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Abstract

The construction of a high voltage aging chamnber invol ves designing fabricating and
asse nbling a specialized chanber for conducting accel erated agi ng tests on hi gh voltage
conponents. The chamberis built wth materialsthat prowvi de el ectrical i nsul ation, prevent
arcing, and ensure safety. It includes feat ures such as hi gh voltage i nterl ocks, grounding
systens, andshiel dng mechanis ns. Construction of a hi gh voltage agi ng cha mber focuses
on achieving precisete nmperature contrd, maintaining desired humditylevels, providng
hi gh voltage capahilities, and contraling UVintensity. Thesefeat ures collectivel yestablish
a contrdled testing environnent to conduct accelerated aging tests on high voltage
conponents, enablingthe assess nent of their perfar nance and durability under specific

tenperature, humdity, wltage, and UV exposure conditions.

The prgect's goal isto builda high voltage aging chanber that will all ow for expedited
aging studies on high voltage conponents. The chamber is neant to ensure electrical
insulaion avoidarcing and ensuretesting safety. Various aspects areintegratedintothe
chanber'sarchitecturetoachievethese goals. To begin the materials utilizedto construct
the chamber are carefully selectedfor their electrical i nsulating qualities. These materials
can resist high voltage settings wthout jeopardizing the testing environment's safety.
Furt her nore, precautions are madet o prevent arcing, which coul d har mt he conponents or

i npair the precision of the test results.

Second, high voltageinterlocks, groundingsystens, andshiel dng devices areincludedin
the chamber. These characteristics are critical for guaranteeing operator safety and
preventing potential risks duringthe testing procedure. The high voltage interlocks serve
inthe regulation of the supply of electricityinthe chamber, but the grounding systens
prevent static charges fromaccumnulating Shiel dingtechniques are also usedto keep any
patential e mssions orinterferences contai ned duringtesting Precisionte nperature contra
is one of the nost i nportant parts of buildng the high voltage aging chanber. Thisis
critical for m mcking real- world situations and precisel y anal yzing the perfor mance of
high voltage conponents under diverse tenperaure scenarios. Miintaining proper
humditylevelsis alsocritical, sinceit can have a substartial i npact ont he agi ng process

and conponent perfor nance.



Aso, the chamber is built to give high voltage capabilities in order to submt the
conponentstot he desired el ectrical stresses. The agi ng processis expedited byi ntroduci ng
the partst o hi gher voltagesthant hey woul d or di naril y experience during nor nal operation,
allowng researchers to assess their long-ter m endurance in a shorter ti me framne.
Contraling UVintensity wthinthe chanber is another crucial aspect. UVrays can have
ani npact onthe aging process as well asthe perfor mance of sone materials. Researchers
canreproduce specificenvironnental conditions and studythei npact of UV radiation on
the aging behavi or of conponents by varyingthe UVintensity. To summarize, the high
voltage aging chanber is built wth a well-thought-out design that i ntegrates numerous
characteristics for electrical insulation arcing prevention and safety.

The contrdledtesting environnent enables researchersto eval uate t he perfor nance and
durahility of high voltage conponents under precisetenperature, humdity, voltage, and
UV exposure conditions. FH nally, the goal of this project isto provide useful insightsinto
the behawvi or of hi gh voltage conponents, hence advanci ngt heir desi gnandimpl e ment ati on

in dverse industries.



Undertaki ng

| certifythat the prgject Gonstruction of Hgh \Wltage Aging Chanber is our own work
The work has nat, in whole o in part, been presented elsewhere for assess nent. \Where naterial has
been used fromat her sources it has been properly acknow edged’ referred

Bl LAL HA DER 14-EHP)-071

MUHAMMAD KAM L 14- EH P)-087

MUHAMMAD BASI L 14-EH P)-114

ZEESHAN ASLAM 14- EE(P)-123



Tabl e of Contents

1 INTRODUCTION . . . .. e e 1
L1 Background. .. ... ... .. 1
12 Ansand QoectiVeS. . . ..ot 2

121 Testingand BEvaluation . ................ ... . ... 2
122 Accelerated Agingstudies .. .......... .. ... 2
123 Performance \erification and Quality Contrd . . . ............... 2
124 Researchand Developnent. . ................ ... .. ........ 2
125 Safetyand Rsk AssesSment . . ... ... 2
L3 MOtivation . ... 3
L4 Conclusion . ... ... .. 3
15 Report Qganizalion . ... ... ...t 4

2 UTERATURE REMEW. . . .. . e 6
21 Inportance of high vdtage aging chamber. . .. .................... 8

3 METHODOLOGY . . . . e e 16
31 Theoretical StUdIES . . . . ..ot 16

311 Sandard FUture . . ... 16
312 Humdtycontrd . ... ... .. .. 16
313 Openand Aose Wodates Through Mbbile Network. . ............ 17
314 Healing. .. ..ot 17
315 Cooling (for belowanbient conditions) ..................... 17
316 Corrosion Resistart Irterior and BXteriors. .. ................. 17
317 Light Vgt .. ..o 17
318 Contrd of UVinensity. .. ........ .. 17
319 Tenperatwe Control . . ........ ... . ... 17



3110 Experinental Set Wo.......... .. . . . . . 18

32 Method of Analysis. . . ..o 18
321 HUMGILY © oot e e e 18
322 Tenperare SENSOIS. . . . v v vt e 18
323 UV SENSOr . ... 19

33 Technique. .. ...... .. . 19
331  Prioitizesafety . ... ... 19
332 ImsUEIon . . ... 20
333 Enclosure DESIQN . ... .ot 20
334 @ounding. . . .. 20
335 \Voltage Generationand Regulation . . . ..................... 20
336 Contrd and MnitoringSystens . . . .......... .. .. ... .. ... 20
337 \entilaionand Cooling. . ........... ... ... .. .. . .. .. .. .. 20
338 Access and SafetyInterlocks. . . .......... ... .. . L. 20
339 Energency Shutdown Procedures .. ....................... 21
KEY COMPONENTS OF H GH VOLTAGE CHAMBER . ... .......... 22

4.1 Haghvdtage power supply. . ... ... 22

4.2 Tenperaturecontrd SYStem . .. ... ... 22
421 Tenperatre SENSOrS. . . o v v v vt 22
422 Contrd Wnit . ... ... . 23
423 Heatingand Coolingelements. . .......................... 23
424  Insulaion ... ... 24
425  Ar Gredaion. . . ... 25
426 Safety Mchanism . ........ ... ... . . . . . 26
427 Wserlmerface .. .. ... .. . 26
428 Data Logging and Monitoring. . ......... ... .. .. ... . 27

4.3 Humdity Gontro System. .. ... .. ... 28

10



5

431 Humdifier .. ... . 28

432 Dehumdifier. ... ... .. . ... 28
433 HumditySensors . . ... ..ot 28
434 Contra System . ... .. ... 29
435  Ar Qredaion. . . ... 29
436 Condensation Prevertion. . ... .......... ..., 30
437 Maintenance and Gllibration .. ........... ... ... L 30
4.4  Contrd of UVintensity . .. ... . . i 30
441 Adjustable UVIlight source. . ... ... ... . 30
4.42 Dstance and Exposuretime .. ......... .. ... 30
4.43 Light Mdifiers . ... .. .. . . 31
444 UV Sensars and Contrd system . . ... ... 31
TESTING AND RESULTS . . . . ... 32
51 TeSt SBtUP. . . o 32
52 Resultsof Inclined Aane Test wthout Aller .. ................... 32
521 Results of Inclined Hane Test wth Fller (Aumnum Oxide) .. ... .. 34
522 Results of Inclined Hane Test wth FHller (4nc O«ide) ........... 35
53 Al Resultsof Thermal Ageing Test . . ............ .. .. ......... 37
531 Results of Ther mal Ageing Test wthout Rller................. 37
532 Results of Ther mal Ageing Test wth Fller (Auminum Oxide) . . . . .. 38
4.13 3 Results of Ther nal Ageing Test wth Fller (4nc Oxde) ........... 39
RECENT ADVANCE MENTS AND RESEARCH TRENDS . .. .......... 41
6.1 Insdaionandshieldng........... ... ... ... .. . .. . ... .. 41
6.2 \oltage and currert capabilities. . .. ....... .. .. ... .. .. L. 41
6.3 Environnental contra . ... ... 41
6.4 Dagnosticand nmonitoring SYStems . . ... 42
6.5 Safetyfeatures. . ... ... . 42



6.6 Automationandrenoteoperaion ... ........ ... 42

6.7 Integration wth conputer si mulation nodels. . . .................. 42
| MMACT OF PRQJECT ON ENM RONMENT AND SOAETY .......... 43
7.1 Energy consunption . . ... ... .o 43
7.2 EMSSIONS . ..o 43
7.3 VMASte generalion . . ... ... .. 43
7.4 NoiseandMvsual inpact. . ............ ... 44
7.5 Occupational healthandsafety .. ............................ 44
7.6 Stakeholder engagement: . . ... ... .. 44
7.7 Researchand development . . ........... . ... 44
CONCLUSION . . .. 45
81 FUTURE ODRECTIONS . .. ... . . e 45
821 Hectrical Safety. .. ....... . .. .. 46
822 \oltage and current capabilities. . ... ...................... 46
823 Environmental Gontrd ... ... ... 46
824 Sanple Handling and Configuration. . . .. ................... 46
825 Data Acquisitionand Aalysis .. ......... ... .. 46
826 Sandardzationand Collaboration. .. ...................... 47
827 Advanced Dagnostics and Mnitoring. . .................... 47
828 MIti-Sress AGING . ... oot 47
829 MuteridsandInsuaionResearch ... ...................... 47
8210 Integration of Renewable Energy Sources . .. ......... .. ... ... 47
REFERENCES . . . . .. . 49

12



List of A gures

Fgure 4 1 DHT11 Sensor for Tenperature. . .. ... ... i 23
Houre 4 2 Heating Rod. . . . .. ... . 23
Hgure 4 3 Danfoss 6780 conpressor forcooling . . ...................... 24
H gure 4 4 Cooling condenser evaporator filter copper piper. . .. ............. 24
Hgure 4 5 Woden Sheet and Aumnium®Coil . ........................ 25
Hgure & GHEeXIdass ... ..o 25
Hogure 4 7 Milti-Layer Aumnumsheet. . . ......... ... ... ... .. .. ..... 25
FHgure 4 8 Ar Gredation Fan . . . ... ... . 26
Hgure 4 9 Energency Shutdown Beaker. . ......... ... ... .. .. .. ...... 26
FHoure 4 10 BYnK App . . .. oo 27
Houre 4 11 Data Monitoring . . ... ... .. 27
Hgure 4 12 LCD . . . . . . 28
Fgure 4 13 DHT11 Sensor for Humdity . .. ... ... ... .. ... .. .. .. 29
Houre 4 14 Ar QGredaion Fan .. ... ... . . 29
Houre 4 15 UVIight adust theintensity .. ......... ... .. ... .. ........ 30
FHogure 5 LlInsulaor wthout filler . .. ... ... ... . ... ... .. .. . .. .. ... 33
Houre 5 2Insuaor wthfiller dumnumoxide. . ....................... 35
Houre 5 3lnsuaor wthfiller zincoxide. . .............. ... .. ........ 36

13



List of Tables

Table 51
Table 52
Table 53
Table 54
Table 55
Table 56
Table 57
Table 58
Table 59
Table 510
Table 511
Table 512
Table 513
Table 5 14
Table 515
Table 5 16
Table 5-17:
Table 518
Table 519
Table 520

IPTWOF sanple 1 breakdown voltages . .. .................... 32
IPTWOF sanple 2 breakdown voltages . . ..................... 33
IPTWOF sanple 3 lreakdown voltages . .. .................... 33
IPTWF A.Q sanple 1 breakdown voltages .. .................. 34
IPTWF A>Q sanple 2 breakdown voltages ... ................. 34
IPTWF A>Q sanple 3 breakdown voltages . . .................. 34
IPTWF ZnOsanple 1 breakdown voltages . .. .................. 35
IPTWF ZnOsanple 2 breakdown voltages . .. .................. 36
IPTWF ZnOsanple 3 breakdown voltages . . . .................. 36
Co mparison bet ween average breakdown voltages of eachsanple. . . .. 37
TAT WOF sample 1 breakdown voltages. . .. .......... ... ..... 37
TAT WOF sampl e 2 breakdown voltages. . .. .................. 37
TAT WOF sanple 3 breakdown voltages. . . ................... 38
TATWF A.Q sanple 1breakdown voltages. .. ................ 38
TATWF A.Q sanple 2 breakdown voltages. . . ................ 38
TATWF A.OQ sanple 3 breakdown voltages. . . ................ 39
TATWF ZnOsanple 1 breakdown voltages. . .. ................ 39
TATWF ZnOsanple 2 breakdown voltages. . .. ................ 39
TATWF ZnOsanple 3 breakdown voltages. . .. ................ 40
CGonparison bet ween results of each sanple after ther nal ageing. . . . .. 40

14



List of Acronyns

RTVS R Roomtenperature vul cani zed silicone rubber

HV
ICU
uv
FEA
CFD
RTDs
SR
FTIR
LC
HC
RPC
BSO
PV
TGA
XPS
GFRP
PD
HM
RGE
DSC
DMA
SEM
NEP
EPNC
EPDM
PDMS

H gh-voltage

Intensive care unit

Utravid et

Hnite dlenent anal ysis
Conputational flud dynamcs
Resistance te nperature detectors
Silicone rubber

Fourier transfor minfrared
Leakage current

Hydr ophobi city d assification
Resistive pate chanber

B ack seed all

Photovoltaic

Ther nogravi netric anal ysis

X ray phat oel ectron spectroscopy
d ass fiber reinforced polyner
Partia discharge

H gh voltage insulaion

R o grande energa

O fferentia scanning calori netry
Dyna mc- mechanic analysis
Scanni ng electronic mcroscopy
Neat epoxy

Epoxy nanoco nposite

B hyl ene propyl ene diene nono er
Pol ydi et hylsil oxane

15



Chapter (ne

1 INTRODUCTION

Inordertobuilda hi gh-voltage agi ng cha nber, aspecialized environnent must be created
Thisenvironnent isintendedt osubject el ectrical parts or devicestosustai ned hi gh-voltage
stressfor an extended period of ti ne. The goal istotest their perfor nance under particul ar

circunstances and si mulate agi ng

11 Background

H gh voltage agi ng chambers are specialized chambers wtha contrdled at nosphere for
testing electrical equipment or conponents under accelerated aging conditions. This
cha nber si mul ates prol onged use andstress, enablingfor t he eval uati on of t he effecti veness
and dependabilityof i nsulati ngsyste ns. The chaber has safeguar dst o handle hi gh voltage
levelsandreducerisksinordertoassuresafety. Power supplies, transfor ners, divi ders, and
measurenent devices that generate and regulate high voltage are all included in the
insulatedencl osure, which has accuratete nperature and humditycontrd. Conponents are
hel di n place duringtesting by fix ures or nountingstructures while mai ntain nginsul ating
distances. The conmponents are subjectedto voltage levels greater thantheir rated val ues
over a prolonged period of tinme as part of the aging procedure. \Voltage, current,
tenperat ure, and hum dity arej ust afewof the parametersthat are meticu ously nmonitored
and managed duringthis process. Constructionrequires know edge of i nsulation syste ns,
electrical engineering and adherence to safety regulations and i ndustry standards. This

guarantees accurate testing results ina secure setting



12 A ns and Cbjectives

To establish a contrdled testing environnent for assessing and researching the
perfor mance, dependability, andsafety of hi gh- voltage el ectrical equi pnent, a hi gh-voltage
aging chanber is built. Itis essertia tothe support of nmany activitiesinthe fiel dof hi gh-
voltage engi neering i ncludi ngresearch devel opnent, qualitycontrd, andriskassess nent.
The fdlowng are the goals and ol ectives of this cha nber:

121 Testing and Eval uation

H gh-voltage el ectrical equi prrent can be t horoughl ytested and eval uated for perfor mance
and durahbilityina controlled environnent. This guarantees accurate assess nents of their
durability and dependability:.

122 Accelerated Aging studes

Sudies Accel eratedagi ngi nvesti gati ons are made possi bl e byt he cha mber. H gher voltage,
hi gher te nperature, and more stressfactors are appliedt ot he equi prent i nordertoachieve
this. This allows it to more quickly replicate long-ter moperation Wththe help of this
techni que, perfor mance can be predicted fail ure mechanis ns can be found, and designand

dependability may be enhanced

123 Performance \erification and Quality Gontrd

It aidsinverifyingthe effectiveness of newy created or updated equiprent and carrying
out quality contrd checks. This guarantees that the equipnent conplies wth safety
standards and requirenents, enabling the identification and correction of flaws prior to

depl oy ent.

124 Research and Devel opre nt

The aging chanber aidsinthe creation and research of high-voltage engineering This
enabl est he devel op nent of new materials and methodol ogi est oi ncreaset he dependability
of power systens as well as the investigation of equipnent behavior and insulation

perfor mance.

125 Safety and Rsk Assessme nt
It assesses the safety and risk factors associated wth high-voltage equipnent by
deter mning potentia faillure nodes and putting safety precautions in place. These

intiaives support the devel oprent of safety regulations and security neasures.



13 Mbtivation

Researchers and engineers build high-vdtage aging chambers to study aging detect
degradation and assess the perfor mance and dependability of electrical systens. These
chanbers offer a contrdled environnent for this purpose andi mtate and investigate the
long-ter mconsequences of electrical stress on nachi nery and conponerts.

The aging chanber is a usefu tod for spatting potertial flaws and vul nerabilitiest hat can
appear over t he course of hi gh-valtage equi pnent' soperational lifespan This cha mber ai ds
inthe creation of nore durable designs and the application of preventative maintenance
techniques by exposing parts like insulaors, cables, and transfor mers to continuous
exposureto high voltage. Inturn thisi nproves the | ongevity and dependability of hi gh-

voltage syste ns.

The burn-in chanber also provides atesting and validation ground for novel insulation
materials, diagnostic procedures, and condition monitoring approaches. It backs i nitiati ves
in research and developnent ai med at enhancing the effectiveness, security, and

sustai nability of high-voltage systens.

Overall, the devel opnent of electrical engineering and the opti mzation of high-voltage
machinery are greatly aided by the buildng of high-voltage aging chambers, which
guaranteet he dependabl e and effecti ve functi oni ng of applications i ke powertrans nission,

distribution, and industrial processes.

14 Concl usion

The conpletion of a high-voltage aging chanber is a significant developnent in the
discipline of electrical engineering This feat is the cul mnation of a challenging
engi neering proect that required neticu ous planning, designing and carrying out. The
goal of the high voltage aging chamber is to establish a regulated environnment where
electricall materials and conponents can be stretched under high voltage for extended
periods of ti ne. This enables scierntists and engineers to examne their effectiveness,
toughness, and agi ng characteristicsinrealisticsettings. Numerous benefits resut fromt he
construction of thisfacility, i ncl udingi nprove nentsto dependabl e and effident el ectrical
systens, theidentification of conponent weaknesses, thei nvestigation of novel naterids,
andt he advance nent of electrical i nsulationand high voltage engi neering Researchers and
engi neers can boost technol ogical advancenents and i nprove reliahbility in a range of



sectors by understandi ng howel ectrical conponentsage and predictingtheir lifespan This
includes i ndustries li ke power generation trans mssion, electric vehicles, aerospace, and
renewabl e energy systens. A ngjor feat inthis endeavor isthe creation of a high voltage
aging chanber, which allows for the enhancement of design practices, reduction of

mai ntenance costs, and pronotion of safety.

15 Report Qrgani zation

Chapter 1. This chapter emphasizesthe val ue of a hi gh-voltage agi ng chamber thatis made
to continuously subject electrical equiprment to high voltage stress. The chanber
strea nhi nes testing expedites aging studies, provides quality contrd, promotes research
and devel oprent, and eval uates safety consi derations. Its devel opnent advances el ectrical

syste msafety, reliability, and technol ogy.

Chapter 22 This chapter focuses ont he benefits of pol yrericinsul aors over ceramc ones,
but it alsorecogni zesthat they can aging quicky outside owngtoenvironmental factors.
The study e nphasi zest he use of hi gh-voltage aging cha nbersinconprehendi ngthe aging
process and the significance of i nplenenting environnentally acceptable insulation
so uions fortransfor nmers. Researchers canincreaset he dependabilityand sustai nability of

electrical systens by researching and tacking these agi ng-relaed concer rs.

Chapter 3. This chapter goes through the parts, characteristics, and te nperature contrd
systemof a high voltage aging chanber. Wiilethe contrd system nmaintains a precise
tenperature for accuratetesting the high voltage power supply suppliesthe necessary

voltage for conponent aging

Chapter 4 This chapter present Construction of the high voltage agi ng chanber places a
hi gh priorityoninsul ation, grounding and safety. H gh voltage operations arereliable and

staff safetyis ensured through proper vertilation monitoring and testing

Chapter 5. This chapter deals with Equiprent is tested for dependability and safetyin a
hi gh voltage agi ng chamber. | nprove nentsininsul ation voltage capability, diagnostics,

and autonation i ncrease precision and effecti veness.



Chapter 6. This chapter focuses ont he Safety, voltage capacity, and environmental contrd
issues nust betakenintoaccount while buil dng high-voltage agi ng chanbers. Integrating
renewable energy promotes sustainability and advancenent while standardization

diagnostics, and naterial devel opnent increase reliahility.

Chapter 7: Thischapterisa hi ghvoltage agi ngchamber project nay havealargeand varied
influence on the environment and society. Responsible project management de nands

carefu panning and the use of renewabl e energy sources.



Chapter Two

2 UTERATURE REMEW

Polyrericinsulators have seenrapid growthintheir types, designs, and construction due
totheir nmany advantages over traditional ceramcinsulaors, i ncludi ngtheir light wei ght,
flexibility, ease of installation superiar performance in contamnated environments,
i nproved dielectricstrength, and one-piece design. [1], [2]. Pol yneric naterids, however,
have the problemof aging, particdarlyin outdoor conditions, because of their organic
character. Environmental stresses include things like heat, humdity, acid rain fog
ultravid et ( UV) radi ation, and heat [ 3]. One of t he bi ggest i ssues el ectrical insul ati ons have
todeal wthisultravdet (UV) aging Thesuristatal UVradiationistypically broken down
inothree conponents. Because its wavelength is smaller than 290 nm UV C has the
maxi mumenergy of all ultravidet light types. UV Cistherefore undoubtedy badfor your
healthand evenfor otherthings like electrical i nsul at orsthat arefound on the ground The
current paper's goal istoinvestigatethe UV C exposed silicone rubber i nsul atiori s agi ng
process. To achievethis, three distinct varieties of commercial silicone rubber insuators
were aged using contamnated sol uionand UV Clight. Then, usingther no-gravi nmetrical
anal ysis, surface elenents, andl eakage current measure nents, their el ectrical andt her nal
properties as well as changes on the surface were examned It has beenfound that the
i nfluence of pollutedsal ution has a greater i npact onleakage current thanthe i nfl uence of
UVlight al one. Polluionand UV Crayst oget her alsogreatl yi ncreasel eakage current. The
third har nonic conponent is particdarly affected by polluion UV Caginglowers the
ther mal deconpositiontemperature of i nsul ations and deterioratesthe surface of syste ns,
particu arlythe pol ynerst hat surroundt he filler. [4]. These stresses have ani npact onthe
mechanical, electrical, ther mal, chemcal, and physical characteristics of conposite
insuaors. [5], [6].

Conpared to other poymeric insulators, roomtenperaure vul canized silicone rubber
(RTVS R is wsually suggested for outdoor high-voltage (HV) insulator coatings. This is

6



because it has great weathering and heat resistance. RTV-S Ris an elastoneric organ
sil oxane pol yer t hat mostly consists of silicon wi thcarbon, oxygen and hydrogen RT\-

S Risanacceptabl erubber becauseit contai ns hydrocar bon groups, whereast he Si- Obond
givesititsinorganiccharacteristics[7]. RT\+ S Rpossesses exceptional i nsul ati ng qualities
and an unusual hydrophobic behavi or as aresult of its distinct hybridnature [8]. RTV-S R
is used in a variety of industries and professions, including bionedical engineering,

industria rdls, and HVinsulation [9], [10].

The basicideas behindthe water drop corona aging process for nonceramcinsulaors are
presented It isshownthat water dropsinthe sheathregions strengthenthe electric field
and coul d produce corona, whichcoul dbe crucial forlong-ter mperfor nance. Hectricfiel d
calculaions and s nall-scal e experi ments show how water drops at various poi rts onthe
shed and sheath enhance the electric field Two silicone rubber surfaces wth varying
hydr ophobi ¢ qualities are gi ven al ong wththethreshol d nagnitude of the surface el ectric
fieldfor coronafromwater drops. Snall-scal e aging experi nents are used to de nonstrate
thei npact of water drop corona activityonthe characteristics of t he surface materia [20].
As a consequence of different chamber designfactors, the wre chanber agingissues. The
che mistry perspective is e mphasized and nunerous exanples fromthe fiedd of plasna
chemstryare used as advice for potertia efforts inthe field of wre chambers. The paper
hi ghlightsthe relevance of variabletuning the needfor a pure wre chanber environment,
and offers a usefu rundown of currently accepted advice [21]. The output power of a
phot ovoltaic (P\) systemis strongly dependent onthe DC cable syste mthat connectsthe
key PV system conponents, such as sdar modules, inverters, batteries, and charge
controllers. These cable systens are subjected to a wde range of harsh operating
environnents, i ncludi ng ultravi d et radiati on, thermal, electrical, and mechanical stress. As
aresult, theinsulationonthe wre deteriorates andt heir perfor nance suffers. DCPV cable
sanples weresubjectedtother nmal and mechanical 1 oads for 258, 396, 636, 876, 1000, and
1120 hoursinthisinvestigation The cablesanplewasroledinoa 6 cmdiameter mandrel
inan air circuaion oven set to 120 °C The dielectric spectroscopic techni que and the
Shore D hardness test were used toinvestigate the i npact of ther nal- nechanical aging
stresses on the insulaion integrity of cables. Wth aging the real and i naginary
conponents of per mttivity displayed non- monotonic behavior. Further nore, at 396 and
636 age hours, the Shore D hardnessi ncreased It dropped duringthefoll owi ngage cycles,
876, 1000, and 1120 hours. The obtai ned results indicate that the XLPO might restore its



mechanical properties after bei ngexposedt ohi ghte nperaturesfor alengt hy period of ti me
[24]. Agingisthe cunulative accumul ation of changes over ti ne that are connected wth
or responsi bl efor t he growi ngsuscepti bilityt o disease and deat ht hat conmes withadvanci ng
age. These ti ne-related alterations are attributedtothe aging process. The nature of the
agi ng process has |l ong been debated The accumul ati on of evi dence presertlyindicatest hat
the sumof t he detri nental free radical reactions occurring conti nuall yt hroughout t he cells
andtissues representstheaging process or isasubstartia contributiontoit. In ma mmalian

systens, free radical reactions invol i ng oxygen predom nate [30].

21 I nportance of high votage agi ng cha nber

I'n hi gh voltage trans mssion net wor ks, silicone rubber (S R insula ors are thought to offer
a promsing alternativetotraditional ceramcinsulators. When exposedto a co rbi nati on
of electrical, environnental, and solar pressures, S Rinsulaars age prematurely, whichis
aproblem Onthe nulti-stress agi ng perfor mance of silicone rubber wth DC voltage, the
i npact of mcrad nano-silica and mcro-alumna trihydrate partides was exanmned. The
hydrophobicity classification leakage current, scanning electron microscopy, fourier
transfor mi nfrared spectroscopy, mechanical testing, and visual i nspection were usedto
anal yze the S Rconposites [11]. Conpositeinsulaors have been utilized extensivelyin
transmssion lines due to their outstanding arti-polluion perfor nance. Conposite
insuaors, however, exhibit a variety of problens after extended outdoor use under
mechanical, electrical, and cli natic stress. In order to understand the reasons and
mechanis ns of aging thisstudy conparesthe mechanical properties of sanples before and
after tests [12]. Bffects of fiel daging were not consideredto be crucial enoughtorequire
insula or repl ace nent. For bathinsul a ors, the upper surfacel ayer of t he poly neric housi ng
was the only place where fiel d-agei ng-i nduced mor phol ogical and naterial degradati on
occurred Heldaging had no effect onthe housing naterial's abilityto wthstand er osi on
andtracking [18]. Insulation using Silicon PUandt her noplastic Sincethe previous three
decades, elastoneric materials have supplanted outdated ceramic insulators and are
currentlyin use all over the world As outside electrical insuaion they are also w dely
utilized Sincethese materials are pri marily organic, they age or degrade over ti ne as a
result of environmental factorsincluding UVR tenperature, hundity, and rain anong
others, soitiscrucial tocheckt heir perfor mance before usi ngt he mi nany setting The best
met hod at the presert is accelerated multistress aging [§].



The radi d ogy depart nent has al ot of el ectrical equi pnent, Xray nachines, conputerized
tonography, and nmagneticresonancei nmagingaresone exanples[5]. Asanpleis obtained
under an el ectroni c equi pment for di agnostic purposest o gat her bi d ogical mar kers such as
conplete bl ood count, urea and creatinine, antibodies, and mcroorganism culture [6]. It
can be fatal to work near or wthelectrical equi pment. The hunan body nay be negativel y
affected by electrical current contact. Inthe human body, an underrun electric circuit can
damage or destroy organs. Burns, puncturedtynpanic me nbranes, and variousi nj uries can
resut fromelectrical equipnent blast [7]. Wien a device has a flaw such as a frayed
electrical cable, damaged plug danmaged wres, or mssing prong the user cones into
contact wththe current [1]. Additionally, risky wor ker behawvi orsincl udi ng gripping wre,
using several extension cords, and revealing electrical wre all raise the chance for an
electrical mshap. Additionally, the surgical snoke produced during diather my has the

patential to cause infection, cancer, and respiratory problens [8].

Insulation using Silicon PU and ther noplastic Since the previous three decades,
elastorneric materials have supplanted out dated ceramcinsulators and are currentlyin use
all overthe world As outsideelectrical insulation theyarealso w del y utilized S ncethese
materialsare pri narily organic, they age or degrade over ti ne as aresult of environnental
factarsincluding UVR tenperature, humdity, andrain anong others, soitis crucial to
checktheir perfor mance before usingthe minany setting The best nethod at the present
is accelerated multistress aging [9]. In electrical transfor ners, vegetable-based nat ural
ester oil servesthetwn purposes of insulating and cooling naterials. It isregarded as a
natural alternativetothe conventional mneral insuating oil. Nano oils were created by
dispersinga conposite of al um numoxi de and zi nc oxi de ( AhO3+2Zn O nanopartidesinto
soy bean oil and a m xture of sunflower and olive oil wtha concentration of 0.005¢/ Lin
order topreserve bot hi nproved el ectrical andt hermal properties. This study comnparesthe
results of different tests on nano oil sanplesthat were conducted before and after aging
withthose of mneral oil. Thesetestsincludedt hose for breakdown voltage, tandelta flash

poi nt, pour poirt, water content, vMscosity, and FTIR [10].

For i nsul ationand cooling purposesi nsidethetransfor ner, liquidinsulaion nediais used
Transfor ners currently use mneral oill made frompetrdeum whichis not renewabl e and
does naot degrade, posing a severerisktothe environment. However, thereis a pressing
need to adopt acceptable minera oil substitutes that are environmentally benign and

bi odegradable duetothe rising price and d mnishing nature of mneral al. For transfor ner
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insulaioninhighvoltagesystens, avarietyof vegetable ails, i ncludi ngsunflower oil, soya
beanoil, anda m xt ure of sunflower and olive ( BSO) oil, are appropriaesubstitues dueto
the li mited supply of these materias. The afore nentioned vegetable oils are put through
multi pleagi ng processes, and m neral oil isusedasa conparison Additionally, bothbefore
and after age, the dielectric and ther nal characteristics of vegetable oils are examned
Fourier Transfor m Before and after aging vegetable oils are subjected to testing for
infrared spectroscopy, water content, breakdown voltage, viscosity, flash poirt, tan delta,
and pour point. The effectiveness of the suggested vegetable oils is demonstrated by a
conparison of vegetable oils wth mnera oil [13]. Inthe field of high voltage out door
insuation thereis a grow ng need for alternative materias, whichis pri marily driven by
the needtoreducetatal costs while maintai ningthe necessaryinsul ation properties. Dueto
their unpredi ctable reaction when exposedto environnental challenges, these i nsulators
agingis one of t heir most significant behavi ors. Fromthisangle, pol yer hybridconposite
materials could have al ot of advantages over polyner nano- and mcro-conposites [ 14].
Multiplestresses, i ncl uding heat, UVrays, salt fog, andaci drain areincludedint he design
and construction of anenvironnental chanber. Leakage current val ues are notedfoll ow ng
each cycle of weathering for the purpose of aging analysis. To track the structural
alterationsinall sanples, Fourier Transfor ml nfrared Spectroscopy (FTI R) was used Al
of the hybrid conposites de nmonstrated enhanced | eakage current, hydrophobicity, and
dielectric strength after being weatheredinthe lab [15]. After each cycle of weat hering,
leakage current (LO and hydrophobicity classification (HO neasure nents are made to
examnetheaging properties of thesesanples. Li kewse, Fouriertransfor minfrared(FTI R
spectroscopyis usedtotracksignificant struct ural alterati onsthroughout t he agi ng process.
After 1000 hours of aging, the dielectricstrength of ACisalsotested Mechanical qualities
are alsoexam ned bot h before and after agi ng, as well as resistancet otrackingand er osi on
HSs have i nmproved test scores across the board, accordingtothe critical i nvestigation
Over the course of aging, S2 has thelowest LCand HC val ues. A the concl usion of the
accelerated aging, S6 similarly describedthe hi ghest breakdown strength [16]. Predicting
agi ng s occurrence, speed, and circunstances as well ast he average predictedlifespan of a
conpositeinsulatoris crucia. Thisstudy outlinest he procedures for artificia fieldtesting
(aging), natural testing standards created for aging, anal ytical techni ques, data obtained
thus far regarding different netrics fromvarious | ocations, handling instructions, and a
concl usion on what isstill required[17]. Wtha powerfu gamma source, aresistive plate

chanber (RPQ under went along-ter magi ng test. The bake lite surface of the detector had
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been givenlinseed oil treat nent whileit was in avalanche node of operation Follow ng
theradiationtreat ment, the proected dose, charge, andfl uence wereroughly equivalent to
the levels anticipated followngten years of operationinthe CNVB barrel region Cosmc
muon nonitoring of the RPC perfor mance during and after the irradiation revealed no
discerni bleaging effects. Additionally, nochangein bakeliteresistance was seen[19]. The
dependability of conpositeinsulators usedintrans mssion net worksis a crucial aspectin
ensuring uninterrupted power delivery to consumners. Because they are organic, these
pol ynericinsu ators age when subjectedto el ectrical and environmnental stress. UVisthe
pri mary cause of aging caused by surface degradation Polluarts are accunul ated onthe
surface of theseinsulaors whenthey are e npl oyedin marine, industria, and agricutural
environnents. As a result, its surface resistance decreases and | eakage current beginsto
flowontheinsuaor surface, owngto changesinthe chenmcal structure of the polymer
chain This causes flashover, which eventuallyleadstoinsulator failure. Leakage current
isani nportant netricthat i ndicatesthe surface state of aninsulator. The UV chanber was
designedand builtinthe current work 11kVpol ymericinsulators wereartificdallyagedfor
one andt wo yearsinthis UV chanber. The studies were carried out t o measurethel eakage
current ontheinsulaor's surface under poll ued conditions. The resutsreveal that | eakage
current increases as the insuators age [22]. The effect of electrical stress on glass fiber
reinforced pol yner in wet conditions was expl oredinthis work Aspecialy devel oped and
builttest equi prrent was utilizedt orecordt he current flow ngt hrought he GFRProd during
thetest. Based ont he changein GFRProdsurface mor phol ogy andt he current devel op nent
trend, the degradation process of GFRP rod due to el ectrical stress was dividedintofour
consecuti ve stages: degradationinceptionstage, hydrol ysisstage, carbonizationstage, and
breakdown stage. The physical and che mcal features of GFRP in different phases were
revealed using SEM Fourier transfor minfrared (FTI R, ther nogravimetric anal ysis
(TGA), and Xray phat oelectronspectroscopy ( XPS). Accordi ngtothe findings, the GFRP
degradation process caused by el ectrical stressinwet conditions occurred constartlyinthe
for mof flawchannels, in which the epoxy resin matrix was significantly deteriorated
Duringthetest, the hydrol ysis, oxidation pyrd ysis, and carboni zati on of the epoxy resin
matrix can be neasured successively. The percentage anount of highly oxidized carbon
(GQ C=Q and O C=0Q inthe epoxyresin matrix onthe GFRP surfaceincreased priorto
the carboni zati on process and t hen dropped duringt he carboni zati on process as the GFRP
breakdown process advanced [23]. Due to its superior qualities, particularly its high
hydr ophobi city, silicone rubber (S R has seen a significant geow hin use for high voltage
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electrical insuaioninthe outside environment over the last three decades, inadditionto
non-electrical uses. However, because its products are organicin nature, they are altered
when subjectedto various pressures, resultinginthe l oss of desired qualitiesthat have a
direct bearing on their longevity. This review artide discusses the degradation of SR
conpositeinsulaorsin outdoor working environments, whichis caused by a variety of
factorsincludi ng ultraviolet (UV) radiation bioogical contamnarts, water concentration
or noistureabsorption tracki ng/ erosion partia dissd uion(PD), coronaaging and ot hers.
[25]. A rmulti-part study that |ooked at how high-voltage insulating (HMV) materials
perfor med when exposedto el ectrified salt spray, UV light, and humdity. As the salt fog
ages, a data coalecting device continuously monitors the surface electrical actiuty.
Dynamc water contact angleis utilizedto nonitor the effects of accelerated aging onthe
loss and recovery of hydrophobicity in silicone elastoners, while SEM and XPS are
enpl oyed to examne surface structural i nmpacts due to aging Physical and electrical
properties inaggregate are also presented [26]. Astudy was carried out to eval uate new
and |l aborat ory-aged sanples of surge arresters and anchorage pol ynericinsuaors for the
R o Gande Energia( RGE)'s 12and 24 k' net works. Power Provi der D fferential Scanni ng
Cal ori netry (DSC), Ther nogravi netric Anal ysis (TG, Dynamc- Mchanic Anal ysis
(DMA), Fourier Transfor med Infrared Spectroscopy (FTIR), and Scanning Hectronic
M croscopy (SENM were usedto examne pol yneric conpounds for changesininsul ator
properties caused by degradation during the experi nents. The tests were carried out in
laboratory apparatus (weatherometer, 120 ° G salt spray, and i mmersionin water) before
and after 6 nont hs of aging. Foll ow ngt he agi ng studies, hi gh-voltage el ectrical tests were
perfor med, including aradiointerference voltagetest and si multaneous measure nents of
taal and internal leakage currents to confir mthe surface degradation of the pol ymneric
material e npl oyedi nthe housing Toforceaninternal degradation thei npulsecurrent test
was used wth current values near to 5 10, and 30 KA Only surface degradation was
idertified at the pol yrer, accordingtothe results. The aging had no effect onthe major
attributes of t he pieces. It confir ns the suitability of pol ymer insulators andsurge arrestors
for usage in energy distribution net works [27]. Environnental stress must danage the
pol yeric housi ng of distribution surge arresters, and noisture i nfiltration can disrupt the
interface bet weenthe housingandtheinternal module. Misture absorption at the contact
shoul dincrease | eakage current and produce tracki nglosses. UV, tenperature, humdity,
voltage, salt fog and precipitation as well as taal and resistive | eakage current fromt he
arresters, can all be si mulated by the suggested aging test equipnent. In addition in an
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out door test yard we conductedfiel dexposuretests wthtypical studies of field operated
arresters. The electrical perfor mance of the arresters was then conpared, as well as the

insulating quality of the housing naterial andthe state of the housing surface [28].

Conpositeinsul at ors are si gnificantly usedi n power trans mssi on net works. 371 conposite
insuaion naterials wthoperatinglifeti nesrangingfrom3to 22 years were collectedfrom
linesinhot and humdenvironnents. Theseinsuatars physical characteristics, mechanical

properties, electrical properties, and interface properties were thoroughly examned In
addition to describe insulator aging circunstances, 19 aging characteristic indices were
devel oped This study addressed the fundamental aging nmechanis mby investigating t he
associ aion across aging index and wor ki ng years. Meanwhile, based onthe outcones of

theinquiry, we createdlife expectancy models based on physics and statistics, respectivel y.

Thet her mal oxi dation process of silicone rubber, accordi ngt ot he fi ndi ngs, deter mnesthe
lifeti ne of t hetestedi nsula ors. The conpositeinsul ator had anelectrical life of 18 9years,

whilethe silicone rubber material had anelectrical life of 14. 6 years. Mchanical | oad and
Fourier Translation I nfrared Spectroscopy (FTI R test results can be used toforecast the
renai ninglife of insulatorsin hi gh-temperat ure and hi gh-hum ditysituations. Hnally, we
chose 20insulatorsthat had beenrunningfor 14 years and esti matedt heir longevity using
the net hod gi veninthis paper. Theforecast was off by one year [29]. The princi pal dangers
to cable insulaion are electrical stress, ther mal stress, and nmechanical stress. Hectrical

stress, whet her fromoperation voltages or anonalous over voltages duringtransients, has

a deleterious i npact on power cable insulation Excessive electrical stress wll cause
insulating materialstoage, resutingincablefail ures and power syste moutages. Pol ymeric
power cable aging has beenintensively examned duringthe last fewdecades. Athough
the aging nechanisns were researched on nolded sanples, little is known about the
swtchingi npulse aging of XLPE and EPR cables. 15 kV XLPE and EPR cabl e sanpl es

were aged for 10,000 swtching i nmpulses in this experi nent [31]. A rmultistress
environment usi ng neat epoxy ( NEP) was appliedto anepoxy/silicananocompositel oadi ng
inaspecificaly built chamber at 2 5kVfor 9000 hours. Inorder tostudythe aging of t he
sanples, Fourier transfor minfrared (FTI R spectroscopy, scanning electron m croscopy
(SEN), leakage current nonitoring and Swedish Transmssion Research Institute
hydrophobicity categorization were utilized in conjunction wth continuous eye
examnation After age, bothsanples were dee ned acceptable and adequate for i nsul ati on

Ho wever, epoxy nanocomposite (EPNC) outperfor ned NEP. FTl Rspectrographs reveal ed
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that the EPNC sawreduced decrease i n key hydrocarbon groups. The tidy sanpl e showed
greater leakage current and so lost nore hydrophobicity. S mlarly, mcroscopic SEM
eval uation of the nanoconposite indicated no substantial change in surface t opography
[32]. Ti ne-dependent multistress agi ng of hi gh voltage nanoco nposites Insuators play an
i nportart rdeinelectrical power trans mssion and distribution syste ns because t hey not
onlyisdatesuppl ylines fromt owers but also gi ve mechanical support toconductors. As a
result, insuaors playa critical rd eineffident and effecti ve el ectricitytrans mssion For a
long ti ne, convertional porcelain and glass insuaors were the sole insulaors, until
polyneric insulators were introduced and approved in nost sophisticated countries.
Polyrericinsuaors provi de several advantages over ceramcinsuators, includinglight
wei ght, high dielectricstrength andlowcost, anong ot hers. However, they are subject to
aging as a result of electrical and environnental stressors. Sone well-known pol yrneric
insulating materialsaresiliconerubber (S R, ethylene propyl ene diene nononer (EPDM),
and epoxy. Advances i n nanotechnol ogy, onthe other hand, aidedinthe developnent of
polynericinsuaors wth superior properties. As a result, nanoconposites of polyneric
insulating materials have been proposedto replace them Pol yeric nanoco nposites, on
the ot her hand, lack an extensivetrackrecord of perfor nance. As aresult,theyshould be
examned for an acceptabl e period of ti ne in comparisonto neat polyneric materialsto
deter mnethe effect of nano-fillers ontheir aging behavi or. The criteriathat i nfl uence t he
properties of any conposite arethe kind size, and | oading of nand/ micro fillers. Because
of its great t her mal stahbilityand el ectrical resistivity, silicais one of thetop choicesin w de
range fillers. Miltipestresses existinthe natural environment. hencetheinsulators must
be assessedina multistress environnent to achieve laboratoryresultsthat are near tothe
natural environnent. VM at hering cycles are periodi c applications of various stressesinan
environnental chamnber. various stresses i nclude ultravid et (UV) radiation, war nih, acid
rain and so on. After a couple of weathering cycles or aging periods, several anal ysis
techni ques can be e mpl oyedt o examnethe condition of the sanples, or more precisely, to
check the i npacts of stresses on insulators, which may alter electrical, physical, and
structural properties [33].

Pol yrer conpositeinsulators, which are nade up of fiber-reinforced polymer insulators
wrapped in a polydi nethylsiloxane (PDIVB) cover, are currertly replacing traditional
ceramc insulators due to their distinct advantages. Polyners, unlike ceranmcs, have a

relaively short life cycle. Qutdoor insuatars are subjected to a variety of electrical,
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mechanical, chemcal, andtenperat ure stresses whilein use. Long-ter mperfor nance and
lifeti ne esti nation of theseinsulatorsis critical, but challengi ng andti ne-consunmng. The
current investigatios goal is to establish the propertys rate of deterioration during
operation as well as its approxi mate useful life. Wor kinginsulaors of varying ages were
renoved fromservice, and the nmechanical, electrical, and hydrophobic properties of the
PDNEB cover were determ ned over ti ne. The lifeti ne of a newchemcal subjectedto
accelerated aging studies was conpared to the lifeti ne esti mated based on changes in
mechanical characteristics and hydrophobicity of the surface (using MATLAB soft ware).
Predicting service lifeis usefu for renmoving el derlyinsulaors fromservicein order to

avol d power outages [34].
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Chapter Three

3 METHODOLOGY

31 Theoretica stud es

The aging chamber is atwo-walled convection-heated and cooled machine. The aging
chamber's outer bodyis built of thick PCRG pre-coated witha corrosion-resistant Q sheet,
pri ned andr ust proofed before bei ng pai nted wthl ong-lasting stove enanel and attracti ve
powder coated The interiar chanber is built of SS-304 grade thick gauge stainless steel
sheet). The space bet weent he wallsisfilled with high-quality mineral glass wool, ensuring
opti mal ther mal efficiencyinour chanber. The unitis availableinsing e and doubl e door
versions, wtha viewng w ndowconstructed of t hick pl exi gl ass/fl oat glass toexamnethe
speci nens wthout affectingt he cha nber' ste nperature. This door i ncl udes a magnetic door
closure. The unit is supported by a strong steel frane. The unit cones wth a variety of
customzed shel ves in nunerous per mutations and conbinations to nmeet specific needs.
Our aging chanbers have a triple- walled back and t wo/four/si X e ght (size specified) air
circu ation fans to keep the te nperature unifor mthroughout the cha nber.

311 Standard Future
The fdlowng arethe mainstandard futures of high votage aging chanber.

312 Humdtycontrd

The conbi nation of a variable speed notor wtha ther mostat allows for hum dity contrad.
To dryor "dehum dify'the chanber, we wll requirea nechanical mechanism Thisis best
acconplished witht he help of arefrigerationsystem Inthe chanber, achillycoolingcoil

draws noistureinthe air, produci ngit to condense irnto water, which nay then be drai ned
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313 Openand Gose Updates Through Mhbile Net work

Mobile technol ogy has the potertial to nake operations nore flexible by prowvidng
infor mati onanyti me and anywhere viaa nobile device, as well as setting up anal ert syste m
to deter mne whether or not the chanber is being used

314 Heating

The chamber has anindirect heating systemthat consists of air heaters manufactured of
high grade Kanthal A1 wres of appropriate wattage. The heated air is spread evenly
throughout the chamber by efficient not or fans, ensuring excellent te nmperature sensitivity.

315 Cooling (for belowanbient condtions)

To conduct experi nents at | ower roomte nperat ures, we pl aced an energy-effident cooling
unitinour agingtest chambers. W use Kirl oskar/Tecunseh/ Btzer/ Denfos high-end CFG
free conpressors that meet the nost recent international regul aions and guidelines. Ar

cool ed refrigeration systens provide nunerous advantages, incl udi ng:
1 Lowfan power usage.

2 Resistart to corrasion and freezi ng

3 It requires relaively little upkeep.

4. Long-lasting operation

316 Corrosion Resistant Interior and Exteriors

Corrosion-resistant coatings, such as epoxy coatings, are applied bat hinside and outsi de
the chaber to prevent degradati on caused by noisture, salt spray, oxi dation, or exposure
to aher envronnental or industrial che mcals/corrosive agerts.

317 Light Wight

The chanber is light wei ght due toits conpact design and premum materials.

318 Contrd of UVintensity
I ncreasi ngt he l engt h of time, decreasi ngt he distance bet weent hi ngs and bul bs, andraising
the nunber of lights are three nethods for raising the intensity of UV rad aion

319 Tenperature Gontrol

The tenperature wthinthe aging chanbersis contraled by an HM and PLC contraller
based on Nanotechnol ogy. Qur aging Chanber has ate nperat urerange of -10 Ca nbient
to +100 C
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3110 Experi nental Set Up
1 Gather al of the necessary know edge for Hgh \Voltage Aging Chamnber.

2 Learn C++ and Aduino app devel oprnent.

3 Examnethe Hgh \Wltage Aging Chanber settings.
4. Developnent of a 1kVVA transfor ner,

5 Put the Mbdel irnto Action and Construct It.

6. Test various naterialsinthe agi ngcha nber toi dentifytheir qualities, suchast helifespan
of different naterials and the effect of tenperature, voltage, humdity, and ultravol et

radiations ontheir properties.

32 Method of Analysis

H gh Voltage agingis a sort of examnationthat uses accelerated conditions like as heat,
oxygen, sunlight, vibration, and so ontospeed upt he agi ng processes of objects. It is used
toinvestigatethe l ong-ter meffects of expectedlevels of stress during a shorter period of
ti ne, ofteninalaboratory using contrdledtraditional test nethods. Itis usedtoesti nate a
product's useful lifespan or shelf life when actual lifeti ne datais unavailable. Wen a
product hasrit been around I ong enough to reach the end of its useful life, sonething

happens.
The fdlowng arethe nost i nportant parts of an agi ng cha ber:

321 Humdty

Hum ditysensors detect changesinelectrical currents and airte nperature. Therearethree
types of humdity sensors: capacitive, resistive, and ther nal. Al of these nmethods will
detect mnute changes inthe a nmosphere to conputethe humdityinthe air.
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A capacitive humditysensor esti nates relative humdity by sandw ching a s nall strip of
metal oxide intwo electrodes. Mtal oxides electrical capacity varies withthe relative
humdity of t he at mosphere. VMat her, commrercial, andi ndustria applications aret he most
common. Inresistive humi dity sensors, ions insalts are utilized to detect the electrical
I npedance of atons. As humditychanges, the resistance of t he el ectrodes on each si de of
the salt nedi umchanges.

322 Tenperature Sensors

Te nperature sensors neasure the amount of heat energy or coldness generated by a
particu ar object or system It can detect any physical changeintenperature and generate
either ananalog or dgtal ou put.

Ther nisters are devi ces made fromse mi conduct ors whose resistance variesinresponseto
tenperature. They are suitable for very high sensitivity measurenents in a li mted
tenperature range of upto 100 degrees Celsius. Nonlinearity exists inthe relationship
bet weente nperature andresistance. RTDs take advantage of t he fact t hat t he resistance of
a netal vary wth temperature. They offer higher precision and resod ution than
ther mocoupl es and arelinear over a widerange. AsthesensoryelementinRTDs, precision

wire, wsually conposed of patinum is used

323 UV Sensor

llumnanceis neasured using a phat o di ode-type UVsensor. Wien light reaches a photo
diode, it notivatesthe electrons, causing anelectriccurrent toflow Inreactionto brighter
light, theelectriccurrent will get stronger. Aterthat, the el ectrical current canbe neasured

and convertedirntoa dgtal and anal og out put.

3.3 Technique
While constructing a high voltage aging chanber it required carefu consideration of

various factors. Some constructiontechni ques and gui delines tofdlow

331 Prioritize safety
H gh voltage chambers pose substartia risks, making safety atop priority. Ensuredt hat
the designconfor ns wthall applicabl e safetystandards andlaws. Toi nplement adequate

safety neasures, we worked wth electrical engineers and hi gh voltage syste mexperts.
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332 Imsdation
Adequateinsulaing materials were usedto prevent electrical leakage and tosustain high
voltages. Ceramcs, glass, andspecific pol ynersintendedfor hi gh voltage applications are

popul ar naterials.

3.33 Enclosure Design
Constructedarobust enclosure usi ng non-conductive naterialslike fibergass or rei nforced
plastics. Thisencl osureshoul dsafel ycontainhi gh voltages and all owf or easy nai ntenance

and testi ng access.

334 Ground ng

Established a reliable grounding systemto ensure safety and protect against electrical
fauts. Adheretoelectrical codes and standards wheni nplenmenting groundingto mtigate
electrical hazards.

335 Voltage Gneration and Regu ation
Enpl oyed a reliable high voltage generation system capable of producing the desired
voltage levels. This typicallyinvol ves transfor mers, capacitors, and voltage regul a ors.

Consult eectrical engineersto design a syste msuitable for your specific require nents.

336 Contrad and Mbnitoring Syste ns
| nplemented an effective contrd and nonitoring systemto nanage the high voltage
chanber. Thisincludes contrd panels, safetyinterlocks, voltage measure ment devi ces, and

automated systens for nmonitoring and adj usting voltage levels.

337 Ventilation and Gooling
Account for heat dissipation by provid ng proper ventilaion and cooling systens. Hgh
voltage operations generate heat, so they enploy fans, heat sinks, or air conditioning

systens to maintain optimal operatingtenperat ures.

3.38 Access and Safety Interlocks

Installed safetyinterlocksthat prevent accesstothe energized hi gh voltage chanber. This
prevents accidental entry during operation and safeguards personnel from potertial
electrical hazards.
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339 Energency Shutdown Procedures
Established clear e nergency shutdown procedures and promnently display e nergency
stop buttons or swtches near the chanber. This allows for i mnediate deactivation of the

hi gh voltage syste min case of safety concerns or emer genci es.
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Chapter Four

4 KEY COMPONENTS OF H GH VOLTAGE
CHAMBER

4.1 Hgh votage power suppy

Itis essertial to have a power source that can produce the necessary voltage in order to
properly eval uate and age electrical conponents ina high voltage aging chamber. This
power supply needst o be especiallydesi gnedt o manage hi gh voltagesinareliableandsafe

way.

4.2 Te nperature control system

A high voltage aging chamnber's tenperature contrd systemis intended to regulate and
maintain the tenperature wthin a certain range so that aging tests on high voltage
equipnent can be carried out. The purpose of the aging chanber is to evaluate the
perfor mance and | ongevity of electrical conponents over an extended period of ti ne by

si mul ating harsh environmental conditions.

The folowng are the main elenents and characteristics that are typically present in a
tenperature contra systemfor a high voltage ag ng cha mber:

421 Tenperature Sensors

To precisely track the tenperature at various areas wthin the chanber, a variety of
tenperat ure sensors, such as ther mocouples or resistance te nperature detectors ( RTDs),
are strategically positioned V¢ have used a DHT11 sensor inside our chanber. DHT11

sensors are usedto detect tenperature.
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Fgure 4 1: DHT11 Sensor for Temperat ure

422 Contrd Unit

A central contrd unit here tenperature contrd systemis responsibe for receiving data
fromt he sensors and comparingit wththe desired setpoint. It then adj uststhe chanber's
environnental conditionst o achieve and mai ntai nthe desiredte nperaturelevel. A the end

LCD can showreadi ngs.

4.23 Heating and Gooling elenents

Inchanber heatingand cooling elenents are beingl ocatedto detect te nperature. Heating
elenents, such as electric resistive heaters, can be activatedtoincrease the tenperature
upto 100 degree celsius, while on the other hand conpressors are used to increase

tenperature upto mnus (-) 10 degree celsis.

Hgure 4 2 Hating Rod
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H gure 4- 4: Cooling condenser evaporat or filter copper pi per

424 Imsdation
Insulation naterials are enpl oyedto mni mze heat transfer bet weenthe chamber andits
surroundings i n order to maintaina steadytenperature withinthe chanber. Thisreduces

the i npact of external temperature variations onthe inside environment.
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FH gure 4 5 Wboden Sheet and Auninium Coil

Fgure 4 6:Hexid ass

Hgure 4 7: Milti- Layer A uni num sheet

425 Ar Grecdation
An effective air dircul ation syste mensures thete nperatureis evenl y distributed t hr oughout
the chanber. Fans can be usedto nove the air and hel pto achieve consistent te nperat ures
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across dfferent areas of the chamber. Fans are also used to provide cod ar to the

conpressor soto achieve cod tenperature nore effiaently.

Figure 4 & Ar Grcuaion Fan

4.26 Safety Mchanism

To prevent any overheating or tenperature-relaed issues, safety mechanisns are being
installed inside the chamber. These nay include tenperature li mt swtches, e mergency

shutdown syste ns, goodinsul ati on whi ch can bear overheating, or alar nst o al ert operat ors

if the te nperat ure exceeds safe li nits.

F gure 4 9 Energency Shutdown Breaker

427 \Wker Inerface

A user-friendy irnterface allows operators to set and nonitor the desired tenperaure

parameters, iewreal-ti netenperat ure data, and adj ust settings as necessary. Chamnber can
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be contrdled nmanually or by App. The app usedto contrd and nonitor readings is the

B ynk App.
I :

o

F gure 4 10: Bynk App

4.28 Data Logging and Mbnitoring
The tenperature contrd system may i nclude datal ogging and nonitoring capabilitiesto
recordtenperature profiles over ti me. This data can be anal yzed later for perfor mance

eval uation or to ensure conpliance wthtesting standar ds.

CR——0OFF
LIGHT OFF

FHgure 4 11: Data Monitoring
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Fgure 4 12:L.CD

4.3 Humdty Gntra System
Contraling humdity is critical in a high voltage aging chanmber to ensure opti nal

conditions for testing and aging electrical conponents. Hgh humdity levels can cause
corrosion and i npair the perfor mance of certain conponents. Here are sone critical
considerations for installing a humdity managenment systemin a high voltage aging
cha mber:

431 Humdfier

Install ahumdifiertobring noistureintotheroom Himdifiersconmeina varietyof styles,
includi ng steamhum difiers, ultrasonic hum difiers, and evaporative humdifiers. Select a
hunm difier based onthe size of the chanber andthe level of humdity control desired

4.32 Dehumdfier

When necessary, use a dehunmdifier to renmove excess noisture fromthe chanber.
Dehum difiers can assist keep humdity levels within a confortable range and prevent
condensation Again choose a dehumdifierthat isappropriatefor the size of t he cha mber
and its humdity nanagement require nents.

4.33 Humdtysensors
Install a humditysensor or hygroneterto nonitort he humditylevelsinsidethe cha nber.

This sensor wll provide real-ti ne data on the humdity, alowng you to adust the
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hum difier and dehumdifier settings accordingly. DHT11 sensors are being used to sense
hum dity inside the cha mber.

Hgure 4 13: DHT11 Sensor for Humi dity

434 Contrd System

| nplerment a contra syste mt hat i ncorporates the humdifier, dehumdifier, and hum dity
sensor. Thistechnol ogy will all owfor automated hum ditycontrd based on preset settings.
It can be configuredto mai ntainacertainhumdityrange ortofolowa predefinedhumdity
profile for testing pur poses.

435 Ar Grcdation

Mai ntainadequateair circul ation wit hint he cha mber toensure even humdity distri buti on
Proper air circu ation keeps hum ditylevels consistert t hroughout the aging cha mber and
prevents localized hum dity changes.

Fgure 4 14: Ar Grecul aion Fan
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4.36 Condensation Prevention
Prevent condensation on high voltage conponents or surfaces. To avoid condensation-
related concerns, use insuation naterias, adequate vertilation and temperature and

humdity manage ment.

4.37 Muintenance and Cali bration
Maintainand calibrate the humdity contra systemon a regular basisto ensure accurate
readings and opti mal perfor nance. Follow the nanufactwrer's naintenance, filter

replace ment, and cali bration i nstructi ons.

4.4 Contro of UVintensity

In nost cases, adjustingthe UV Iight source or using a proper UV filteris requiredto
manage the UVintensityin a high voltage aging chanber. Here are a fewstrategies for
contrdling UVinensitythat are regularly used

4.41 Adjustabe UVIight source

Install a UVIanp or light source with adjustable i ntensity. This coul d be acconplished
with a variable-power bulb or a di mmng system You can change the intensity of the
emtted UVIight by adj usting the power suppliedtothe UV bul b

FHgure 4 15 WV light adj ust the intensity

4.4.2 Distance and Exposure ti ne

The strength of UV radiation reduces as you travel away fromthe UV source. You can
indrectlyalter the UVintensity by varyingthe distance bet weenthe UVIight source and
thething beingaged You nay alsocontrd thelength of ti nethe objectisexposedto UV

light. Longer exposure times result in greater cumulative UVintensity,
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4.43 Light Mdifiers
Wse light nodifierssuch as diffusers or reflectors toevenly distribute UVIight wthinthe
agi ng cha mber. These modifiers can hel pt o prevent isdaed hi gh-i ntensity zones, resulting

in nore unifor m UV radiati on exposure.

4.44 UV Sensors and Gontrol system

UV sensors and contrdlers can be usedto nonitor and nairtainthe desired UVintensity
levels. UVsensors can monitor theintensity of UVradiaion and controllers can change
the power providedtothe UVIanp based onthe sensor data. This cl osed-loop technol ogy
aids in naintaining asteady UVintensitythroughout the aging process.
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Chapter Hve

5 TESTI NG AND RESULTS

Before operational use, subject the high voltage aging chanber to rigorous testing and

certification by qualified electrical engineers or testing organizations. This ensures

conpliance wthsafetyrequire nents and verifies reliadl e perfor nance under high voltage

conditions.

51 Test Setup

Usi ng t her mal stress at 180Cand 1000h, the accelerated aging of polynericinsuaorsis
studied Afterlookinginto how UV agingaffects insuaars, the experienceis conpleted

The break down voltages are usedto assess bat h during and after t he acceleratedt her nal

ageingtest the palynericinsuaor's electrical perfor nance.

5.2 Resuts of Inclined P ane Test wthout FHller

Table 5-1: | PTWOF sanple 1 breakdown voltages

S No Breakdown Voltages
1 10 87 KV
2 11 47 KV
3 13 89 KV

Average \alue =12 07 KV
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Table 5-2: | PTWOF sanple 2 breakdown voltages

S No Breakdown Voltages
1 14 01 KV
2 14 92 KV
3 15 82 KV

Average Value =14.916 KV

Table 5-3: | PTWOF sanple 3 breakdown voltages

S No Breakdown Voltages
1 16 467 KV
2 16 944 KV
3 17. 243 KV

Average \alue =16.88 KV

Fgure 5 Linsuaor wthout filler
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521 Resuts o Inclined Hane Test wth Hller (Auminum Qxi de)

Table 54: IPTWF 4- Q sanple 1 breakdown vdtages

S No Breakdown Voltages
1 13 560 KV
2 17264 KV
3 12 755 KV

Average \al ue =14 524 KV

Table 55 IPTWF 4- Q sanple 2 breakdown voltages

S No Breakdown Voltages
1 11 297 KV
2 13 627 KV
3 15108 KV

Average \alue =13 344 KV

Table 56: IPTWF 4: Q sanple 3 breakdown voltages

S No Breakdown Voltages
1 12 270 KV
2 13 661 KV
3 13 027 KV

Average \alue =12 986 KV
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FHgure 5 2Insulaor wthfiller alum num oxi de

522 Resuts df Inclined Hane Test wth Fller (4 nc Oxi de)

Table 5 7: IPTWF ZnOsanple 1 breakdown voltages

S No Breakdown Voltages
1 12 982 KV
2 14 054 KV
3 15 569 KV

Average Value =14 201 KV



Table 5-8 IPTWF ZnOsanpl e 2 breakdown valtages

S No Breakdown Voltages
1 14 884 KV
2 17. 609 KV
3 16 435 KV

Average \al ue =16.309 KV

Table 59: IPTWF ZnOsanple 3breakdown voltages

S No Breakdown Voltages
1 11 746 KV
2 13 150 KV
3 10 982 KV

Average Value =11 959 KV

Fgure 5 3Insuaor wthfiller zinc oxide
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Table 5 10:

Conparison bet ween average breakdown voltages o each sanple

Sanple No Average Val ue Average Val ue Average Val ue
wi thout Fller with Fller (A2 Q) | withFHller (Zn0)
Sanple 1 12 07 KV 14 524 KV 14 201 KV
Sanple 2 14 91 KV 13 344 KV 16 309 KV
Sanple 3 16 88 KV 12 986 KV 11 959 KV

53 Al Resuts of Thermal Ageing Test
531 Resuts df Thermal Ageing Test wthout Fller

Table 5 11: TATWOF sanple 1 breakdown voltages

S No Breakdown Voltages
1 7.92 KV
2 8 45 KV
3 10 75 KV

Average Value =904 KV

Table 5 12: TATWOF sanple 2 breakdown voltages

S No Breakdown Voltages
1 11 13 KV
2 12 39 KV
3 13 95 KV

Average \alue =12 49 KV
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Table 5 13: TATWOF sanple 3 breakdown voltages

S No Breakdown Voltages
1 13 414 KV
2 13 941 KV
3 14 214 KV

Average \alue =13 856 KV

532 Resuts of Thermal Ageing Test wth Fller (Aum num Oxi de)

Table 5-14: TATWF A Q sanple 1 breakdown valtages

S No Breakdown Voltages
1 12 460 KV
2 16 264 KV
3 11 431 KV

Average \alue =13 385 KV

Table 5-15: TATWF A Q sanple 2 breakdown vatages

S No Breakdown Voltages
1 10 292 KV
2 12 881 KV
3 14 191 KV

Average \alue =12 454 KV
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Table 5-16: TATWF A- Q sanple 3 breakdown vdtages

S No Breakdown Voltages
1 11 240 KV
2 12 642 KV
3 11 029 KV

Average \alue =11 637 KV

4.13 3 Resuts of Ther mal Ageing Test wth Hller (4 nc O« de)

Table 5-17: TATWF ZnOsanple 1 breakdown voltages

S No Breakdown Voltages
1 11 891 KV
2 13 014 KV
3 14 529 KV

Average \alue =13 144 KV

Table 518 TATWF ZnOsanple 2 breakdown voltages

S No Breakdown Voltages
1 13 541 KV
2 16 781 KV
3 15 419 KV

Average \alue =15 247 KV
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Table 5-19: TATWF ZnOsanple 3 breakdown voltages

S No Breakdown Voltages
1 10 426 KV
2 12 149 KV
3 9.982 KV

Average \alue =10 852 KV

Table 5-20: Conparison bet ween results of each sanple ater ther mal ageing

Sanple No Average Val ue Average Val ue Average Val ue
wi t hout Hller with Fller (A2®) | with Fller (Zn0)
Sanple 1 9 04 KV 13 385 KV 13 144 KV
Sanple 2 12 49 KV 12 454 KV 15 247 KV
Sanple 3 13 856 KV 11 637 KV 10 852 KV
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Chapter Sx

6 RECENT ADVANCE MENTS AND RESEARCH
TRENDS

Ahi gh voltage agi ng chamber, also known as a high voltagetest cha nber or a hi gh voltage
laboratory, isacontraledenvironnent usedfortestingand eval uati ngt he perfor nance and
aging characteristics of high voltage equipnent and conponents. These chanbers are

crucia for ensuring the reliability and safety of high vdtage syste ns.

Recent advancenents and research trends in the construction of high voltage aging

chanbers have focused on several key considerations. This incl udes:

6.1 Insuationandsheldi ng

H gh voltage chamnbers require robust insuation and shielding to prevent electrical
breakdown and mi ni mize el ectromagneticinterference. Some Recent advance nents focus
onthe developnent of advancedinsulating materias andtechni ques that offer i nmproved

perfor mance and durahility.

6.2 \oltage and current capahilities
H gh voltage agi ng cha mbers are desi gnedt o handlea w de range of voltages and currents.
Recent trends involve increasing the maxi num voltage and current capabilities to

accomnodate higher voltage systens and e nerging technol ogies efficiertly.

6.3 Environnenta control

Maintaining a contraled environnent is essertial for accurate high voltage aging tests.
Chanbers are equi pped with sophisticated te npera ure and hundity contrd systens to
si mul atereal- worl dconditions. Advance nentsinthisareaincludei nmprovedenvironnental
contra systens that offer higher precision and stability efficently
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6.4 D agnostic and nonitori ng syste ns

H gh voltage agi ng cha nbers i ncor porate advanced diagnostic and monitoringsystens to
assess the perfor mance and condition of test speci nens. Recent research focuses on
devel opi ng non-destructive testing techniques, such as partial discharge detection and
ultrasonic testing to evaluate insuaionirtegrity and detect patertia faults.

6.5 Safetyfeatures

Safetyisa paranount concerninhighvoltagetesting Chambers are equi pped wth vari ous
safety features, such as interlocks, grounding systens, and energency shutdown
mechanisns. Ongoing research ains to enhance safety measures, including the

devel opent of advanced pratective devices and aut onated safety pra ocols.

6.6 Autonation and renote operation

Toi nprove efficency and convenience, thereis a growngtrendtowards aut onation and
renote operation of high voltage aging chanbers. This allows for renote nonitoring,
contrd, and data acquisition enabling researchers to conduct tests wthout the need for

direct physical presence.

6.7 Integration wth computer si mul ation nodels

H gh voltage agi ng cha mbers areincreasi ngl yi ntegrated wthcomnputer si mul ati on nodels,
suchasfinteelenent analysis (FEA) and conputational fluddynanmcs( CFD), toenhance
the understanding of electrical and ther mal behavior. This integration enables nore

accurate predictions and opti mzed desi gns.

Robust i nsul ati on and shiel d ng materials andtechni ques have been developedto prevent
electrical breakdown and mini nize electromagnetic interference. Chambers have been
desi gned withincreased maxi mumvoltage and current capabilitiest oaccommodat e hi gher
voltage systens. Sophisticatedte nperature and humdity contrd systens have i nproved
environnental contrd. Advanced diagnostic and nonitoring systens, such as partia
discharge detection and ultrasonic testing have beenincorporatedto evaluate i nsul ation
integrity and detect faults. Safety features, includinginterlocks, grounding systens, and
e mergency shutdown nechanis ns, have beenenhanced Autonationandre note operation
enabl eresearcherstoconduct testsrenotel y. I ntegration wthconputer si mul ati on models,
suchas finiteelenent anal ysis (FEA and conputational fluddynamcs (CFD), allows for

more accurate predi ctions and opti nized desi gns.
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Chapter Seven

7 I MPACT OF PROJECT ON ENM RONMENT AND
SOAETY

The i npact of a high voltage aging chanber proect onthe environnent and society can
vary depending on several factors, including the design location and nanage ment

practices associated wththe progject. Hre are sonme patential consi derations:

7.1 Energy consunption

H gh voltage agi ng cha mbers often need a l arge amount of energyto operate particuarly
when runni ng constartly. Energy derivedfromnonrenewabl e sources, suchas fossil fuels,
can contribute to greenhouse gas enissions and cli nate change. However, by using

renewabl e energy sources, the environnental effect nay be lessened

7.2 Emssions

H gh voltage agi ng chambers may e mt poll uants, especialyif they e nploy conbustion
processes or specific chem cals. These e missions may contributeto air polluion and have
a severe i nmpact on the health of local people especialy if effective emssion contrd

measures are nat i nplemented

7.3 \WAste generation

The process within high voltage aging chamnbers may generate waste naterids, such as
byproducts of i nsul ati on breakdown or che mcal residues. Proper waste manage nent and
disposal are critical for preventing environnental poll tion and mni mzing any possible
threats to hunan health
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7.4 Noise and visual i npact

Duri ng operation, hi gh voltage agi ng cha nbers can e mt noise, whi chcan have ani nfl uence
onthe surrounding environent and | ocal residents. Further more, if the project i nvol ves
large-scale infrastructure, it may have aesthetic consequences, such as changing the

landscape or vstas inthe regon

7.5 Qccupational headth and safety
To safeguar d personnel, the operation of hi gh voltage agi ng chanbers may need particul ar
expertise and safety procedures. To protect the workforces well-being effectivetraining,

safety neasures, and equipnent naintenance are required

7.6 Stakehol der engagenent:

The presence of a high voltage aging chanber project may raise concerns a nong near by
communities, particuarly regarding potertial healthi npacts, noise pollution or visual
disturbances. Engaging wth stakeholders through transparent communication and

addressingtheir concerns can hel p buil dtrust and mi ni mze social conflids.

7.7 Research and devel op nent

On the plus side, high voltage aging chanber prgects can contribute to technical
i nprove ments and research in electrical engineering insulation materials, and related
sectors. These advance ments may result in enhanced electrical equipnent and syste ns,

increasing efficency, dependahbility, and safetyin a variety of sectors.

To properly anal yze t he impact of a gi ven hi gh voltage agi ng chamber prgject, a detailed
environnental i npact study, community involvenent, and adherence to applicable
legislation and standards are required Further nore, i nplenmenting nmitigating measures
such as using renewable energy sources, deploying effective insulation systens, and
ensuring adequate waste manage nent can hel plimt negative effects onthe environnent

and society.
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Chapter Bght

8 CONCLUSI ON

The developnent of a high voltage aging chanber can have an influence on both the
environnent and society. It is critical to properly manage t hese repercussions in order to
achieve a sustainable and responsible prgect. Environnental issues include effective
energy consunption, emnssions, and waste production manage nent, wthan e nphasis on
usi ng renewabl e energy sources and adopting adequate waste manage nent and e mssion
contra techniques. To createtrust and avoi d socid tensions, community invol vement is
essertial throughout the buildng process, incorporating local communities and
stakehol ders, resadving concerns, giving transparent infor nation and involving the
community in decision- making Qccupational health and safety neasures, such as
sufficert training, safety standards, and equi pment naintenance, nust be in place to
safeguard wor kers well-being H gh voltage agi ng cha nber prgjects contributetosciertific
devel opnents in electrical engineering and associated sectors, resulting in enhanced
electrical equipnment and systens that help many industries in terns of efficiency,
dependability, and safety. Conducting a full environnental i npact assessment, folow ng
nor ng and standards, and appl ying mtigation measures t hroughout the building process
are critical toopti mzing goodresultsand m ni mzing negative consequences. The buil ding
of a hi gh voltage agi ng cha nber nay be done et hicall yand sustai nabl yif these aspects are
consi dered and sutable procedures are i nplenented

81 FUTURE DO RECTIONS

The construction of a high-voltage aging chanber poses several challenges and

opportunities for fuure work Here are sone key consi derati ons:
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821 Hectricd Safety

H gh-voltage systens present significant safety risks. Ensuring proper insulation
grounding and protection nmeasures are in placeis crucia to safeguard personnel and
equi pnent. Fut ure wor k coul df ocus on enhanci ng safet yfeat ures and devel opi ng advanced

monitoring systens to detect patertia fauts or nalfunctions.

822 \oltage and current capahilities
H gh voltage agi ng cha mbers are desi gnedt o handlea w de range of voltages and currents.
Recent trends involve increasing the nmaxi num voltage and current capabilities to

accomnodate higher voltage systens and e nerging technol ogies efficiertly.

823 Environnmenta Gontrd

Aging experi nents oftenrequire precise contrd of environnmental conditions, including
tenperature, humdity, and at nospheric gasses. Designing chambers wth efficient and
reliable environnental contrd systens is essertial for accurate and repeatabl e testing
Future works could focus on opti mzing environmental contrd mnechanisns, devel opi ng

automated syste ns, and integrating sensors for real-ti ne nonitoring

824 Sanple Handing and Configuration

The arrange nent and positioning of sanples wthinthe aging chanber caninfluence the
results andreliability of the experi nents. Future work may i nvol ve devel opingi nnovati ve
sanpl e hol ders, fixtures, and positioningsyste ns to enabl e better contra and nmani pul ation
of test speci nens. Automation and robatics could also play a radein opti mmzing sanple
handling processes.

825 Data Acquisition and Anal ysis

H gh-voltage aging experi nents generate a vast anount of data including electrical
measure nents, environmental paraneters, and sanple characteristics. Efficient data
acquisition, storage, and anal ysis techni ques are necessaryto extract neaningful insights
fromt hese experi nents. Future works coul d explore advanced data acquisition syste ns,
datafusional gorithns, and nachi nelearningapproachestoenhance datai nterpretationand

decision- naki ng
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826 Standardization and Qollaboration

Establishing comnon standards and protocads for hi gh-voltage aging experi nents woul d
pronote conparahility and reproduci bility of results across different research groups and
industries. Collaborative efforts coul d focus on devel opi ng standar di zed test procedures,

bench mar ki ng studies, and sharing best practices to advance the field callectively.

827 Advanced Dagnostics and Mnitoring

Aging chanbers coul d benefit fromadvanced diagnostic techni ques to detect and assess
degradation in electrical i nsulaion and other components. Future work might invol ve
integrating online monitoring systens, such as partia discharge detection, insulation
resistance nmeasurenent, and gas anal ysis, to enable early fault detection and predictive

mai ntenance.

828 Multi-Sress Aging

Real - worl d operating conditions ofteninvol ve multiple stress factars, such as electrical,
ther mal, mechanical, and environnental stresses. Designing aging chambers that can
si mulate and apply multiple stressors si multaneously woul d provi de nore realistic agi ng
conditions. Futureresearch coul dexpl orethe devel opnent of multi-stress agi ng cha nbers
and i nvesti gate the synergistic effects of various stress factors onthe aging process.

829 Materids and Insu ation Research

H gh-voltage aging chambers rely on advanced i nsulation materials to ensure reliable
perfor mance. Future work mayinval ve expl oring new naterials, such as nanoco nposites,
bi o-basedinsula ars, or eco-friendy alternatives, toi nprove i nsul aion properties, reduce
environnental i mpact, and enhance the overall efficency and sustainability of aging
chambers.

8 210 Integration of Renewable Energy Sources

Wt htheincreasi ngfocus onsustai nability, i ntegrati ngrenewabl e ener gy sourcesinto hi gh-
voltage aging chamnbers could be a promsing future direction This could invol ve
incorporatingsolar panels, wndturbines, or energy storage systens t oreduce dependence
on conventional power sources and mni mze the environnental footprint of aging

experi nents.

Overall, the construction of hi gh-voltage agi ng chambersrequiresinterdisciplinary efforts,
conbi ni ng expertise from el ectrical engineering materials science, environnental cortrd,
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and data analysis. Addressing these challenges and exploring future directions can
contribute tothe advance nent of aging research and facilitate the devel oprent of nore

reliable and efficient high-voltage syste ns.
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APPEND CES

#define BLYNK_TEMPLATE_I D" TMPL6t 9HKme we"

#define BLYNK TEMPLATE_NANME "nyproject”

#define BLYNK_AUTH_TOKEN "4g DXPhJ KMs DOxv3e9 Ak5 Y W kocoQV 06 K
#define BLYNK PRI NT Serial

# ncl ude <ESP8266 WH .h>

# nclude <B ynkS npl eEsp8266. h>

#i nclude <DHT. h>

#include <L quidQysta _12C h>

char auh[] = BLYNK_AUTH TOKEN
char ssid] =" Myprogject”;

char pass[] =" nyprqect1234";

/lint relayl state =0

in relay2 state =0,

in relay3 state =0

in relay4 state =0

unsi gned I ong firstacti on=mlis();

#definetenpl 8



#definetenp2 3

[/#define buttonl pin Db
#define button2_pin D8
#define button3 pin D4
#define button4_pin 10
[[#define relayl pin Db
#define relay2_pin D6
#define relay3 pin D7
#definerelay4 pinl
#define dntlon 9

#define dht 2on Db

DHT dht 1(tenpl, DHT11);
DHT dht2(tenp2, DHT11);

Li quidQystal _12Clcd(0x27, 20, 4);

B ynkTi ner ti ner;

/[ Change the virtual pins accordingthe roons
I/ #define buttonl_vpin V3

#define button2_vpin V4

#define buton3_vpin V5
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#define butond_vpin V6

/I This functionis called everyti ne the device is connectedtothe Bynk Qoud
/I Request the latest state fromthe server
BLYNK_CONNECTED() {
/I Bynk syncMrtual (buttonl_vpi n);
B ynk sync Mrt ual (butt on2_vpi n);
B ynk sync Mrtual (butt on3_vpi n);

B ynk sync Mrtual (butt ond_vpi n);

/I This functionis called everyti ne the Mrtual An state change
/*.e when web push swtch from HBynk App or Wb Dashboard
BLYNK_WRI TE buttonl_vpin) {

relayl state = paramaslint();

digital Wite(relayl pin relayl state);

if (rlayl state ==0) {

Icd set Qursor(Q 2);
led prirnt(" HR--- OFF");

}else {



Icd set Qursor(Q, 2);
Ied prine(" HR--- ONN');
k
k

¥
BLYNK_ WRI TH button2_vpin) {
relay2 state = paramaslint();
digta Wite(relay2_pin relay2_state);
if (rlay2_state == 0) {
Icd set Qursor(12 2);
led print(" CR-- OFF");

} else {

lcd set Qursor(12 2);
lcd print(" CR-- ONN');
¥

¥

BLYNK_ WRI TE button3_vpin) {
relay3 state = paramasint();
digtal Wite(relay3 pin relay3 state);

if (relay3 stae ==0) {



Icd set Qursor(Q, 3);

led prirt(" UV U GHT OFFY):

}else {

Icd set Qursor(Q 3);
lcd print(" UV U GHT ONN');

ks

BLYNK_ WRI TH button4 _vpin) {
relay4 state = paramaslint();
digta Wite(relay4 pin relay4 state);
if (rlay4 state ==0) {
lcd set Qursor(Q 2);
lcd print(" HR--- OFF);

}else {

Icd set Qursor(Q 2);
Icd print(" HR--- ONN");

¥
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voi d setup()
{
/I Debug consde
Serial. begi n(115200);
Icd begin();
Icd bacKight();
dht 1. begi n();
dht 2 begi n();
I/l pnMde(buttonl_pin I NPUT_PULLUP);
pi n Mbde(button2_pin INPUT_PULLUP);
pi n Mbde(button3_pin, INPUT_PULLUP);

pi n Mbde(buttond pin INPUT_PULLUP);

/l pnMde(relayl pin OUTPUT);
pin Mbde(relay2 pin OUTPUT);
pin Mbde(relay3 pin OUTPUT);
pinMode(relay4 pin OUTPUT);
pi n Mbde(dht 1on, OUTPUT);
pi n Mbde(dht 2on, OQUTPUT);

digtal Wite(dhtlon, LOW;
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digita Wite(dht2on, LOW;
/[ During Sarting all Relays should TURN OFF
/ldgta Wite(relayl pin, HGH);
digital Wite(relay2 pin H GH);
digta Wite(relay3 pin H GH);
digta Wite(relay4 pin H GH);
Icd set Qursor(Q, 2);

Icd print(" HR--- OFF");

Icd set Qursor(12 2);

led print(" CR-- OFF");

Icd set Qursor(Q 3);

led prirt(" UV U GHT OFF");

B ynk begin(auth ssid pass);

/I You can also specify server:

/[Bynk begin(auth ssid pass, "dynk cloud’, 80);

//Bynk begin(auth ssid pass, |PAddress(192 168 1, 100), 8080);
/[ Bynk virtual Wite(buttonl _vpin relayl state);

/[ Bynk virtual Wite(button2_vpin relay2_state);

58



/[ Bynk virtual Wite(button3 vpin relay3_state);

/[ Bynk virtual Wite(buttond vpin relay4 state);

voi d I oop()
{

B ynk run();

ti ner. run();

listen_push_butt ons();

float hl = dht Lread Humdity);
del ay( 100);

float t1 =dht LreadTe nmperat ure();

unsi gned long current Milis = mllis();
if (current Millis-firstaction >=(5000))
{

digta Wite(dhtlon H GH);

digta Wite(dht2on H GH);

¥

Icd set Qursor(Q 0);
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led prirt(" HT:™);
lcd print(tD);
Icd set Qursor(7, 0);

led print(" CY);

lcd set Qursor(1L, 0);
led print(" HIm™");
Ied prire(hl);

Icd set Qursor(19, 0);

led print(" %);

float h2 =dnt2read HIm dity);
del ay( 100);
float t2 = dht2 readTe nperature();
lcd set Qursor(Q 1);
led prirt("CT:");
lcd print(t2);
Icd set Qursor(7, 1);
led print(" CY);
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B ynk virtual Wite(\0, t1);
B ynk virtual Wite( '\, t2);

B ynk virtual Wite( V2, hi);

if (t1 >= 100) {

digta Wite(relay4_pin LOW;,

B ynk virtual Wite(\3, relay4_pin);

Icd set Qursor(Q 2);
Icd print(" HR--- ONN');
¥
if (t2 <=-10) {

digta Wite(relay2_pin LOW;

B ynk virtual Wite(\4, relay2_pin);

Icd set Qursor(12 2);
lcd print(" CR-- ONN"Y);

}
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voi dlisten_push_buttons(){

/*if(digta Read(buttonl pin) == LOW({
del ay(200);
contrd _relay(1);

B ynk virtual Wite(buttonl vpin relayl state); //update button state

if (dgta Read(button2_pin) == LOW{
del ay(200);
contrd _relay(2);

B ynk virtual Wite(button2_vpin relay2 state); //update button state

elseif (dgtal Read(button3 _pin) == LOW{
del ay(200);

contrd _relay(3);
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B ynk virtual Wite(button3 _vpin relay3 state); //update button state

elseif (dgta Read(buttond pin) == LOW{
del ay(200);
contrd _relay(4);

B ynk virtual Wite(button4 vpin relay4 state); //update button state

/ MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

MvMmmmmmmmmmmmmmmnmmmmmmmmmMamMmMMMMMMMMMMMMMMM
MMMMMMMM
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[/ MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
MmMmmMmmmMmMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

MMMMMMMM

voi d contrd _relay(int relay){

[*
if(relay == 1){
relayl state =!relayl state;
digta Wite(relayl pin relayl state);
if (rlayl state ==0) {
Icd set Qursor(Q 2);
lcd print(" HR--- OFF");

}else {

Icd set Qursor(Q 2);
led prirt (" HR-- ONN');
k

del ay(50);

}
*
if(relay == 2){

relay2 state =!relay2 state;
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digta Wite(relay2_pin relay2_state);

if (rlay2_state == 0) {
lcd set Qursor(12 2);
lcd print(" CR-- OFF");

} else {

lcd set Qursor(12, 2);
lcd print(" CR-- ONN');

}

del ay(50);

ks

elseif(relay == 3){

relay3 state =Irelay3 state;

digital Wite(relay3 pin relay3 state);

if (relay3 state == 0) {
Icd set Qursor(Q 3);
led print(™ UV U GHT OFF");

}else {

Icd set Qursor(Q 3);

led prirt(" UV U GHT ONNY):;
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del ay(50);

ks

elseif(relay == 4){
relay4 state =Irelay4 state;
digtal Wite(relay4 pin relay4 state);
if (relay4 state ==0) {
Icd set Qursor(Q 2);
lcd print(" HR--- OFF");

} else {

Icd set Qursor(Q 2);
lcd print(" HR-- ONNY);

by

del ay(50);

¥
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