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Abstract: Toroidal is an inductor with an O-ring core. In 20Bere was an increase in the percentage of airaishbility,
namely the highest percentage of disability at %,7&hile in 2020 the highest percentage of disgbilias only 1.33%.
Therefore, companies need to make improvementsetaiality of their products to prevent a continsioige in the
percentage of defects over time. This study ainps@apose an enhancement to reduce/prevent defect®idal inductor
products. The method used is the Fault Tree Ara§siA) and Failure Mode and Effect Analysis (FME&Ahe FMEA
method is utilized to reduce flaws that occur bysidering the value of the risk priority number (8PThe FTA method
is used to identify possible defects by applyinglgsis of the fault tree description. The resultshis study are that
improvements should be focused on the failure maddbe wound wire because it gets the highest R&lNevof 216
with the cause being less focused workers, whidddivest RPN value is on the red pin failure modgowith the cause
of no sandpaper changing schedule. From the resfutte study, several suggestions for improvemeset® made in
the form of increasing supervision for workers réasing rest periods, conducting training, instgliisplay limits for
stripping, repairing stripping machines, replacirige, repairing worktables, and making a schedateshndpaper
replacement prevents the defect. Companies mus mmatovements to human flows and ensure toolsratdrials are
in optimal condition.

1 Introduction was 2.78%, this is the highest number for the paage of

The electronics industry is one type of industrgtth defects in the company compared to previous yehtstw
consistently has the largest contribution to ecdnomWas only in the range of 1%.
growth in Indonesia in 2019 [1-3]. In its developthehe The existence of defective products certainly tegul
electronics industry has become a big considerafion Waste for the company, both in terms of materiats @so
business actors in the field of electronic equipnsgrare in terms of the disposal of the defective produtit [
parts to expand their scope and contribute to iflthough some defective products can be reworkieel, t
improvement. CV. CKM is a company that producesespaPresence of rework defects is also very detrimérgeause
parts for electronic equipment. Electronic equipmerthe company will need additional costs to reprodéss
produced by CV. CKM is a toroidal inductor. reworked defective products [5]. . _

This toroidal inductor itself is an electronic gomient In addition to the losses described previouslyecidfe
spare part that functions as a store of energylemtrie  Products are very dangerous if they escape theitgual
current with a larger inductance and a size thatgéo be control section and are used by the customer. Becau
smaller than other types of inductors. The toromtak is considering its function as an inductor, if thee &
usually circular so that the magnetic field is ebsand Mismatch such as a scratch on the wire (wire woitimd)
relatively little or even does not induct other gmments resultin an induction field or an open magnetédiso that
in the vicinity. it can induce other components that are aroundif imere

Along with the development of the electronics irtdps IS & lack of stripping defects it can cause a fedipe to If
in 2021 there was a surge in demand for toroidafipcts  the enamel wire is not peeled properly, it willutesn not
at CV. CKM causes the manufacturing company tHowing or not optimally flowing the magnetic fielly the
produce more products than usual. The more companferoidal.
produce products, it turns out that the more dafect Based on these problems, the company must take
products are produced by the company. In 2021igrekt Ccorrective steps to reduce or even eliminate defect

percentage of defective products produced by thepeay ~ toroidal inductors. So, the objectives of this gtade:
a. Recognize factors causing defects in toroidal
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products in CV. CKM. addition, FMEA can also document actions regardimey
b. Make suggestions for improvement based on thisk of failure that can be used by companies doticuous
priority of repairs to reduce defective products.  improvement. The steps taken in making FMEA
documentation are [21]:

2 Literaturereview a. Determine the components of the production system
This study was carried out using methods of FagdeT or process be analyzed.

Analysis (FTA) and Failure Mode and Effect Analysis b- Identify the function of the system or production

(FMEA). Failure Mode and Effect Analysis (FMEA) as process.

procedure to describe various kinds of potenti&les in c. ldentify the mode of failure.

a structure and then analyze them to determine éffeict d. Determine the influence of the failures of each

on the system so that they can be classified basd¢leir process. _

severity [6]. Meanwhile, Fault Tree Analysis (FTi&)an e. Specify the cause of failure.

analysis technique of failure conducted from toplown f. Specify value of severity.

that aims to find the cause or a combination obeauhat g. Specify occurrence value.

may cause unsafe conditions to a lower or badieréaiate. h. Specify value of detection.

This makes FTAs an excellent complement to FMEA [7] - Calculating the Risk Priority Number (RPN) value

The FTA used in this study is to find out factoasising is carried out to determine a failure that becomes

failures in the FMEA manufacturing process, nanatihe priority from each mode of failure using the

phase of determining the cause of failure. FMEAaiis following formula: RPN = Sx O X N (1).

effective and formidable analytical tool that iggtly used j. Recommend corrective actions of the highest

to check modes of failure and terminate the pdiilaif priority.

failure [8]. )
FMEA is usually used to evaluate parameters such as
21 Fault TreeAnalyss(FTA) occurrence, severity, and also detection in deteéngithe

FTA or Fault Tree Analysis (FTA) is an approacHXISk Priority Number (RPN) [22]. The severity val(i)
applied from top to down that is used to analyzkires de_:termmanon or the severity value of this falltﬂk_arts
that start with potentially unwanted events andntheWith @ scale of 1 as the smallest scale with low
determine the causes of how these events could [gjcu consequences to a scale of 10 with the highest
FTA is also an alternative to identify the posstpilof —Consequences, so that the severity s_cale assessgnent
failure by using a diagram of a fault tree as reaspthat based on how serious the effects ofafaﬂur_e_%ﬁ}e While
signifies the relationship between a failure areddhuse of the assessment of occurrence or probability lesablly
the failure [7]. This logic gate will later help building a  'éfers to the failure mode or several failures soale of 1
more detailed schema of the relationship betweeentsy t© 10, where 1 becomes the lowest possibility déifes,
that can affect its quality [10]. The logic gatémttare While 10 tums out to be the highest one [22]. Asthe
usually used in the FTA manufacturing process cormsi detection va!ue _bas_ed on the possibility of failtmebe
AND gates which are used when all input eventsognd ~ detected which is given a value scale of 1 to ttustm
OR gates are used when one of the input eventsdc]. d|ff|cult_ or even u.ndetecta.ble with a scale of 1Be
The event symbols that are often used for makingsrare deterr_nmano_n of this detection scale refers todiase _of
the Top Event symbol which symbolizes the main evefl€ failure with the current controls [23]. FMEA thed is
which is always placed at the peak of the treaoltf and utilized to d_etermme which risks have the greatesicern
also the event symbol which describes an interredigNd action is needed to prevent problems beforeatise
failure event that can be used anywhere excepedtasic [24]- The smallest RPN value is better than theesr
level of the fault tree and the basic event symidoich beca_tuse the largest value indicates the severityeofisk
symbolizes the lowest failure event or base oriatigtree  Of failure.

[12]. FTA differs from diagrams of a block of reditity

and has a wider scope than diagrams of reliatiiogk 3 Meéthods

[13,14]. The use of FMEA and FTA methods can be merged for

analysis of failures so that the advantages of ehtihese

2.2  FailureMode and Effect Analysis(FMEA) methods can be obtained, by using the FMEA and FTA
Failure Mode and Effect Analysis (FMEA) is aapproaches separately or by using a combined agproa

structured way that can identify and prevent asymarbetween the two [22]. FTA describes the causesrofs

failures as possible [15-17]. The method of FMEAsed in more detail by pointing to the topmost eventahtis not

to set, recognize, and abolish failures or potefaitures expected to occur, while FMEA provides an overvigw

before the product reaches the customer [18]. where this error occurs and what effects will beseal by
FMEA has a purpose to perform any action to abolistiie topmost event error [25].
and degrade the occurrence of failures based oriti@st Compared to the use of FTA and FMEA alone,

that have the highest potential [19]. FMEA canstsisi researchers prefer to utilize a merger of FMEA Bl
selecting critical parameters of each process [R0]. because itis considered to have an advantageentufe
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errors [26]. In addition, FTA is considered onlylealo
analyze the causes of failure in detail withoutsidering
the criticality and risks that exist, so FMEA isded as a

to the process of making FMEA. At the stage of mgki
FMEA, namely in determining factors causing failyréhe
FTA method is utilized to determine factors caudailyre

complement to FTA because FMEA can assess criicalito the basic cause.

and risk [7]. The combination of these two methais
recommended to be used for production processearia
carried out repeatedly because it provides a clieav of
analysis, collecting mechanism of similar data, dmel
relations between error modes and failures [26].

4 Reault and discussion

4.1 ldentify Failure Mode

Before identifying the cause of failure, the iritéep
in building an FMEA is to identify the failure mode
recognition of modes of failure or types of defestt be
described using a diagram called Pareto to spehiy

dominant type of flaw that causes disabilities. Hageto

Problem-solving is used using the FTA and FMEAliagram for each type of disability can be seefigure 1.

methods. The use of FTA in this research is a cemeht

Pareto Diagram of Toroidal Defects

s Number of Defect

(pes)

120.0%

100.0%

80.0%
60.0%
40.0%
20.0%

0.0%

= Cumulative Percentage of Defects

Figure 1 Pareto diagramtypesof Toroidal Inductor Product Defects

Under the Pareto 80:20 principle, the failure mailke
then be identified as the cause of the failure,elprinose
winding, bad winding, bonding over, red pins, amimd
wires which are included in the 80% cumulative patage
of defects. So, these five types of defects oufaimodes
must be corrected so that defective products can
reduced.

4.2  ldentify Causesof Failure
To build an FMEA, you must first identify the caase
of failure. The failure to be analyzed further aldwing

the dominant disability on the diagram of Paretmaly
the top five kinds of defects which are include®d%6 of
cumulative defects. Identification of the causedadfire
exist at the phase of making this FMEA is done eryipg
FTA. The use of FTA for the cause of this failuezhuse
B&A can describe the causes of failure based onofne
events to the most basic causes that cause failure
defects. Identification of factors causing failurging the
fault tree analysis is provided in Figure 2 — Fegér
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Winding Loose

v

Man Tool used

A

Ragum is not strong
enough to hold the
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v v

Improper vise Wire pulling is not
installation strong

Thevise is old
so itsdurability
has decreased

strong enough
o hold the visg

Worker fatique

4 4
Worker lacking Inexperienced
training workers

Figure 2 FTAWinding Loose
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Bad winding
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Man Tool used

Ragum often shifts

v v

Workers lack Less experienced
concentration workers
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its durability is
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Exhausted
worker

strong enough
0 hold the visg

Figure 3 FTAWinding Bad

Bonding Over

v

Inapprorpiate
bodning technique

Lack of worker
ability

Workers are
not careful

Figure 4 FTA Bonding Over
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Pin Red

Man Tool used

v

v

Machine

The sandpaper
function is not
optimal

v

Workers are
less focused
when stripping

Unscheduled

sangpaper
change

Workers don’t
know the limits
of stripping

The stripping
machine rotation
speed changes
frequently

The stripping
machine is old

Figure 5 FTA Pin Red

Wound wire

v v

Man Machine

A
The stripping
machine rotation
speed changes

* * frequently

Workers are not
careful when
winding

How to hold the
toroidal incorrectly

Thestripping
machine is old

Workers are

Lack of worker
ability less focused

Figure 6 FTA Wire Wound
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4.3 Calculation of RPN Valuein FMEA

how often defects occur. This assessment is caoigd

After knowing the mode of failure and its causeat th through discussions with the company, namely byl

occurs in toroidal inductor product, the subseqatep is
to rate the scale of severity, detection, and gecce.
Determination of the rating scale of the level@igusness
(severity) is used to find out how serious the egugnces

will be if the disability occurs. After rating thecale of

severity, the next step is to rate the scale oféthae of the
probability of failure (occurrence). Determinatiof this
occurrence value scale is done to find out hownofte
defect occurs by looking at the existing failuredes. This
assessment is carried out objectively based ond#te
available in the mode of failure. The phase ofngatihe
scale of value of detection level is carried ouptedict

of the production department. This assessmentsischan
the potential causes obtained using the FTA meérat
adapted to the control processes carried out by the
company at this time.

After performing the severity rating, occurrenceng

and rating of detection, calculating the value BNR(Risk
Priority Number) becomes the subsequent step takias.
The RPN value calculation is conducted to set tiwity
of repairs according to the peak value. The largaktes
of RPN are sorted to the smallest value so thedrit be
seen what improvements must be made first. The FMEA
documentation outcomes are shown in Table 1 which

presents the top RPN value as a reference for eahaant.

Table 1 FMEA documentation results

<
Potential ol 8|S
. otential . n = Q| <
AT Failure ol e Potential Causes Current Control 2 @ i
Process Effect 2| ElE
Mode S| 33| . |=
> Of = =
V||| & @
0n|o|lo| ¥ |x
New jok No regular training schedt 5(175| 4
. Supervision from the head of f{
W|nd|ng The toroidaWOI’kel’fatlgue pd . 6| 210| 2
) ; productior 715
Loose function is n - —
optimal Ragum is ol Ragum check periodica 3|10t |1C
The desk is ol Checking the workbench regule 2| 7C |14
Windin isi
g Worker fatigue Sruo%ir(\:/tls)l:)n from the head of 1 6| 180! 3
Bad The product shaj P
V\filndin is not up t(New jok No regulartraining schedu 6|5|5|15C| 6
9 |standard Ragum is old Ragum check periodically 3 90|12
The desk is ol Checking the workbench regule 2| 6C |1E
isi from the head dhe
i i Workers are not carefLISUperV'.S 1on 6| 120| 8
Bonding Bonding |Causing a glob. broductior 5|4
Over glue on the toroi — —
Lack of worker abilit  |No regular training schedt 5(10C|11
Workers are less focugSupervision from the head of {
R ; 6| 168| 5
when strippin productior
., |Workers don’'t know th -
o . The. ,toro'dalimits of stripping No regular training schedule 5 140
Stripping | Red Pin  [function is n Unscheduled r 704
optimal nscheduled sandpay,spection by workers b 56 16
chang
Ilr:je stripping machine Regular machine checks and repaifs 3 |84| 13
Lack of worker abilit  |No regular training schedt 5(118C| 3
Toroidal ca Supervision from the head of f{
Winding, . linduce othe Workers are less focuged PErVE 6|216| 1
o Wound Wire productior 9|4
Stripping components — .
around it l—lr:je stripping machine Regular machine checks and repaifs 3 [1eg

5 Reault analysis

While FMEA is used to appraise the risk of each enofl

This study combines the FTA and FMEA methods téilure so that improvements can be prioritized.
reduce defects in toroidal products in the comp&iw is

The causes of defects in toroidal products are

used to determine the cause of defects in eachdaitode. dominated by humans/workers, machines, and toeld us
during the production process. These three faei@she
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