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Abstract

The vacuum circuit breakers constitute the most important part of distribution network owing to their advantages such as big electrical strength, long
life, easy maintenance, safe operation, low price and high short circuit current etc. This type of circuit breakers is produced in Turkey with domestic
facilities as a result of various research and development studies. In this paper, the step by step development and modification studies for 36 KV
1250A front mechanism vacuum circuit breaker is presented in order to be ready for the 5000 cycles test. In this way, it is intended to be an example

and guiding study to the researchers worked in this field. At the end of the study, the circuit breaker successfully passes the 5000 cycles test.
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1. Introduction

The electric power network is one of the extraordinary structures that realized by human being. A big amount
of electric power generated in various power plants is transported with as high efficiency as possible to the consumers.
On the other hand, maintaining safety and reliability of this huge system is very difficult challenge for the energy
control and management system who needs powerful, resistant and reliable tools in order to interfere to the necessary
area of the network under high electric energy. There is no doubt, one of these tools used in electric power network is
circuit breakers. The circuit breaker instantaneously breaks the electric current which flows in a high voltage
transmission line in case of applying any control action or if there is any fault. To perform this duty, the circuit breakers
must be both a good conductor and a good isolator, also they must change from the closed to open position in a very
short period of time and not cause overvoltage during this rapid change [1].

Nowadays, the circuit breakers constitute the most important part of both transmission and distribution
networks owing to their current breaking ability under load condition [2]. Although, the general six types of circuit
breakers have been designed and used historically, SF6 and vacuum circuit breakers is commonly used at the present
time. In particular, while the SF6 circuit breaker have to be used at the high voltage transmission lines due to their high-
power switching capacity, the vacuum circuit breaker which is relative new technology is preferred to the SF6 circuit
breaker in a distribution network due to its switching efficiency [3]. Actually, the vacuum circuit breaker has important
superiorities according to the SF6 one such as big electrical strength, long life, easy maintenance, safe operation, low
price and high short circuit current etc.

In this paper, the step by step development studies of 36 KV 1250A front mechanism vacuum circuit breaker
which will be worked in a distribution network is discussed in order to be ready for the 5000 cycles test. In this way, it
is intended to be an example and guiding study to the researchers worked in this field. The rest of the paper is organized
as follows: the working principle of vacuum circuit breaker is presented in Section Il, development and modification

process is presented in Section 111, the results are discussed in Section IV and conclusion is given at the last section.

2. Working Principle of Vacuum Circuit Breakers

This type of circuit breakers uses the arc extinction ability and high insulating strength of the 107- 10° Torr
vacuum. Generally, they include two contacts in a vacuum tube with a pressure of approximately 10 N/m?2. One of
these is moveable contact. The arc formed during interruption is very diffuse and burns in evaporated contact material.
It consists of a large number of independent arcs burning in parallel. Each arc carries about 100A and moves freely
about the contact surfaces. The motion of the individual arcs over the contact ensures that surface heating and thus
evaporation of the contact material is minimised. With the minimal evaporation and the low arc particle density the arc

extinguishes itself with no external aid at a current zero [4].

3. Development and Modification Process

The 36 kV 1250A front mechanism vacuum circuit breaker which has been produced in ULUSQY factory is
presented in Figure 1. This circuit breaker completes the 5000 cycles test in 850 cycles at the first trial upon request of
TEIAS company. After examining the reasons of the failure, the development and modification study in the light of
these results has been started in order to the fact that the vacuum circuit breaker can pass this test. The studies are
separated into two parts in order to pass the 1000 cycles test and the 5000 cycles test [5].
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Figure 1. 36 KV 1250A front mechanism vacuum circuit breaker

At the first part of the development and modification study, the work is carried out to make the coil release
plate suitable, the surface deformations of solid film coated parts are examined, the deformation of Y-02-MIL-1059 (36
KV Pole Power transmission shaft) and the deformation of the cams are examined. After that, the modifications below
are performed on the circuit breaker (Figure 2);

* Y-03-SAC-1516 (24-36 kV Mechanism opening tripping arm), Y-03-PRC-1000 (36 kV Mechanizm 3-arm
tripping part), Y-02-MIL-1055 (36 kV Mechanizm tripping shaft) parts are coated with solid film (dry lubrication) to
increase wear resistance.

* Y-02-MIL-1059 (36 KV Pole Power transmission shaft) is manufactured from 4140 quality steel by changing
the material of piece.

e Y-02-MIL-1055 (36 kV Mechanizm tripping shaft) and Y-03-SAC-1516 (24-36 kV Mechanism opening

tripping arm) parts were prepared to be tested at 5 different sequential angles starting at one degree.

Bobin agma saci
0

Figure 2. Area of the first part of development and modification study

At the end of the study, the 1000 cycles test is completed with 1011 cycles. After that, 2300 cycles are reached
at these tests. However, the following problems are encountered:
* The tongue on the Y-03-GRP-1024 (36 kV Mechanizm charging corner plate) core has lost its function in the

2300th cycle and remains in its slot. The system has not received a closing position.
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« Because the position of the Shock Absorber is incorrect, a part is broken every 50-100 cycles. After the
component changed 3 times, it continued to deteriorate. The test is run without Shock Absorber after 300 cycles.

« The shaft of the shaft connected to cams in the C phase decreased in the 50th cycle. The test is continued by
inserting a new tab.

 Deformation on the outer surface of cams in C phase is caused by balancing washers.

The second part of the study covers the following developments and modifications processes. The spring of the
tongue on the belly is broken in the 3300th cycle in the first attempt. When the production process is examined, it is
observed that during the welding of the sheet piece on the tongue to the main body, the spring pushing the tongue is
deformed. For the purpose of the measure, the welding process is replaced with rivet. But, the riveted parts start to
compress the tongue after a little work. This is the same problem encountered for the second time. In order to make the
rivet process healthier, it is decided to increase the thickness of the core body and to bury the sheet that holds the tongue
and the parts are produced from the 8620-grade material. In order to prevent deformation in the tongue, it is decided to
process the material as Hardox 500. Figure 3 shows the deformed spring and the partially deformed tongue. Also,

Figure 4 presents the deformation in the slot of the tongue.

s}

Figure 4. Deformation in the slot of the tongue (left) top, (right) side

At last, it is decided to design the slot with self-channel and invoice. Due to the increase in the length of the
sheet on the tongue, the work piece (Y-03-MIL-1007) is reworked and the wall thickness is brought to the appropriate
level. The new design is represented in Figure 5.

29



Nevsehir Bilim ve Teknoloji Dergisi (2019), 8(1) 26-32

Figure 5. New design of the slot of the tongue

Additionally, the problem of failure of tripping coil is coped with by the following solution process. The
disconnection of the electrical tripping and manual opening systems are applied to the mechanism. Previously, the coil
is pulled by the opening trip plate and the system is replaced by the coil by pulling the coil up and the tripping plate.
The packages produced before is changed, a new work is started on the coil and the force measurements are taken from
these coils. All coils in production are assembled after load cell measurement. The most suitable front plate design is
selected and the necessary revisions are made. All mechanisms are thought to be universal in the process. Depending on
the requirements, the mechanisms can be changed to RMU, HMH, Metal Clad etc. The old and new design of the

tripping coils of modified vacuum circuit breaker is depicted in Figure 6.

Figure 6. Tripping coil (left) old design, (right) new design

4, Results and Discussion

At the end of the developments and modifications in the study, the vacuum circuit breaker is certified as M1
Class by operating 2000 cycles. Then, 5000 cycles are completed successfully. In this way, TEIAS's requirement is met.
It is observed and evaluated that the correct material selection is very important to mechanical design of the circuit
breaker because of mechanical stresses and deformations during breaking interval. On the other hand, the vacuum
circuit breaker has been also considered suitable for 10000 cycles test. This test failed in 9880 cycles. Detailed
investigation is initiated and problems are identified. If necessary, the M2 class 10000 cycle test is expected to be
successful. Currently, the 5000 cycles working certificate is sufficient for production. With the establishment of the

production line, all processes will be controlled. Thus, zero defect production is targeted.
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5. Conclusion

Because of the vacuum circuit breakers constitute the most important part of distribution network owing to
their advantages such as big electrical strength, long life, easy maintenance, safe operation, low price and high short
circuit current etc., to produce this type of circuit breakers in Turkey is very important. For this reason, some of the
development and modification studies are presented in this paper to produce 36 kV 1250A front mechanism vacuum
circuit breaker. At the end of the study, the circuit breaker passes the 1000 and 5000 cycles test for M1 Class certified.
Also, it is observed that it is ready for 10000 cycles test for M2 Class certified. In this way, it is intended to be an

example and guiding study to the researchers worked in this field.
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Genisletilmis Ozet
Giris

Elektrik sebekesi, insan tarafindan gerceklestirilen ve en gelistirilmis yapilardan birisidir. Cesitli giic
santrallerinde iiretilen biiyiik miktarda elektrik enerjisi, tiiketicilere olabildigince yiliksek verimlilik ile tasinilmaya
calisiimaktadir. Ote yandan, bu dev sistemin giivenligini ve giivenilirligini korumak, yiiksek elektrik enerjisi altinda
sebekenin gereken bolgesine miidahale etmek i¢in gii¢lli, dayanikli ve giivenilir techizata ihtiya¢ duyan enerji kontrol ve
yonetim sistemi i¢in bu durum oldukga zor bir sorundur. Hig siiphesiz, elektrik sebekesinde kullanilan bu araglardan biri
devre kesicilerdir. Devre kesici, herhangi bir kontrol eylemi uygulandiginda veya herhangi bir ariza durumunda yiiksek
gerilim iletim hattinda akan elektrik akimini aninda keser. Bu gorevi yerine getirmek igin, devre kesiciler hem iyi bir
iletken hem de iyi bir yalitkan gibi davranmalidir, ayrica ¢ok kisa bir siirede kapali konumdan agik konuma gegmeli ve
bu hizli degisim sirasinda asir1 gerilimlere neden olmamalidir [1]. Glinlimiizde, devre kesiciler yiik altinda akim kesme
kabiliyetleri nedeniyle hem iletim hem de dagitim sebekelerinin en 6nemli elemanlarindan birisini olusturmaktadir [2].
Tarihsel olarak alt1 tip devre kesici tasarlanmis ve kullanilmig olmasina ragmen, SF6 ve vakumlu devre kesiciler,
giiniimiizde yaygin olarak kullanilmaktadir. Ozellikle SF6 devre kesici, yiiksek giiclii anahtarlama kapasitesi nedeniyle
yiiksek gerilim iletim hatlarinda kullanilirken, nispeten yeni bir teknoloji olan vakumlu devre kesici, anahtarlama
verimliligi nedeniyle dagitim sebekesinde SF6 devre kesiciye tercih edilir [3]. Aslinda vakum devre kesiciler uzun
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Omiir, kolay bakim, giivenli calisma, diisiik fiyat ve yiiksek kisa devre akimi gibi nedenlerle SF6 devre kesicilere gore
onemli Ustunliklere sahiptir.

Bu makalede, bir dagitim aginda ¢alisacak olan 36 kV 1250A 6nden mekanizmali vakumlu devre kesicinin
adim adim gelistirme ¢aligmalari verilerek, 5000 c¢evrim testine hazir hale getirilmek iizere tartisma ve analizler
yapilmistir. Bdylece, bu alanda ¢alisan arastirmacilara 6rnek ve yol gosterici bir ¢alisma olmasi amaglanmistir.

Metot

Vakum devre kesiciler, vakumun 107-10 torr ark sdndiirme yetenegini ve yiiksek yalitim giiciinii kullanr.
Genellikle, bir vakum tiipii yaklasik 10-3 N/m?1ik bir basing altinda iki kontak icerir. Bunlardan biri hareketli kontaktir.
Kesme sirasinda olusan arklar, paralel olarak yanan ¢ok sayida bagimsiz arka boliiniir. Her bir ark yaklagik 100A tasir
ve kontaklarin temas yiizeyleri etrafinda serbest¢e hareket ederler. Bireysel arklarin temas yiizeyindeki hareketi,
ylizeyin 1sinmasinin ve boylece temas malzemesinin buharlagmasini en aza indirilmesini saglar. Minimum buharlasma
ve disiik ark pargacik yogunlugu ile ark, mevcut ortamda harici yardim olmadan kendini sondiiriir [4]. Ulusoy
fabrikasinda iiretilen 36kV 1250A 6n mekanizmali vakumlu devre kesici, TEIAS’m belirledigi 5000 ¢evrim testini ilk
denemede 850 ¢evrimde tamamlamistir. Arizanin nedenlerini inceledikten sonra vakum devre kesicinin bu testi
gegebilmesi igin sonuglarin 1s1ginda gelistirme ve modifikasyon ¢aligmasi baglatilmistir. Calismalar 1000 dongii testini
ve 5000 dongii testini gegmesi durumlart seklinde iki boliime ayrilmistir [S].

Gelistirme ve modifikasyon g¢alismasinin ilk boliimiinde, bobin serbest birakma plakasmin uygun hale
getirilmesi, kati film kapli parcalarin yilizey deformasyonlar1 ve Y-02-MIL-1059'un deformasyonu (36KV Kutup Glg
Transmisyon Mili) ¢aligmalari ve kamlarin deformasyonu incelenmistir. Calismanin sonunda 1000 dongii testi 1011
dongii ile tamamlanmistir. Daha sonra, bu testlerde 2300 ¢evrime ulagilmistir. Ancak, buna ragmen asagidaki sorunlarla
karsilagilmistir:

¢ Y-03-GRP-1024 (36kV sarj eden kose plakasi) ¢ekirdegindeki dil, 2300’{incii dongiide islevini yitirmis ve
yuvasinda kalmistir. Sistem kapanma pozisyonu almistir.

e Amortisoriin konumu yanlig oldugu igin her 50-100 devirde bir par¢a kirilmistir. Bilesenler 3 kez
degistirildikten sonra hala ariza devam etmistir. Test, 300 ¢evrimden sonra amortisorsiiz olarak gerceklestirilmistir.

Calismanin ikinci kismi agagida belirtilen gelistirmeleri ve modifikasyon siireglerini kapsamaktadir. Gobek
iizerindeki dil yaymin ilk denemede 3300’{incii iiretim prosesi incelendiginde, sac pargasinin dil iizerinde ana govdeye
kaynaklanmasi sirasinda dilin itildigi yayin deforme oldugu goézlenmistir. Tedbir amaci ile kaynak islemi perginle
degistirilmistir. Ancak per¢inlenmis pargalar, kiigiik bir ¢alisma sayisinin ardindan dili sikistirmaya baglamistir. Bu
ikinci kez karsilagilan ayni sorundur. Pergin isleminin daha saglikli hale getirilmesi igin ¢ekirdek gévdenin kalinliginin
artirilmasi, dilin tutuldugu levhalarin gdmiilmesi ve pargalarin 8620 6lgekli malzemeden iiretilmesine karar verilmistir.
Dildeki deformasyonu 6énlemek i¢cin malzemenin Hardox 500 olarak islenmesine karar verilmistir.

Sonuclar ve Tartisma

Calismadaki gelistirmeler ve modifikasyonlarin sonunda, vakum devre kesicisi 2000 agma-kapama ile M1
Sinifi olarak onaylanmistir. Daha sonra ise 5000 dongii testi basartyla tamamlanmustir. Bu sayede TEIAS’1n sart1 yerine
getirilmistir. Devreyi kesme islemi sirasinda mekanik gerilmeler ve deformasyonlar nedeniyle devre kesicinin mekanik
tasariminda dogru malzeme segiminin ¢ok dnemli oldugu gozlemlenmis ve degerlendirilmistir. Ote yandan, vakumlu
devre kesicinin 10000 dongii testi i¢in de uygun oldugu diisiiniilmiistiir. Bu test 9880 dongiide basarisiz olmustur.
Bunun iizerine, detayli bir aragtirma baslatilmis ve sorunlar belirlenmistir. Gerekirse M2 sinifi 10000 dongti testinin de
basarili olmasi amaclanmistir. Su anda, 5000 dongii caligma sertifikasinin  {iretim icin yeterli oldugu
degerlendirilmektedir. Uretim hattinin kurulmas ile tiim siiregler kontrol edilecektir. Boylece sifir hata ile iiretimi
hedeflenmektedir. Bu makale, ilgili alanda ¢aligan arastirmacilara 6rnek ve yol gosterici bir ¢alisma olmasi amacryla
hazirlanmistir.
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