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Abstract- An efficient maintenance carried out on a building
elevator system can contribute to guarantee a safepeople
transportation. An elevator failure must be avoidedas much as
possible, as it may have negative consequences dffiedent levels,
as fear, trust lack, people’s elevator phobia or @n people’s life.
This paper presents a method that uses the inductiomotor as a
sensor, to diagnose mechanical faults in the wornmegr reducer of
an elevator system. This study complements anotherork already
done, by the same authors, concerning elevator gwd remote
monitoring.

. INTRODUCTION

“Lifts provide an essential means of comfortabled ssafe
access to modern buildings. (...) The safety t¢f lifistallations
may be considered practically absolute, so mucthaiit may
be said, backed up by incontrovertible data, tbday the lift
is the safest means of transport that people oah[Ls

In order to achieve this goal, maintenance routinekide
cleaning, lubricating, bulb replacements, inspertiand
adjusting of components to ensure the correct fonicty and
safety of the elevator installation. Besides, by, léifts must
have a valid Certificate of Lift Maintenance ancsfiieg [2].

The European Parliament and Council Directive 9% C6of
29 June 1995 [1] on the approximation of the lavisthe
Member States relating to lifts establishes Europésgal
requirements for the design, installation and pigcon the

Maintenance companies have a large group of litthimes
to look after and may not be able to follow premisi
maintenance practices as they should. To evalupiprment
condition, predictive maintenance can take advantzfgnon-
intrusive testing method, such as the motor curségature
analysis.

I. INDUCTION MOTOR CURRENTANALYSIS

Motor Current Signature Analysis (MCSA) is a diagiso
methodology based on the recognition that an indacnotor,
driving a mechanical system, also acts as an efficand
permanently connected transducer, detecting shanqué
variations generated within the mechanical systd@SA can
also identify different mechanical degradation tygm@ior to
failure and assess their severity. Current signads be
analyzed in the time domain or frequency domaire fidrmer
is also capable of analyzing systems during tramsjesuch as
during the initial or final operation of the systgd]. MCSA
has been used for condition monitoring of differex@chanical
components such as bearings [5-7], motor fan [8}orr
unbalance [7] [9] and gearboxes [4] [10] [11], QWi
information about the fault localization.

A mechanical load fault associated with the inceeafs the
torque demand, caused by a mechanical failure envtbrm
gear reducer of an elevator, can be seen, by tteciion
motor, as a load torque variation. As an exampie, worm
wheel speed can achieve 1.8 to 7 seconds per flwndetect

market of new lifts. It also sets out the confogmassessment faults in this slow process, a high resolution Raétan

procedures to be followed by lift installers to s
conformity with these requirements. The provisiarfsthe
Directive are implemented in the national law offedember
State of the European Union. The Directive covesw Hifts
permanently installed in buildings and constructiofor
carrying passengers or passengers and loads.

The Directive 2006/42/EC of the European Councilla@f
May 2006, on machinery, amends Directive 95/16/ECdst)
and regulates the issues related to the condittomeerning
the introduction of machinery and safety componeantsthe
market, establishing minimal safety and health d@s in
relation to this category of machinery and compds3j.

Square, RMS, plot of the induction motor currentswesed
(1kHz sampling rate; RMS calculated for each set20f
samples). Knowing its normal behaviour, it is pbksito
identify unexpected patterns that happen along rthming
process that could help identifying any mechamicalfunction
and its exact location and severity.

There is a cause-effect between a load torqueutiticn and
a stator current signature. Using the elevator ¢tidn motor
as a torque sensor of its own driven load can halaable
method to quickly diagnose the entire mechanicstiesy.



Il. ANALYSIS OF THEWORM GEAR REDUCERFED BY
THE INDUCTION MOTOR OF ANELEVATOR

which the output may drive the input, the worm (thput)
always drives the worm wheel and they are selfitogkl2].

A classical elevator system is composed by a divin Besides the high reduction ratio, other advantagfethe
induction motor, a worm gear reducer, a groovedaghiethe WOrm gears are the fewer moving parts and fewecesléo
cabin, the counterweight, the liting wire ropesiahe guide fail. The main problem with a worm gear is its powransfer,

rails, as represented in Fig. 1.
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Fig. 1: Classical elevator system and measurenatump.s

by sliding motion [13].

Worm gears are inefficient because gears experiglidiag,
rather than rolling contacts, presenting uniqueridating
demands. Several different factors affect worm géfciency:
lead angle of the worm, sliding speed, lubricantface quality
and installation conditions [14].

Fig. 3: Detail of a worm showing surface wear.

The worm gearing is used in elevator systems becausWith @ worm gear, sliding motion is the only waywey is
large torque is needed at the driven shaft at atigreeduced transferred. As the worm slides across the teethefvheel, it

speed.

Fig. 2: Worm gears.

The worm, with its continuous helix, forms one ¢onbus
tooth, engaging the worm wheel (Fig. 2). The shafpeeth of
the worm wheel allows large forces to be transmiftem the
worm to the worm wheel. Unlike other gearing systerim

slowly rubs off the lubricant film, until there iso lubricant
film left, and as a result, the worm rubs at thetahef the

wheel in a boundary lubrication regime. When thernvo
surface leaves the wheel surface, it picks up nhaobpecant,

and starts the process over again on the nextutenl[13].

The worm gear surface fatigue limiting load, alsdled the

wear capacity, should be enough in order to gueearst
satisfactory performance. Fig. 3 shows clearly wear of a
worm gear caused by sliding friction.

The total gear tooth load is the result of nomilwdd and
external factors as misalignment tooth inaccuraciesl

deflections, etc.

For satisfactory performance, the total gear tdo#d, also
called the dynamic loa#y, must be less than the strength of
the bending fatiguds;,, and surface fatigulés strengths

Fb > Fd and FS > Fd (1)

When the above condition is not fulfiled a machine
breakdown may occur: the teeth may crack or evenatbrm
may break as shown in the example of Fig. 4.



rpm), speeds. Two different current behaviours wdrined
depending on the shaft speed:

« At high speed the motor current increased each
1.8 seconds (Fig. 6)

* At low speed the motor current decreased each
7.4 seconds Fig. 7).

As the time that the friction wheel takes for d felvolution
is 1.8 seconds at high speed and 7.4 at low sjiteedkes us
believe that these current signatures could beegtlto some
mechanical fault in the reducer.

Fig. 4: Detail of a broken worm.

In order to study and prevent failures within therm gear
reducer, several tests and measurements were nsaugthe
Motor Current Signature Analysis (MCSA).

V. EXPERIMENTAL SETUP

RMS Induction Maotor Current (A)

The tests were carried out using an EFACEC indactio
motor BF 4 132 M10 6/16FS, 50Hz, 4.4/1.1 kW, aps ;
0.75/0.5, 1400/310 RPM and a VALVATA reducer, speed Time (<)
ratio 1/45 type RM-140E, 300Kg load, 1 m/s speeil, o
J680(Shell) (Fig. 5). The current was measurednia phase
by a clip-on current transducer connected to aruiaitipn
board (National Instruments DAQ 6800). When the induction motor runs at high speed thersgea
become well lubricated and the motor current ingeeajust
when the damaged wheel teeth area reaches the worm,
corresponding to an extra mechanical torque demahe.
general motor current decrease is due to a lumit@ticrease,
diminishing friction between gears.

Fig.6: The induction motor current was measuret480 RPM.

-

Fig. 5: Left: Induction motor, worm gearing redudeiction wheel.
Right: clip-on current transducer, acquisition ltband computer.

The above referred driving elevator set, composgcar
induction motor, worm gear reducer, _clampmg braded s e 5 A s B W e st e
grooved sheave was used in order to find how farMwotor el
Current Signature Analysis could be helpful in wogear
mechanical fault diagnosis. The induction motomrent was

measured and it was found that a repetitive sigppeared in At slow speeds the torque is affected by statitiém and by
the absorbed current both at low, (310 rpm), arfulgit, (1400 the |ack of lubricants that stay immobilized at Hzgtom of the

worm wheel. In fact, when the worm wheel was turakvly

Fig. 7: The induction motor current was measurekil8tRPM.



by hand, it can be noticed a hard friction duringrtain
rotational angles, confirming the plot presenteéim 7. 1]
The reducer was disassembled and some damagedvtaetl[n
found in the worm wheel (Fig. 8). This kind of dageacould [2]
be caused by incorrect handling during assemblyatioss.

(6]
(71

(8]

(9]

Fig. 8: Detail of a worm wheel showing tooth damage
[10]

After fixing the above referred mechanical faults the
reducer worm wheel, the induction motor currentt pA@s [11]
smoothed without the spikes as shown in the previests.

The periodic induction motor current signals, dus t
mechanical faults in the wheel worm reducer, caneasily [12]
distinguished from the ones due to the guides Sll]p[Ll)

3]
misalignment, presented in a previous paper [15¢ time
intervals are different and also the ones due ® dghide[14]
problems have normally different amplitudes, as shpport

S [15]
misadjustments are not closely related to eaclr.othe

V. CONCLUSION

This paper presents an experimental study in otder
understand the current signature of an inductiortomthat
drives a worm gear used in elevator systems. Theltse
showed that this method may contribute to remoteitaong
of this kind of faults. Besides, it is a non-inwasimethod that
can be carried out during the normal operations Teéchnique
is simple and can contribute to an efficient prewen
maintenance by regularly monitoring the inductioroton
current. Thus, besides its main role of supplyingchanical
energy to the load, the induction motor can plageond role
as an efficient and permanently connected transgdhedping
to detect faults within its mechanical load system.
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