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Abstract. Underthe pressure of global competition, production facilities have seen their performance
grow steadily. The machines are highly demanded, the speed of rotation and the operating time
increase. This results in increased damage and breakdowns, which lead to unscheduled shutdowns.
The costs of downtime are in these cases significantly higher than the costs of repair and overhaul.
The prevention of machine damage is therefore of great economic significance to every business.
Preventive maintenance leads to ensuring the continuity of industrial production by controlling
the anticipation of the consequences of faults and by ordering their repair in a timely manner
so that they do not affect the functioning of rotating machines. The objective of this work is to
statistically analyze failures in the machine shop with ABC method and to select the critical
machine. A maintenance plan has also been drawn up for the development that addresses the major
problem that is the optimized reduction in downtime of the radial drilling machine (NKH45),
given the importance of this production equipment to level of manufacturing activity. This method
of reliability-based maintenance (RBM).
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TEXHUYECKOE OBCJ/1TY)KUBAHUE BYPOBbBIX CTAHKOB
C UCINTOJIb3OBAHUEM METO/JA MNMAPETO ABC

Annomauyus. Tlox maBiaeHreM T100aTbHON KOHKYPEHIIMHU ITPOU3BOIUTEIBHOCTD IIPOU3BOJACTBEH-
HBIX MOIITHOCTE! HEYKJIOHHO pacTeT. MalllMHBI TTOJIb3YIOTCS BCe OOJIBIIMM CITPOCOM, YBEINYMBA-
€TCsI CKOPOCTb BpallleHUsI U BpeMsI pabOThl. DTO MPUBOIUT K MTOBBILIEHHBIM MTOBPEKACHUSIM U O~
JIOMKaM, KOTOpBI€ IIPUBOISIT K BHEINTAHOBBIM OTKITFOUEHUSIM. 3aTpaThl Ha IIPOCTOM B 3TUX CITyJastX
3HAYMUTEJBHO MPEBHIIIAIOT 3aTPAThl HA PEMOHT M KallUTaJIbHBIN peMOHT. [ToaToMy mpemoTBparlie-
HIE TTOBPEXKICHNUS MAIITH MMeeT OOJIBIIIOe SKOHOMUYECKOE 3HaUCHME TS TI000To 6m3Heca. I1po-
(unakTyeckoe OOCTYKMBaHUE MPUBOAUT K OOCCIIEUCHUIO HEIMPEPHIBHOCTH ITPOMBIIILICHHOTO
MPOM3BOACTBA 32 CYET KOHTPOJIST YIPEXKIACHMS MTOCASACTBUI HEMCITPABHOCTE M CBOEBPEMEHHOTO
3aKa3a UX peMOHTa, YTOObl OHU HE BIUSUIM Ha DYHKIIMOHUPOBaHUE Bpallaroiuxcs MamuH. Lle-
JIbIO JAHHOU pabOTHI SIBJISIETCSI CTATUCTUYECKUI aHAU3 OTKA30B B MEXaHUUECKOM LieXe METOIOM
ABC u BbIOOp KPUTUYECKOU MalIMHBI. Takke ObLT COCTaBJIEH IUIAH TEXHUYECKOTO OOCITyXM1Ba-
HUS V1T pa3pabOTKH, HaIlpaBJICHHBIN Ha PEIICHINE OCHOBHO ITPOOJIEMBI, 3aKIFOUAIOIICICS B OII-
TUMU3MPOBAHHOM COKpAIICHUH BPEMEHH IIPOCTOS paauaibHO-cBepamiabHoro cranka (HKX45),
YUUTBIBASL BaXKHOCTb 3TOTO MPOM3BOACTBEHHOTO OOOPYAOBAHUS IJI YPOBHS NMPOU3BOACTBEHHOM
JeSITeIbHOCTU. DTO METO TEXHUUYECKOTo 00CIYyKMBaHUsI, OCHOBaHHOTO Ha HagexHocTu (RBM).

Kawuesvie crosa: Texunueckoe o0CIyXKuBaHUE, paaualbHoe OypeHue, HaaeXKHOCTh, UCTOPUS
BMemaTeabCcTB, MeTon [Tapeto ABC.
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Introduction. The world of industry and transport has increasingly efficient and complex machines and
installations. The rotating machine is the major element of an industrial environment. From pumps to
compressors, fans, turbines, motors, and mixers, all are rotating machines working under different oper-
ating principles to ensure continuity of the production chain. Indeed, a defect in bearing, fixing or align-
ment can compromise production and lead to the technical and economic decline of the company. The
high security requirements, the reduction of operating costs and control over equipment availability play a
major role in system maintenance. It must make it possible to intervene only in the presence of defective
elements, to minimize repair time, reduce raw material losses and provide a reliable and easily interpreta-
ble diagnosis despite the complexity of the equipment [1].
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The evolution and complexity of production systems, as well as the need to produce quickly and well,
have forced manufacturers to structure and organize maintenance workshops. Above all, they created
new organizational concepts and new ways of intervening in production structures for manufactured
products [2].

Today, upkeep has given way to maintenance. This change does not lie solely in a complete upheaval in
the way of doing and conceiving of what used to be called upkeep and which is now called maintenance.

A good maintenance strategy is one that looks and focuses on preventive action to reduce intervention
times and improve the life of parts [3].

The objectives of reliability-based maintenance (RBM) are [4, 5]:

— Define and justify in design the scheduled maintenance actions to be implemented;

— Define in operation the scheduled maintenance actions;

— Ensure and increase the performance of the production tool in terms of operational safety;

— Determine the recommendations relating to the techno-economic issues (investment, renovation,
procedure, justification).

In different industry sectors, many reliability analysis methods have been developed separately and
some more specifically for a development phase. Controlling the dependability of hydro-electro-mechani-
cal systems requires simultaneously taking into account, the different technologies and methods of analysis
on the reliability of the development cycle [6]. The Activity-based costing (ABC) Pareto method, which
consists on classifying the problems in order of importance into three categories in order to treat each of
them in a different way, and the Failure Mode Effect and Criticality Analysis (FMECA) used to analyze
faulty hardware. This technique is considered the most rigorous due to detailed research into the causes of
failures.

Methodology

Our study will focus on a subsystem of the machine, under the recommendations made by the main-
tenance department at the agricultural equipment construction company a decision support tool is used
which is the Activity-based costing (ABC) Pareto method and the Failure Mode Effect and Criticali-
ty Analysis (FMECA) method. These methods allow the identification of the main causes of functional
equipment failures and the classification of these failures in order to establish an optimal maintenance
action plan to minimize downtime, which penalizes production.

Principle of the ABC method

The ABC method is an objective means of analysis, it allows classify the elements, which represent the
most important fraction of the studied characteristic, by indicating the percentages for a determined char-
acteristic. The ABC method provides an answer. It allows the investigation that highlights the most impor-
tant elements of a problem in order to facilitate choices and priorities [7]. Events (failures for example) are
classified in decreasing order of costs (downtime, financial cost, number, etc.), each event relating to an
entity. A graph is then drawn up corresponding to the percentages of cumulative costs to the percentages
of types of failures or cumulative percentages of failures [8]. In the diagram (Fig. 1), there are three zones.

1. Zone A: 20% of breakdowns causing 80% of costs;

2. Zone B: the 30% additional breakdowns only cost 15% more;

3. Zone C: the remaining 50% of breakdowns concern only 5% of the overall cost.

It is obvious that the preparation of the maintenance work must relate to the breakdowns of zone A.

Principles of the Failure Mode Effects and Criticality Analysis (FMECA)

The Failure Mode Effect and Criticality Analysis (FMECA) is an a priori inductive risk prevention
method that aims to identify the potential failures of a system. As it was developed in the 1940s by the
American army, then implemented in the sectors industries, acronautics and nuclear power, in France and
in other European countries after 1970 [9—11]. This method can be applied to a product, a process or a
means of production.
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Fig. 1. Pareto diagram or ABC curve

Today, the FMECA method has been applied in the following industrial fields: space, armaments, me-
chanics, electronics, electrical engineering, automotive, nuclear, aeronautics, chemistry etc. Failures are
analyzed to specify their criticality, identify the main causes and ultimately, define appropriate risk reduc-
tion actions [12].

Objectives of criticality in FMECA

+ Evaluate the effects and consequence of events caused by each known mode of component failure
regardless of the origin at the various functional levels of the system.

* Determine the importance or criticality of each failure mode taking into account its influence on the
normal operation of the system or on its level of performance and assess the impact on the reliability or on
the safety of the process considered.

* Classify the known failure modes according to the ease, with which they can be detected, diagnosed,
simulated, change a component, and according to the means implemented to deal with them and keep
the system in working order (repair, maintenance and logistics, etc.) as well as any other relevant charac-
teristic.

+ Establish the scales of significance and probability of failure, provided the necessary information is
available [13, 14].

There are several types of the Failure Mode Effects and Criticality Analysis (FMECA). Among the used
are: Products FMECA, organization FMECA, processes FMECA, resources FMECA, service FMECA,
and Security FMECA [15].

Case study and Results

The designers in his definition drawing carry out machining for giving the blank part, the shape, re-
quired dimensions and the necessary precision, by chip removal on suitable machine tools [16].

A drilling machine is used to drill or tap holes in various materials with drill bits. Modern drills are the
culmination of centuries of technology.

The radial drill (NKH 45) is the most used in the machining workshop of the agricultural machinery
complex of the CMA company in Sidi Bel Abbés (Algeria).

The radial drilling machine (NKH 45) is the most used in the machining workshop of the agricultural
machinery complex of the CMA company in Sidi Bel Abbes (Algeria) because of its superior characteris-
tics and its versatility.

The radial drill (NKH 45) machine is used in most maintenance work and especially for large parts,
which. After positioning remains fixed, the tool spindle is moved from one machining axis to another. Ta-
ble 1 shows main characteristics and machining Ability of this machine.
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Fig. 2. Radial drilling machine (NKH 45)

Table 1
Characteristics and machining capabilities of the NKH45 radial drill
Machining characteristic / capabilities Value Unit
Motor 7 KW
Spindle speed direction reversible 1500—3000 Tr/min
Advances 0.12—1.25 mm/t
Column diameter 350 Mm
Top column 2800 Mm
Drill axis distance 325 minimums //
Pinout and column 1600 maximums //
Spindle distance (chuck) 0 minimum mm
Table 900 maximums mm
Spindle-base distance 375 minimum mm

History of interventions on the drills of the workshop machining

The following table presents the number of heavy curative interventions in 2021.

According to Fig. 3 which represents the history of the interventions and the results of the analysis by

the method (ABC) for one year:
Zone A

It can be seen that the number of shutdowns / years on radial drills (5.4.3.7.10.1.6.) present (80%) of
the shutdowns, in other words (80%) of the maintenance costs.
So this is the priority zone determine us to study in more detail the failures on its equipment, and then

make the right decisions.
Zone B

Shutdowns on multi-spindle machines (9.12.13.) represent 5% of the total number of shutdowns for
workshop equipment (drilling section). This machine requires little maintenance. From the intervention
history and method analysis results (ABC) for one year.

Zone C

Stoppages of multi-spindle machines (9.12.13.) represent only 5% of the total number of stoppages of
workshop equipment (drilling section).

The majority of failures are found on radial drills (.5.4.3.7.10.1 and 6).

— For these machines, a failure analysis study is necessary.
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Fig. 3. The interventions on the drills of the machining workshop by the ABC method

— We prioritized the FMECA study for a subsystem of the machine (N°003505), serial number (n°5),
because we noted that 70% of the failures are based on the electro-hydraulic circuit part, while the rest are
mechanical s-system, engine, and cooling circuit.

Moreover, we used the ABC method aid tool in order to select the subsystem to be supported.

Table 2
Cumulative number of shutdowns / years
Machine o. Order no. Nugllllalzrjé)vt;irsit/ical Cumulative number % cumulative number
years (ABC) of Shutdowns / years of shutdowns / years

003505 5 214 214 15
003504 4 192 406 29
003503 3 180 586 43
003702 7 175 761 56
003706 10 153 914 67
003501 1 111 1025 75
003701 6 80 1105 81

003704 8 75 1180 86
003103 11 66 1246 91

003502 2 49 1295 95
003104 12 31 1326 97
003506 13 20 1346 99
003705 9 11 1357 100

Statistics of the nature of interventions on the radial drill machine n ° (003505)

In Table 3, we find the nature of the curative maintenance intervention carried out on the machine
during one year.

Table 3 shows the results of the nature of corrective maintenance intervention. From these results, we
make an analysis on these interventions by the ABC method.
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Table 3
Nature of interventions on the machine n° (003505)

Voucher reference Order No. Number of shutdowns / hour Type of intervention (failure)
11130313 1 3 Mechanical
11130365 2 5 Electrical
11130455 3 2 Mechanical
11130688 4 1 Cooling circuit
11130804 5 24 Electrical / Hydraulic
11130865 6 Mechanical
11130574 7 Mechanical
11120349 8 Cooling motor
11120412 9 48 Electrical / Hydraulic
11120484 10 5 Mechanical
11110038 11 42 Electrical
11110051 12 14 Hydraulic
11110080 13 8 Mechanical
11110359 14 7 Mechanical
11110459 15 3 Cooling circuit
11110505 16 40 Hydraulic

Table 4
Number of shutdowns / cumulative hour of the radial drill n° (003505)
Order No. Number of shutdowns / hour i?ii?gg:jﬁsn/u& llalerr %(I)A;’(;s;?;rtr;lli)l;tss /nllll(r)?ltr)er
09 48 48 22
11 42 90 42
16 40 130 61
05 24 154 72
12 14 168 78
13 08 176 82
14 07 183 85
06 06 189 88
02 05 194 90
10 05 193 93
07 04 203 95
15 03 206 96
01 03 209 97
08 02 211 98
03 02 213 99
04 01 214 100

According to Fig. 4, which represents the history of the interventions and the results of the analysis by
the method (ABC) of the radial drill machine n° (003505):
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Fig. 4. Presentation of the interventions of the radial drill machine n° (003505) by the Pareto ABC method

Zone A

It can be seen that the number of shutdowns / hour of the electro-hydraulic box (9.11.16.5.12.) It ac-
counts for 80% of the interventions, or in other words it represents 80% of the maintenance costs. This is
therefore the priority zone, they challenge us to study in more detail the failures on this machine subsys-
tem, and then make the right decisions.

Zone B

This zone amounts to 15% of the number of shutdowns / hour of mechanical nature (.13.14.6.2.10.7),
we will be less demanding to maintain this subsystem.

Zone C

The number of shutdowns / hour for the rest (15.1.8.3.4.) Represents only 5% of the total number of
interventions on the machine, i.e. the cooling subsystem. the cooling sub-system. This equipment requires
little maintenance.

Conclusion

The work carried out allowed us first to be acquainted with the industry, the environment of work and
the various aspects that they can reveal. The progress of the project giving us the opportunity to discover
the true purpose of the maintenance process. This work also allowed us to using a preventive maintenance
plan for the radial drill and to define spare parts as well as the frequency of preventive actions.

The work carried out allowed us first of all to familiarize ourselves with the world of industry, the work-
ing world.

The following conclusions could be highlighted:

— The majority of failures on radial drilling machines (5.4.3.7.10.1 and 6.); for these machines it is
necessary to carry out a failure analysis study;

— For the machine n° 003505 we noted that 70% of the failures based on the electro-hydraulic circuit
part, and the rest, mechanical s-system, engine, and cooling circuit.

The problem posed in our work is that the T.R.T (Technical Repair Time) is high, due to the lack of
diagnostic averages.

To this end, we propose to carry diagnostic and analysis methods on the electro-hydraulic subsystem to
facilitate the diagnosis and to reduce the Technical Repair Time (T.R.T).
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