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Construction of High Voltage Agi ng Cha mber  

 
Sust ai nabl e Devel opment Goals 

 

 

 

 
Range of Co mpl ex Probl e m Sol vi ng 

  Attri bute Co mpl ex Probl e m   

1 
Range of conflicting 

require ment s 
Invol ve wi de-rangi ng or conflicting techni cal, engi neeri ng and ot her issues.   

2 Dept h of anal ysis required 
Have no obvi ous sol uti on and require abstract t hi nki ng, ori ginalit y in 

anal ysis t o for mul ate suitable model s.  
 

3 Dept h of knowl edge required 

Requires research-based knowledge much of whi ch is at, or infor med by, t he 

forefront of the professi onal disci pli ne and whi ch all ows a funda ment als-

based, first pri nci ples anal ytical approach.  

 

4 Fa miliarity of issues Invol ve i nfrequentl y encount ered issues  

5 Ext ent of applicabl e codes 
Ar e outsi de probl e ms enco mpassed by standards and codes of practice for 

professi onal engi neeri ng.  
 

6 

Ext ent of stakehol der 

invol ve ment and level of 

conflicting require ment s 

Invol ve di verse groups of stakehol ders wit h wi del y varyi ng needs.   

7 Consequences Have si gnificant consequences in a range of cont exts.  

8 Int erdependence Ar e hi gh level probl e ms i ncl udi ng many component parts or sub-probl e ms  

Range of Co mpl ex Probl e m Acti vities 

  Attri bute Co mpl ex Acti vities  

SDG No Descri pti on of SDG SDG No Descri pti on of SDG 

SDG 1 No Povert y SDG 9 Industry, Innovati on, and Infrastruct ure 

SDG 2 Zer o Hunger SDG 10 Reduced Inequalities 

SDG 3 Good Healt h and Well Bei ng SDG 11 Sust ai nabl e Cities and Co mmunities 

SDG 4 Qualit y Educati on SDG 12 Responsi ble Consu mpti on and Producti on 

SDG 5 Gender Equality SDG 13 Cli mat e Change 

SDG 6 Cl ean Wat er and Sanitati on SDG 14 Li fe Bel ow Wat er 

SDG 7 Aff ordabl e and Cl ean Energy SDG 15 Li fe on Land 

SDG 8 Decent Wor k and Econo mi c Gr o wt h SDG 16 Peace, Justice and Strong Instituti ons 

  SDG 17 Part nershi ps for the Goals 
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1 Range of resources 
Invol ve t he use of di verse resources (and for this purpose, resources i ncl ude 

peopl e, money, equi pment, mat erials, i nfor mati on and technol ogi es).  
 

2 Level of int eracti on 
Require resol uti on of si gnificant probl e ms arisi ng from i nteracti ons bet ween 

wi de rangi ng and conflicti ng techni cal, engi neeri ng or ot her issues.  
 

3 Innovati on 
Invol ve creati ve use of engi neeri ng 

pri nci ples and research-based knowl edge i n novel ways.  
 

4 
Consequences to societ y and 

the environ ment  

Have si gnificant consequences in a range of cont exts, charact erized by 

difficult y of predi ction and mi tigati on.  
 

5 Fa miliarity  
Can ext end beyond previ ous experi ences by appl yi ng pri ncipl es-based 

approaches.  
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Abstract  

The constructi on of  a  high voltage agi ng cha mber  i nvol ves  desi gni ng,  fabricati ng,  and 

asse mbli ng a speci alized cha mber  f or  conducti ng accel erated agi ng t ests on hi gh volt age 

components.  The cha mber  i s  built  wit h mat erials  that  pr ovi de el ectrical  i nsul ati on,  prevent 

arci ng,  and ensure safet y.  It  i ncl udes  feat ures  such as  hi gh voltage i nt erl ocks,  gr oundi ng 

syste ms,  and shi el di ng mechanis ms.  Constructi on of  a  hi gh voltage agi ng cha mber  f ocuses 

on achi evi ng precise t e mperat ure control,  mai nt aini ng desired hu mi dit y l evels,  pr ovi di ng 

hi gh voltage capabilities,  and controlli ng UV i nt ensity.  These feat ures  collecti vel y est ablish 

a controlled t esti ng environment  t o conduct  accel erated agi ng t ests  on hi gh volt age 

components,  enabli ng t he assess ment  of  t heir  perfor mance and durabilit y under  specific 

temperat ure, humi dit y, voltage, and UV exposure conditi ons.  

The pr oj ect' s goal  i s  t o buil d a hi gh voltage agi ng cha mber  t hat  will  all ow f or  expedit ed 

agi ng st udi es  on hi gh voltage co mponents.  The cha mber  i s  meant  t o ensure el ectrical 

insul ation,  avoi d arci ng,  and ensure t esti ng safet y.  Vari ous  aspects are i nt egrat ed i nt o t he 

cha mber' s architect ure t o achi eve t hese goals.  To begi n,  t he mat erials utilized t o construct 

the cha mber  are carefully sel ect ed f or  t heir  el ectrical  i nsul ati ng qualities.  These mat eri als 

can resist  hi gh voltage setti ngs  wit hout  j eopardizi ng t he t esti ng environ ment' s safet y.  

Furt her more,  precauti ons are made t o prevent  arcing,  whi ch coul d har m t he co mponent s  or 

i mpair the precisi on of t he test results. 

Second,  hi gh voltage i nt erlocks,  gr oundi ng syst e ms,  and shi el di ng devi ces  are i ncl uded i n 

the cha mber.  These charact eristics  are critical f or  guarant eei ng operat or  safet y and 

preventi ng pot ential  risks  duri ng t he t esti ng pr ocedure.  The hi gh voltage interl ocks  ser ve 

in t he regul ati on of  t he suppl y of  el ectricit y i n t he cha mber,  but  t he gr oundi ng syst e ms 

prevent  st atic charges  from accu mul ati ng.  Shi el ding t echni ques  are also used t o keep any 

pot ential  e mi ssi ons  or  i nterferences  cont ai ned during t esti ng.  Precisi on t e mperat ure control 

is one of  t he most  i mportant  parts of  buil di ng the hi gh voltage agi ng cha mber.  Thi s  i s 

critical  for  mi mi cki ng real- worl d sit uati ons  and precisel y anal yzi ng t he perfor mance of 

hi gh voltage co mponents under  di verse t e mperat ure scenari os.  Mai ntai ni ng pr oper 

hu mi dit y l evels  i s  also critical,  si nce it  can have a  subst antial  i mpact  on t he agi ng pr ocess 

and component perfor mance.  
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Al so,  t he cha mber  i s  built  t o gi ve hi gh voltage capabilities  i n or der t o sub mit  t he 

components  t o t he desired el ectrical  stresses.  The agi ng pr ocess  i s  expedited by i ntroduci ng 

the parts  t o hi gher  voltages  t han t hey woul d or di naril y experience duri ng nor mal  operati on, 

all owi ng researchers  t o assess  t heir  l ong-ter m endurance i n a  shorter  ti me fra me. 

Controlli ng UV i nt ensit y wit hi n t he cha mber  i s  anot her  cruci al  aspect.  UV r ays  can have 

an i mpact  on t he agi ng process  as  well  as  t he perfor mance of  some  mat erials.  Researchers 

can reproduce specific environment al  conditi ons  and st udy t he i mpact  of  UV r adi ati on on 

the agi ng behavi or  of  components  by varyi ng t he UV i nt ensit y.  To su mmarize,  t he hi gh 

voltage agi ng cha mber  i s  built  wit h a well-t hought-out  desi gn t hat  i nt egrates  nu mer ous 

charact eristics for electrical i nsul ati on, arci ng preventi on, and safet y. 

The controlled t esti ng environment  enabl es  researchers  t o eval uat e t he perfor mance and 

durabilit y of  hi gh voltage co mponents  under  precise t e mperat ure,  hu mi dity,  volt age,  and 

UV exposure conditi ons. Fi nall y,  t he goal  of  t his  pr oj ect  is  t o pr ovi de useful  i nsi ghts  i nt o 

the behavi or  of  hi gh voltage co mponents,  hence advanci ng t heir  desi gn and i mpl e ment ati on 

in di verse i ndustries. 
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Chapt er One 
 

 

 

 

 

1 I NTRODUCTI ON 

 

In or der  t o buil d a hi gh-voltage agi ng cha mber,  a speci alized environment  must  be creat ed. 

Thi s  environment  i s  i nt ended t o subj ect  el ectrical  parts  or  devi ces  t o sust ai ned hi gh- voltage 

stress  f or  an ext ended period of  ti me.  The goal  is  to t est  t heir  perfor mance under  particul ar 

circumst ances and si mulat e agi ng.  

1. 1 Background 

Hi gh voltage agi ng chambers  are speci alized cha mbers  wit h a controlled at mosphere f or 

testi ng el ectrical  equi pment  or  co mponents  under  accel erated agi ng conditi ons.  Thi s 

cha mber  si mul at es  pr ol onged use and stress,  enabling f or  t he eval uati on of  t he effecti veness 

and dependability of  i nsulati ng syst e ms.  The cha mber  has  safeguards  t o handle hi gh volt age 

levels  and reduce risks  i n or der  t o assure safet y.  Power  supplies,  transfor mers,  di vi ders,  and 

measure ment  devi ces  t hat  generat e and regul ate hi gh voltage are all  incl uded i n t he 

insulated encl osure,  whi ch has  accurat e t e mperat ure and hu mi dit y control.  Co mponent s  are 

hel d i n pl ace duri ng t esting by fi xt ures  or  mounti ng struct ures  whil e mai nt aini ng i nsul ati ng 

distances.  The co mponents  are subj ect ed t o voltage l evels great er  t han their  rat ed val ues 

over  a  pr ol onged peri od of  ti me as  part  of  the agi ng pr ocedure.  Voltage,  current, 

temperat ure,  and hu mi dity are j ust  a fe w of  t he para met ers  t hat  are meti cul ousl y monit ored 

and managed duri ng t his pr ocess.  Constructi on requires  knowl edge of  i nsulation syst e ms,  

el ectrical  engi neeri ng,  and adherence t o safet y regul ati ons  and i ndustry standards.  Thi s 

guarant ees accurat e testing results i n a secure setting.  
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1. 2 Ai ms and Objecti ves 

To est ablish a controlled t esti ng environment  for  assessi ng and researchi ng t he 

perfor mance,  dependability,  and safet y of  hi gh-voltage el ectrical  equi pment,  a hi gh- voltage 

agi ng cha mber  i s  built.  It i s  essential  t o t he support  of  many acti vities  i n t he fi el d of  hi gh- 

voltage engi neeri ng,  i ncludi ng research,  devel opment,  qualit y control,  and risk assess ment. 

The foll owi ng are t he goals and obj ecti ves of t his cha mber: 

1. 2. 1 Testi ng and Eval uati on 

Hi gh- voltage el ectrical  equi pment  can be t horoughl y t ested and eval uat ed for  perfor mance 

and durabilit y i n a controlled environment.  This  guarant ees  accurat e assess ments  of  t heir 

durabilit y and dependability. 

1. 2. 2 Accel erated Agi ng studies 

St udi es  Accel erated agi ng i nvesti gati ons  are made possi bl e by t he cha mber.  Hi gher  volt age, 

hi gher  t e mperat ure,  and mor e stress  fact ors  are applied t o t he equi pment  i n or der  t o achi eve 

this.  This  all ows  it  t o more qui ckl y replicat e l ong-ter m operati on.  Wi t h the hel p of  t hi s 

techni que,  perfor mance can be predi cted,  fail ure mechanis ms  can be f ound,  and desi gn and 

dependability may be enhanced.  

1. 2. 3 Perfor mance Verification and Quality Control  

It  ai ds  i n verifyi ng t he effecti veness  of  ne wl y creat ed or  updat ed equi pment  and carryi ng 

out  qualit y control  checks.  Thi s  guarant ees  t hat t he equi pment  co mpli es  wit h safet y 

standards  and require ments,  enabli ng t he i dentificati on and correcti on of fl aws  pri or  t o 

depl oyment. 

1. 2. 4 Research and Devel opme nt  

The agi ng cha mber  ai ds i n t he creati on and research of  hi gh-voltage engineeri ng.  Thi s 

enabl es  t he devel opment  of  ne w mat erials  and met hodol ogi es  t o i ncrease t he dependabilit y 

of  power  syst e ms  as  well  as  t he i nvesti gati on of  equi pment  behavi or  and i nsul ati on 

perfor mance.  

1. 2. 5 Safety and Ri sk Assessme nt  

It  assesses  t he safet y and risk fact ors  associat ed wit h hi gh-voltage equi pment  by 

det er mi ni ng pot ential  fail ure modes  and putting safet y precauti ons  in pl ace.  These 

initiati ves support the devel opment of safet y regulations and security measures. 
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1. 3 Moti vati on 

Researchers  and engi neers  buil d hi gh-voltage agi ng cha mbers  t o st udy agi ng,  det ect 

degradati on,  and assess  the perfor mance and dependabilit y of  el ectrical  syste ms.  These 

cha mbers  offer  a controlled environment  f or  t his  pur pose and i mit ate and investi gat e t he 

long-ter m consequences of electrical stress on machi nery and components. 

The agi ng cha mber  i s  a useful  t ool  for  spotti ng potential  fl aws  and vul nerabilities  t hat  can 

appear  over  t he course of  hi gh-voltage equi pment' s operati onal  lifespan.  Thi s  cha mber  ai ds 

in t he creati on of  more durabl e desi gns  and t he application of  prevent ative mai nt enance 

techni ques  by exposi ng parts  li ke i nsulat ors,  cabl es,  and transfor mers t o conti nuous 

exposure t o hi gh voltage.  In t urn,  t his i mpr oves  the l ongevit y and dependabilit y of  hi gh- 

voltage syst e ms.  

The bur n-i n cha mber  also pr ovi des  a t esti ng and vali dati on gr ound f or  novel  i nsul ati on 

mat erials,  di agnostic pr ocedures,  and conditi on monit ori ng appr oaches.  It  backs  i nitiati ves 

in research and devel op ment  ai med at  enhanci ng t he effecti veness, securit y,  and 

sustai nability of hi gh-voltage syste ms.  

Overall,  t he devel opment  of  el ectrical  engi neeri ng and t he opti mi zati on of  hi gh- voltage 

machi nery are greatl y aided by t he buil di ng of hi gh-voltage agi ng chambers,  whi ch 

guarantee t he dependabl e and effecti ve f uncti oni ng of  applications  li ke power  trans mi ssi on, 

di stri buti on, and i ndustrial processes. 

1. 4 Concl usi on 

The co mpl eti on of  a  high- voltage agi ng cha mber  i s  a si gnificant  develop ment  i n t he 

di sci pli ne of  el ectrical engi neeri ng.  This  feat i s  t he cul mi nati on of a  chall engi ng 

engi neeri ng pr oj ect  t hat  required meticul ous  pl anni ng,  desi gni ng,  and carryi ng out.  The 

goal  of  t he hi gh voltage agi ng cha mber  i s  t o establish a regul at ed environ ment  where 

el ectrical  mat erials and components  can be stretched under  hi gh voltage f or  ext ended 

peri ods  of  ti me.  Thi s  enabl es  sci entists and engi neers  t o exa mi ne t heir  effecti veness,  

toughness,  and agi ng characteristics  i n realistic settings.  Nu mer ous  benefits result  from t he 

constructi on of  t his facility,  i ncl udi ng i mpr ove ments  t o dependabl e and efficient  el ectrical 

syste ms,  t he i dentificati on of  co mponent  weaknesses,  t he i nvesti gati on of  novel  mat erials,  

and t he advance ment  of  electrical  i nsul ati on and high voltage engi neeri ng.  Researchers  and 

engi neers can boost technol ogi cal advance ments and i mpr ove reliability i n a range of 
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sect ors  by understandi ng how el ectrical  components age and predi cti ng t heir  lifespan.  Thi s 

incl udes  i ndustries  li ke power  generati on,  trans mi ssi on,  el ectric vehi cles,  aer ospace,  and 

rene wabl e energy syst e ms.  A maj or  feat  i n t his  endeavor  i s  t he creati on of  a hi gh volt age 

agi ng cha mber,  whi ch all ows  f or  t he enhancement  of  desi gn practices,  reducti on of 

mai nt enance costs, and promoti on of safet y. 

1. 5 Report Organi zati on 

Chapt er  1:  This  chapt er  emphasi zes  t he val ue of  a  hi gh-voltage agi ng cha mber  t hat  i s  made 

to conti nuousl y subj ect el ectrical  equi pment  to hi gh voltage stress. The cha mber 

strea mli nes  t esti ng,  expedites  agi ng st udi es,  provides  qualit y control,  promot es  research 

and devel opment,  and eval uat es  safet y consi derations.  Its  devel opment  advances  el ectrical 

syste m safet y, reliability, and technol ogy.  

Chapt er  2:  Thi s  chapt er  focuses  on t he benefits  of  pol ymeri c i nsul at ors  over cera mi c ones,  

but  it  also recogni zes  t hat  t hey can agi ng qui ckl y outsi de owi ng t o environment al  fact ors.  

The st udy e mphasi zes  t he use of  hi gh-voltage aging cha mbers  i n co mprehendi ng t he agi ng 

pr ocess  and t he si gnificance of  i mpl e menti ng environment all y acceptable i nsul ati on 

sol uti ons  f or  transfor mers.  Researchers  can i ncrease t he dependabilit y and sustai nabilit y of 

el ectrical syste ms by researchi ng and tackli ng t hese agi ng-related concerns. 

Chapt er  3:  Thi s  chapt er  goes  t hrough t he parts,  charact eristics,  and t e mperat ure control 

syste m of  a  hi gh voltage agi ng cha mber.  Whil e t he control  syst e m mai nt ai ns  a precise 

temperat ure f or  accurat e t esti ng,  t he hi gh voltage power  suppl y supplies t he necessary 

voltage for component aging.  

Chapt er  4:  Thi s  chapt er  present  Constructi on of  the hi gh voltage agi ng cha mber  pl aces  a 

hi gh pri orit y on i nsul ati on,  gr oundi ng,  and safet y.  Hi gh voltage operati ons  are reliabl e and 

staff safet y is ensured t hrough proper ventilati on, monit ori ng, and testi ng.  

Chapt er  5:  Thi s  chapt er  deals  wit h Equi pment  i s  tested f or  dependabilit y and safet y i n a 

hi gh voltage agi ng cha mber.  I mpr ove ments  i n i nsul ati on,  voltage capability,  di agnostics,  

and aut omati on i ncrease precisi on and effecti veness. 
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Chapt er  6:  Thi s  chapt er  focuses  on t he Safet y,  voltage capacit y,  and environment al  control 

issues  must  be t aken i nt o account  while buil di ng high- voltage agi ng cha mbers.  Int egrati ng 

rene wabl e energy pr omot es  sust ai nabilit y and advance ment  while standardizati on, 

di agnostics, and mat erial devel opment i ncrease reliability. 

Chapt er  7:  Thi s  chapt er  is a  hi gh voltage agi ng chamber  pr oj ect  may have a l arge and vari ed 

infl uence on t he environ ment  and soci et y.  Responsi bl e pr oj ect  management  de mands 

careful planni ng and t he use of rene wabl e energy sources. 
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Chapt er Two 
 

 

 

 

 

 
 

2 LI TERATURE REVI E W 

 

Pol ymeri c i nsul at ors  have seen rapi d gr owt h i n t heir  t ypes,  desi gns,  and constructi on due 

to t heir  many advant ages over  traditi onal  cera mi c i nsul at ors,  i ncl udi ng t heir  li ght  wei ght,  

flexi bility,  ease of  i nstallati on,  superi or  performance i n cont a mi nat ed environments, 

i mpr oved di el ectric strengt h,  and one-pi ece desi gn.  [1],  [2].  Pol ymeri c mat erials,  however, 

have t he pr obl e m of  aging,  particul arl y i n out door  conditi ons,  because of  t heir  or gani c 

charact er.  Environment al  stresses  i ncl ude t hi ngs  li ke heat,  hu mi dit y,  aci d rai n,  f og, 

ultravi ol et  ( UV)  radi ati on,  and heat  [3].  One of  t he bi ggest  issues  el ectrical  insul ati ons  have 

to deal  wit h i s  ultravi ol et  ( UV)  agi ng.  The sun' s  t otal  UV r adi ati on i s  t ypi cally br oken down 

int o t hree co mponents.  Because its  wavel engt h is s maller  t han 290 n m,  UV C has  t he 

maxi mu m energy of  all  ultravi ol et  li ght  t ypes.  UV C i s  t herefore undoubt edly bad f or  your 

healt h and even f or  ot her t hi ngs  li ke el ectrical  i nsul at ors  t hat  are f ound on the gr ound.  The 

current  paper' s goal  i s  t o i nvesti gat e t he UV C- exposed silicone r ubber  i nsul ati on' s  agi ng 

pr ocess.  To achi eve t his, t hree di sti nct  varieties  of  commerci al  silicone r ubber  i nsul at ors 

were aged usi ng cont a mi nat ed sol uti on and UV C li ght.  Then,  usi ng t her mo- gravi metrical 

anal ysis,  surface el e ments,  and l eakage current  measure ments,  t heir  el ectrical  and t her mal  

pr operties  as  well  as  changes  on t he surface were exa mi ned.  It  has  been f ound t hat  t he 

infl uence of  poll uted sol ution has  a  great er  i mpact  on l eakage current  t han the i nfl uence of 

UV l i ght  al one.  Poll uti on and UV C r ays  t oget her  also greatl y i ncrease l eakage current.  The 

third har moni c co mponent  i s  particul arl y affect ed by poll uti on.  UV C agi ng l owers  t he 

ther mal  decompositi on t emperat ure of  i nsul ations  and det eri orates  t he surface of  syst e ms, 

particul arl y t he pol ymers t hat  surround t he filler.  [4].  These stresses  have an i mpact  on t he 

mechani cal,  el ectrical,  ther mal,  che mi cal,  and physi cal  charact eristics of  co mposite 

insul at ors. [5], [6]. 

Co mpared t o ot her  pol ymeri c i nsulat ors,  room t e mperat ure vul cani zed silicone r ubber 

( RTV- Si R) is usuall y suggest ed for out door hi gh-voltage ( HV) i nsulat or coati ngs. This is 
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because it  has  great  weat heri ng and heat  resistance.  RTV- Si R i s  an el ast omeri c or gan 

sil oxane pol ymer  t hat  mostly consists  of  silicon wi th carbon,  oxygen,  and hydr ogen.  RTV- 

Si R i s  an accept able r ubber  because it  cont ai ns  hydrocarbon gr oups,  whereas t he Si- O bond 

gi ves  it  its i norgani c charact eristics  [7].  RTV- Si R possesses  excepti onal  i nsul ati ng qualities 

and an unusual  hydr ophobi c behavi or  as  a  result  of  its  di sti nct  hybri d nat ure [ 8].  RTV- Si R 

is used i n a  variet y of i ndustries  and pr ofessions,  i ncl udi ng bi omedi cal  engi neeri ng, 

industrial rolls, and HV insul ati on [9], [10]. 

The basi c i deas  behi nd the wat er  dr op cor ona aging pr ocess  f or  noncera mi c i nsul at ors  are 

present ed.  It  i s  shown t hat  wat er  dr ops  i n t he sheat h regi ons  strengt hen t he el ectric fi el d 

and coul d pr oduce cor ona,  whi ch coul d be cr uci al  for  l ong-t er m perfor mance.  El ectric fi el d 

cal culati ons  and s mall-scal e experi ments  show how wat er  dr ops  at  vari ous poi nts  on t he 

shed and sheat h enhance t he el ectric fi el d.  Two silicone r ubber  surfaces  wit h var yi ng 

hydr ophobi c qualities  are gi ven al ong wit h t he t hreshol d magnit ude of  t he surface el ectric 

fiel d f or  cor ona from wat er  dr ops.  Small-scal e aging experi ments  are used to de monstrat e 

the i mpact  of  wat er  dr op corona acti vit y on t he charact eristics  of  t he surface mat erial  [20].  

As  a  consequence of  different  cha mber  desi gn factors,  t he wi re cha mber  aging i ssues.  The 

che mi stry perspecti ve i s e mphasi zed,  and nu merous  exa mpl es  from t he f iel d of  pl as ma 

che mi stry are used as  advi ce f or  pot ential  efforts in t he fi el d of  wi re cha mbers.  The paper 

hi ghli ghts  t he rel evance of  variabl e t uni ng,  t he need f or  a  pure wi re cha mber  environment, 

and offers  a useful  rundown of  currentl y accepted advi ce [ 21].  The output  power  of  a 

phot ovoltaic ( PV)  syst em i s  strongl y dependent  on t he DC cabl e syst e m t hat  connects  t he 

key PV syst e m co mponents,  such as  sol ar  modul es,  i nverters,  batteries,  and char ge 

controllers.  These cabl e syst e ms  are subj ect ed t o a  wi de range of  harsh operati ng 

environments,  i ncl udi ng ultravi ol et  radi ati on,  t hermal,  el ectrical,  and mechani cal  stress.  As 

a result,  t he i nsulati on on t he wi re det eri orates  and t heir  perfor mance suffers.  DC PV cabl e 

sa mpl es  were subj ect ed to t her mal  and mechani cal  l oads  f or  258,  396,  636,  876,  1000,  and 

1120 hours  i n t his  i nvestigati on.  The cabl e sa mpl e was  r olled i nt o a  6 c m di amet er  mandrel 

in an air  circul ation oven set  t o 120 ° C.  The di electric spectroscopi c t echni que and t he 

Shore D har dness  t est  were used t o i nvesti gat e the i mpact  of  t her mal - mechani cal  agi ng 

stresses  on t he i nsulation i nt egrit y of  cabl es. Wi t h agi ng,  t he real  and i magi nary 

components  of  per mitti vity di spl ayed non- monotoni c behavi or.  Furt her more,  at  396 and 

636 age hours,  t he Shore D har dness  i ncreased.  It  dr opped duri ng t he f oll owi ng age cycl es, 

876, 1000, and 1120 hours. The obt ai ned results indi cat e t hat t he XLPO might rest ore its 
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mechani cal  pr operties  after  bei ng exposed t o hi gh t e mperat ures  f or  a l engt hy peri od of  ti me 

[24].  Agi ng i s  t he cu mul ati ve accumul ati on of  changes  over  ti me t hat  are connect ed wit h 

or  responsi ble f or  t he gr owi ng suscepti bility t o di sease and deat h t hat  co mes wit h advanci ng 

age.  These ti me-rel ated alterati ons  are attri but ed t o t he agi ng pr ocess.  The nat ure of  t he 

agi ng pr ocess  has  l ong been debat ed.  The accumul ati on of  evi dence presently i ndi cat es  t hat 

the sum of  t he detri ment al  free radi cal  reacti ons  occurri ng conti nuall y t hroughout  t he cells 

and tissues  represents  t he agi ng pr ocess  or  i s  a substantial  contri buti on t o it. I n ma mmali an 

syste ms, free radi cal reactions invol vi ng oxygen predomi nat e [30]. 

2. 1   I mport ance of hi gh voltage agi ng cha mber 

In hi gh voltage trans mi ssion net wor ks,  silicone r ubber  ( Si R)  i nsulat ors  are thought  t o offer 

a pr omi si ng alternati ve to t raditi onal  cera mi c i nsul at ors.  When exposed to a  co mbi nati on 

of  el ectrical,  environmental,  and sol ar  pressures,  Si R i nsul at ors  age pre maturel y,  whi ch i s 

a pr obl e m.  On t he multi-stress  agi ng perfor mance of  silicone r ubber  wit h DC volt age,  t he 

i mpact  of  mi cro/ nano-silica and mi cro-al umi na t ri hydrat e particles  was  exa mi ned.  The 

hydr ophobi cit y cl assificati on,  l eakage current,  scanni ng el ectron mi croscopy,  fouri er 

transfor m i nfrared spectroscopy,  mechani cal  t esting,  and visual  i nspecti on were used t o 

anal yze t he Si R co mposites  [11].  Co mposite i nsulat ors  have been utilized ext ensi vel y i n 

trans mi ssi on li nes  due t o t heir  outstandi ng anti-poll ution perfor mance.  Co mposit e 

insul at ors,  however,  exhi bit  a variet y of  pr oble ms  aft er  ext ended outdoor  use under 

mechani cal,  el ectrical,  and cli matic stress.  In or der  t o understand the reasons  and 

mechanis ms  of  agi ng,  t his  st udy co mpares  t he mechani cal  properties  of  sa mpl es  bef ore and 

after  t ests [12].  Effects  of  fiel d agi ng were not  consi dered t o be cr uci al  enough t o require 

insulat or  repl ace ment.  For  bot h i nsul at ors,  t he upper  surface l ayer  of  t he poly meri c housi ng 

was  t he onl y pl ace where fi el d-agei ng-i nduced mor phol ogi cal  and mat erial  degradati on 

occurred.  Fi el d agi ng had no effect  on t he housi ng mat erial' s abilit y t o withst and er osi on 

and tracki ng.  [18].  Insulation usi ng Silicon PU and t her mopl astic Si nce t he previ ous  t hree 

decades,  el ast omeri c mat erials  have suppl ant ed out dat ed cera mi c i nsul at ors  and are 

currentl y i n use all  over  the worl d.  As  outsi de electrical  i nsul ation,  t hey are also wi del y 

utilized.  Si nce t hese mat erials are pri maril y or gani c,  t hey age or  degrade over  ti me  as  a 

result  of  environment al  fact ors  i ncl udi ng UVR,  t e mperat ure,  hu mi dit y,  and r ai n,  a mong 

ot hers,  so it  i s  cruci al  t o check t heir  perfor mance before usi ng t he m i n any setti ng.  The best 

met hod at the present is accel erated multistress aging [8]. 
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The radi ol ogy depart ment  has  a  l ot  of  el ectrical  equi pment,  X-ray machi nes,  comput eri zed 

tomography,  and magnetic resonance i magi ng are so me  exa mpl es  [ 5].  A sa mpl e i s  obt ai ned 

under  an el ectroni c equi pment  f or  di agnostic pur poses  t o gat her  bi ol ogi cal  mar kers  such as 

compl et e bl ood count,  urea and creati ni ne,  anti bodi es,  and mi croorganism cult ure [ 6].  It 

can be fat al  t o wor k near  or  wit h el ectrical  equi pment.  The hu man body may be negati vel y 

affect ed by el ectrical  current  cont act.  In t he hu man body,  an underrun el ectric circuit  can 

da mage or  destroy or gans.  Bur ns,  punct ured t ympani c me mbranes,  and vari ous  i nj uri es  can 

result  from el ectrical  equi pment  bl ast  [7].  When a  devi ce has  a fl aw,  such as  a  frayed 

el ectrical  cabl e,  da maged pl ug,  da maged wires,  or  mi ssi ng pr ong,  t he user  co mes  i nt o 

cont act  wit h t he current  [1].  Additi onall y,  risky wor ker  behavi ors  i ncl udi ng gri ppi ng wi re,  

usi ng several  ext ensi on cords,  and reveali ng el ectrical  wire all  raise t he chance f or  an 

el ectrical  mi shap.  Additionall y,  t he surgi cal  s moke pr oduced duri ng di ather my has  t he 

pot ential to cause i nfection, cancer, and respirat ory probl e ms [8]. 

Insulati on usi ng Silicon PU and t her mopl astic Si nce t he previ ous  three decades, 

el ast omeri c mat erials have suppl anted out dat ed cera mi c i nsul at ors  and are currentl y i n use 

all  over  t he worl d.  As  outsi de el ectrical  i nsul ati on,  they are also wi del y utilized.  Si nce t hese 

mat erials are pri maril y organi c,  t hey age or  degrade over  ti me as  a result  of  environment al 

fact ors  i ncl udi ng UVR,  t e mperat ure,  hu mi dit y,  and rai n,  a mong ot hers,  so it  is  cr uci al  t o 

check t heir  perfor mance before usi ng t he m i n any setti ng.  The best  met hod at  t he present 

is accel erated multistress  agi ng.  [9].  In el ectrical  transfor mers,  veget able-based nat ural 

ester  oil  serves  t he t wi n pur poses  of  i nsul ati ng and cooli ng mat erials.  It  is  regar ded as  a 

nat ural  alternati ve t o t he conventi onal  mi neral  i nsul ati ng oil.  Nano oils were creat ed by 

dispersi ng a co mposite of al umi num oxi de and zi nc oxi de ( AhO3+Zn O)  nanoparticl es  i nt o 

soy bean oil  and a mi xt ure of  sunfl ower  and oli ve oil  wit h a concentration of  0. 005g/ L i n 

or der  t o preserve bot h i mpr oved el ectrical  and t hermal  pr operties.  This  st udy co mpares  t he 

results of  different  t ests on nano oil  sa mpl es  t hat were conduct ed before and aft er  agi ng 

wi t h t hose of  mi neral  oil.  These t ests  i ncl uded t hose f or  breakdown voltage,  tan delta,  fl ash 

poi nt, pour poi nt, wat er cont ent, viscosit y, and FTI R. [10]. 

For  i nsul ation and cooli ng pur poses  i nsi de t he transfor mer,  li qui d i nsulati on medi a i s  used. 

Tr ansfor mers  currentl y use mi neral  oil  made from petrol eum,  whi ch i s  not  rene wabl e and 

does  not  degrade,  posi ng a  severe risk t o t he environment.  Ho wever,  t here i s  a  pressi ng 

need t o adopt  accept able mi neral  oil  substit utes t hat  are environment ally beni gn and 

bi odegradabl e due t o t he risi ng price and di mi nishing nat ure of mi neral oil. For transfor mer 
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insul ation i n hi gh voltage syst e ms,  a variet y of  veget abl e oils,  i ncl udi ng sunflower  oil,  soya 

bean oil,  and a  mi xt ure of sunfl ower  and oli ve ( BSO)  oil,  are appr opriate substit utes  due  t o 

the li mited suppl y of  t hese mat erials.  The af ore menti oned veget able oils are put  t hr ough 

multi ple agi ng pr ocesses, and mi neral  oil  is  used as a  co mparison.  Additi onally,  bot h bef ore 

and aft er  age,  t he di el ectric and t her mal  characteristics  of  veget abl e oils are exa mi ned.  

Fouri er  Transfor m Bef ore and aft er  agi ng,  veget abl e oils are subj ect ed t o t esti ng f or 

infrared spectroscopy,  wat er  cont ent,  breakdown voltage,  vi scosit y,  fl ash poi nt,  t an del ta, 

and pour  poi nt.  The effecti veness  of  t he suggested veget able oils is  demonstrat ed by a 

comparison of  veget abl e oils wit h mi neral  oil  [13].  In t he fi el d of  hi gh voltage out door 

insulation,  t here i s  a  gr owi ng need f or  alternati ve mat erials,  whi ch i s  pri maril y dri ven by 

the need t o reduce t ot al  costs  while mai nt ai ni ng t he necessary i nsul ation properties.  Due  t o 

their  unpredi ctabl e reaction when exposed t o environment al  challenges,  these i nsul at ors'  

agi ng i s  one of  t heir  most  si gnificant  behavi ors.  Fr om t his  angl e,  pol ymer  hybri d co mposite 

mat erials coul d have a l ot  of  advant ages  over  poly mer  nano-  and mi cro-co mposites  [ 14]. 

Multi ple stresses,  i ncl uding heat,  UV r ays,  salt  fog,  and aci d rai n,  are i ncl uded i n t he desi gn 

and constructi on of  an environment al  cha mber.  Leakage current  val ues  are not ed f oll owi ng 

each cycl e of  weat hering f or  t he pur pose of  agi ng anal ysis.  To track t he struct ural 

alterati ons  i n all  sa mpl es,  Fourier  Transfor m I nfrared Spectroscopy ( FTI R)  was  used.  All  

of  t he hybri d co mposites  de monstrated enhanced l eakage current,  hydrophobi cit y,  and 

di electric strengt h after  bei ng weat hered i n t he l ab [ 15].  Aft er  each cycle of  weat heri ng,  

leakage current  ( LC)  and hydr ophobi cit y cl assificati on ( HC)  measure ments  are made t o 

exa mi ne t he agi ng pr operties of  t hese sa mpl es.  Li ke wi se,  Fourier  transfor m infrared ( FTI R) 

spectroscopy i s  used t o track si gnificant  struct ural  alterati ons  t hroughout  t he agi ng pr ocess. 

Aft er  1000 hours  of  agi ng,  t he di electric strengt h of  AC i s  also t ested.  Mechani cal  qualities 

are also exa mi ned bot h before and after  agi ng,  as  well  as  resistance t o tracking and er osi on. 

HSs  have i mpr oved t est scores  across  t he board,  accordi ng t o t he critical  i nvesti gati on.  

Over  t he course of  agi ng,  S2 has  t he l owest  LC and HC val ues.  At  t he concl usi on of  t he 

accel erat ed agi ng,  S6 simi l arl y descri bed t he hi ghest  breakdown strengt h [16].  Predi cti ng 

agi ng' s  occurrence,  speed,  and circumst ances  as  well  as  t he average predi cted lifespan of  a 

composite i nsul at or  i s  cruci al.  This  st udy outli nes t he pr ocedures  f or  artificial  fi el d t esti ng 

(agi ng),  nat ural  t esti ng,  standards  creat ed f or  aging,  anal ytical  t echni ques,  dat a obt ai ned 

thus  far  regardi ng different  metrics  from vari ous l ocati ons,  handli ng i nstructi ons,  and a 

concl usi on on what  i s  still  required [ 17].  Wi t h a powerful  ga mma  source,  a r esisti ve pl at e 

cha mber ( RPC) under went a l ong-ter m agi ng test. The bake lite surface of the det ect or had 
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been gi ven li nseed oil  treat ment  while it  was  i n aval anche mode of  operation.  Foll owi ng 

the radi ati on treat ment,  the pr oj ect ed dose,  charge,  and fl uence were r oughly equi val ent  t o 

the l evels  antici pat ed f ollowi ng t en years  of  operati on i n t he CMS barrel  regi on.  Cos mi c 

muon monit ori ng of  t he RPC perfor mance during and aft er  t he irradi ation reveal ed no 

discerni bl e agi ng effects.  Additi onall y,  no change in bake lite resistance was seen [ 19].  The 

dependability of  co mposite i nsul at ors  used i n trans mi ssi on net wor ks  i s  a cruci al  aspect  i n 

ensuri ng uni nt errupt ed power  deli very t o consu mers.  Because t hey are or gani c,  t hese 

pol ymeri c i nsul at ors  age when subj ect ed t o el ectrical  and environment al  stress.  UV i s  t he 

pri mar y cause of  agi ng caused by surface degradati on.  Poll ut ants  are accumul at ed on t he 

surface of  t hese i nsulat ors  when t hey are e mpl oyed i n mari ne,  i ndustrial,  and agri cult ural 

environments.  As  a  result,  its  surface resistance decreases  and l eakage current  begi ns  t o 

fl ow on t he i nsul at or  surface,  owi ng t o changes  in t he che mi cal  struct ure of  t he pol ymer 

chai n.  This  causes  fl ashover,  whi ch event uall y l eads  t o i nsul at or  fail ure.  Leakage current 

is an i mport ant  metric t hat  i ndi cat es  t he surface stat e of  an i nsul at or.  The UV cha mber  was 

desi gned and built  i n t he current  wor k.  11kV pol ymeri c i nsul at ors  were artificiall y aged f or 

one and t wo years  i n t his  UV cha mber.  The st udi es were carried out  t o measure t he l eakage 

current  on t he i nsul at or' s surface under  poll uted conditi ons.  The results reveal  t hat  l eakage 

current  i ncreases  as  t he insulat ors  age [ 22].  The effect  of  el ectrical  stress on gl ass  fi ber 

rei nforced pol ymer  i n wet  conditi ons  was  expl ored i n t his  wor k.  A speci all y devel oped and 

built  t est  equi pment  was  utilized t o record t he current  fl owi ng t hrough t he GFRP r od duri ng 

the t est.  Based on t he change i n GFRP r od surface mor phol ogy and t he current  devel op ment 

trend,  t he degradati on process  of  GFRP r od due to el ectrical  stress  was  divi ded i nt o f our 

consecuti ve st ages:  degradati on i ncepti on st age,  hydr ol ysis st age,  carboni zati on st age,  and 

breakdown st age.  The physi cal  and che mi cal  features  of  GFRP i n different  phases  were 

reveal ed usi ng SEM,  Fourier  transfor m i nfrared ( FTI R),  t her mogravimet ric anal ysis 

( TGA),  and X-ray phot oelectron spectroscopy ( XPS).  Accor di ng t o t he fi ndings,  t he GFRP 

degradati on pr ocess  caused by el ectrical  stress  i n wet  conditi ons  occurred const antl y i n t he 

for m of  fl aw channels,  in whi ch t he epoxy resi n matri x was  si gnificantly det eri orat ed.  

Duri ng t he t est,  t he hydrol ysis,  oxi dati on,  pyr ol ysis,  and carboni zati on of  the epoxy resi n 

mat ri x can be measured successi vel y.  The percentage a mount  of  hi ghl y oxi di zed car bon 

( C- O,  C=O,  and O- C=O)  i n t he epoxy resi n matrix on t he GFRP surface i ncreased pri or  t o 

the carboni zati on pr ocess and t hen dr opped duri ng t he carboni zati on pr ocess  as  t he GFRP 

breakdown pr ocess  advanced [ 23].  Due t o its  superi or  qualities,  particul arl y its  hi gh 

hydr ophobi cit y, silicone rubber (Si R) has seen a significant growt h i n use for hi gh voltage 
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el ectrical  i nsul ation i n t he outsi de environment  over  t he l ast  t hree decades,  i n additi on t o 

non-el ectrical  uses.  Ho wever,  because its  pr oducts  are or gani c i n nat ure,  they are altered 

when subj ect ed t o vari ous  pressures,  resulti ng i n t he l oss  of  desired qualities  t hat  have a 

direct  beari ng on t heir  longevit y.  This  revi ew article di scusses  t he degradati on of  Si R 

composite i nsul at ors  i n out door  wor ki ng environment s,  whi ch i s  caused by a  vari et y of 

fact ors  i ncl udi ng ultravi olet  ( UV)  radi ati on,  bi ol ogi cal  cont a mi nants,  wat er  concentrati on 

or  moi st ure absorpti on,  tracki ng/ erosi on,  partial  dissol uti on ( PD),  corona aging,  and ot hers. 

[25].  A multi-part  st udy t hat  l ooked at  how high-voltage i nsul ati ng (HVI)  mat eri als 

perfor med when exposed t o el ectrified salt  spray,  UV l i ght,  and hu mi dit y.  As  t he salt  f og 

ages,  a dat a collecting devi ce conti nuousl y monit ors  t he surface electrical  acti vit y. 

Dyna mi c wat er  cont act  angl e i s  utilized t o monit or  t he effects of  accel erated agi ng on t he 

loss  and recovery of  hydr ophobi cit y i n silicone el ast omers,  whil e SEM and XPS are 

e mpl oyed t o exa mi ne surface struct ural  i mpacts  due t o agi ng.  Physi cal  and el ectrical 

pr operties  i n aggregat e are also present ed [ 26].  A st udy was  carried out  t o eval uat e ne w 

and l aborat ory-aged sa mpl es  of  surge arresters  and anchorage pol ymeri c i nsulat ors  f or  t he 

Ri o Gr ande Ener gia ( RGE)' s  12 and 24 kV net works.  Power  Pr ovi der  Di fferential  Scanni ng 

Cal ori metry ( DSC),  Ther mogravi metric Anal ysis ( TG),  Dyna mi c- Mechani c Anal ysis 

( DMA),  Fouri er  Transfor med I nfrared Spectroscopy ( FTI R),  and Scanni ng El ectroni c 

Mi cr oscopy ( SEM)  were used t o exa mi ne pol ymeric compounds  f or  changes  i n i nsul at or 

pr operties  caused by degradati on duri ng t he experi ments.  The t ests were carried out  i n 

laborat ory apparat us  ( weat heromet er,  120 ° C,  salt spray,  and i mmersi on i n wat er)  bef ore 

and after  6 mont hs  of  aging.  Foll owi ng t he agi ng studies,  hi gh-voltage el ectrical  t ests  were 

perfor med,  i ncl udi ng a radi o i nt erference voltage t est  and si multaneous  measure ment s  of 

total  and i nt ernal  l eakage currents  t o confir m t he surface degradati on of t he pol ymeri c 

mat erial  e mpl oyed i n t he housi ng.  To f orce an i nt ernal  degradati on,  t he i mpulse current  t est 

was  used wit h current  val ues  near  t o 5,  10,  and 30 kA.  Onl y surface degradati on was 

identified at  t he pol ymer,  accordi ng t o t he results.  The agi ng had no effect  on t he maj or 

attri butes  of  t he pi eces.  It confir ms  t he suitability of  pol ymer  i nsul at ors  and sur ge arrest ors 

for  usage i n energy distri buti on net wor ks  [ 27].  Environment al  stress  must  da mage t he 

pol ymeri c housi ng of  di stri buti on surge arresters,  and moi st ure i nfiltrati on can disrupt  t he 

interface bet ween t he housi ng and t he i nt ernal  modul e.  Moi st ure absorption at  t he cont act 

shoul d i ncrease l eakage current  and pr oduce tracki ng l osses.  UV,  t e mperat ure,  hu mi dit y,  

voltage,  salt  fog,  and preci pitati on,  as  well  as  t ot al  and resisti ve l eakage current  from t he 

arresters, can all be si mul ated by t he suggest ed agi ng test equi pment. In additi on, in an 
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out door  t est  yard,  we  conduct ed fi el d exposure t ests wit h t ypi cal  st udi es  of  fiel d operat ed 

arresters.  The el ectrical  perfor mance of  t he arresters  was  t hen co mpared,  as  well  as  t he 

insulating qualit y of t he housi ng mat erial and t he state of t he housi ng surface [28]. 

Co mposite i nsul at ors  are si gnificantl y used i n power  trans mi ssi on net wor ks. 371 co mposite 

insul ation mat erials  wit h operati ng lifeti mes  ranging from 3 t o 22 years  were coll ect ed from 

lines  i n hot  and hu mi d environments.  These i nsul ators'  physi cal  charact eristics,  mechani cal 

pr operties,  el ectrical  properties,  and i nt erface properties  were t horoughly exa mi ned.  I n 

additi on,  t o descri be i nsul at or  agi ng circumst ances,  19 agi ng charact eristic i ndi ces  were 

devel oped.  Thi s  st udy addressed t he f unda ment al  agi ng mechanis m by i nvesti gati ng t he 

associ ation across  agi ng index and wor ki ng years.  Meanwhil e,  based on t he out comes  of 

the i nquiry,  we  creat ed life expect ancy models  based on physi cs  and st atistics,  respecti vel y. 

The t her mal  oxi dati on process  of  silicone r ubber,  accordi ng t o t he fi ndi ngs, det er mi nes  t he 

lifeti me of  t he t ested i nsulat ors.  The co mposite i nsul at or  had an el ectrical  life of  18. 9 years, 

whil e t he silicone r ubber  mat erial  had an el ectrical life of  14. 6 years.  Mechani cal  l oad and 

Fouri er  Transl ation I nfrared Spectroscopy ( FTI R)  t est  results can be used to f orecast  t he 

re mai ni ng life of  i nsul ators  i n hi gh-te mperat ure and hi gh-humi dit y sit uations.  Fi nall y,  we 

chose 20 i nsul at ors  t hat  had been r unni ng f or  14 years  and esti mat ed t heir  longevit y usi ng 

the met hod gi ven i n t his  paper.  The f orecast  was  off by one year  [ 29].  The princi pal  dangers 

to cabl e i nsulation are electrical  stress,  t her mal  stress,  and mechani cal  stress.  El ectrical 

stress,  whet her  from operation voltages  or  ano malous  over  voltages  duri ng transi ents,  has 

a del et eri ous  i mpact  on power  cabl e i nsulation.  Excessi ve el ectri cal  stress  will  cause 

insulating mat erials  t o age,  resulti ng i n cabl e fail ures  and power  syst e m out ages.  Pol ymeri c 

power  cabl e agi ng has  been i nt ensi vel y exa mi ned duri ng t he l ast  fe w decades.  Alt hough 

the agi ng mechanis ms  were researched on mol ded sa mpl es,  little i s  known about  t he 

s witchi ng i mpul se agi ng of  XLPE and EPR cabl es.  15 kV XLPE and EPR cabl e sa mpl es 

were aged f or  10, 000 s wit chi ng i mpulses  i n t his  experi ment  [ 31]. A multistress 

environment  usi ng neat  epoxy ( NEP)  was  applied to an epoxy/silica nanocomposit e l oadi ng 

in a specificall y built  chamber  at  2. 5 kV f or  9000 hours.  In or der  t o st udy t he agi ng of  t he 

sa mpl es,  Fourier  transfor m i nfrared ( FTI R)  spectroscopy,  scanni ng el ectron mi cr oscopy 

(SEM),  l eakage current monit ori ng,  and Swedish Trans mi ssi on Research I nstit ut e 

hydr ophobi cit y cat egorizati on were utilized in conj uncti on wit h conti nuous  eye 

exa mi nati on.  Aft er  age,  bot h sa mpl es  were dee med accept able and adequate f or  i nsul ati on. 

Ho wever, epoxy nanocomposite ( EPNC) out perfor med NEP. FTI R spectrographs reveal ed 
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that  t he EPNC sa w r educed decrease i n key hydr ocarbon gr oups.  The ti dy sa mpl e showed 

great er  l eakage current  and so l ost  more hydr ophobi cit y.  Si mil arl y,  mi cr oscopi c SE M 

eval uati on of  t he nanoco mposite i ndi cat ed no subst antial  change i n surface t opography 

[32].  Ti me- dependent  multistress  agi ng of  hi gh voltage nanoco mposites  I nsulat ors  pl ay an 

i mportant  rol e i n el ectrical  power  trans mi ssi on and di stri buti on syst e ms  because t hey not  

onl y i sol ate suppl y li nes  from t owers  but  also gi ve mechani cal  support  t o conduct ors.  As  a 

result,  i nsul at ors  pl ay a critical  rol e i n efficient  and effecti ve el ectricit y trans mi ssi on.  For  a 

long ti me,  conventi onal porcel ai n and gl ass  i nsul at ors  were t he sol e insul at ors,  until 

pol ymeri c i nsulat ors  were i ntroduced and approved i n most  sophisticat ed countries. 

Pol ymeri c i nsul at ors  pr ovi de several  advant ages  over  cera mi c i nsul at ors,  incl udi ng li ght 

wei ght,  hi gh di electric strengt h,  and l ow cost,  a mong ot hers.  Ho wever,  t hey are subj ect  t o 

agi ng as  a result  of  el ectrical  and environment al  stressors.  So me  well-known pol ymeri c 

insulating mat erials  are silicone r ubber  ( Si R),  et hylene pr opyl ene di ene mono mer  ( EPDM), 

and epoxy.  Advances  i n nanot echnol ogy,  on t he ot her  hand,  ai ded i n t he devel opment  of 

pol ymeri c i nsul at ors  with superi or  pr operties.  As a  r esult,  nanocomposites  of  pol ymeri c 

insulating mat erials have been pr oposed t o repl ace t he m.  Pol ymeri c nanoco mposit es,  on 

the ot her  hand,  l ack an ext ensi ve track record of  perfor mance.  As  a  result, t hey shoul d be 

exa mi ned f or  an accept abl e peri od of  ti me i n comparison t o neat  pol ymeric mat erials  t o 

det er mi ne t he effect  of  nano-fillers on t heir  agi ng behavi or.  The criteria t hat  i nfl uence t he 

pr operties  of  any co mposite are t he ki nd,  si ze,  and l oadi ng of  nano/ mi cro fillers.  Because 

of  its  great  t her mal  st ability and el ectrical  resisti vity,  silica i s  one of  t he t op choi ces  i n wi de 

range fillers.  Multi ple stresses  exist  i n t he nat ural  environment.  hence t he insul at ors  must 

be assessed i n a multistress  environment  t o achi eve l aborat ory results t hat are near  t o t he 

nat ural  environment.  Weat heri ng cycl es  are peri odi c applicati ons  of  vari ous  stresses  i n an 

environment al  cha mber.  vari ous  stresses  i ncl ude ultravi ol et  ( UV)  radi ation,  war mt h,  aci d 

rai n,  and so on.  Aft er  a coupl e of  weat heri ng cycl es  or  agi ng peri ods,  several  anal ysis 

techni ques  can be e mpl oyed t o exa mi ne t he condi tion of  t he sa mpl es,  or  more precisel y,  t o 

check t he i mpacts  of  stresses  on i nsul at ors,  which may alter  el ectrical, physi cal,  and 

struct ural properties [33]. 

Pol ymer  co mposite i nsulat ors,  whi ch are made up of  fi ber-rei nforced poly mer  i nsul at ors 

wr apped i n a pol ydi methylsil oxane ( PDMS)  cover,  are currentl y repl acing traditi onal  

cera mi c i nsulat ors  due to t heir  di sti nct  advant ages.  Pol ymers,  unli ke cera mi cs,  have a 

relati vel y short life cycle. Out door i nsulat ors are subj ect ed t o a variet y of electrical, 
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mechani cal,  che mi cal,  and t e mperat ure stresses  while i n use.  Long-ter m perfor mance and 

lifeti me esti mati on of  t hese i nsulat ors  i s  critical,  but  challengi ng and ti me-consu mi ng.  The 

current  i nvesti gati on' s  goal  i s  t o est ablish t he pr opert y' s rat e of  det eriorati on duri ng 

operati on as  well  as  its  appr oxi mat e useful  life.  Wor ki ng i nsul at ors  of  varyi ng ages  were 

re moved from servi ce,  and t he mechani cal,  el ectrical,  and hydr ophobi c properties  of  t he 

PDMS cover  were det ermi ned over  ti me.  The lifeti me of  a  ne w che mi cal  subj ect ed t o 

accel erat ed agi ng st udi es  was  co mpared t o t he l ifeti me esti mat ed based on changes  i n 

mechani cal  charact eristics  and hydr ophobi cit y of  the surface ( usi ng MATLAB soft ware). 

Predi cti ng servi ce life i s useful  for  re movi ng el derl y i nsulat ors  from service i n or der  t o 

avoi d power out ages [34]. 
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Chapt er Three 
 

 

 

 

 

 

 

 

3 METHODOLOGY 

 
 

3. 1 Theoretical studi es 

The agi ng cha mber  i s  a t wo- walled,  convecti on-heat ed and cool ed machi ne.  The agi ng 

cha mber' s out er  body i s  built  of  t hi ck PCRC,  pre-coat ed wit h a  corrosi on-resistant  GI  sheet, 

pri med and r ust  pr oofed before bei ng pai nt ed wit h l ong-l asti ng st ove ena mel  and attracti ve 

powder  coat ed.  The i nt erior  cha mber  i s  built  of  SS- 304 grade t hi ck gauge st ai nl ess  st eel 

sheet).  The space bet ween t he walls  i s  filled wit h high-qualit y mi neral  gl ass  wool,  ensuri ng 

opti mal  t her mal  efficiency i n our  cha mber.  The unit  i s  availabl e i n si ngl e and doubl e door 

versi ons,  wit h a  vi ewi ng wi ndow construct ed of  t hick pl exi gl ass/fl oat  gl ass  to exa mi ne t he 

speci mens  wit hout  affecting t he cha mber' s t e mperature.  This  door  i ncl udes  a  magneti c door 

cl osure.  The unit  i s  supported by a  strong st eel  fra me.  The unit  comes  with a  vari et y of 

cust omi zed shel ves  i n nu mer ous  per mut ati ons  and co mbi nati ons  t o meet  specific needs.  

Our  agi ng cha mbers  have a tri ple- walled back and t wo/four/si x/ei ght  (size specified)  air 

circul ati on fans t o keep the te mperat ure unifor m thr oughout t he cha mber. 

3. 1. 1 St andard Fut ure 

The foll owi ng are t he main standard fut ures of hi gh voltage agi ng cha mber. 

 
3. 1. 2 Hu mi dity control  

The co mbi nati on of  a  variabl e speed mot or  wit h a ther most at  all ows  f or  humi dit y control.  

To dr y or  "dehu mi dify"  the cha mber,  we  will  require a mechani cal  mechanis m.  Thi s  i s  best 

accomplished wit h t he help of  a  refri gerati on syst em.  I n t he cha mber,  a chilly cooli ng coil 

dra ws moi st ure i n t he air, produci ng it to condense int o wat er, whi ch may t hen be drai ned.  
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3. 1. 3 Open and Cl ose Updates Through Mobil e Net work 

Mobil e t echnol ogy has  the pot ential  t o make operati ons  more fl exi bl e by pr ovi di ng 

infor mati on anyti me and anywhere vi a a  mobile devi ce,  as  well  as  setti ng up an al ert  syst e m 

to det er mi ne whet her or not t he cha mber is bei ng used.  

3. 1. 4 Heati ng 

The cha mber  has  an i ndirect  heati ng syst e m t hat  consists of  air  heat ers  manufact ured of 

hi gh grade Kant hal  A- 1 wi res  of  appr opriate wattage.  The heat ed air  is spread evenl y 

throughout t he cha mber by efficient mot or fans, ensuri ng excellent temperature sensiti vity. 

3. 1. 5 Cooli ng (for bel ow a mbient conditi ons) 

To conduct  experi ments  at  l ower  r oo m t e mperat ures,  we  pl aced an energy-efficient  cooli ng 

unit  i n our  agi ng t est  chambers.  We  use Ki rl oskar/Tecu mseh/ Bit zer/ Denf os  hi gh-end CFC- 

free co mpressors  t hat  meet  t he most  recent  i nt ernati onal  regul ati ons  and gui deli nes.  Ai r 

cool ed refri gerati on systems provi de numer ous advant ages, incl udi ng:  

1.  Lo w fan power usage.  

 
2.  Resistant t o corrosi on and freezi ng.  

 
3.  It requires relati vel y little upkeep.  

 
4.  Long-l asting operati on 

 
3. 1. 6 Corrosi on Resistant Interi or and Exteri ors 

Corrosi on-resistant  coatings,  such as  epoxy coatings,  are applied bot h i nside and out si de 

the cha mber  t o prevent  degradati on caused by moisture,  salt  spray,  oxi dation,  or  exposure 

to ot her environment al or industrial che mi cals/corrosi ve agents.  

3. 1. 7 Li ght Wei ght 

The cha mber is light wei ght due t o its compact design and pre mi um mat erials. 

 
3. 1. 8 Control of UV i ntensity 

Increasi ng t he l engt h of  time,  decreasi ng t he di stance bet ween t hi ngs  and bulbs,  and rai si ng 

the number of lights are three met hods for raisi ng the intensit y of UV radi ation.  

3. 1. 9 Te mperat ure Control  

The t e mperat ure wit hi n the agi ng cha mbers  i s  controlled by an HMI  and PLC controller 

based on Nano t echnol ogy.  Our  agi ng Cha mber  has  a t e mperat ure range of  -10 C a mbi ent 

to +100 C.  
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3. 1. 10 Experi ment al Set Up 

1.  Gat her all of the necessary knowl edge for Hi gh Voltage Agi ng Cha mber. 

 
2.  Learn C++ and Ar dui no app devel opment. 

 
3.  Exa mi ne t he Hi gh Voltage Agi ng Cha mber setti ngs.  

 
4.  Devel opment of a 1kVA transfor mer, 

 
5.  Put t he Model i nt o Acti on and Construct It. 

 
6.  Test  vari ous  mat erials  i n the agi ng cha mber  t o i dentify t heir  qualities,  such as t he lifespan 

of  different  mat erials and t he effect  of  t e mperature,  voltage,  hu mi dit y,  and ultravi ol et 

radi ations on t heir properties. 

3. 2 Met hod of Anal ysis 

Hi gh Volt age agi ng i s  a  sort  of  exa mi nati on t hat  uses  accel erated conditi ons  li ke as  heat,  

oxygen,  sunli ght,  vi bration,  and so on t o speed up t he agi ng pr ocesses  of  obj ects.  It  i s  used 

to i nvesti gat e t he l ong-ter m effects  of  expect ed l evels  of  stress  duri ng a  shorter  peri od of 

ti me,  often i n a  l aborat ory usi ng controlled traditional  t est  met hods.  It  i s  used t o esti mat e a 

pr oduct' s useful  lifespan or  shelf  life when act ual  lifeti me dat a i s  unavailabl e.  When a 

pr oduct  hasn' t  been around l ong enough t o reach t he end of  its  useful life,  so met hi ng 

happens.  

The foll owi ng are t he most i mportant parts of an agi ng cha mber: 

 
3. 2. 1 Hu mi dity 

Hu mi dit y sensors  det ect  changes  i n el ectrical  currents  and air  t e mperat ure.  There are t hree 

types  of  hu mi dit y sensors:  capaciti ve,  resisti ve,  and t her mal.  All  of  t hese met hods  will 

det ect mi nut e changes in the at mosphere to compute the humi dit y i n t he air. 
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A capaciti ve hu mi dit y sensor  esti mat es  r el ati ve hu mi dit y by sandwi chi ng a s mall  stri p of 

met al  oxi de i n t wo el ectrodes.  Met al  oxi de' s  el ectrical  capacit y vari es  with t he rel ati ve 

hu mi dit y of  t he at mosphere.  Weat her,  commerci al, and i ndustrial  applications  are t he most 

common.  I n resisti ve humi dit y sensors,  i ons  i n salts  are utilized t o det ect  t he el ectrical 

i mpedance of  at oms.  As  hu mi dit y changes,  t he resistance of  t he el ectrodes on each si de of 

the salt medi um changes.  

3. 2. 2 Te mperat ure Sensors 

Te mperat ure sensors  measure t he a mount  of  heat  energy or  col dness  generat ed by a 

particul ar  obj ect  or  syst em.  It  can det ect  any physical  change i n t e mperat ure and generat e 

eit her an anal og or di gital out put. 

Ther mi sters are devi ces  made from se mi conduct ors whose resistance varies  i n response t o 

temperat ure.  They are suitabl e f or  very hi gh sensiti vity measure ments  i n a  li mit ed 

temperat ure range of  up t o 100 degrees  Celsi us. Nonli nearit y exists  i n t he rel ati onshi p 

bet ween t e mperat ure and r esistance.  RTDs  t ake advant age of  t he fact  t hat  t he resist ance of 

a met al  vary wit h t emperat ure.  They offer hi gher  precisi on and r esol uti on t han 

ther mocoupl es  and are linear  over  a  wi de range.  As  t he sensory el e ment  i n RTDs,  precisi on 

wi re, usuall y composed of platinum, is used.  

3. 2. 3 UV Sensor 

Ill umi nance i s  measured usi ng a phot o di ode-t ype UV sensor.  When li ght  reaches  a  phot o 

di ode,  it  moti vat es  t he electrons,  causi ng an el ectric current  t o fl ow.  I n reaction t o bri ght er 

light,  t he el ectric current  wi ll  get  stronger.  Aft er  t hat,  t he el ectrical  current  can be  measured 

and converted i nt o a di gital and anal og out put. 

3. 3 Techni que 

Whil e constructi ng a high voltage agi ng cha mber  it  required careful  consi derati on of 

vari ous fact ors. Some constructi on techni ques and gui deli nes t o foll ow:  

3. 3. 1 Pri oritize safety 

Hi gh voltage cha mbers  pose subst antial  risks,  maki ng safet y a t op pri ority.  Ensured t hat 

the desi gn conf or ms  wit h all  applicabl e safet y st andards  and l aws.  To i mpl ement  adequat e 

safet y measures, we worked wit h electrical engi neers and hi gh voltage system experts. 
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3. 3. 2 Insul ati on 

Adequat e i nsulati ng mat erials were used t o prevent  el ectrical  l eakage and to sust ai n hi gh 

voltages.  Cera mi cs,  gl ass,  and specific pol ymers  int ended f or  hi gh voltage applicati ons  are 

popul ar mat erials. 

3. 3. 3 Encl osure Desi gn 

Construct ed a r obust  enclosure usi ng non-conductive mat erials  li ke fi bergl ass  or  rei nforced 

pl astics.  This  encl osure shoul d safel y cont ai n hi gh voltages  and all ow f or  easy mai nt enance 

and testi ng access. 

3. 3. 4 Groundi ng 

Est ablished a reliabl e groundi ng syst e m t o ensure safet y and pr ot ect  agai nst  el ectrical 

faults.  Adhere t o el ectrical  codes  and st andards  when i mpl e menti ng gr oundi ng t o miti gat e 

el ectrical hazards. 

3. 3. 5 Voltage Generati on and Regul ati on 

Empl oyed a  reliabl e hi gh voltage generati on syste m capabl e of  pr oducing t he desired 

voltage l evels.  This  t ypicall y i nvol ves  transfor mers,  capacit ors,  and voltage regul at ors.  

Consult electrical engi neers t o desi gn a syste m suitabl e for your specific require ments. 

3. 3. 6 Control and Monitori ng Syste ms  

I mpl e ment ed an effecti ve control  and monit ori ng syst e m t o manage t he hi gh volt age 

cha mber.  This  i ncl udes  control  panels,  safet y i nt erlocks,  voltage measure ment  devi ces,  and 

aut omat ed syste ms for monit ori ng and adj usti ng voltage levels. 

3. 3. 7 Ventil ati on and Cooli ng 

Account  f or  heat  di ssi pation by pr ovi di ng pr oper ventilati on and cooli ng syst e ms.  Hi gh 

voltage operati ons  generat e heat,  so t hey e mpl oy fans,  heat  si nks,  or  air  conditi oni ng 

syste ms t o mai nt ai n optimal operati ng te mperat ures.  

3. 3. 8 Access and Safety Interlocks 

Installed safet y i nt erl ocks  t hat  prevent  access  t o t he energi zed hi gh voltage cha mber.  Thi s 

prevents  acci dent al  entry duri ng operati on and safeguards  personnel  from pot ential 

el ectrical hazards. 
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3. 3. 9 Emergency Shut down Procedures 

Est ablished cl ear  e mer gency shut down pr ocedures  and pr omi nentl y di splay e mer gency 

st op butt ons  or  s wit ches  near  t he cha mber.  This  allows  f or  i mmedi at e deacti vati on of  t he 

hi gh voltage syste m i n case of safet y concerns or emer genci es.  
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Chapt er Four 

 

 

 

 

4 KEY COMP ONENTS OF HI GH VOLTAGE 

CHAMBER 

 

 
4. 1 Hi gh voltage power suppl y 

It  i s  essential  t o have a power  source t hat  can produce t he necessary voltage i n or der  t o 

pr operl y eval uat e and age el ectrical  components  in a hi gh voltage agi ng cha mber.  Thi s 

power  suppl y needs  t o be especi all y desi gned t o manage hi gh voltages  i n a  reliabl e and safe 

way.  

4. 2 Te mperat ure control syste m 

A hi gh voltage agi ng cha mber' s t e mperat ure control  syst e m i s  i nt ended to regul at e and 

mai nt ai n t he t e mperat ure wit hi n a certai n range so t hat  agi ng t ests  on hi gh volt age 

equi pment  can be carried out.  The pur pose of t he agi ng cha mber  i s  to eval uat e t he 

perfor mance and l ongevi ty of  el ectrical  components  over  an ext ended period of  ti me  by 

si mul ati ng harsh environment al conditi ons.  

The f oll owi ng are t he mai n el e ments  and charact eristics  t hat  are t ypi call y present  i n a 

temperat ure control system f or a hi gh voltage agi ng cha mber: 

4. 2. 1 Te mperat ure Sensors 

To precisel y track t he t e mperat ure at  vari ous  areas  wit hi n t he cha mber,  a vari et y of 

temperat ure sensors,  such as  t her mocoupl es  or  r esistance t e mperat ure detect ors  ( RTDs), 

are strategi call y positi oned.  We  have used a  DHT11 sensor  i nsi de our  cha mber.  DHT11 

sensors are used t o det ect temperat ure.  
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4. 2. 2 Control Unit 

Fi gure 4- 1: DHT11 Sensor for Temperat ure 

A central  control  unit  here t e mperat ure control  syste m i s  responsi bl e f or  recei vi ng dat a 

from t he sensors  and compari ng it  wit h t he desired set poi nt.  It  t hen adj usts t he cha mber' s 

environment al  conditi ons t o achi eve and mai nt ai n the desired t e mperat ure l evel.  At  t he end 

LCD can show readi ngs.  

4. 2. 3 Heati ng and Cooli ng eleme nts 

In cha mber  heati ng and cooli ng el e ments  are bei ng l ocat ed t o det ect  t e mperat ure.  Heati ng 

el e ments,  such as  el ectric resisti ve heat ers,  can be acti vat ed t o i ncrease the t e mperat ure 

upt o 100 degree celsi us,  whil e on t he ot her  hand co mpressors  are used t o i ncrease 

temperat ure upt o  mi nus (-) 10 degree celsi us. 

 

 
Fi gure 4- 2: Heati ng Rod 
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Fi gure 4- 3: Danf oss 6780 compressor for cooli ng 

 

 
 

 
Fi gure 4- 4: Cooli ng condenser evaporat or filter copper pi per 

 

 

 

4. 2. 4 Insul ati on 

Insulati on mat erials are e mpl oyed t o mi ni mi ze heat  transfer  bet ween t he cha mber  and its 

surroundi ngs  i n or der  t o mai nt ai n a st eady t e mperat ure wit hi n t he cha mber.  This  reduces 

the i mpact of ext ernal temperat ure variati ons on the i nsi de environment. 
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Fi gure 4- 5: Wooden Sheet and Alumi ni um Coil 

 

 

 
Fi gure 4- 6: Pl exi gl ass 

 

 

 

4. 2. 5 Ai r Ci rcul ati on 

Fi gure 4- 7: Multi-Layer Al umi num sheet 

An effecti ve air circul ati on syste m ensures t he te mperat ure is evenl y distri but ed t hroughout 

the cha mber. Fans can be used t o move t he air and hel p t o achi eve consistent te mperat ures 
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across different areas of the cha mber. Fans are also used t o provi de cool air to t he 

compressor so to achieve cool temperat ure more efficientl y.  

 

 

 

4. 2. 6 Safety Mechani s m 

Fi gure 4- 8: Air Circul ation Fan 

To prevent  any overheating or  t e mperat ure-related i ssues,  safet y mechanis ms  are bei ng 

installed i nsi de t he chamber.  These may i ncl ude t e mperat ure li mit  s witches,  e mer gency 

shut down syst e ms,  good i nsul ati on whi ch can bear  overheati ng,  or  al ar ms  t o al ert  operat ors 

if the temperat ure exceeds safe li mits. 

 

 

 

4. 2. 7 User Interface 

Fi gure 4- 9: Emergency Shut down Breaker 

A user-friendl y i nterface all ows operat ors t o set and monit or t he desired te mperat ure 

para met ers, view real-ti me te mperat ure dat a, and adj ust setti ngs as necessary. Cha mber can 
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be controlled manuall y or  by App.  The app used t o control  and monit or r eadi ngs  i s  t he 

Bl ynk App.  

 

 
Fi gure 4- 10: Bl ynk App 

 

4. 2. 8 Dat a Loggi ng and Moni tori ng 

The t e mperat ure control  syste m may i ncl ude dat a l oggi ng and monit ori ng capabilities  t o 

record t e mperat ure pr ofiles  over  ti me.  Thi s  dat a can be anal yzed l at er  for  perfor mance 

eval uati on or t o ensure co mpli ance wit h testi ng standards.  

 

 
Fi gure 4- 11: Dat a Monit ori ng 
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4. 3 Hu mi dity Control Syste m 

Fi gure 4- 12: LCD 

Controlli ng hu mi dit y i s critical  i n a  hi gh voltage agi ng cha mber  t o ensure opti mal 

conditi ons  f or  t esti ng and agi ng el ectrical  components.  Hi gh hu mi dit y levels  can cause 

corrosi on and i mpair  t he perfor mance of  certain co mponents.  Here are so me  critical 

consi derati ons  f or  i nstalling a hu mi dit y management  syst e m i n a hi gh volt age agi ng 

cha mber: 

4. 3. 1 Hu mi difier 

Install  a hu mi difier  t o bring moi st ure i nt o t he r oo m.  Hu mi difiers  co me  i n a  variet y of  st yl es, 

incl udi ng st ea m hu mi difiers,  ultrasoni c hu mi difiers,  and evaporati ve hu mi difiers.  Sel ect  a 

hu mi difier based on t he size of t he cha mber and t he level of humi dit y control desired.  

4. 3. 2 Dehu mi difier 

When necessary,  use a dehu mi difier  t o re move excess  moi st ure from t he cha mber. 

Dehu mi difiers can assist keep hu mi dit y l evels  withi n a co mf ortabl e range and prevent  

condensati on.  Agai n,  choose a dehu mi difier  t hat  is appr opriate f or  t he si ze of  t he cha mber 

and its humi dit y management require ments.  

4. 3. 3 Hu mi dity sensors 

Install  a hu mi dit y sensor  or  hygr omet er  t o monit or t he hu mi dit y l evels  i nsi de t he cha mber. 

Thi s sensor will provi de real-ti me dat a on t he humi dit y, all owi ng you t o adj ust the 
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hu mi difier and dehumi difier setti ngs accordi ngl y.  DHT11 sensors are bei ng used t o sense 

hu mi dit y i nsi de the cha mber. 

 

 

 

4. 3. 4 Control Syste m 

Fi gure 4- 13: DHT11 Sensor for Hu mi dity 

I mpl e ment  a  control  syste m t hat  i ncorporat es  t he hu mi difier,  dehu mi difier, and hu mi dit y 

sensor.  This  t echnol ogy wi ll  all ow f or  aut omat ed hu mi dit y control  based on preset  setti ngs. 

It  can be confi gured t o mai nt ai n a  certai n hu mi dit y range or  t o f oll ow a  predefi ned hu mi dit y 

pr ofile for testi ng purposes.  

4. 3. 5 Ai r Ci rcul ati on 

Mai nt ai n adequat e air  circul ati on wit hi n t he cha mber  t o ensure even hu mi dity di stri buti on. 

Pr oper  air  circul ati on keeps  hu mi dit y l evels  consistent  t hroughout  t he aging cha mber  and 

prevents l ocalized humi dity changes.  

 

 
Fi gure 4- 14: Air Circul ati on Fan 
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4. 3. 6 Condensati on Preventi on 

Prevent  condensati on on hi gh voltage co mponents or  surfaces.  To avoi d condensati on- 

related concerns,  use i nsulati on mat erials,  adequat e ventilati on,  and t emperat ure and 

hu mi dit y manage ment. 

4. 3. 7 Mai ntenance and Cali brati on 

Mai nt ai n and cali brate the hu mi dit y control  syste m on a  regul ar  basis  t o ensure accurat e 

readi ngs  and opti mal  perfor mance.  Foll ow t he manufact urer' s  maint enance,  filter 

repl ace ment, and cali bration i nstructi ons.  

4. 4 Control of UV i ntensity 

In most  cases,  adj usti ng t he UV l i ght  source or  usi ng a  pr oper  UV filter i s  required t o 

manage t he UV i nt ensit y i n a  hi gh voltage agi ng cha mber.  Here are a fe w strategi es  f or 

controlli ng UV i nt ensit y that are regul arl y used:  

4. 4. 1 Adj ustabl e UV li ght source 

Install  a UV l a mp or  li ght  source wit h adj ustable i nt ensit y.  This  coul d be acco mplished 

wi t h a  variabl e-power  bul b or  a  di mmi ng syst em.  You can change t he intensit y of  t he 

e mitted UV li ght by adj usting t he power supplied to t he UV bul b.  

 

 
Fi gure 4- 15: UV li ght adj ust the int ensity 

 

4. 4. 2 Di stance and Exposure ti me 

The strengt h of  UV r adiati on reduces  as  you travel  a way from t he UV source.  You can 

indirectl y alter  t he UV i ntensit y by varyi ng t he di stance bet ween t he UV light  source and 

the t hi ng bei ng aged.  You may al so control  t he l engt h of  ti me t he obj ect  i s exposed t o UV 

light. Longer exposure times result in great er cumul ati ve UV i nt ensit y. 
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4. 4. 3 Li ght Modifiers 

Use li ght  modifiers such as  diffusers  or  reflect ors  to evenl y di stri bute UV l ight  wit hi n t he 

agi ng cha mber.  These modifiers  can hel p t o prevent  i sol ated hi gh-i nt ensit y zones,  resulti ng 

in more unifor m UV radiati on exposure.  

4. 4. 4 UV Sensors and Control syste m 

UV sensors  and controllers  can be used t o monitor  and mai nt ai n t he desired UV i nt ensit y 

levels.  UV sensors  can monit or  t he i nt ensit y of  UV r adi ati on,  and controllers can change 

the power  pr ovi ded t o t he UV l a mp based on t he sensor  dat a.  This  cl osed-loop t echnol ogy 

ai ds i n mai nt ai ni ng a steady UV i nt ensit y t hroughout t he agi ng process. 
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5 TESTI NG AND RESULTS 

 

Bef ore operati onal  use,  subj ect  t he hi gh voltage agi ng cha mber  t o ri gorous  t esti ng and 

certification by qualified el ectrical  engi neers  or  t esti ng or gani zati ons.  This  ensures 

compli ance wit h safet y require ments  and verifies  reliabl e perfor mance under  hi gh volt age 

conditi ons. 

5. 1 Test Set up 

Usi ng t her mal  stress  at  180C and 1000h,  t he accelerated agi ng of  pol ymeric i nsul at ors  i s 

st udi ed.  Aft er  l ooki ng i nto how UV agi ng affects insul at ors,  t he experience i s  co mpl et ed.  

The break down voltages are used t o assess  bot h duri ng and aft er  t he accelerated t her mal 

agei ng test the pol ymeri c insulat or' s electrical perfor mance.  

 

 

 

 

 
5. 2 Results of Incli ned Pl ane Test wit hout Filler 

 

 
Tabl e 5-1: I PTWOF sampl e 1 breakdown volt ages 

 

S. No Breakdown Voltages 

1 10. 87 KV 

2 11. 47 KV 

3 13. 89 KV 

 

 

Average Val ue = 12. 07 KV 
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Tabl e 5-2: I PTWOF sampl e 2 breakdown volt ages 

 

S. No Breakdown Voltages 

1 14. 01 KV 

2 14. 92 KV 

3 15. 82 KV 

 

 

Average Val ue = 14. 916 KV 

 
Tabl e 5-3: I PTWOF sampl e 3 breakdown volt ages 

 

S. No Breakdown Voltages 

1 16. 467 KV 

2 16. 944 KV 

3 17. 243 KV 

 

 

Average Val ue = 16. 88 KV 

 

 
Fi gure 5- 1:Insul at or wit hout filler 
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5. 2. 1 Res ults of Incli ned Pl ane Test wit h Filler ( Al umi num Oxi de) 

 

 

Tabl e 5-4: I PTWF Al₂ O₃ sampl e 1 breakdown volt ages 
 

S. No Breakdown Voltages 

1 13. 560 KV 

2 17. 264 KV 

3 12. 755 KV 

 

 

Average Val ue = 14. 524 KV 

 

 

 
Tabl e 5-5: I PTWF Al₂ O₃ sampl e 2 breakdown volt ages 

 

S. No Breakdown Voltages 

1 11. 297 KV 

2 13. 627 KV 

3 15. 108 KV 

 

 

Average Val ue = 13. 344 KV 

 
Tabl e 5-6: I PTWF Al₂ O₃ sampl e 3 breakdown volt ages 

 

S. No Breakdown Voltages 

1 12. 270 KV 

2 13. 661 KV 

3 13. 027 KV 

 

 

Average Val ue = 12. 986 KV 
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Fi gure 5- 2:Insul at or wit h filler alumi num oxi de 

 

 

 

 

 

 

 

 
 

5. 2. 2 Res ults of Incli ned Pl ane Test wit h Filler ( Zi nc Oxi de) 

 

 

 
 

Tabl e 5-7: I PTWF ZnO sampl e 1 breakdown volt ages 
 

S. No Breakdown Voltages 

1 12. 982 KV 

2 14. 054 KV 

3 15. 569 KV 

 

 

Average Val ue = 14. 201 KV 
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Tabl e 5-8: I PTWF ZnO sampl e 2 breakdown volt ages 
 

S. No Breakdown Voltages 

1 14. 884 KV 

2 17. 609 KV 

3 16. 435 KV 

 

 

Average Val ue = 16. 309 KV 

 
Tabl e 5-9: I PTWF ZnO sampl e 3 breakdown volt ages 

 

S. No Breakdown Voltages 

1 11. 746 KV 

2 13. 150 KV 

3 10. 982 KV 

 

 

Average Val ue = 11. 959 KV 

 

 
Fi gure 5- 3:Insul at or wit h filler zinc oxi de 
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Tabl e 5-10: Comparison bet ween average breakdown volt ages of each sampl e 
 

Sa mpl e. No Average Val ue 
wi t hout Fill er 

Average Val ue 
wi t h Fill er (Al2 O3) 

Average Val ue 
wi t h Fill er (ZnO) 

Sa mpl e 1 12. 07 KV 14. 524 KV 14. 201 KV 

Sa mpl e 2 14. 91 KV 13. 344 KV 16. 309 KV 

Sa mpl e 3 16. 88 KV 12. 986 KV 11. 959 KV 

 

 

 

 

 

 

5. 3 All Results of Thermal Agei ng Test 

5. 3. 1 Res ults of Ther mal Agei ng Test wit hout Filler 

 

 

Tabl e 5-11: TATWOF sampl e 1 breakdown volt ages 
 

S. No Breakdown Voltages 

1 7. 92 KV 

2 8. 45 KV 

3 10. 75 KV 

 

 

Average Val ue = 9. 04 KV 

 
Tabl e 5-12: TATWOF sampl e 2 breakdown volt ages 

 

S. No Breakdown Voltages 

1 11. 13 KV 

2 12. 39 KV 

3 13. 95 KV 

 

 

Average Val ue = 12. 49 KV 
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Tabl e 5-13: TATWOF sampl e 3 breakdown volt ages 
 

S. No Breakdown Voltages 

1 13. 414 KV 

2 13. 941 KV 

3 14. 214 KV 

 

 

Average Val ue = 13. 856 KV 

 
5. 3. 2 Res ults of Ther mal Agei ng Test wit h Filler ( Alu mi num Oxi de) 

 

 

Tabl e 5-14: TATWF Al₂ O₃ sampl e 1 breakdown volt ages 
 

S. No Breakdown Voltages 

1 12. 460 KV 

2 16. 264 KV 

3 11. 431 KV 

 

 

Average Val ue = 13. 385 KV 

 

 

 

 

 

 

 
 

Tabl e 5-15: TATWF Al₂ O₃ sampl e 2 breakdown volt ages 
 

S. No Breakdown Voltages 

1 10. 292 KV 

2 12. 881 KV 

3 14. 191 KV 

Average Val ue = 12. 454 KV 
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Tabl e 5-16: TATWF Al₂ O₃ sampl e 3 breakdown volt ages 
 

S. No Breakdown Voltages 

1 11. 240 KV 

2 12. 642 KV 

3 11. 029 KV 

 

 

Average Val ue = 11. 637 KV 

 

 

4. 13. 3 Results of Ther mal Agei ng Test wit h Filler ( Zi nc Oxi de) 

 

 

Tabl e 5-17: TATWF ZnO sampl e 1 breakdown volt ages 
 

S. No Breakdown Voltages 

1 11. 891 KV 

2 13. 014 KV 

3 14. 529 KV 

 

 

Average Val ue = 13. 144 KV 

 

 

 

 

 
Tabl e 5-18: TATWF ZnO sampl e 2 breakdown volt ages 

 

S. No Breakdown Voltages 

1 13. 541 KV 

2 16. 781 KV 

3 15. 419 KV 

 

 

Average Val ue = 15. 247 KV 
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Tabl e 5-19: TATWF ZnO sampl e 3 breakdown volt ages 
 

S. No Breakdown Voltages 

1 10. 426 KV 

2 12. 149 KV 

3 9. 982 KV 

 

 

Average Val ue = 10. 852 KV 

 

 

 

 

Tabl e 5-20: Comparison bet ween results of each sampl e after t her mal agei ng 
 

Sa mpl e. No Average Val ue 
wi t hout Fill er 

Average Val ue 
wi t h Fill er (Al2 O3) 

Average Val ue 
wi t h Fill er (ZnO) 

Sa mpl e 1 9. 04 KV 13. 385 KV 13. 144 KV 

Sa mpl e 2 12. 49 KV 12. 454 KV 15. 247 KV 

Sa mpl e 3 13. 856 KV 11. 637 KV 10. 852 KV 
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6 RECENT ADVANCE MENTS AND RESEARCH 

TRENDS 

 

A hi gh voltage agi ng chamber,  also known as  a  high voltage t est  cha mber  or  a hi gh volt age 

laborat ory,  i s  a controlled environment  used f or  t esting and eval uati ng t he perfor mance and 

agi ng charact eristics  of  hi gh voltage equi pment  and co mponents.  These cha mbers  are 

cruci al for ensuri ng t he reliability and safet y of high voltage syst e ms.  

Recent  advance ments  and research trends  i n t he constructi on of  hi gh volt age agi ng 

cha mbers have focused on several key consi derations. This i ncl udes: 

6. 1 Insul ati on and shi eldi ng 

Hi gh voltage cha mbers r equire r obust  i nsul ation and shi el di ng t o prevent  el ectrical 

breakdown and mi ni mi ze el ectromagnetic i nt erference.  So me  Recent  advance ments  f ocus 

on t he devel opment  of  advanced i nsul ati ng mat erials and t echni ques  t hat  offer  i mpr oved 

perfor mance and durability.  

6. 2 Voltage and current capabilities 

Hi gh voltage agi ng cha mbers  are desi gned t o handle a wi de range of  voltages  and currents. 

Recent  trends  i nvol ve increasi ng t he maxi mum volt age and current capabilities  t o 

accommodat e hi gher voltage syste ms and e mer gi ng technol ogi es efficientl y. 

6. 3 Envi ronment al control  

Mai nt ai ni ng a  controlled environment  i s  essential  for  accurat e hi gh voltage agi ng t ests.  

Cha mbers  are equi pped wi t h sophisticated t e mperat ure and hu mi dit y control  syst e ms  t o 

si mul at e real- worl d condi tions.  Advance ments  i n thi s  area i ncl ude i mpr oved environment al 

control syste ms t hat offer hi gher precisi on and stabilit y efficientl y 
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6. 4 Di agnostic and moni tori ng syste ms  

Hi gh voltage agi ng cha mbers  i ncorporat e advanced di agnostic and monit oring syst e ms  t o 

assess  t he perfor mance and conditi on of  t est  speci mens.  Recent  research f ocuses  on 

devel opi ng non- destructive t esti ng t echni ques,  such as  partial  di scharge det ecti on and 

ultrasoni c testi ng, t o evaluat e i nsulati on i ntegrit y and det ect pot ential faults. 

6. 5 Safety feat ures 

Safet y i s  a  para mount  concern i n hi gh voltage t esting.  Cha mbers  are equi pped wit h vari ous 

safet y feat ures,  such as  i nt erl ocks,  groundi ng syst e ms,  and e mer gency shut down 

mechanis ms.  Ongoi ng research ai ms  t o enhance safet y measures,  incl udi ng t he 

devel opment of advanced prot ecti ve devi ces and aut omat ed safet y prot ocols. 

6. 6 Aut o mati on and remot e operati on 

To i mpr ove efficiency and conveni ence,  t here i s  a gr owi ng trend t owar ds  aut omati on and 

re mot e operati on of  hi gh voltage agi ng cha mbers.  This  all ows  f or  re mot e monit ori ng,  

control,  and dat a acquisition,  enabli ng researchers  t o conduct  t ests wit hout  t he need f or 

direct physi cal presence.  

6. 7 Integrati on wit h comput er si mul ati on models 

Hi gh voltage agi ng cha mbers  are i ncreasi ngl y i nt egrat ed wit h co mput er  si mul ati on model s, 

such as  fi nite el e ment  analysis  ( FEA)  and co mput ational  fl ui d dyna mi cs  ( CFD),  t o enhance 

the understandi ng of  electrical  and t her mal  behavi or.  This  i nt egrati on enabl es  mor e 

accurat e predicti ons and opti mi zed desi gns. 

Robust  i nsul ati on and shiel di ng mat erials and t echni ques  have been developed t o prevent  

el ectrical  breakdown and mi ni mi ze el ectromagnetic i nt erference.  Cha mbers  have been 

desi gned wit h i ncreased maxi mu m voltage and current  capabilities t o accommodat e hi gher 

voltage syst e ms.  Sophisticated t e mperat ure and hu mi dit y control  syst e ms  have i mpr oved 

environment al  control.  Advanced di agnostic and monit ori ng syst e ms,  such as  partial 

di scharge det ecti on and ultrasoni c t esti ng,  have been i ncorpor at ed t o evaluate i nsul ati on 

integrit y and det ect  faults.  Safet y feat ures,  i ncl uding i nt erl ocks,  groundi ng syst e ms,  and 

e mer gency shut down mechanis ms,  have been enhanced.  Aut omati on and re mot e operati on 

enabl e researchers  t o conduct  t ests  re mot el y.  Int egration wit h co mput er  si mul ati on model s, 

such as  fi nite el e ment  anal ysis  ( FEA)  and co mputati onal  fl ui d dyna mi cs  ( CFD),  all ows  f or 

mor e accurat e predi ctions and opti mi zed desi gns.  
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7 I MPACT OF PROJ ECT ON ENVI RONMENT AND 

SOCI ETY 

 

The i mpact  of  a  hi gh vol tage agi ng cha mber  pr oject  on t he environment  and soci et y can 

vary dependi ng on several  fact ors,  i ncl udi ng the desi gn,  l ocati on,  and manage ment 

practices associ ated wit h the proj ect. Here are some pot ential consi derati ons: 

7. 1 Energy consumpti on 

Hi gh voltage agi ng cha mbers  oft en need a l arge amount  of  energy t o operate,  particul arl y 

when r unni ng const antl y. Ener gy deri ved from nonrene wabl e sources,  such as  f ossil  fuel s,  

can contri bute t o greenhouse gas  e mi ssi ons  and cli mat e change.  Ho wever,  by usi ng 

rene wabl e energy sources, the environment al effect may be lessened.  

7. 2 Emi ssi ons 

Hi gh voltage agi ng chambers  may e mit  poll utants,  especi all y if  t hey e mploy co mbusti on 

pr ocesses  or  specific chemi cals.  These e mi ssi ons  may contri but e t o air  pol lution and have 

a severe i mpact  on t he healt h of  l ocal  peopl e,  especi all y if  effecti ve emi ssi on control  

measures are not i mpl e ment ed.  

7. 3 Waste generati on 

The pr ocess  wit hi n hi gh voltage agi ng cha mbers may generat e wast e materials,  such as 

bypr oducts  of  i nsul ation breakdown or  che mi cal  resi dues.  Pr oper  wast e manage ment  and 

disposal  are critical  for  preventi ng environment al  poll uti on and mi ni mi zing any possi bl e 

threats t o human healt h. 
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7. 4 Noi se and visual i mpact 

Duri ng operati on,  hi gh voltage agi ng cha mbers  can e mit  noise,  whi ch can have an i nfl uence 

on t he surroundi ng environ ment  and l ocal  resi dents.  Furt her more,  if  t he pr oj ect  i nvol ves 

large-scal e i nfrastruct ure,  it  may have aest hetic consequences,  such as  changi ng t he 

landscape or vistas i n t he regi on.  

7. 5 Occupati onal health and safety 

To safeguard personnel,  the operati on of  hi gh voltage agi ng cha mbers  may need particul ar 

expertise and safet y pr ocedures.  To pr ot ect  t he wor kforce' s well-bei ng,  effecti ve trai ni ng, 

safet y measures, and equipment mai nt enance are required.  

7. 6 St akehol der engageme nt: 

The presence of  a  hi gh voltage agi ng cha mber  proj ect  may raise concerns a mong near by 

communities,  particul arly regardi ng pot ential  healt h i mpacts,  noise polluti on,  or  vi sual  

di st urbances.  Engagi ng wit h st akehol ders  t hrough transparent  co mmuni cati on and 

addressi ng t heir concerns can hel p buil d trust and mi ni mi ze soci al conflicts. 

7. 7 Research and devel op ment  

On t he pl us  si de,  hi gh voltage agi ng cha mber  proj ects  can contri bute t o t echni cal 

i mpr ove ments  and research i n el ectrical  engi neering,  i nsul ation mat erials,  and rel at ed 

sect ors.  These advance ments  may result  i n enhanced el ectrical  equi pment  and syst e ms,  

increasi ng efficiency, dependabilit y, and safet y i n a variet y of sect ors. 

To pr operl y anal yze t he impact  of  a  gi ven hi gh voltage agi ng cha mber  pr oject,  a det ailed 

environment al  i mpact  study,  co mmunit y i nvolve ment,  and adherence t o appli cabl e 

legislati on and st andards are required.  Furt her more,  i mpl e menti ng miti gati ng measures 

such as  usi ng rene wable energy sources,  depl oyi ng effecti ve i nsul ation syst e ms,  and 

ensuri ng adequat e wast e manage ment  can hel p limi t  negati ve effects  on t he environ ment  

and soci et y. 
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8 CONCLUSI ON 

 

The devel opment  of  a high voltage agi ng cha mber  can have an i nfl uence on bot h t he 

environment  and soci et y. It  i s  critical  t o pr operl y manage t hese repercussions  i n or der  t o 

achi eve a sust ai nabl e and responsi bl e pr oj ect.  Environment al  issues  i ncl ude effecti ve 

energy consumpti on,  e mi ssi ons,  and wast e pr oduction manage ment,  wit h an e mphasis  on 

usi ng rene wabl e energy sources  and adopti ng adequat e wast e manage ment  and e mi ssi on 

control  t echni ques.  To create trust  and avoi d social  t ensi ons,  communit y invol ve ment  i s 

essential  t hroughout  the buil di ng pr ocess,  incorporati ng l ocal  communities  and 

stakehol ders,  resol vi ng concerns,  gi vi ng transparent  i nfor mati on,  and i nvol vi ng t he 

communit y i n decisi on- maki ng.  Occupati onal  healt h and safet y measures,  such as 

sufficient  trai ni ng,  safety st andards,  and equi pment  mai nt enance,  must be  i n pl ace t o 

safeguard wor kers'  well-bei ng.  Hi gh voltage agi ng cha mber  pr oj ects  contribut e t o sci entific 

devel opments  i n el ectrical  engi neeri ng and associ at ed sect ors,  resulti ng i n enhanced 

el ectrical  equi pment  and syst e ms  t hat  hel p many i ndustries  i n t er ms of  efficiency, 

dependability,  and safet y.  Conducti ng a f ull  environ ment al  i mpact  assessment,  f oll owi ng 

nor ms  and st andards,  and appl yi ng miti gati on measures  t hroughout  t he buil di ng pr ocess 

are critical  t o opti mi zi ng good results  and mi ni mi zing negati ve consequences.  The buil di ng 

of  a  hi gh voltage agi ng cha mber  may be  done et hicall y and sust ai nabl y if  these aspects  are 

consi dered and suitabl e procedures are i mpl e mented.  

8. 1 FUTURE DI RECTI ONS 

The constructi on of  a hi gh-voltage agi ng cha mber  poses  several  chall enges  and 

opport unities for fut ure wor k. Here are some key consi derati ons: 
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8. 2. 1 El ectrical Safety 

Hi gh- voltage syst e ms  present  si gnificant  safety risks.  Ensuri ng pr oper  i nsul ati on, 

gr oundi ng,  and pr ot ecti on measures  are  i n pl ace i s  cruci al  t o safeguard personnel  and 

equi pment.  Fut ure wor k coul d f ocus  on enhanci ng safet y feat ures  and developi ng advanced 

monit ori ng syste ms t o detect pot ential faults or malfuncti ons.  

8. 2. 2 Voltage and current capabilities 

Hi gh voltage agi ng cha mbers  are desi gned t o handle a wi de range of  voltages  and currents. 

Recent  trends  i nvol ve increasi ng t he maxi mum volt age and current capabilities  t o 

accommodat e hi gher voltage syste ms and e mer gi ng technol ogi es efficientl y. 

8. 2. 3 Envi ronment al Control  

Agi ng experi ments  oft en require precise control  of  environment al  conditions,  i ncl udi ng 

temperat ure,  hu mi dit y,  and at mospheric gasses.  Desi gni ng cha mbers  with effici ent  and 

reliabl e environment al  control  syst e ms  i s  essential  for  accurat e and repeat abl e t esti ng.  

Fut ure wor ks  coul d f ocus  on opti mi zi ng environment al  control  mechanisms,  devel opi ng 

aut omat ed syste ms, and int egrati ng sensors for real-ti me monit ori ng.  

8. 2. 4 Sa mpl e Handli ng and Confi gurati on 

The arrange ment  and positi oni ng of  sa mpl es  withi n t he agi ng cha mber  can i nfl uence t he 

results and reliability of  the experi ments.  Fut ure wor k may i nvol ve devel oping i nnovati ve 

sa mpl e hol ders,  fi xt ures,  and positi oni ng syst e ms  to enabl e better  control  and mani pul ati on 

of  t est  speci mens.  Aut omati on and r obotics  could al so pl ay a r ol e i n opt i mi zi ng sa mpl e 

handli ng processes. 

8. 2. 5 Dat a Acqui sition and Anal ysis 

Hi gh- voltage agi ng experi ments  generat e a  vast  a mount  of  dat a,  i ncl udi ng el ectrical 

measure ments,  environment al  para met ers,  and sa mpl e charact eristics. Efficient  dat a 

acquisiti on,  st orage,  and anal ysis  t echni ques  are necessary t o extract  meaningful  i nsi ghts 

from t hese experi ments.  Fut ure wor ks  coul d explore advanced dat a acquisiti on syst e ms,  

dat a f usi on al gorit hms,  and machi ne l earni ng approaches  t o enhance dat a i nterpret ati on and 

decisi on- maki ng.  
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8. 2. 6 St andardi zati on and Collaborati on 

Est ablishi ng co mmon st andards  and pr ot ocols  f or hi gh-voltage agi ng experi ment s  woul d 

pr omot e co mparability and reproduci bility of  results across  different  research gr oups  and 

industries.  Collaborati ve efforts coul d f ocus  on devel opi ng st andardized t est  procedures,  

bench mar ki ng st udi es, and shari ng best practices to advance t he fiel d collectivel y. 

8. 2. 7 Advanced Di agnostics and Monitori ng 

Agi ng cha mbers  coul d benefit  from advanced di agnostic t echni ques  t o detect  and assess 

degradati on i n el ectrical i nsul ati on and ot her  components.  Fut ure wor k mi ght  i nvol ve 

integrati ng onli ne monitori ng syst e ms,  such as  partial  di scharge det ection,  i nsul ati on 

resistance measure ment, and gas  anal ysis,  t o enabl e earl y fault  det ecti on and predi cti ve 

mai nt enance.  

8. 2. 8 Mul ti-Stress Agi ng 

Real- worl d operati ng conditi ons  often i nvol ve multipl e stress  fact ors,  such as  el ectrical,  

ther mal,  mechani cal,  and environment al  stresses.  Desi gni ng agi ng chambers  t hat  can 

si mul at e and appl y multipl e stressors  si multaneousl y woul d pr ovi de more realistic agi ng 

conditi ons.  Fut ure research coul d expl ore t he devel opment  of  multi-stress  agi ng cha mbers 

and i nvesti gat e t he synergistic effects of vari ous stress fact ors on t he agi ng process. 

8. 2. 9 Mat eri als and Insul ati on Research 

Hi gh- voltage agi ng chambers  rel y on advanced i nsul ati on mat erials t o ensure reliabl e 

perfor mance.  Fut ure work may i nvol ve expl ori ng ne w mat erials,  such as  nanoco mposites,  

bi o-based i nsul at ors,  or  eco-friendl y alternati ves,  to i mpr ove i nsul ation pr operties,  reduce 

environment al  i mpact,  and enhance t he overall  efficiency and sust ai nabilit y of  agi ng 

cha mbers. 

8. 2. 10 Integrati on of Rene wable Energy Sources 

Wi t h t he i ncreasi ng f ocus on sust ai nability,  i nt egrating rene wabl e energy sources  i nt o hi gh- 

voltage agi ng cha mbers coul d be a  pr omi si ng f ut ure directi on.  Thi s coul d i nvol ve 

incorporati ng sol ar  panels,  wi nd t urbi nes,  or  energy st orage syst e ms  t o reduce dependence 

on conventi onal  power sources  and mi ni mi ze t he environment al  footpri nt  of  agi ng 

experi ments. 

Overall,  t he constructi on of  hi gh-voltage agi ng chambers  requires  i nt erdiscipli nary efforts, 

combi ni ng expertise from el ectrical engi neeri ng, mat erials science, environ ment al control, 
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and dat a anal ysis.  Addressi ng t hese challenges  and expl ori ng f ut ure directi ons  can 

contri bute t o t he advance ment  of  agi ng research and facilitate t he devel op ment  of  mor e 

reliabl e and efficient hi gh- voltage syste ms.  
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APPENDI CES 

 

 
#defi ne BLYNK_TE MPLATE_I D "TMPL6t 9HKme w6" 

#defi ne BLYNK_TE MPLATE_ NAME " mypr oj ect" 

#defi ne BLYNK_ AUTH_TOKEN "4gDXPhJ KMs DOxv3e9Ak5YWi kocoQVO6 K" 

#defi ne BLYNK_PRI NT Serial 

#i ncl ude <ESP8266 Wi Fi . h> 

#i ncl ude <Bl ynkSi mpl eEsp8266. h> 

 

 
#i ncl ude <DHT. h> 

 
#i ncl ude <Li qui dCr yst al_I 2C. h> 

 
char aut h[] = BLYNK_ AUTH_TOKEN; 

char ssi d[] = " Mypr oj ect"; 

char pass[] = " mypr oj ect1234"; 

 
//int relay1_st ate = 0; 

int relay2_st ate = 0; 

int relay3_st ate = 0; 

int relay4_st ate = 0;  

unsi gned l ong firstaction=millis(); 

#defi ne te mp1 D8 
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#defi ne te mp2 3 

 
//#defi ne butt on1_pi n D5 

#defi ne butt on2_pi n D3 

#defi ne butt on3_pi n D4 

#defi ne butt on4_pi n 10 

//#defi ne relay1_pi n D5 

#defi ne relay2_pi n D6 

#defi ne relay3_pi n D7 

#defi ne relay4_pi n 1 

#defi ne dht 1on 9 

#defi ne dht 2on D5 

DHT dht 1(te mp1, DHT11); 

DHT dht 2(te mp2, DHT11); 

Li qui dCr yst al _I2C lcd(0x27, 20, 4); 

 

 

 

 

 
Bl ynkTi mer ti mer;  

 

 

 

 

 
// Change t he virtual pi ns accordi ng t he rooms  

 
//#defi ne butt on1_vpi n  V3 

#defi ne butt on2_vpi n V4 

#defi ne butt on3_vpi n V5 
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#defi ne butt on4_vpi n V6 

 

 

 
//   

 

// This functi on is called every ti me t he devi ce is connect ed t o t he Bl ynk. Cloud 

 
// Request t he latest state from t he server 

BLYNK_ CONNECTED() { 

// Bl ynk. sync Virt ual(button1_vpi n); 

Bl ynk. sync Virt ual(butt on2_vpi n); 

Bl ynk. sync Virt ual(butt on3_vpi n); 

Bl ynk. sync Virt ual(butt on4_vpi n); 

} 

 

 

 
//   

 

// This functi on is called every ti me t he Virt ual Pin state change 

 
/*i. e when web push s witch from Bl ynk App or Web Dashboard 

BLYNK_ WRI TE( butt on1_vpi n) { 

relay1_st ate = para m. asInt(); 

di gital Write(relay1_pi n, relay1_st ate); 

if (relay1_st ate == 0) { 

lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- OFF");  

} else { 
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lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- ONN");  

} 
 

} 

 
*/  

 
//   

 

BLYNK_ WRI TE( butt on2_vpi n) { 

relay2_st ate = para m. asInt(); 

di gital Write(relay2_pi n, relay2_st ate); 

if (relay2_st ate == 0) { 

lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- OFF");  

} else { 

 

 

 
lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- ONN");  

} 

 
} 

 
//   

 

BLYNK_ WRI TE( butt on3_vpi n) { 

relay3_st ate = para m. asInt(); 

di gital Write(relay3_pi n, relay3_st ate); 

if (relay3_st ate == 0) { 



56 
 

lcd. set Cursor(0, 3); 

lcd. pri nt(" UV LI GHT OFF"); 

} else { 

 

 

 
lcd. set Cursor(0, 3); 

lcd. pri nt(" UV LI GHT ONN"); 

} 
 

 

 

 

} 

 
//   

 

BLYNK_ WRI TE( butt on4_vpi n) { 

relay4_st ate = para m. asInt(); 

di gital Write(relay4_pi n, relay4_st ate); 

if (relay4_st ate == 0) { 

lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- OFF");  

} else { 

 

 

 
lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- ONN");  

} 

 

 

 
} 
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voi d set up() 

 
{ 

 
// Debug consol e 

Serial. begi n(115200); 

lcd. begi n(); 

lcd. backli ght(); 

dht 1. begi n();  

dht 2. begi n();  

 
//   

 

// pi n Mode( butt on1_pi n, I NPUT_PULLUP); 

pi n Mode( butt on2_pi n, INPUT_PULLUP); 

pi n Mode( butt on3_pi n, INPUT_PULLUP); 

pi n Mode( butt on4_pi n, INPUT_PULLUP);  

 

 
//   

 

// pi n Mode(rel ay1_pi n, OUTPUT); 

pi n Mode(relay2_pi n, OUTPUT); 

pi n Mode(relay3_pi n, OUTPUT); 

pi n Mode(relay4_pi n, OUTPUT); 

pi n Mode( dht 1on, OUTPUT); 

pi n Mode( dht 2on, OUTPUT); 

di gital Write(dht 1on, LOW) ;  
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di gital Write(dht 2on, LOW) ;  

 
//   

 

// Duri ng St arti ng all Rel ays shoul d TURN OFF 

 
//di gital Write(relay1_pi n, HI GH); 

di gital Write(relay2_pi n, HI GH); 

di gital Write(relay3_pi n, HI GH); 

di gital Write(relay4_pi n, HI GH); 

lcd. set Cursor(0, 2);  

lcd. pri nt(" HR--- OFF"); 

lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- OFF"); 

lcd. set Cursor(0, 3); 

lcd. pri nt(" UV LI GHT OFF"); 

 

 

 

 
//   

 

Bl ynk. begi n(aut h, ssi d, pass); 

 
// You can also specify server: 

 
// Bl ynk. begi n(aut h, ssi d, pass, "bl ynk. cl oud", 80); 

 
// Bl ynk. begi n(aut h, ssi d, pass, IPAddress(192, 168,1, 100), 8080); 

 
//   

 

// Bl ynk. virt ual Write(button1_vpi n, relay1_st ate); 

 
// Bl ynk. virt ual Write(button2_vpi n, relay2_st ate); 
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// Bl ynk. virt ual Write(button3_vpi n, relay3_st ate); 

 
// Bl ynk. virt ual Write(button4_vpi n, relay4_st ate); 

 
//   

 

} 

 

 

 
voi d l oop() 

 
{ 

 
Bl ynk.run();  

 
ti mer.run(); 

listen_push_butt ons();  

fl oat h1 = dht 1.readHu mi dit y(); 

del ay(100);  

fl oat t 1 = dht 1.readTe mperat ure(); 

 

 

 
unsi gned l ong current Millis = millis(); 

if (current Millis-firstaction >= (5000)) 

{ 

 
di gital Write(dht 1on, HI GH); 

di gital Write(dht 2on, HI GH);  

} 

 

 

 

 

 
lcd. set Cursor(0, 0); 
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lcd. pri nt(" HT: "); 

lcd. pri nt(t1); 

lcd. set Cursor(7, 0); 

lcd. pri nt("' C");  

 

 

 

 

 

 
lcd. set Cursor(11, 0); 

lcd. pri nt(" Hu m: "); 

lcd. pri nt(h1); 

lcd. set Cursor(19, 0); 

lcd. pri nt(" %");  

 

 

 

 

 

 
fl oat h2 = dht 2.readHu mi dit y(); 

del ay(100);  

fl oat t 2 = dht 2.readTe mperat ure(); 

lcd. set Cursor(0, 1); 

lcd. pri nt("CT: ");  

lcd. pri nt(t2); 

lcd. set Cursor(7, 1); 

lcd. pri nt("' C"); 
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Bl ynk. virtual Write( V0, t1); 

Bl ynk. virtual Write( V1, t2); 

Bl ynk. virtual Write( V2, h1); 

 

 
if (t 1 >= 100) { 

 
di gital Write(relay4_pi n, LOW); 

Bl ynk. virtual Write( V3, rel ay4_pi n); 

 

 
lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- ONN");  

} 

 
if (t 2 <= -10) { 

 
di gital Write(relay2_pi n, LOW); 

Bl ynk. virtual Write( V4, rel ay2_pi n); 

lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- ONN");  

} 
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} 

 

 

 
voi d listen_push_butt ons(){ 

 

 

 
/* if(di gital Read(butt on1_pi n) == LOW) { 

del ay(200);  

control _relay(1);  

 
Bl ynk. virtual Write(butt on1_vpi n, relay1_st ate); //updat e butt on state 

 

 

 
} 

 
*/  

 
//   

 

if (di gital Read(butt on2_pin) == LOW) { 

del ay(200);  

control _relay(2);  

 
Bl ynk. virtual Write(butt on2_vpi n, relay2_st ate); //updat e butt on state 

 

 

 
} 

 
//   

 

else if (di gital Read(butt on3_pi n) == LOW) { 

del ay(200);  

control _relay(3); 
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Bl ynk. virtual Write(butt on3_vpi n, relay3_st ate); //updat e butt on state 
 

 

 

 

 

 

 

 

 

} 

 
//   

 

else if (di gital Read(butt on4_pi n) == LOW) { 

del ay(200);  

control _relay(4);  

 
Bl ynk. virtual Write(butt on4_vpi n, relay4_st ate); //updat e butt on state 

 

 

 

 

 

 

 
} 

 
//   

 

} 

 
// MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

MMMMMMMM 
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// MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

MMMMMMMM 

voi d control _rel ay(i nt relay){ 

 

 

 
/* 

 
if(relay == 1){ 

 
relay1_st ate = !relay1_stat e; 

di gital Write(relay1_pi n, relay1_st ate); 

if (relay1_st ate == 0) { 

lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- OFF");  

} else { 

 

 

 
lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- ONN");  

} 

 
del ay(50);  

 
} 

 
*/  

 
//   

 

if(relay == 2){ 

 
relay2_st ate = !relay2_stat e; 
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di gital Write(relay2_pi n, relay2_st ate); 

if (relay2_st ate == 0) { 

lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- OFF");  

} else { 

 

 

 
lcd. set Cursor(12, 2); 

lcd. pri nt("CR--- ONN");  

} 

 

 

 
del ay(50);  

 
} 

 
//   

 

else if(relay == 3){ 

relay3_st ate = !relay3_stat e; 

di gital Write(relay3_pi n, relay3_st ate); 

if (relay3_st ate == 0) { 

lcd. set Cursor(0, 3); 

lcd. pri nt(" UV LI GHT OFF"); 

} else { 

 

 

 
lcd. set Cursor(0, 3); 

lcd. pri nt(" UV LI GHT ONN"); 
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} 
 

 

 

 

del ay(50);  
 

} 

 
//   

 

else if(relay == 4){ 

relay4_st ate = !relay4_stat e; 

di gital Write(relay4_pi n, relay4_st ate); 

if (relay4_st ate == 0) { 

lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- OFF");  

} else { 

 

 

 
lcd. set Cursor(0, 2); 

lcd. pri nt(" HR--- ONN");  

} 

 

 

 
del ay(50);  

 
} 

 
//   

 

} 


