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Abstract: This paper introduces the researches performedighlighting the development from classic
service operations to decision support in mainte®aactivity. The use of the monitoring software of
Schindler Company — manufacturer of a differenetypf elevators — for viewing the operation of the
studied technical system elements and the emplafitige information collected for decision suppiort
maintenance activity. The studied components aeelad at the time indicated by the manufacturer and
the monitored rates are measured when the newidaisembled. If at the time limit the rates doeot
ceed the values required by the documentationsylséem is allowed to run along a period a time in-
creased by about 10% compared to the average tigported by the manufacturer. The research paper
demonstrates that the use of a monitoring softvielps to support the decision in maintenance dgtivi
and to achieve strong economic performances foettteuser.
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1. INTRODUCTION repairs based on a well prepared documentatiors it
easy to apply; it has a high efficiency for the remmic
companies which operate a large number of technical
systems [4].

But the disadvantages of the method are signifigant

To maintain in operation equipment and to continu-
ously improve the quality and productivity of theamu-
facture is necessary to make a full integratioprotcess-

es, starting from design up to logistics, in ortecontrol requires a larger volume of work for the preparatis

the variation of the parameters that influenceptaduct ! . .
P the technical documentation necessary for appliig

performance, cost and reliability. As the complgaff R g o
the products and embedded technologies incredses, t_method, It raises the cost of repairs in a unjiestifvay

maintenance intervention decision making is indregg =~ ' the case of these machines submitted to repeiisty

challenging. The development of the methods ants too even if their_ technical condition does not requite in
meant to improve thavailability, reliability and main- this system it does not matter the wear level betrtum-

tainability of the products involves researchestba  Per of accumulated operation hours; therefore fossi-
behavior of the sub-assemblies and their comporiants ble that certain _components and subassembliesiste d
different operating conditions. carded yet functional. _ _ _

Maintaining equipment in operation conditions by Besides the technical interventions included in the
applying a classic method of service/maintenandeds ~ classic system of service/maintenance, there aceath-
equipment is submitted to repairs at predetermiited  €r types of technical interventions performed ie &to-
intervals, depending on the type of machine. Thelki Nnomic companies such as: accidental repairs; risturb
volume and content of the repairs to be made have &entrepairs; emergency repairs.

standard character, according to the technical mieota- By using the classic system of service/maintenance,
tion, regardless the running condition of the sysst the  the repairs and maintenance of the machines/equipme
time of entry into repair. require significant expenditures and the repair ksor

The categories of repairs provided are: maintenancénvolve the participation of a large number of High
and supervision; technical revision (Rt), curreapair  skilled workers.
(Rc) of first degree (Rcl), of second degree (Relhd Figures 1 and 2 show the monthly and annual plan-
capital repair (Rk). This classic method of ser-ning registration sheets for the repairs/expensethé
vice/maintenance has some advantages such asrajlowi classic service system version [4].
In this context, an alternative method proposesse
" Corresponding author: Splaiul Indepeng@én313, Bucharest the. deC!S'O.n suppqrt n ma'”te”"?‘”‘?e activity whielps
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Economic Unit Inspections and repairs Total 2.1. Description of an elevator classic supervision
........................... Program cost The Instruction Books given by the manufacturers
No. | Equip- | Repair Duration (days) specify the interval at which the technical reunsicare
ment |type [1 12 131475 performed depending on the hours of operation.
Also, the law imposes the obligation to carry autts
0 L 2 3 4 revisions at specific intervals (for example, inseaof

elevators it is mandatory to make two current tézdin

Fig. 1. Registration sheet of repairs/costs in classicigerv revisions each month); the activities to be cargation
system version — monthly. this occasion are stated very clearly in the lagjish

that refers to each group of equipment separateliing

as an example the elevators, the technical ingruct
PTR2/2010 specifies both the works to be executed d
ing the current technical revision and the workduded

Economic Unit Authorized

........................... Annual program repairs

No. | Eaquip-| Repair Months of year in the overhaul (annual) [2]. If there are disagneats
ment [wpe 1 12 Totalcost | petween the equipment owners and those who perform

§ g S = the maintenance, overhaul and repairs, these arebe
3 g 3 g settled by studying both manufacturer's recommenda-

0 1 > 3 2 tions and obligations imposed by legislation (tlylou

ISCIR technical requirements) or, by using a soferfar

Fig. 2. Registration sheet of repairs/costs in classiicer system operation management when the system is pro-

system versior annual. vided with a module for acquiring the necessarfgrin
mation. The overhauls, which are more expensive, ar

stops; increase of the period between repairs addcr  made depending on the operating mode, on the athe of
tion of the expenses for their performance. equipment, on the relevant legislation and on ofher

The end-user of some complex technical systems isors that may influence the wear and the operatidety.
able to implement analysis programs that enablésfau
detection in an incipient stage and thus easieetaove
with low expenses. The data recorded during theiimon
toring of the machine/equipment operation are stanea
database representing the operating history. Trfce-i
mation allows a proactive approach that leads daifi
cant cost reductions in the short and medium tdims,
the failure of a component of the equipment cardée S ) )
tected and diagnosed using specific devices andadl s shown in Fig. 3, is formed of the following Comp‘,"“‘f
number of skilled personnel. The maintenance method@MS meant to a.c-tua}te some safety.elements foirgpen
proposed in this research paper makes possibledhe the door and fam!ngtmg the access into the &tBVE_L]’
termination of the optimal timing of initiation ahe System Of, belt, d”‘"”g gears, roIIer; [2], Iat@j, [device
maintenance activities and avoids the accidenthlrés for metering and taking over.the mformauon f“?“‘”
that entail unplanned works and supplementary costsSYStem glements [A_']' The mobile equipment for@mgr
The proposed solution increases the life time eftéth- the service operatlons_and s_ome of the operapems P
nical systems, diminishes the maintenance costseand folrme.d l?y means of this qulpment are shown "? #ig.
sures the operation of the system under predetedmin with indication of software installed on 10S opéngt

quality conditions. systems. ) ) )
By means of the software installed on this equiptmen

we have the possibility to find out if the partite re-
2 CASE STUDY pIaC(_ad is ava_lilable and its location (in the inégrion

car, in Supplier's warehouse stock or ordered ftioen

The driving systems of the doors of some elevatormanufacturer).

models contain many plastic components highly sa@és Figure 5 presents the monitored sub-assembly and
in terms of wear. Their operation must be analyed Fig. 6 shows the diagram obtained after the in&tgion
help the increase of the overall reliability. Foample,  of the results.
the movement transmission belt for elevator doqene In this case, the operation of the elevator bringse-
ing is made of textile reinforced polyester, prangdup  fits (the elevator is not stopped — about 3 howit) the
to 25% of the availability of the system. Givensthihe  associated costs - for replacing the belt); itasgible to
researchers have been oriented to highlight the aderder the belt at the service company in due tithere
vantages of switching from service, equipment etiger  are other advantages if the end-user holds a pdttef
and capital repair to decision support in mainteean elevators bigger six pieces (minimum down time,spos
activity. bility of assembling out of end-user’s working heur

2.2. Description of service operations for elevator
doors mechanisms
One explains how the system (including the toothed
belt and the associated belt pulleys) works, hittihg
the sensitive areas and the service operationgreequ
The door-drive mechanism of Schindler elevators,



S. Velicu, |. Riunescu and M.D. Paraschiv / Proceedings in Manufidg Systems, Vol. 10, Iss. 1, 2015 36 47

2 1 4 3 start/end of the analyzed elements monitoring perio
alarm when the normal operation period (notifiedtty
manufacturer) is reached. When this period is redch
the items subject of research can be visually ictsge
and one may decide to continue the system operation
to stop it for replacing the component.

Figure 7 highlights online monitoring of a numbédr o
lifts to a monitor located in the maintenance depant
dispatcher [6]. Monitoring program allows identiigi
the equipment operating parameters selected byadisec
maintenance for a period of time (set by operatoe)p-
ing to identification of dysfunction in the systéw).

0 Sreup not avallable
Mean Waiting Time

=
ar e By oan

ll Floor Calls Running O

Fig. 4. Mobile equipment for service operations
recording.

Fig. 7. Online monitoring an equipment group on end-ugier s
of elevator doors operation.

In Fig. 8, are highlighted within the range of peop
operation for a system element. Using our monitpen
Fig. 5. Sub-assembly used for the research. operating period made available by the program when
the installation can locate the item studied. W® altud-
ied the book element technique we can find lasting
A lot of information can be highlighted, acquiredda  smooth running, which locate at tirfig
stored by means of the online monitoring program of During this time check is done at low cost rates, b
Schindler elevators operation. The research papsi-m ing an operation of the service, which is in aceoe
tored the number of openings and their frequency in with ISCIR, two times per month. From this starting
period of timeT. This information enables us to mark the point, measurements wishing to highlight non adiestt
normal operation period of some components/safiety e dimensionB (20 mm). In the first stage a total of about
ments of the system (the research paper studietbehe 40 000 openings tolerant finds that this rate téodsry,
havior of the following elements: belt, gear, begri increasing it (to make a new adjustment). We cathisy
doors locking hook). In Fig.6, in the diagram oftgm  time T,, adjust elevation by using a gauge. After adjust-
operation one can set/mark a series of data, réeplgc ment rate is kept controlled
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Fig. 8. Information file with the statistics.

Fig. 9. Initial sizes after belt adjustment.

The dimensions significance is as follows:

1. B =20 mm + 1- deflection measured after assem-

bling the new belt;

2. A=240 mm % 1 — distance at which the belt de-
flection is measured, from the roller axis ( theteyn
has the safety element locked).

Figure 9 shows the limits (average time) highlighte
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4) book values of technical indicators (minimumtech
maximum);
5) conclusion: after measurement the decision shbal

for adjustment or replacement.

The mode of variation of the measured values pre-
sented in Fig. 10 can provide information suchvesar.
Supervision limit (dotted line) is a limit of "wang"
when system operation should be pursued when #his v
ue is reached (at points 6 and 7) and very cayebb}
served when it is exceeded. The upper limit of radrm
value limit is a "warning" that require intervemnti@nly
when it is exceeded.

Figure 11a andb highlights the decision for adjust-
ment/replacement of the belt. If measurements shBw
tained data, there is the possibility of adjustmiayntits
manufacturer. If after a number of checks (over(100
Fig. 11q) it is ascertained an exceeding of the range over
1 mm and also wear, the decision is for replacenmént
after 1000 measurements the measured value isein th
range smaller than 1 mm, the decision is for adjast
and the measurements are repeated until the rarge i
ceeded. In this way the operating time becomes with
10% greater than that given by the producer.

In Table 1 the measurements made to dimenBion
are shown. Density measurements are inconclustee af
a number of door openings of 70 000 wiedimension
changes. If we made a number of adjustments, after
number of 74 000 openings the measurements are m

Maximum value 1000

Minimum

Number of measuremems—> N

Fig. 10. Representation of measured values measuremeit char
sheet.

by the manufacturer and communicated by the service

company to the end-user [6].

The end-user’s representative who manages the op-

eration of the system requests to participate énvri-
fication of the dimensions 1 and 2 achieved atabe
sembling of the new belt at the deadline set bynthe-
ufacturer. If the dimensions do not exceed theaihit
values, after a visual inspection of the belt teatil
gear teeth, and after consultation of Service Cayjga
specialist, it shall be recorded by mutual agredrtieat
the operation is still allowed for a period of abd0%
of the time proposed by the manufacturer for bedt. u

The number of hours recommended by the manufac-

turer for normal operation is of 9000 operatingtsoor 2
years in condition of 50 openings per day.
Belt tension measurement sheet will include:
1) general information (name controlled dimensiai
ue, allowable limits, interval between two measure-
ments);
2) completion of the measurements;
3) diagram of measured values;

X value measured lOOO
1 ']
L
Number of measurements > N
a
X value measured
1 1
1
_____________________ 41—
<
3 Imm 5 1
. ® 4 —F _© LN
|

Number of measurements———> N
b
Fig.11. Variation indicator setting decision (dependingsys-
tem monitoring)a — specific variation wear (need replace-
ment);b — disorder (recovery rate operation).
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Table 1 Frequency
Variation of the quota depending on the number of R T acauisition Intervention  Intervention

closing/opening of the door

Nr. closing/oper ating, hours
imension c |
(%] - o (%]
[mm] |9 g 5 4 3‘, 5 Time[hours]
h 2 2 é 5 2 . > f h d di .
§ § § 8 |3 § = 3 § Fig. 12. Frequency o I’EH;%iﬁse epending on equipment
2IR |5 |S|18 1218 |8 |8 Y
(] S o - Q o
g g 1818 |38
3 2 |® |8 |8 |3 Frequency
Measure nt - g § ~ acquisition
z(t)
1 20
2 2005
3 20.03 Time [hours]
4 2005 . _— .
Fig. 13. Frequency of acquisition according to the sydifam
5 20.05 cycle.
6 2007 . L. .
2.4. Improving data acquisition and processing
7 20.01 depending on the rate of failure
8 20.09 Failure rate is limited relationship between the
9 b0.1 probability of a technological system to malfunatim
' the interval { — At, t] and is denoted by(t). Statistic
failure rate is the ratio of the number of failupesr unit
1000 time and the product of a subinterval of time ahd t
number of technological systems in good workingeord

at the beginning of sub-interval of observation

frequent (at least 2 times per month), but the tirhéhe n(At)

belt life is increased by 10%, reducing the maiater@ Z(t):m-
costs, the most importantly thing [7].

_ |t measurements are based on the number of clos- A technological system failure rate is importamt i
ing/opening of the door to the elevators and themo o context of predictive maintenance and frequestcy
output from the quota imposed by the maowier o, acquisiion from sensors should be adjusted
(average), it can be stated in Table 1 that théngels  ,ccording to it. The failure rate is higher thare th
appropriate and the system is operational. Afterdar-  equency of data acquisition should increase tality
ried out measurements, it is found the upper vel#n-  g4i7 jllustrating the technological system guarded
ing dimension). The number of measurements afier th .,hqition. Thus the above chart would look like Fig.
value increases. Operating time can be increasetlby 1 yertical segments represent data acquisitioresti
justments to the warning quota and time of the GRér- o the distance between them — during the brdak [7
ation increases by-40% compared to the average time

(1)

recommended by the manufacturer [4]. 2.5. Data acquisition and processing based on the
criticality index of failure
2.3. Improving data acquisition and processing The maintenance critical criteria are used to deiter
system based on thereliability ne the importance of controlling certain components

To counteract the effects of technological systemsybassemblies or equipment of a technological syste
aging is in need of replacement or correction of|ndex of criticality, in the context of FMECA andViEA
degraded/damaged componenithese interventions are method is a function of three terms: the frequenty
designed to increase system reliability and heree t occurrence of a faulf, gravity G) and its detectability
frequency of data acquisition should be adjusted(D):
accordingly [9]. When reliability is close to theari-

mum, data acquisition is normal to have a congtagtt C=FI[GID . (2)
frequency, to more accurately predict the time labaile
for operation. After acquisitions frequency, théues of For each of these terms assessment criteria are

the system wear should lower for the technologicaldetermined, thus criticality index is encoded.dtviery
evolution of the system ito not need attention [Ihe important for describing the criteria for each asseent.
reliability decreases, however, the frequency of Because of the importance of preventing failure
acquisition must be increased for predictive maiatee = modes with an criticality index greater, the freggese of
system to be able to correctly estimate the remgini data acquisition that provides information on the
time of use (Fig. 12). evolution in the direction it should be also higf&r9].



50 S. Velicu, I. Riunescu and M.D. Paraschiv / Proceedings in Manufidg Systems, Vol. 10, Iss. 1, 2015 36

Fig. 14. File with information on the statistics of elesatioors
operation.

Data acquisition frequency is a function of four

parameters: failure rate)( equipment reliability ), the
index of failure mode criticality @ and equipment
criticality (c):

Faolt)=(zRC.)t).

3. CONCLUSIONS

®3)

The use of the online monitoring system of Schindle
Company (Fig. 14) as a working method of analysis o

(1]

(2]
(3]

(4]

(5]
(6]

(7]
(8]

the operating behavior of technical system saféty e [9]

ments and of the maintenance history has the faligw

results:

identification of the moment when the analyzed part
determine the maintenance decisions;

establishment of adjustments correctness and their
optimum setting;

implementation of the best maintenance strategy
adapted to the operating conditions of the system;
optimum management and knowledge of the defining
elements of maintenance intervention (technological
operations, human resources and materials used, exe
cution time, costs);

diminution of the operating costs;

possibility to increase the availability of the hadcal
system safety conditions (assembling of elevator
door-drive mechanism) by about 10%);

use of the history occurred during the operation-pe
od of the assembly increased by + 10% and increase
of this one by another close percentage, resulting
some operational benefits.
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