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INTRODUCTION

Lift System Condition Monitoring to support servigi activities has hitherto been restricted to
calling up fault storages of the actual lift comtsystems and occasionally of the lift drive units,
each manufacturer using its own concepts.

Sensors detecting the amount of wear in a liftesysare currently used — if at all — in form of
mobile systems only. They allow random tests tartagle of the cab’s acceleration behaviour, to
determine how the noise is developing or to detiwe rope tension and put respective
measurements at the technician’s disposal unconament

Such systems are used to conduct initial testsngirat converting the interval-based maintenance
activities common to lift systems into a conditioriented or even proactive maintenance.

POINT OF DEPARTURE

Current maintenance strategies for lift systems. The lift system maintenance concgpévailing
worldwide is a combination of reactive, preventaed in initial stages also condition-oriented
servicing activities. Preventive maintenance dfdifstems is carried out on the basis of intervals:
within fixed intervals or after reaching a certaimmber of rides service technicians initiate
measures to retard any further reduction of thervpedential e.g. by topping up gearbox oil,
greasing the guide rails, etc. At the same timg timually check the degree of wear of certain lift
components such as guide shoes or brake liningslakter is already a first and simple attempt to
carry out a condition-oriented service: based om itiformation available (e.g. of the wear),
deadlines are determined on which components needetreplaced in order to prevent any
unplanned system failure or even a safety-crittoaldition to develop.

Condition Monitoring in an industrial environment. Today and in nearly all industrial areas

Condition Monitoring is one of the mainstays neetlecfficiently operate and service technical
plants. This concept is based on a regular anddom@nent recording of the condition of the
machine by measuring and analysing meaningful physparameters. The technological
developments achieved in sensor technology, trgyolnd microprocessor technology allow an
unparalleled quantity and quality of information lbe used for the maintenance of production
machinery. An industrial environment cannot beyrietl without Condition Monitoring any more.

It must more or less be regarded as a compelliggirement for a condition-oriented and/or
proactive maintenance.

The benefit of Condition Monitoring. The more comprehensive the maintenance stratet)y an
the requirements it has to meet, the more distiactvill be the significance of Condition
Monitoring.

In trying to achieve maximum plant efficiency, Cdih Monitoring can be of assistance in a
number of ways:

* by improving the safety against failure on the badiefficient forecasts relating to defects
(and the resulting prevention),

* by minimising downtimes on the basis of an integpigtlanning of repair measures specified
by the Condition Monitoring,



* by maximising the service life of components byverding any conditions that shorten the
life, and

* by a cost-reducing and nearly full use of the congmd’'s wear potential.

Condition Monitoring is composed of three steps:

1. determining the condition, i.e. measuring and damuting relevant machine parameters
reflecting the current condition of the machine,

2. comparing the condition; reflecting the comparisdrihe actual condition with a specified
reference value (with a growing plant complexityaity determined empirically) and

3. the diagnosis which has to use a comparison otdnelition to pinpoint any possible fault
as early as possible and to determine its cause.

CONDITIONMONITORINGINLIFT SYSTEMS

Hardly any technical measuring systems are offerethe lift market for the first of the Condition
Monitoring steps, the determination of the conditiét is only for the intermittent monitoring of
vibration and noise data that ride quality meagusystems conform to ISO 18738 such as the EVA
systent or the LiftPC systefncan be used. These for example allow informatiothe condition of
the system to be recorded at the time inspectiomsaried out and long-term developments to be
established. But short-term or transient eventsicgbe detected and a link with other data such as
the load condition, temperature, etc. is quiteicift.

A continuous monitoring of the physical lift systggarameters in real time would allow long-
term trends as well as erratic or transient chamgesondition to be recorded. Any subsequent
comparisons of the condition and diagnosis algoritltould then fall back on a comprehensive data
stock and generate maintenance suggestions.

Condition Monitoring pilot project in lift systems. As early as 2004 Henning installed prototypes
of a lift system condition monitoring system in\aa lift systems of the chemicals group BASF.
Apart from acceleration and vibration sensors, aBorsors monitoring the traction sheave speed,
the current hoisting height, the overall cab load ¢he individual rope tensions were used. The
measurements were analysed by an industrial pdrsonguter located directly at the lift system
and the results of this analysis were transfergedelnote data transmission to a data centre. The
main component of the Condition Monitoring systeamyibration and acceleration sensor, was
directly fitted on top of the cab. In this positi@ircould record the actual ride movements of thie ¢
as well as the cab guides, door movements andreaily via the ropes - also the behaviour of the
drive unit.

For each ride the recorded data of all sensors wareerted to specific characteristic values and
checked to see if they exceeded any limits. Thenctiaracteristic values of each ride of one day
were combined to one statistic mean value. Thesamalues resulting from several hundred rides
per day were used for actual trend monitoring psego The following two examples e.g. show a
trend over several days based again on thousaratesf
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Figure 1: Vibration behaviour of the lift cab inetlwo horizontal directions in space. One clearly
recognises the replacement of the cab guides onhVEr.

At the start of the recording period shown in Highe slide guides of the cab are already worn out.
On March 11, 2004, the guides were replaced by guede shoes. One clearly recognises that the
vibrations in direction X (vertical to the actualstdnce between guide rails) are reduced
immediately. On the other hand the vibration bebavparallel to the actual distance between guide
rails increases before again dropping to the aasigiralue after a period of some 25 days. The
vibration course in direction Y can be explainedawnon homogenous actual distance between
guide rails over the entire hoisting height of liftesystem: the new slide guides must be allowed t
first “grind in” in this direction is space. Theadjram shown now simply allows a limit to be
determined for the vibration behaviour in directdnvhich the system is not allowed to exceed and
— should it be exceeded — a guide shoe maintersagggestion to be tripped.
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Figure 2: Characteristic vibration values of theverents of the cab door. One clearly recognises
that the movement is impaired between March 1518nhd

The second example (Fig. 2) shows four charadengiration values for the door movements.
The period between March 15 and 17 is out of tidenary, the event being of a sporadic nature this
time: the guides of the cab door were contaminatedvinter grit probably originating from the
tyres of a fork lift truck. In this particular casee automatic door monitoring system tripped an
alarm and the fault was eliminated within a relalgvshort time so that door rollers and guides
could not suffer consequential damages.

Apart from the vibration data a measurement ofitloévidual rope tensions and of the loading
condition has proven to be extremely relevant. Asadter of course the loading condition affects
the vibration levels so that these can only beuatatl in combination with the actual load. The
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individual rope tensions in the rope set should dis taken into account. A replacement of the
motor torque by the motor speed generates a trertdei lift industry to use increasingly thinner
ropes and higher suspension ratios. Rope resedmolWssthat the rope bending capacity is
continuously reducing with the diameter [1]. A sleakraction sheave diameter to rope diameter
ratio (D/d) additionally reduces the bending capadhis also applies to multiple rope deviations.
This immensely boosts the influence of only onelypadjusted rope of one rope set: the wear of the
rope can for example reduce the life of the embpe set by 60 % if one rope merely deviates by 15
% from the mean value of the single rope loads ¢aémilation of the rope life by K. Feyrer [2]).

Based on the pilot project conclusions and the estinse examination of measuring methods
suitable for lift systems, Messrs. Henning have isk) in the past few years a Condition
Monitoring system for lifts the development of whiwill be completed at the end of 2012 with a
field test in Germany. This system uses an inttligvibration sensor permanently monitoring the
wear of important lift system components. The senisomounted on top of the cab and
autonomously detects (without being connected édithcontrol system) the current ride condition
so that door movements, ride starts, constant,retescan be examined separately. In each of these
ride conditions significant characteristic values generated which in their entirety allow longater
trends as well as erratic or transient changesmalition to be detected and fully documented. Even
gearboxes and motors can be indirectly recordecksibrations are transmitted to the sensor via
the suspension gear. The sensor is able to makstiaction between numerous wear aspects of
critical components such as doors, drive units@uides. At the same time sensors detect the load
on each suspension rope and therefore also therdhd cab.

The system has adequate interfaces allowing iteocénnected to higher-ranking building
management systems. Under favourable conditiongnifsiant changes in the transmitted
characteristic values will then generate a warnill before the failure limit of a component is
reached so that the required servicing activity lmamplanned in advance and is no longer subject to
fixed maintenance intervals.

SUMMARY

Condition Monitoring already widely used in otheabches of industry is still largely ignored in the
lift industry. Even though only a small number ifif $ystems need servicing strategies ending up in
a condition-oriented and proactive maintenanc@si&intensive preventive servicing strategy is the
only alternative for lift systems which are partafroduction process, which are used in public
sectors to secure the mobility of people with ptgsimpairments or which are indispensable for
representation purposes. The partially massive reasictions affecting lift components in the past
few years can only be compensated by adequateerougdisures in form of a monitoring of safety-
relevant and function-critical components. Automdiondition Monitoring systems provide an
efficient solution and warrant an optimum resoueféiciency combined with a high plant
availability.
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