S)/ Tmod(S)|; S=jaf

Looking at the frequency range up to 10 Hz thedi@nfunction of the elevator with cabin in top
position is much noisier than in bottom positiorerél the reason is a higher friction of the cahin i
top position, which is also visible in the cohererstiown in figure 6 (b). It drops significantly in
this range, indicating the non-linear relationshijpe strongest friction is caused between guide
rails and cabin as well as between the guide amits counterweight. For this low-rise elevator this
influence is stronger as guide shoes are used antbvbe smaller, if roller guides are installed.
Additionally, friction occurs at the traction sheaghaft and also for the rope pulleys at the
counterweight and cabin.

The main reasons for the influence of the frictawa the identification schemes, which are valid for
transfer functions which are time-invariant durthg identification process [3]. Time-invariance in
the elevator system requires that the cabin stalseasame position, as otherwise the rope length
changes and thus the transfer function (see figlwr& herefore the identification cannot perform
during higher speeds and only small motions araumdnstant cabin position are allowed, which
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constant frequency content at zero Hertz, howewefarn the other frequencies. Therefore the static

constant force in opposite of the direction of &lawhich results only in a different value for the
and sliding friction influence the identificatiomgzess.

thus causes in static and sliding friction. Durihg travel, for non-zero speeds, the friction cause

WL iy

1= = =i H

W
i
T H b = = — I H

b b 1 I H = =~ H
L

=~

70 100

180kg,H=0m

(@ m

Figure 6: Transfer functions G(S)sac(S)/ Tmol(S); S=jzf
crosses. In general the crosses fit very well @nttansfer function estimated by the FRA. Small
differences occur in figure 6 (b) at 20Hz, where pieak is directly located at a resonance anceis th
reason for the deviation. As expected, it is alsible, that the small deviations occur when the

In figure 6 andfigure 7 (a) alsothe results of the orthogonal correlation are mankgh the grey
coherence drops.

it shows the same io#lahips like the gain and the effect of

While looking at the phase

which is visible at the gain. Hegre the phase indicates even more clearly this

resonances is apparent. Especially, this is visibkgure 7 (b), when the payload is removed and

thus the first antiresonance occurs at a highguiacy. This results almost in an elimination @& th

first resonance,
elimination and only a small rise and drop in phaseurs between 4 and 5 Hz
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feedback compensatipliEEE Transactions on Industrial Electronics, gf.,91-99, (2000).

spring stiffness or rope pulley inertia. The resuttay be also used to validate simulation models
[2] Y.M. Cho,

behaviour is obtained for several cabin positiom$ payloads. Both methods give meaningful and
and thus enable the optimization of elevators diyea simulation.

This paper describes two methods to obtain theuéneqy behaviour for the vertical motion of
also very similar results.

elevators. The sensor signals are chosen by mdamsaiability in standard elevators and yield
accurate results up to 100 Hz. The methods areiegbpit a test elevator and the frequency

Now, the results can be used to reduce vibratiohgewoptimizing mechanical parameters like

[1] J.K. Kang, and S.K. SuVertical-vibration control of elevator using estited car acceleration
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APPENDIX

m, [kg] 585| Cabin mas

m. [kg] 450 Maximum payloa

Mew [KQ] 765| Counterweight ma:

H [m] 10.6| Travel heigh

Jae [kg M2 0.18| Motor + traction sheave iner
rge [M] 0.22| Radius traction shea

¢ [Nm/A] 22.7| Motor constar

U 2:1| Ropinc

N 6| Number of rope

Diope [MM] 6| Rope diamett

Table A.1: Parameters of test elevator
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A Realistic Approach to “Interesting” Claims
- Lessons in Lift Traffic Analysis -

Dr. Bruce A. Powell
The Bruce Powell Company

INTRODUCTION

Over the past 10 years as a lift consultant, | haveountered a great deal of disorder and
confusion with regard to traffic analysis. Elevasuppliers make unsubstantiated claims about
performance of their elevators. Clients use tmmitelogy Interval synonymously with Average
Waiting Time. Consultants run simulation studippleed to high rise residential tower under the
assumption of up peak traffic. If we in the liftrsulting business are honest with ourselves, we
would not have to look very far to find disordedatonfusion. Although it is easy to contend that
the confusion is due to “those other guys, not niteiS my contention that we lift professionals
should do all we can to minimize the confusion.isTgaper will present four related lessons that |
have learned as a specialist in elevator traffalymis. The bottom line is something that I'm sure
everyone would agree with ... that clarity and theerdton to technical detail are of the utmost
importance.

We will present four examples where disorder migltur and recommend steps to
minimize the confusion. These examples involventdaof lift performance, Destination Control,
simulation, and modernization studies

LESSON 1

Over the past 10 years, the freight train calledtibation Control has been picking up more
and more momentum. For example, an overwhelmingmhaof the lift modernization projects in
San Francisco have upgraded from conventional wteb ETA-based dispatch to a destination
based system whereby a passenger enters his/hieatiea floor on an input device in the hallway.

But with this popular technology there often comaebit of disorder and confusion. For
example, | know a lift consultant who would have thuilding owner believe that if he would
control his elevators with a destination-basedesyst.. commonly referred to as DD ... he could
save an elevator. In other words, for examples &levators under DD control would perform as
well as six elevators under conventional contrAlso, I'm sure that we have all seen PowerPoint
slides from one or more elevator suppliers who sagegorically that “DD will improve
performance by 25%.” What's the customer to befiev

An example will be presented that will illustrateovih these confusing and often
unsubstantiated claims might be treated. We witvws how it could be possible to use traffic
analysis to fairly arrive at the conclusion thaedawer lift would “work” or that the performance
would improve by some staggering percentage. Hse will be made that full disclosure should



be demanded. For example, if you claim to redheenumber of lifts based predominantly on Up
Peak traffic, then you should also present analfggiother important traffic periods (e.g., lunch
time) before forming your final recommendation. dArf you claim a large improvement in

performance, you should provide a precise definitmf the metric that you are using for
performance. Do you mean Passenger Waiting Tirhgfle to Destination? Hall Call Response
Time? Lobby crowding?

LESSON 2

When a new office tower is in the proposal stages icommon for the owner and his
architect to spend a day interviewing severaldifppliers. Supplier X will say that “we have the
best dispatch algorithm in the industry.” Supplewill follow X's presentation with a slide that
contains the following textVe have the best dispatch algorithm in the indusiitye owner turns to
his lift consultant and asks “Who really does h#we best dispatch algorithm, and how do they
know?”

We will present a discussion of this oft-unsubstdad claim and what can be done to
resolve the issue. One might think that we coultzbpse a set of building and traffic conditions
and ask each competitor (X and Y) to provide afirastudy in which values for important
performance metrics are documented. However, \@aeathat this is not that easy. First, each
competitor has its own software for traffic anadysvhich could have important differences in
simulation modeling. Second, each competitor mal} use slightly different values for important
input parameters that would affect the results.irdlheven such a fundamental concept as the
definition of passenger waiting time can be difféareSo we contend that, for example, just because
Supplier X claims an Average Passenger Waiting T{AM/T) of 18.7 seconds and Supplier Y
claims 16.9 seconds ... a 10% difference ... we shoatdconclude that Supplier Y has a better
dispatcher. We know that there are three veryorestsle ways to determine waiting time, and there
can be a substantial quantitative difference betvieem.

So how can we reduce the disorder and minimizedméusion? A good start would be to
require each supplier to provide its analysis wlith same software ... e.g., Elevate ... and use an
identical set of input parameters. But in the @hds entirely likely that neither Supplier X nor
Supplier Y are very much interested in this sdl@thnical comparison. After all, if we could all
agree as to who is the best, then all but one mrgps now lost the ability to claim superiority!

LESSON 3

As a consultant, | am often ask&thy do you spend so much time and energy doingla w
range of simulations? | thought that all you nedee simple calculations for Interval and
Handling Capacity.” The direct response to this question is that Eitimn software commonly
available not only within each major lift manufacubut also to the general public (e.g., Elevate)
provides a much more realistic assessment of eevatrformance than simple Interval and
Handling Capacity calculations.
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Until the 1960’s, the traffic analysis for elevagon a new building was limited to what we
now call Up Peak Calculations. Based on the génerderstanding at the time that the most
critical time period for vertical transportation an office building was the early morning when
tenants arrived for work. An estimate was madetliertime that an elevator required to make a
round trip from the Lobby, delivering passengeranglthe way. Probability theory was used to
determine the number of likely (i.e., probable)pst@nd the highest floor reached. It was then
shown that if this Round Trip Time were, say, 120ads, and there would be, say, four lifts, an
observer in the Lobby would see a lift departinghva load of passengers every 30 seconds. Then
by inference, the all-important Average Passengaitiig Time would be one half of the Interval,
which is generally considered to be good servidéis was easy. In fact, old timers will recall
doing this by hand with a pencil and paper on sbimgtcalled the “long form.” But this method
had ... and still has ... several major shortcomingsst, the implicit assumption is that passengers
would all load onto the lift at the main Lobby léveSecond, the lift would return immediately to
the lobby after the last passenger exited the Taird, the method determines only an average and
cannot provide information on the frequency of lavagting times. Finally and most important, the
method is dispatch-logic independent; it cannotfediéintiate between performance of a
conventional control system and performance of mangto-date Destination Control.
Furthermore, the calculations cannot adequatelyuata the elevator service during lunchtime
which is now considered more difficult to handlarnimorning up peak.

Examples will be presented where Up Peak Calculatprovide misleading information. In
one case, the failure to consider multiple entrele in an office building resulted in excessively
long waits and vehement customer complaints. lotheer case, the surprise installation of a
cafeteria on the top floor of an office buildingrriead a well-elevatored building into a
disappointment.

LESSON 4

An owner who is interested in modernizing the lifishis office building has asked his lift
consultant for a quick study to tell him how mutte televator service can be improved with a
successful modernization and destination contbhe consultant’s traffic study showed that the
Average Passenger Waiting Time can be reduced 28econds to 18 seconds. After a moment’s
reflection, the owner recognizes some disorderamiusion. The AWT as reported by his traffic
analyzer is only 15 seconds with his present cotmwmeal control system. Why is there such a
major discrepancy?

It seems that the consultant has provided resalé®d on industry standard requirements
that the lifts must be able to handle a peak tafGlume of 12% or greater where all traffic is of
the Entrance type. A job site survey at the bogdby a team from an elevator supplier quickly
discovered a number of facts that may well haven lmeerlooked in the quick study. The primary
discovery was that the peak traffic volume was @y per 5-minutes, which is far lighter than the
textbook recommendation. Another interesting figdiwas that fully 10% of the passengers
counted during the morning up peak period were passengers. In other words, not all
passengers included in the count boarded thdtiftise Lobby to travel upward to their office. Far
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from it. Not only were there significant numbefspassengers getting off the lifts at the lobby but
also there was a smattering of interfloor traff@ther findings include the fact that the accelerat
and floor-to-floor times were slower than the staddextbook values, and the door operation times
were noticeably slower as well. Thus it was dised that the source of the confusion and
disorder was that the quick study was based omaekt parameters and requirements, which differ
considerably from conditions in the building. Tkey issue in a modernization is to answer the
following customer question‘What performance improvement can | expect in mjding?” At

this stage, the performance against textbook remuénts is of only casual interest.

We will present a case study for a recent modetioizgroject of the lifts in an 18-story
office building which will highlight the differencen conclusions that one might draw using
textbook requirements versus data gathered frorjothsite. The results will be surprising.

CONCLUSION

The four lessons that are presented are examplesewditention to detail is of utmost
importance. It doesn’'t have to be a jungle outdhéAttention to technical detail, the proper oge
simulation, and the understanding of key assumgtiomderlying the methodology will minimize
disorder and confusion.
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INTRODUCTION

Despite many advances in lift technology theresaneeral areas of lift design that are still cotly
lift owners and lift manufacturers. It is intendidbriefly explore these areas with some historical
examples as a spur to furthering research and wmgahe management of lifts during their life.

Two drivers of lift design advances are ride comfaequirements and reduction of energy
consumption. Maintenance is driver of cost thatloametter controlled.

Lift Ride Comfort. Lift ride comfort is easily specified but can berdh@ao achieve on site. For
many buildings, the structural design, e.g. stesehE or wood provides a flexible springy support
for the lift which also has similar characteristi€ten lift systems are designed assuming that the
will be installed in a stiff concrete structure. @hthis is the case there is little dynamic inteoac
between the building structure and the lift. le ttase of multiple lifts in the same lift well, the
may be common load bearing suspension steel waikd&wvo or more lifts suspended from it. In
this case the case common suspension can makeegbshbpt unwanted coupling mechanism
between the suspended lifts which act as compledyems. Unwanted interactions between the
lifts (pendulums) can result in uncontrollable moiand vibration. As an example, two such
suspended lifts were parked at the lowest floothef building. One person with an EVA ride
comfort meter was placed in one lift. A second perthen did fast squats in the second lift to get
the lift car oscillating vertically. The first catarted moving in resonance with the second lithwi
an average vertical acceleration of 0.8m/s

In the case of wooden and steel lift well structytgoth are flexible in 3 planes. The stiffness of
these structures is less than that of concretesanthe lift dynamics can interact more with the
building structure. Undesirable effects as theatlisé between guide spacing and lift to landing
running clearances varying with lift loading comalits can occur. External lifts in steel supporting
structures have been affected by design of supmpsdiructures that used flexible pinned joints.
This has led to expensive reworks to the structsoethat they support the lift and not vice versa.

Wooden structures need careful consideration ofifth® structure interfacing components such as
load bearing fixings to the structure. A possibigiden cost is the associated training needed for
installation personnel to work with, what may béamiliar fixing methods.

The interaction between the building and the $fseldom analysed in order to achieve the desired
results in terms of dynamic performance. A sim#duation pertains to the acoustic transmission
of noise between the building and lift. The acaustnsmission performance of the building fabric
is not a parameter in control of the lift manufaetu Yet, in the case of excessive noise
transmission (clicks and high frequency noisejs ibften the lift manufacturer who is expected to
solve the problem. Lift manufacturers should beeatol provide a lift equipment noise power
spectrum and kinematics to architects in orderltmwaa planned noise transmission design of the
surrounding structure of the lift where low noisemportant.

Modifications to existing lift installations by chging the mass of the car, rated speed, hoisting
machine rated rpm can turn an originally quiet sthaanning lift into a vibrating noisy box. One
example created a 50 Hertz noise in the car dubetanteraction of its dimensions with the new



gearbox motor rpm at the rated speed of the IHis Tvas only economically solved by the addition
of a Stockbridge damper to the crosshead of the sli the car.

Reduction of Energy Consumption At first glance, energy consumption reduction isimple
matter of lowering acceleration values for the, Ifftvitching off equipment when the lift is not
required to run and reducing the mains supply gelta he first helps with achieving specified ride
comfort levels but decreases passenger handlinfgrpemce. An increase of 1 second in a one
floor travel time can reduce traffic handling capady approximately 5 %. There is more to
lowering acceleration values than meets the eye.

Reduction of mains supply voltage can be an issudift component reliability in the control
system. There have been several cases of voltaietien schemes being applied to lifts in
existing buildings with promises of big energy s@d as a consequence. Typically the supply
voltage at the incoming supply to the building e®n reduced to 400 volts or lower. Almost
without exception, the lift equipment has becomeelimble with an increase in equipment
breakdowns and failures of variable frequency dyjiwntactors and relays. What has been missed
is:-
1. The lift hoisting power requirement is independehthe supply voltage. Reduction of the
supply voltage increases the hoisting current.
2. Low supply voltage at the terminals of the lift tatler is exacerbated by the increased
voltage drop in the supply cables to the lift dgracceleration of the lift.
3. Contactors and relays have a quite narrow operatiftgge range for correct mechanical
and thermal operation. Operating outside that raogsistently causes contact welding and
burning due to slow contact closure on low voltagd coil burnout on high voltage.

Lifts control systems for operation consistently low supply voltages need subtle changes in
design approach for economical manufacture of sesyshat will also work on high voltages. The
use of switch mode power supplies to provide abletsupply to contactors and relays is necessary
for high reliability. Solid state drives such asiahble frequency drives need to be rated for the
higher input currents associated with lower voltageeration than the nominal mains supply
voltage for the country of use. The mains suppblesfrom the incoming mains distribution board
will need to be larger in the general case to glewcceptable voltage drop.

Lifts commonly use a lot of steel. Whole life engrgse (including energy used to manufacture the
lift) considerations may lead to other material;ngepreferred. Counterweight mass reduction is
superficially attractive. However it can increaseximum current demand on the supply, will

increase the required maximum hoisting motor torgneé power output. Maintenance of traction

may also need the use of compensation which isanaicrease in the use of materials.

Maintenance. The lift industry has a long way to go in order poovide reliability based
maintenance that is an asset to both the lift ovamet the maintenance provider. Many current
approaches to maintenance are based on inadequatdekige of the maintenance needs of
individual equipment designs. Maintenance by mamypanies is based on a “One Size Fits All”
module regime where specific tasks are carriecbau rolling fixed frequency basis. This may fit
their own products where they know in detail whetds to be done in order to keep the lift running
reliably. It is not at all true that the same apgto can be taken with another product from another
company or for older technologies. A classic ersdo reduce the contact cleaning regime on older
open relay equipment. This state of affairs istlpadue to the maintenance documentation
requirements laid out in [1]. This document regsirhat instructions are given for safety
components but does not require information to towiged for rapid fault diagnosis, design life
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times of components, lubrication requirements inaidlefor the type of lift equipment. True
reliability based maintenance requires such inféionaso that correct and timely lubrication is
carried out; wearing components are changed befay are life expired and causing (random)
breakdowns. Most mechanical devices wear out du@re running, not the elapse of calendar
time. As an example of unacceptable failures duéad¢& on design life knowledge take sealed
bearings in lift components such as counterweigbtdiverter pulleys that are “sealed for life”idt

not a normal activity in maintenance at presertake the load off these bearings to allow a check
for wear and excessive play or to take a soundasige that can be compared to a good bearing
sound. Consequently there have been many beailaogetaleading to free fall counterweights, rope
damage. The incident described in [2] in 2008 ¢taasic example.

Two most important components to be added to adifteffective management of this type of

maintenance are an “Hours run meter” and a “Starister”. Lift components only wear when the

lift is moving or required to move. Contactors amdlays wear out on number of operations,
dependant on contact loading as well. Without tletéemand counter, all knowledge about the wear
state of the lift is a “guestimate”. Who pays fbat lack of knowledge and timely maintenance
activity? It is the lift owner in the general case.

REFERENCES
[1] BS EN13015: +A1:2008 Maintenance for lifts aedcalators — Rules for maintenance
instructions

[2] Technical Report on the Lift Incident on 25 Gleer 2008 at Shin Nga House, Fu Shin
Estate, Tai Po. Electrical and Mechanical Servigegartment
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1.0 INTRODUCTION

For the professional engineer, standards can lesaibg and bane all in one, sometimes being seen
as a useful guide to what is expected whilst atrstiieen as a block to innovation.

1.1l have been in the lift industry since 1963 andnspelf this time working in the field of stands
development, firstly with Otis Ltd and then as Tichl Director of the Lift and Escalator Industry
Association. | was heavily involved with the deyaitwent of many of the standards you will have
heard of , such as, BSEN81 parts 1, 2, 3, 2876871, 72, 73, 76, BS7255, EN13015, BS5655,
BS5656, BS5588, 1ISO4190 - 1, 2, 3, 7, 1ISO14798mady others. The process for creating
standards is well defined but varies slightly wvilike type of standard or document being created.

1.2 British Standards are under the control of théi€riStandards Institution (BSI) and they have
their own set of complex rules that have to beofeéld. The creation of European standards has
another set of rules as does the creation of 13@dsids.

Before we worry about writing a standard someonstrdatermine if a standard is required. What
subject is to be addressed and who should cré&ate it

2.0BSI STANDARDS

2.1 Participation in lift/ escalator work

At BSI, standards relating to lifts and escalatmesunder the control of a committee named MHE
4. This is a large committee with representativemfACE Association for Consultancy and
Engineering, BIS department for Business innovadiod Skills, Chartered Institution for
Environmental Health, Chartered Institution of Blinlg Services Engineers, Department for
Communities and Local Affairs, Health and Safetg&xive, Institution of Engineering and
Technology, Institution of Mechanical Engineerdt bnd Escalator Industry Association, London
Underground, Safety Assessment Federation Ltd.e8oof Operations Engineers, Unite Union and
University of Northampton.

2.2 There are currently some 1350 committees withih B&h approximately 10,000 members all
giving their time and expertise on a voluntary basually with the support of their employer.
The amount of commitment varies depending on thkwmgramme at any one time.

2.3 Frequency of meetings
Most committees only meet a couple of times eae gat some members may also agree to
represent BSI on other standards work in Eurogartrer afield.

BSI committees have to represent the interestsafsy manufacturers, government departments
and other bodies concerned with the work of thenmsammittee MHE 4.



Some organisations will have representation almo&imatically. As an example the government
department of Business Innovation and Skill (BI8)e Health and Safety Executive (HSE) Lift
and Escalator Association (LEIA) always have regnéstion.

2.4 Wheredoeswork originate

Proposals for the creation of a standard can,gart) come from almost any source but in practice,
usually appear from one of the committee membesk as LEIA, who through their work have
realised some subject needs to be addressechmayibe due to an accident or other reasons.

2.4.11sthework justified.

When a proposal is made it must first be determihtds is a subject that can be addressed by a
British Standard (National standard) or if it wilfringe on ISO or other standards such as those
produced by the European Committee for Standardis@tommittee (Comité Européan de
Normalisation (CEN).

2.4.2 Avoiding duplication of work

If the work is of European Interest, the case fetaadard is put to CEN and if they agree on the
need, CEN will take on the work. If CEN have ncenest BSI will look to see if the need for a
National standard on the subject exists. Theyladk to ensure the proposed standard is not just an
item of interest to a single manufacturer but Wwélof genuine interest to consumers, industry etc.

If the proposal is accepted MHE4 will appoint aeemer to manage the work. Is it to be a full
British Standard, Publicly Available Specificati(fAS), Draft for Development (DD), Method,
Guide, Vocabulary, Code of Practice (CP) or Clasaiion? This needs to be agreed by MHE4
before work starts.

2.5 Publication types
2.5.1 A Publicly Available Specification (PAS) a docuneleveloped by British Standards but
commissioned by an external organization such d8.LE

2.5.2 DD means Draft for Development and is used whentliought the subject would benefit

from an extended period of consultation. A DD isall/ published for 2 years during which
comments are invited. At the end of the period determined if the document should be made into
a full standard or possibly withdrawn.

2.5.3 Method is a document that gives a complete acoofuie way a particular activity is
performed and may include information on tools Hreldegree of precision appropriate for the
purpose.

2.5.4 Guides provide general information about a subject

Codes of Practice (CP) provide recommendationadoepted good practice as followed by
conscientious and competent practitioners.

2.5.5 Amendments (AMD) as the name implies are usednena existing published documents.
2.5.6 Classifications provide designations and desanystiof different grades of a product.
2..5.7 Vocabulary documents provide definitions of teused by a particular sector of industry.
2.6 Forming awork group

Having agreed on the type of document to be pradiageroposed convener will be given a scope
for the work and should not step outside the sedg®ut the agreement of MHE4. BSI may offer
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a secretary to support the organisation of the citteenand a call for members will be sent out to
MHE4 and other parties thought to have an intelsio finally sits on the committee is usually a
joint agreement between the WG convener and MHEH4 the MHE4 committee having the final
say.

2.7 Work schedules and first meetings

BSI will set a schedule for the work and then @ work begins, usually starting with an initial
meeting of members where they decide how often tieeg to meet, where to meet, who will
provide the meeting room, if there is any rese&odie done and who will do it.

At meetings members are required to speak on behtibse they are representing namely MHE4,
SAFed, BIS or whoever, it's not always their em@gya point often forgotten.

2.8 Control of document format

As meetings progress draft text is produced in beBtronic template that assists committees in
following format rules. Once the committee is das with their work it is circulated to MHE4
members to gain their agreement to what has bextuped.

2.9 Public enquiry stage.

When MHE4 agree, the document is sent out for dipahquiry, the period of which is normally 3
months. In theory anyone can purchase the endocyment and comment, with comments being
given on a BSI standardised comment template.

2.10 Handling comments from enquiry

At the end of the enquiry, all comments are gathared the drafting committee that created the
work must meet again and address the comments niééans they must consider each comment to
determine if it's reasonable, editorial or of aheical nature. If a comment is accepted the
committee has to revise the text of the draft dosnimif a comment is technical and sufficiently
serious they will again revise the text extensivaly this may drive the need for a second enquiry
or they may reject the comment if justifiable. Whadr they do they must explain in the comment
template so that interested parties can see whynemts are accepted or rejected. Once this work
has been completed the documents again returngit®&d\Mio ensure they still agree with its content.

2.11 Final document

If MHE 4 do agree with the final proposed documiéatthen sent to BSI publishing that check
formatting and text to ensure it follows the rutelahen it's sent out for formal vote. Interested
parties must either vote for the document to bdiglodd or explain why they are against its
publication. Rejection must be supported by soectirical reasoning.

2.12 Use of risk assessments

The committee will often use a risk assessmentdasdSO 14798 to determine if a particular
requirements is essential. Some work will be basgilely on risk assessment especially where the
proposed subject is very new to the industry anmeegnce is limited. Members must also keep in
mind the cost to society. We can all think of waysnake lifts safer but as serious accidents are
few and far between, can the cost of some prowssienreasonably justified? The cost to industry
must also be weighed against the improvement.

2.13 Official interpretation request

When complete, good standards should be unambigaasg to understand and not unnecessarily
complex thus possibly impeding small businessels kvitited resource. These things are not easy

to achieve and as with many things the proof théeating. Good standards are used and bad ones
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ignored by all however, as modern standard are@padgnce based and do not precisely define
technical detail therefore misinterpretation caouscWhere this is the case standard users can
write to MHE4 requesting an official interpretationy correspondence relating to interpretations
should reference the standard number, give its tithte and the clause number in question as well
as an explanation of the problem with the particalause or sentence.

MHE 4 will reply with an official interpretation fating to any standard they created or maintain. If
the question relates to a standard outside thairalosuch as one of the EN standards they wilspas
the request on to those that manage EN standardayprovide an unofficial view of the their

own to assist those asking the question, offenswers to EN questions can take many months to
obtain.

2.14 Once a standard is published it has to be maedaiMHE4 has some 106 standards at this
time so plenty for MHE4 members to do with updates to changes in other standards, legislation,
technical improvements, etc. To assist with alliltoeek MHE4 has a number of sub-committees
under its control as follows.

MHE/4/-/1 Advisory panel

MHE/4/2 Domestic lifts and stair lifts

MHE/4/-/5 Fire tests of lift landing doors
MHE/4/4 National work coordination and drafting
MHE/4/1 Safe working on lifts

MHE/4/3 Safe working on escalators

3.0EN STANDARDS

3.1 Main lift committee

The production of EN standards by CESomité Européan de Normalisation) is similar but no
identical to BSI. The main lift committee is namBechnical Committee 10. TC10 as it's normally
known. It's responsible for the maintenance andipetion of all Lift and Escalator standards for
Europe. It's a large committee made up primarilyNational committee members from 27 EU
member states. Each member state nominates sontegpeak on behalf of its National standards
committee. This was my roles for many years. | wiattend TC10 meetings and speak on behalf
of BSI MHE4. So to be a member you have to be natathby your National committee who will
frequently provide a brief to be followed in retatito some aspect of standards work of UK
Interest.

Other parties with a position at TC10 include irtfm® organizations such as TUV, Dutch Lift
Institute as well as a CEN Consultant.

3. 2 Proposed new work

Proposals for new standards or the need for revisi@ standard comes to CEN TC10 from many
directions. It may be suggested by a National catemsi may be mandated by the European
Commission to support the introduction of a nevective related to lifts or, from CEN itself who
inform the committee that some particular docum&out of date and needs updating or
withdrawal.

As with BSI work proposals they have to be justiftey a business plan showing there is a real need

and assuming there is a need and support withiDE€tlo the work, TC 10 will look to find a
convener from within its members.
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3.3TC10 structure
The current structure of CEN/TC10 is a shown bedodt new work may fit well into the existing
structure where a convener already exists or amenk group may be formed.

Table1l CEN/TC 10 - Structure

Secretariat Chairperson Secretary
AFNOR Mr E.Gharibaan Mrs E.Contival
SC/WG Title

CEN/TC 10/WG 8 Stairlifts and vertical platforms for the disabled

CEN/TC 10/WG 6 Fire fighting lifts

CEN/TC 10/WG 10 Improvement of safety of existing lifts

CEN/TC 10/WG 9 Inclined lifts

CEN/TC 10/WG 1 Lifts and service lifts

CEN/TC 10/SC 1 Building hoists

CEN/TC 10/WG 4 Data logging and remote control

CEN/TC 10/WG 2 Escalators and moving walks

3.4Work groupsor Work teams

TC10 can decide if the work is to be performed byoaking group (WG) ad-hoc group, work team
(WT) etc but only a WG is in full control of its wka Depending on the subject, the decision
related to WT or WG etc will depend amongst otharg on the type of document to be produced.

3.5 Publication options
As with BSI, CEN have various publication possti®k to pick from as follows.

3.5.1 European Norm (EN) a European standard that ifambonized but must be adopted by
member states who are obliged to withdraw configztNational standards.
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3.5.2 European Draft standard (pr EN) these are sirtol&SI draft for development. When first
sent to enquiry the enquiry document will carry pnEN title.

3.5.3 Ratified text is the official text sent by CENNational bodies for publication.

3.5.4 European pre standard (ENV) Similar to a draftdevelopment (DD) by BSI. Usually used
where technology is still changing. It's not nesaey for National conflicting standards to be
withdrawn

3.5.5 Technical report (TR) document containing inforivaimaterial but not suitable as a
standard.

3.5.6 Guide usually contain material related to stanidattn principles and practice
Technical specification (TS) often used where d&dtandard has failed to gain enough support to
allow it to be ratified.

3.5.7 Harmonised EN standard. An EN standard draftesipport of one or more directive
introduced to remove barriers to trade. Identigaibbm other EN standards by its Z Annex at the
rear of the document. The annex will explain tivealive it supports. It must also be referencged i
the Official Journal (OJ) of the European Union.

3.5.8 When required, National committees may ask fooféinial interpretation of a clause to TC10
for the standards under their control. Note, ihis request from a National committee so if you
need an official interpretation of text, you shouldte to BSI MHE4 who will either answer your
guestion or submit it to CENTC10 for reply. Officiaterpretations are published on a regular basis
in BS CEN/TS 81-11.

3.6 Enquiry voting

Voting and format rules vary depending on whabibe published. A full standard must be precise
in its wording and is subject to national votinges as some other documents need only TC10
approval before publication. The choice of pulilmatype can also affect the availability of
funding for participants.

3.7 Funding of participants. BSI participants to Work Groups are usually eligifor some

financial support but this is not the case for Wodam delegate or ad-hoc delegates. TC10 will
provide the convener with a scope of work andritsfor the convener to stray or change the scope
without TC10 approval.

3.8 Mandated work

As previously stated, some work will be mandatedhgyEuropean Commission in support of a
European Directive. As an example when the Lifeblive was introduced the commission
mandated CEN to produce a harmonised standargfmsut and EN81 parts 1 and 2:1998 were
created. In this situation the commission alsoayp a CEN consultant who is responsible for
keeping a watchful eye on the standard as it'sldpee. The consultant checks the document
against the directive it supports to ensure thisifollowed compliant products will fully satigf
the legal requirements of the directive.

3.9 Avoiding duplication of work

CEN will notify National committees when new woskproposed to see if it will be of interest to
them and remind them that if they are already waykin the subject they will have to stop work.
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3.10 Creating awork group or team

For work to start a call for delegates will be méal&lational committees and as the work is
European, meetings will be conducted either indPatrthe head quarters of AFOR who publish the
standards or, in another European country as adpedte WG members at their first meeting. At
the first meeting plans are usually agreed on #s Wway to proceed in order to meet the time table
for work issued by the CEN secretary.

3.11 Standard templates

As with BSI, a CEN template for the document typk e provided for the committee to use so as
to assist them in following the rules for CEN pehlions. The standard has to be written so that
compliance can be ensured by manufacturers and ioteeested parties. As an example, you
should not use phrase suchths,access shall be safeit's not acceptable as everyone will have an
opinion on what make safe access. Instead you toadefine what safe mean in terms of step
height, lighting levels, hand holds etc or whategeagreed makes an access safe.

3.12 L anguage of meetings
Meetings and drafting is normally conducted in Estgivith publications of final text in English,
French and German, the three official languagéefU.

3.13 Ratified text

Ratified text (agreed final text for publicatios)always in English and if differences are disceder
the correct wording can be ascertained from theaatext Difference between the English, French
and German version are not unusual to find.

3.14 First public enquiry

Once a draft document has been completed to tletagdion of the WG and CEN consultant, it’s
circulated to TC10 members to see if they wouleagvith it and if accepted by TC10 it's sent to
public enquiry at the level of National committeseeh at MHEA4.

3.15 Length of enquiry

The length of the enquiry is typically 3 or 6 mosithith comments from National committees

being made on a CEN comments template. Natiomahutiees will be asked to indicate if they
would support such a standard or not. If not tmeast explain the technical reason why not. A
typical reply from a National committee could bessy we would support such a standard subject to
our official comments being addressed or No, weldoot support this as its in directly conflict

with National legislation and in our view couldeate a barrier to free trade etc. Comments are
returned to the WG that performed the work and B&# the comments must be addressed by the
committee with a written explanation of why anytgardar comment is accepted or rejected.

316 Formal vote stage

The revised document is usually again returnedda(rto ask if they are satisfied and agree to the
document being sent for formal vote. If TC10 agreedocument is sent out for formal vote again
to National committees who can only vote No on tecdd grounds. The voting is weighted for
each member state with Germany, France, Italy afdhalding the largest vote. Voting rules vary
depending on document type and what is describetldssumes an EN standards is being
produced not a Technical Specification (TS wheveta is not essential.

4.0 1SO STANDARDS

4.11S0 178 structure
Once again the structure of ISO is not greatlyedéht than CEN or BSI.
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The main committee for lifts and Escalators befda@178. This large committee has representative
from many countries in the world such as Chinaadapustralia, France, German, Korea, Norway,
Sweden, Russia, Denmark, Italy etc. Those attgndipresent mainly large manufacturers and lift

examination bodies with occasional visits from goveent representatives.

4.2 Selection of delegates and funding

Delegates attend in their own right as expertbdirtfield and normally carry the cost with theghel
of their company. They may receive some limiteddfug from their National committee who will
also have a say in who attends. The costs invdinetlavel and accommodation can be
considerable with no or a small donation from B&It's usually only large companies that can
afford to participate.

ISO TC178 has a number of Work Groups , see Table 2

Table2.1SO 178 Work Groups

Subcommittee/Working Group  Title

TC 178/WG 2 Guide rails
The convener can be reached through the secretariat

TC 178/WG 4 Safety requirements and risk assessment

The convener can be reached through the secretariat
TC 178/WG 5 Escalators and passenger conveyors -- Safety stEndamparison

The convener can be reached through the secretariat
TC 178/WG 6 Lift installation fire related issues

The convener can be reached through the secretariat
TC 178/WG 8 Electrical requirements

The convener can be reached through the secretariat
TC 178/WG 9 Measurement of lift quality

The convener can be reached through the secretariat
TC 178/WG 10 Energy efficiency

The convener can be reached through the secretariat

4.3 Subject addressed by 1SO/TC178

The ISO/TC178 documents published and maintaineanainly to do with Electromagnetic
Compatibility, Energy Efficiency, Lift sizes loahd speed, Global essential safety requirements
for lift, provisions for accessible lift for disada persons, requirements for disabled evacuation
using lifts, fire testing for lift doors, Escalasoand moving walks

4.4 Avoiding duplications of work

Whenever possible so as to avoid duplication olkwdocuments are drafted with the hope or
sometimes agreement they will eventually be publishs a European standard and not just an ISO
standard. This requires considerable effort byigpant and a considerable amount of compromise
to make one document fit everyone’s wishes anib@ and CEN rules.
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4.5 Sour ce of work

Work is normally generated by members (manufacsyirgho see a need for some standardization.
Proposed work is studied to try and ensure it ighwvehile and is likely to be supported by
members. If ISO/TC178 agree to start new work tggin select a convener from ISO/TC178 with
the individual’s prior agreements and then sencdaaedll for delegates. Often the work will fit into
other work underway in which case. it will be pasgsethe convener currently managing similar
work.

4.6 Frequency of meetings

Work is performed by work groups and meetings uguake place twice each year with some
intermediate video conferences to move things on.

Draft documents are produced in an ISO templateetablishes the format of the document.
AFNOR may provide a secretary to support work gsooipa National standards maker may agree
to provide the secretariat.

4.7 Controlling work progress

Rules will automatically set the time table for thierk and meetings will be held anywhere in the
world that the working group members agree to.

ISO/TC 178 will set the scope of work for the wardkigroup who will report progress to them
through the secretariat. Once a draft documerdnspleted it will be put to the ISO/TC 178
committee, to gain their agreement. If they agneedocument is published in an ISO format for
the document in question.

4.8 1S0O document types

4.8.1 Internationally agreed standard.

4.8.2 Technical Specification (TS) often used whereadtditandard has failed to gain enough
support to allow it to be ratified.

4.8.3 Technical Report (TR) document containing inforiwve&material but not suitable as standard.
4.8.4 DIS a Draft International Standard during its comirstage.

4.8.5 FDIS Final document resulting from a DIS with coemhincluded and distributed for final
voting.

4.8.6 Technical Corrigenda document used to correct®imoa standard.
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Appendix A
Example of | SO25743 development

A.1 After the disaster of 9/11 there was much debatesa the globe regarding how such buildings
should be designed and the role the lift could pifeany during an evacuation. Some people in the
twin towers had escaped using lifts whilst otheat Heed, trapped in lifts.

A.2 At the time, | was convener of ISO/TCWG6 a workgrgup with responsibilities for lift fire
related issues, see Table 2 and flow chart beloadRg various publications, some by lift
specialist and others by fire experts, it becareardo me that no one was really thinking through
all the issues that the use of lifts would bring.

A.3 We discussed the idea of making a study into seeat lifts with my 1ISO working group, after
lots of debate it was finally decided that as weulddknow more about lift capabilities than anyone
else. We should study what lifts could contribuftenything. We decided to suggest to
ISO/TC178 that this was some work we should un#lertaat would be of use to many in year to
come. After more debate with ISO/TC178 they fipalgreed that we could and should at least
make the study.

A.4 WG6 proposed a scope of work and with some maiba the following was agree by

ISO178Produce a Technical Report investigating and highlighting the main risks associated with using lifts for the
evacuation of personsin various types of Emergenciesin high rise building

A.5. As the committee WG6 already existed we did notirteeestablish the convener and
members, we commenced with the work. ISO setithe frame and work began. This posed a new
problem, where to start?

A.6 We decided again after considerable debate thahweld chart everything that could go on in
a major building emergency. This resulted in artctieat identified where issues of some kind
existed. Some of the issues were clearly liftesswhilst many of them related to how the building
was designed and beyond the control of lift designés an example, if lifts were to be used in a
fire we could make the lift do anything when a ignal was sent to it. Nevertheless we don’t
design or provide the fire detection system forlib#ding or determine where fire detectors will
be, other do this tasks.

A.7 We decided that the report should point out teeesothers must consider and give proposals
with regards to what the lift could do if some psdn was made by others.

A.8 The significance of some risks we identified weguad, with some WG6 members thinking
they were serious risks whilst others considereditminor. We used the 1SO14798 risk
assessment methodology to settle many of thesenargs, a great tool for this purpose.

A.9 As work progressed, we identified failings in auiginal scope and returned to ISO/TC178 to
request change to the scope see flow chart 1 béhisvhappening more than once.

After much work and many meetings in places sudd®&, Australia, Canada, France, UK etc, we

had a draft document. The chart had gone througthmeration and identified over 40 issues
resulting in 26 drafts of the TR.
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A.10 The document was sent to ISO/TC178 who made ademments and WG6 made
corresponding amendments. With the amendments thadibcument was sent to other ISO/TCs
who would have an interest. Again a few commeatseback and amendments made before the
document was sent out for official comment. 50 glosiments came back and these were
addressed in following meetings before the documastfinally agreed for publication as a
Technical Report by ISO/TC178. Being a TR a fimalic vote was not required. It was finally
published in 2010 having started in 2002.

So what has been done after all this, Is the repsatl?

A.11 Yes, USA has been using it in studies undertakehifh buildings and in addition other
countries with similar building issues have bedenested in the work.

WG6 is using it to try and develop a standard ifts that could be used during a fire if the right
building design provisions are made, so we waset® what happens next.
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Flow chart 1. Production of ISO/TR25743

ISO/TC178/WG6
identify need for a
study into use of
lifts for evacuation

in large buildings

and ask
ISOTC178 if WG6
can work on the
subject

Amend text and
1ISO/TC92 I sent final text to
I send comments to WG6 Comments ISOTC178 for

¢ Request change to scope
ISO\TC178
COMMITTEE WG6
After several
ISO 178 the main meetings/
committee dealing discussions WG6
with lifts and . ) request
escalator products Work instruction ISOTqC1 78 to
consider proposal amend the scope
and agree WG6 to cover all
should make study building types not
and provides WG6 just high rise
with scope of work

WG6
continue work with
revised scope until

New scope issued to wg6 agreement is

ISO/TC178
agree to amend

scope and instruct

reached on text
WGS6 to carry on

then return draft to
ISOTC 178 for
their approval

ISO/TC178
review draft and

Draft text request approval

request some

WG6
amendment

amend document and
Wg6 instructed to make changes———» return to ISO.TC178 for
approval to circulated to
other ISO interested
technical committees

WG6
Amend document and
Amenged_ drgft OAFNOR | sent to AFNOR for
for distribution to others L )
distribution to interested
ISOTC’s
AFNOR
secretariat circulate the draft
document to other interested ISO
committees e.g. ISO/TC92 etc.
1ISO/TC92
And other asked to comment on
WG6 draft
WG6

permission to

publish
WG6
AFNOR As the final document is ISO/TR no
publish final text as ISO/ public enquiry is required therefore
TR25743:2010 with ISOTC178 approval document
sent to AFNOR for publication
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2" Symposium on Lift and Escalator Technologies

Traffic Analysis based on the Up Peak Round Trip Time method
Why it works and how it can be improved

Dr. Rory S. Smith

ThyssenKrupp Elevator
P. O. Box 36774, Dubai — United Arab Emirates, rory.smith@thyssenkrupp.com

INTRODUCTION

The Up Peak Round Trip Time (UPRTT) method is bageuh a traffic pattern presented by
Strakosch in the 1960’s. This traffic pattern #melwhole concept of how of how people use lifts
has been called “a figment of the imagination” iy [1]. Barney goes on to state that
“Countless buildings have been designed to itgsibbn’ and the designs work”.

The science behind the UPRTT method is examinecapldined. The correctness of using a
traffic estimate that does not initially appearetiect reality is explored.

Elevatoring solutions for proposed buildings weegaloped using the UPRTT method. The same
proposed buildings were also evaluated using sitoaland applying modern estimates of traffic
and the application of new technologies.

The solutions developed using the UPRTT method wieosvn to provide good traffic handling.
The different solutions that were developed usingutation were found to provide equal or better
traffic handling while being lower in cost and merestainable.

BACKGROUND

The Up Peak Round Trip Time calculation is a metbibdetermining the performance of a lift
system during the morning up peak. The proper rurablifts, their capacity and their speed can
determined using multiple iterations of this cadtidn to achieve the desired quantity and quality o
service for a proposed building.

Barney states that Up-peak traffic sizing defifesunderlying capability of a lift installation [1]

Since Up-peak sizing is believed to be an impontaay of determining the underlying capacity of a
lift installation it is important to understandghprocess

Up-peak sizing is based upon calculating the rdaupdime of a lift during the Up-peak period and
then using that round trip time to calculate Ingand Handling Capacity. This concept was first
postulated by Basset Jones in 1923 and was |dieeddoy Schroeder in 1980 to include a
statistical determination of the probable high callersal floor [1].

The Up-peak Round Trip can be simply describedift Appears in the lobby and passengers fill
the lift to capacity. The lift then deposits thespengers at multiple upper floors. When theslift
empty it returns to the lobby to pick up additiopaksengers. It should be noted that during this
round trip there is neither inter-floor nor downwaraffic.



An Up-peak traffic analysis requires the following:

1. A definition of the building’s characteristics. i§twould include the building type
(office, apartment, school, hospital, etc), clalsBuwlding (Class A, Class B, luxury,
government housing), tenant type (single, multippefupancy (area per person, area
per floor), location (downtown, suburban, develgpmation, developed nation), cultural
expectations of users, floor to floor heights, #malrelative desirability of floors [2].

2. Lift characteristics. These characteristics ineltltle number of lifts, capacity, speed,
door type, and door speed.

3. Traffic demand level or arrival rate.

Based upon the car size and the number of floaygeathe ground floor the number of probable
stops that the car will make is calculated usirggftilowing equation [3]:

5= N(l—(l—%jp] ®

Where: S represents Probable Stops
N is the Number of floors above the main floor

p is the number of Passengers per trip

The highest floor that will be reached on a typicigl is a function of the number of floors in a
building and the passengers per trip. The highreakrsal floor is calculated as follows [1]:

H p
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Where: H is the High call reversal floor

N represents the Number of floors above the mauwr flo

p represents the number of Passengers per trip

Using the calculated number of probable stops hadhigh call reversal floor, it is possible to
calculate the time spent running at full speedtithe spent accelerating and decelerating, and the
time spent making each of the probable stops. stine of all these times is the round trip time.

Using the Round Trip Time (RTT) the Interval (INi§)calculated by dividing the RTT by the
number of lifts in a group of lifts. For exampiiethe RTT for one car in a group of three car80s
seconds, then the Interval is 30 seconds. Inyhedift should arrive at the lobby every 30 sed®n
if the lifts are perfectly spaced and the actualR'equal to the average RTT. The following is
the equation for Interval [1]:

RTT
= 3
NG ®3)

Where: | is Interval
RTT represents Round Trip Time
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NC is the Number of Cars

The average Waiting Time will be one half the agertnterval. If the arrival of passengers was
equally spaced in time, then the first passengeddvarrive just as the lift doors closed and would
wait for a length of time equal to the Intervalikéwise, the last passenger to arrive in the lobby
would enter the lift just as the lift doors startectlose and would have no waiting time. The
simplified equation for Waiting Time (WT) is [3]:

WT = (4)

i

2

Where:  WT represents Waiting Time
| represents Interval

Waiting time would be equal to the Interval dividegtwo if a passenger could enter the first lift
that appears in the lobby. However, this is netagk possible during the morning Up-peak. For
this reason, Waiting Time is assumed to be about 6DInterval [3].

As previously stated, an Up-peak traffic analysiguires the following:

1. A definition of the building’s characteristics
2. Lift characteristics.
3. Traffic demand level or arrival rate.

The first two requirements involve known data, wlihie third requirement is an estimation. The
Up Peak Round Trip Time method is a predictionfoklstem performance based on prediction of
traffic demand.

The traffic demand level is assumed to be 12% @bihlding’s population in multi-tenant
buildings and 18% of the building’s population ingle tenant buildings [3]. The origin of these
values is from the traffic pattern shown in FiglireThis traffic pattern is known as the Strakosch
Traffic pattern. The demand level during the mognUP-peak can be seen to be 12%.
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Figure 1

This traffic pattern and the whole concept of hdwaw people use lifts has been called “a figment
of the imagination” by Barney. Barney goes onttdesthat “Countless buildings have been
designed to its ‘illusion’ and the designs work].[1

ANALYSISEXAMPLE

To better understand the UPRTT method and to coemoaal contrast the results between
simulation and the UPRTT method a hypotheticalding is evaluated.

Hypothetical building:
Floors: 18 (Lobby +17)
Travel 66.8 meters

People per floor: 62

Proposed Lift System:
Cars: 6
Capacity: 1600 Kg.
Speed: 2.5 m/s
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The UPRTT system performance was evaluated ustogn@uter program. The results are as
follows:

5 minute handling capacity: 12.6%
Interval: 31.2 seconds

Using the Enhanced UP Peak calculation with 12%astehgave the following results:
Interval 29.7 seconds

Based upon this result one would assume that thgoped lift system would be capable of handling
12.0% of the building’ population during Up Peakddions. However, when a simulation was run
using a dispatching algorithm employed by an eavilyroprocessor based control system with an
arrival rate of 12%, the system saturated as caeée in Figure 2. This dispatching algorithm
most likely performed at a level similar to a goethy based system.
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Figure 2

Figure 3 shows the results of a simulation of thgeak performance of the same lift system in the
hypothetical building at a 10% demand level.
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6 No. 1600 kg elevators @ 2.50 m/s
Average of all runs Distribution of Passenger Waiting Times
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Figure 3

The UPRTT method predicted that the proposed systerd handle 12% of the building system.
The proposed system saturated at the 12% levelduldl handle a 10% demand level. As long as
the real traffic level was 10% or less, the proplasgstem would deliver acceptable performance.
One must conclude that actual traffic levels il bealdings were less than 12% because as Barney
stated, “the designs worked” [1].

The difference between the demand level used sulzions and the real traffic levels can be
viewed as a Safety Factor.

SAFETY FACTORS

Safety factors are commonly used in the desigrinodst any device where the consequences of
failure of the device will result in substantialdincial loss, serious injury or death [4]. An unde

lifted building can result in significant financilmlss because it cannot command the same rents as a
properly lifted building. There is, however, Igttisk of injury or death as a result of a pooified
building.

Safety factors in industrial design are selectesetiaipon the risks involved, the variability of the
component, wear estimates, and the accuracy oigtisats used in the design. Wire ropes for lifts
require a minimum safety factor of 12 [5]. Howew@me aircraft components have a safety factor
of 1.2 [4].

Lower safety factors are possible if there is lawduct variability due to quality control processes
such as Six Sigma. Improved calculation methodh si8 Finite Element Method make predictions
of structural performance more accurate and thezdfover safety factors are possible [4].

The UPRRT method is based on the traffic patteowshin Figure 1. The UPRTT method is a
calculation tool. The designs developed by thid woork because the designs are based on a safety
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factor created by the 5 minute handling capacikycsed. A design with a 5 minute handling
capacity of 12% has a safety factor because tleetttadfic that the lift system will encounter wile
less demanding than 12% of the building populatdirtraveling upward.

Better calculation methods permit the use of logadety factors. Simulation has been shown to
have a very high correlation between its prediciand actual system performance [6]. Simulation
methods have the ability to better predict liftteys performance.

The UPRTT method has been shown to require masettiat would be required if simulation were
used to calculate the required number of liftspgimposed building [7].

As an example of this, the hypothetical buildingttrequired 6 lifts based upon the UPRTT method
was evaluated based upon applying 5 high performhbits using simulation and the modern
estimates of traffic presented by Peters in CIBSEISD [8]. Figures4 — 7 record the performance
of the 5 lifts during the modern Up-peak and thedera Lunch.
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Figure 7. Lunch Transit Times

The waiting times for the 5 car high performancaugrare between a 4 star and a 5 star building
according to the Quality of Service criteria in 2@&L0 edition of CIBSE Guide D [8].

The transit times for the 5 car high performancaugrare between a 6 star and 7 star building.

The performance of this group most likely is thba & star building. A prestige building is
described as a 5 star building in CIBSE Guide D [8]

FINDINGSAND CONCLUSIONS

The Up Peak Round Trip Time (UPRTT) calculation moet uses the parameters of a proposed
building and a proposed lift system along with atineate of anticipated traffic. The anticipated
traffic levels used constitute a safety factor.e Titue traffic level in a building is normally legan
that which is proposed in the UPRTT method.

The inclusion of a Safety Factor explains why tHeRTT method works.

Simulation provides a more accurate calculatiorhogthan the UPRTT method. The more
accurate calculation provided by simulation combtingh a more accurate understanding of how
people use lifts and more accurate descriptionsafffc patterns permit lift designs to be a better
predictor of system performance. The better esémaf performance will lead to designs with
fewer lifts.

A building with fewer lifts is more economical antbre sustainable.
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Toward a more Efficient Elevator System
An Extended Summary

Ir Dr Albert So
Director, The Asian Institute of Built Environment, Hong Kong.
Scientific Advisor and Member of Board of Executives,
International Association of Elevator Engineers

It is appropriate to describe an efficient elevatystem in two aspects, namely energy performance
and traffic performance. The presenter developedatenchmarking parameters (So et al 2005) to
measure the performance or efficiency of an elevagetem, the first one on energy performance,
i.e. J/kg/m, and the second on traffic performance.

Energy concern has been drawing great attentiamndrthe whole world due to the recent climate
changes while issues like sustainability and carbmstprint call upon energy savings by all
building systems. There are regulations in Eursyeeh as VDI 4707 and in Hong Kong such as
Cap 610 Building Energy Efficiency Ordinance thapbse conditions on energy consumption of
lift systems. However, they all focus on enerdjcefncy of individual motor drives without any
referral to the overall lift system whose performamuch more relies on the supervisory traffic
control system rather than individual drives. Withview to it, a benchmarking parameter was
developed, J/kg/m, (Lam et al 2006) that can eval@mergy performance from a holistic and
systematic point of view. A system can then beegpted by having an intelligent traffic control.
Besides energy, traffic performance is the sectnt,equally important, factor to evaluate a lift
system. The quantitative parameter to evaluage“Average Journey Time” which is the sum of
“Average Travel Time” and “Average Waiting Time” hieh was further enhanced by the presenter
(So et al 2002a, So et al 2002b).

Various technologies were developed by the preseaoteémprove traffic performance. It is
believed that if the supervisory controller canachg identify the number of passengers waiting for
lift service at each landing lobby, dispatchingcafs to serve calls could certainly be much more
effective. A computer vision based system to cdb@tumber of passengers at lobbies and inside
cars was developed (So et al 1992). Of courgbeiflestination of all these passengers are known,
traffic control could become perfect. That hasrbsaccessfully implemented with the use of
“destination based control” for almost two decadss some manufacturers. Even without
passenger counting, the supervisory control co@dntproved by at least knowing the type of
traffic pattern at a particular instant, such agpepk, down-peak, two-way or single VIP floor etc.
A neural network based system was developed bpriggenter to deal with that so that past traffic
patterns could be intelligently recorded and coma@awith current patterns on a real time basis to



enhance control (So et al 1995). Having knowntthtfic patterns, intelligent supervisory control
is the obvious solution. Zoning, usually statiastbeen a traditional method to improve traffic by
reducing the round trip time of journeys. The neatltics of dynamic zoning was developed by
the presenter, which could be implemented on a bmgged computer (Chan et al 1995, So et al
1997, So et al 2001). Dynamic zoning makes contnore efficient and flexible. With all
intelligent control algorithms, increasing the spheé elevators may be the final way to immediately
improve handling capacity by shortening the roumg ime. Computational fluid dynamics was
employed by the presenter to study the mechanedbpnance of ultra high speed lifts up to a
speed of 25 m/s which still does not exist in thald/till now (Yang et al, 1998, Shen et al 2004,
Bai et al 2005).

Various technologies were also developed by thegmter to improve the energy performance of
lift systems. A series of graphs and the methodlitain the graphs to describe the overall
performance of a lift car and its drive were depeld, including the voltage, current, power quality,
vibration, speed, energy consumption and displanere. The system is called “Elevgraphy”
and the article published Building Services Research and Technolo§ZIBSE (So et al 2000)
made him awarded the Carter Bronze Medal in 200®. facilitate the implementation of energy
conservation measures on lift and escalator systmpresenter has been a member of Task Force
of the Hong Kong Government since 1997 to compike €ode of Practice for and Guidelines on
Energy Efficiency of Lift and Escalator Installat® (1998 version, 2003 version and 2007 version).
He was also the Chairman of the sub-committee topde the part on Lifts and Escalators inside
the Code of Practice for Energy Efficiency of Biilgl Services Installation which will become
mandatory from September, 2012 onwards (EMSD 2012). facilitate the monitoring of lift and
escalator systems, in particular their energy perémce, the presenter carried out a one-year long
consultancy project for the Architectural Servi@spartment of HKSAR Government in 2007 to
develop three sets of common protocols for effect@mmunication between the elevator systems
and building management systems, which are LonW@R<net and XML based. Later, based
on the outcomes of the project, the presenter Help€HRAE Standing Standard Project
Committee 135 to develop a set of objects on BAGpetifically for lifts and escalators (So et al
2011a, So 2011b, 2011c). Last but not leastptbsenter developed an intelligent counterweight
adjustment system based on continuous lift traffanitoring, analysis and simulation to arrive at
the optimal counterweight setting of a particulfirdar to achieve minimum energy consumption
(So et al 2012) over a period of time with the haljpis parameter, J/kg/m.
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