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Abst rac t  –  The  min ing  indus t ry ’ s  need  f o r  h igher  horsepower  and  the

i m p r o v e m e n t  i n  t h e  d e s i g n  a n d  m a n u f a c t u r i n g  t e c h n o l o g y  o f  h i g h - v o l t a g e

components have prompted the Mine Safety and Health Administration (MSHA) to

d e v e l o p  c r i t e r i a  t o  m o d i f y  t h e  c u r r e n t  r e g u l a t i o n  p r o h i b i t i n g  o n - b o a r d

s w i t c h i n g  o f  h i g h – v o l t a g e  c i r c u i t s  ( g r e a t e r  t h a n  1 0 0 0  v o l t s  a . c . ) . E x t e n s i v e

research  conduc ted  by  the  U .S . Bureau of Mines (USBM) and MSHA provided the

b a s i s  f o r  t h e  d e v e l o p m e n t  o f  a  s a f e  a n d  v i a b l e  c r i t e r i a . Under  the  prov i s i ons

o f  T i t l e  3 0  C o d e  o f  F e d e r a l  R e g u l a t i o n s ,  ( 3 0  C F R )  S e c t i o n  1 8 . 8 2 ,  e x p e r i m e n t a l

p e r m i t s  w e r e  i s s u e d  t o  h i g h – v o l t a g e  c o n t i n u o u s  m i n e r s  a n d  l o n g w a l l  s y s t e m s

i n c o r p o r a t i n g  t h i s  n e w  t e c h n o l o g y . The  in f o rmat i on  ga thered  f r om the

o p e r a t i o n  o f  t h i s  e q u i p m e n t  i n  t h e  f i e l d  a l o n g  w i t h  i n d u s t r y  c o n c e r n s  a n d

r e c o m m e n d a t i o n s  w e r e  c o n s i d e r e d  d u r i n g  t h e  f i n a l i z a t i o n  o f  t h i s  c r i t e r i a .

1 . INTRODUCTION

Electr ical  equipment in the mines has increased in horsepower through the

y e a r s . To  des ign  p rac t i ca l  and  e f f i c i en t  equ ipment ,  t he  vo l t ages  r equ i red  to

opera te  th i s  equ ipment  have  a l so  inc reased . Permiss ib le  e l ec t r i ca l  equ ipment

opera t ing  in  Uni t ed  S ta t e s ’ mines must  be designed to meet  the requirements of

30 CFR Part 18. Unt i l  t he  deve lopment  o f  th i s  c r i t e r i a ,  mach ines  o r  sys tems

incorporat ing on-board high-voltage switching were not  issued an approval .

The manufacturer  would ei ther  design the equipment so al l  high-voltage

switching was done remotely (outby) in fresh air  or  would apply for  an

experimental  permit  to temporari ly use the equipment at  the face.  The

applicable regulat ion was 30 CFR, 18.47(d)(3) which requires remote switching

when the machine nameplate voltage exceeded 1000 volts. However, marked
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improvement in the design and manufacturing technology of vacuum contractors

has enabled MSHA to apply 30 CFR, 18.47(d)(6) which allows modification of the

requirements to recognize improved technology.

In 1974,  Eastern Associated Coal Company requested approval  of  a tunnel

boring machine incorporat ing a 7200/480 volt  t ransformer. At that time, MSHA

(MESA) was concerned that  the explosion-proof enclosure housing the

transformer would not  withstand the internal  pressure generated by a short

c i r cu i t  phase– to–phase  f au l t .

In 1975,  tests  were conducted on the enclosure at  the Westinghouse High

Power Laboratory. The tests  were designed to determine if  the enclosure would

m a i n t a i n  i t s  i n t e g r i t y  d u r i n g  a  s h o r t  c i r c u i t  f a u l t . Dur ing  one  o f  the  t e s t s ,

the fault  current  ranged between 6250 to 8000 amperes (peak to peak) for  14–

1 /2  cyc les . The  enc losu re  l id  sus t a ined  a  pe rmanen t  d i s to r t ion  o f

approximately three inches and f ire was observed coming from the joint  between

the  l id  and  the  case . Testing was repeated with a new enclosure l id and a

fault  current  of  5500 to 7500 amperes (peak to peak) was applied for  31-1/2

c y c l e s . Five bolts  on a s ide cover plate broke and the plate remained warped.

In 1976,  a  redesigned transformer enclosure was tested at  the

Westinghouse High Power Laboratory. Current–l imit ing fuses were used in an

a t t empt  to  l imi t  the  ene rgy  in  the  t r ans fo rmer  enc losure  dur ing  a  f au l t . The

tests  were designed to determine if  the enclosure would contain a short

c i r c u i t  f a u l t  w i t h  t h e  f u s e s  i n c o r p o r a t e d . The  enc losure  con ta ined  the  f au l t

wi th  no  de tec tab le  d i s to r t ion .

After  successful  complet ion of  further  tests ,  the company was issued a

pe rmi t  i nco rpora t ing  cond i t ions  o f  use , one  o f  which  requ i red  cu r ren t– l imi t ing

fuses in each phase.

Several  years later  the Department of  Energy issued a contract  to

eva lua te  h igh-vo l t age  pe rmiss ib le  loadcen te r s . L a t e r  t h e  r e s p o n s i b i l i t y  o f

the research was transferred to the USBM. There were four major phases of

the program: 1)  a  comprehens ive  indus t ry  su rvey ,  l i t e ra tu re  sea rch  and  s t a t e–

o f - t h e - a r t  r e v i e w ; 2) development of  a high energy arc test ing program;
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3)

4)

development of  a  recommended permissible load-center  approval  cri ter ia;  and

des ign ,  cons t ruc t ion  and  t e s t ing  o f  a  h igh–vo l t age  pe rmiss ib le  loadcen te r .

Fos te r–Mi l l e r ,  i ncorpora ted , was contracted by USBM to perform the

necessa ry  resea rch . A test  program was conducted to evaluate the pressure

rise caused by a high–energy fault  with and without  a  s imultaneous methane-air

exp los ion  ins ide  an  enc losu re . Foster–Miller  developed a recommended set  of

c r i t e r i a  fo r  approva l  o f  h igh-vo l t age  pe rmiss ib le  loadcen te r s . A loadcenter

was  des igned  accord ing  to  the  c r i t e r i a . Brush Transformers,  LTD, of the

United Kingdom manufactured the loadcenter.

MSHA was also responsible for several areas in the development of the

permiss ib le  loadcen te r s . These  a reas  cons i s t ed  o f : 1 )  p rov id ing  t echn ica l

rev iews  and  eva lua t ing  the  Fos te r–Mi l l e r  c r i t e r i a ;  2 )  des ign ing  and

cons t ruc t ing  a  mobi l e  f ac i l i t y  fo r  t e s t ing  pe rmiss ib le  loadcen te r s ;  and  3 )

t e s t ing  and  approv ing  the  loadcen te r  in  accordance  wi th  the  Fos te r -Mi l l e r

c r i t e r i a .

MSHA concluded that several refinements were needed to the recommended

a p p r o v a l  c r i t e r i a . MSHA also decided that  the cri ter ia  should be expanded to

include design and test ing requirements used in evaluat ing equipment that

contain on–board high–voltage switchgear . The work carried out  in these

contracts  lasted from about  1980 to 1986.

Near the completion ‘time of this research, MSHA evaluated equipment

incorpora t ing  on-boa rd  swi t ch ing  o f  h igh–vo l t age  c i r cu i t s . Based on the

completed research and the use of vacuum contractors,  this  equipment was

granted experimental  permits  under 30 CFR, Section 18.82 for an ini t ial

period of 6 months.

The f irst  MSHA experimental  permit  for  high-voltage on-board switching

was granted for a 2400 volt  longwall  system at  the Jim Walter  Resources

No. 7 Mine on July 17, 1985. Since then,  ten other 2400 volt  longwall

systems and two 4160 volt  continuous (boring) miners have received permits

enabling operat ion of  on-board switching. The longwall  systems are located in

coal mines; the continuous miners  are in t rona mines.
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II. CRITERIA DEVELOPMENT

Based on industry 's  need for  higher motor voltages to design machines

that  would provide safe, eff icient  and dependable operat ion,  MSHA init iated

development of  an approval  cr i ter ia  for  high–voltage equipment incorporat ing

on–board  swi t ch ing  o f  h igh-vo l t age  c i r cu i t ry .

The development of  the cri ter ia  (see Appendix 1)  was based on input  from

the  fo l lowing : 1)  Foster–Miller  research on the development of  a  high–voltage

permissible loadcenter under USBM contract No. H0308093; 2) MSHA research on

the  deve lopment  o f  r ecommended  c r i t e r i a  and  t e s t  f ac i l i t i e s  fo r  accep tance  o f

high-voltage permissible loadcenters  and switchgear enclosures under USBM

contract  No. J0333909; 3)  fol low–up inspections on f ive high–voltage machines

and systems operating under experimental  permits; 4) MSHA internal research

and  eng inee r ing  r epor t s  r e l a t ing  to  exp los ion-p roof  enc losu res  which  con ta in

h igh-vo l t age  swi t ch ing ; and 5) comments and input obtained from the mining

community.

The main concerns can be summarized into five areas: 1)  prevention of  a

h igh-vo l t age  a rc  f rom occur r ing ; 2 )  p reven t ion  o f  the  r e su l t ing  hea t  o r  f l ame

from ignit ing a methane-air  mixture surrounding the machine,  i f  an arc and/or

methane explosion occurred; 3 )  p reven t ion  o f  enc losure  f a i lu re  f rom an

inc reased  p ressure  r i se ,  i f  an  a rc  and /o r  me thane  exp los ion  occur red  wi th in

the  exp los ion-p roof  enc losu re ; 4 )  p reven t ion  o f  p res su re  p i l ing  wi th in  the

enc losure ; and 5)  personnel  protect ion for  miners working in or  around the

high-voltage equipment . The developed cri teria addressed these concerns as

d i scussed  in  the  fo l lowing  sec t ion .

A. Prevention of Internal  High–Voltage Arcing

Machine design can have a direct  impact  on the possibi l i ty of  arcing.

The  major  a reas  tha t  r e la te  to  a rc ing  a re : 1 )  e l e c t r i c a l  c l e a r a n c e s  f o r

un insu la ted  conduc to r s ,  2 )  c reepage  d i s t ances ,  3 )  con t ro l  t r ans fo rmer

cons t ruc t ion ,  4 )  co rona  p ro tec t ion ,  and  5 )  sea led  swi tch ing .
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The  c lea rances  deve loped  fo r  the  approva l  c r i t e r i a  address  poss ib le

exposure of  conducting surfaces to an ionized f lame front  result ing from a

methane /a i r  ign i t ion  in  an  enc losure ,  a s  we l l  a s  accoun t ing  fo r  the  e f fec t s

o f  swi tch ing  t r ans ien t s ,  a l t i tude ,  and  ambien t  a i r  t empera tu res . The

cri teria was based on MSHA technical  reports  regarding adequate electrical

clearance,  experimental  work at  the Canadian Explosive Atmospheres Laboratory

[1] and the USBM [2], and  the  Fos te r -Mi l l e r  con t rac t  f ina l  r epor t . A concept

re la ted  to  e lec t r i ca l  c l ea rances  i s  c reepage  d i s t ances  which  were  cons ide red

because of  the environmental  condit ions in mines. These distances were

eva lua ted  t ak ing  in to  accoun t  the  suscep t ib i l i t y  o f  t r ack ing  be tween  t e rmina l s

on contaminated,  moisture laden surfaces. The  res i s t ance  o f  an  insu la to r  to

develop arc tracks is  measured by i ts  comparat ive tracking index (CTI) value.

The CTI value is  that  voltage which occurs during fai lure by tracking when the

number of drops of a standard contaminant dropped onto the insulating material

reaches 50 [3]. A safeguard against  t racking is  the use of  an insulator  whose

CTI  i s  adequa te  fo r  the  ex i s t ing  po l lu t ion  cond i t ions  wh i l e  se t t i ng  the

creepage distance for the CTI value.

Anothe r  eng inee r ing  s tudy  dea l t  w i th  con t ro l  t r ans fo rmers . On a high-

vo l t age  mach ine ,  a  con t ro l  t r ans fo rmer  i s  used  to  conver t  h igh-vo l t age  to

c o n t r o l  v o l t a g e  ( < 1 2 0  v o l t s ) . On  these  t r ans fo rmers ,  t r ans ien t  vo l t ages  can—
be  t r ansmi t t ed  th rough  the  t r ans fo rmer ’ s  p r imary– to–secondary  capac i t ance ,

where the transmission rat io value could be approximately unity. The study

determined that  this  problem could be minimized by assuring that  the rat io

between the secondary–to-ground capacitance and the primary-to-secondary

capac i t ance  i s  l a rge  [>10]  o r  tha t  the  t r ans fo rmer  i s  equ ipped  wi th—
e l e c t r o s t a t i c  ( f a r a d a y )  s h i e l d i n g .

One danger inherent  with high–voltage equipment is  that  excessive

e lec t r i ca l  s t r e s s  can  cause  p remature  b reakdown of  insu la t ing  mate r i a l s .  I t

was determined that  corona does not  present  a  problem on 2400 volt  systems,

but  may effect  4160 volt  systems. Adequately and properly prepared corona

pro tec t ion  min imizes  the  s t r e s ses  p l aced  on  insu la t ion  and  ac t s  to  r educe

s t r e s s  r e l a t e d  i n s u l a t i o n  f a i l u r e s . The corona requirement was based on

Foster-Miller’s  recommendations .
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High–voltage load switching devices must  preclude exposure of  arcs to

the atmosphere surrounding the switch assembly. This has been accomplished by

using vacuum contractors. The arcing current produced by the making and

breaking of  contacts  under load is  contained in a  vacuum bott le  (one bott le

per  phase)  and cannot  ignite  methane that  may be present  inside an explosion

proof  enc losure .

B. Prevention of  Ignit ion of  Methane Surrounding the Machine

Protective measures to prevent  the heat  or  f lame from an arc and/or

methane explosion in an explosion–proof enclosure from ignit ing a

methane–air mixture surrounding a machine would include minimum free

d i s t ances  and  des igns  to  p reven t  ign i t ions  by  expe l l ed  pa r t i c l e s .  An  MSHA

techn ica l  i nves t iga t ion  de te rmined  tha t , i f  phase– to–phase  a rc ing  occur red ,

there may “be adequate arc energy to heat  the walls  of  the enclosure beyond the

safe working temperature. Distances between the wall /cover of  an enclosure

and  ba re  e l ec t r i ca l  conduc to r s  ins ide  the  enc losure  were  e s t ab l i shed  to

prevent  wall /cover damage due to phase–to-phase arcing.

When  a  shor t  c i r cu i t  occurs  be tween  two  e lec t rodes ,  pa r t i c l e s  o f  the

conduc to r  ma te r i a l  (usua l ly  copper )  a re  “ th rown”  in to  the  su r round ing  a rea .

If  a  short  circui t  in an explosion–proof enclosure is  accompanied by a

p r e s s u r e  r i s e , some of these part icles may be expelled through the f lange gap

and ,  i f  an  exp los ive  a tmosphere  i s  p resen t ,  cause  an  ign i t ion  [4 ] . Based on

work  done  in  con junc t ion  wi th  the  Fos te r–Mi l l e r  con t rac t ,  a  so lu t ion  to  th i s

would be to not  locate conductors  in the same plane as the f lange f lame–path.

This would not  be necessary on a s tep (combination),  labyrinth,  or  threaded

type  f l ame-pa th  f i t .

c . Prevention of Exceeding Enclosure Design Pressure

Fos te r–Mi l l e r  conduc ted  h igh–energy  a rc  t e s t ing  to  a s sess  the  haza rds  o f

pressure increase caused by a high–energy arcing fault ,  with and without  a

simultaneous methane-air  explosion. Depending on parameters (arc
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c h a r a c t e r i s t i c s ,  f a u l t  l o c a t i o n ,  a v a i l a b l e  e n e r g y ,  e n c l o s u r e  v o l u m e ,  p r e s e n c e

of methane,  etc .) ,  i t  would be possible to exceed the 150 psig design pressure

of  a  s t andard  exp los ion-p roof  enc losure  i f  a  f au l t  occur red . There fore ,  the

c r i t e r i a  r equ i res  a  means  o f  sa fe ly  l imi t ing  the  p ressu re  r i se  wi th in  the

enc losure  to  .83  t imes  the  enc losure  des ign  p ressu re .  The  h igh-vo l t age

equipment which is  presently operat ing under experimental  permits  use fast

ac t ing  c i r cu i t  p ro tec t ive  dev ices  which  would  c lea r  a  h igh-vo l t age  a rc  be fo re

a  s ign i f i can t  p ressu re  deve loped  due  to  the  a rc . An MSHA technical

inves t iga t ion  has  r e su l t ed  in  a  me thod  fo r  sa feguard ing  aga ins t  h igh-ene rgy

a r c i n g  f a u l t s  u s i n g  t h e  t r a i l i n g  c a b l e  e l e c t r i c a l  p r o t e c t i v e  d e v i c e . Th i s  i s

one  accep tab le  means  o f  sa fe ly  l imi t ing  the  p ressu re  r i se  wi th in  an  enc losure .

Other protective methods can be accepted by MSHA provided they demonstrate an

equa l ly  h igh  l eve l  o f  sa fe ty .

MSHA is  concerned about the specif ied design pressure of  an enclosure.

P resen t ly ,  an  enc losu re  tha t  i s  des igned  fo r  150  ps ig  i s  t e s t ed  wi th  a

methane /a i r  exp los ion . Normally,  these pressures do not  exceed 100 psi .

S ince  the  p ro tec t ive  me thod  to  p reven t  ove rp ressu r i za t ion  i s  d i r ec t ly  r e l a t ed

to the design pressure,  MSHA wants to insure each enclosure design is  capable

o f  wi ths t and ing  i t s  des ign  p res su re . Therefore , s t a t i c  p r e s s u r e  t e s t i n g  o n

each  enc losure  p ro to type  i s  r equ i red .

Dynamic  p ressu re  t e s t ing  i s  a l so  r equ i red . In  add i t ion  to  the  s t anda rd

explosion tests  of  30 CFR Part  18,  tests  in methane/air  igni ted by guncotton

are  r equ i red  on  enc losures  accep ted  on  the  bas i s  o f  a  des ign  p ressu re  g rea te r

than 150 psi .

Another concern leading to overpressurizat ion can be the decomposit ion

of  in su la t ing  ma te r i a l s  due  to  t r ack ing . Tracking can al low a low level ,

normal ly  unde tec tab le  cu r ren t  to  f low in  and  ac ross  the  su r face  l aye r  o f  the

i n s u l a t o r . This  current  can produce heat  and possibly gas which may joint ly

over–pressu r i ze  the  enc losure . As  p rev ious ly  d i scussed ,  u s ing  insu la to r s

with an adequate CTI rat ing can prevent  t racking.
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l). P r e v e n t i o n  o f  P ressure  P i l ing

Pressure piling is a complex phenomenon that can occur when gas in a

port ion of  an explosion-proof enclosure is  compressed before being ignited.

The result ing pressure r ise may be much greater  than would normally be

expected from a methane/air  ignit ion. Subd iv id ing  enc losu res  in to

compartments connected by narrow passages,  ei ther  intentionally or

inadvertently by component placement,  can result  in pressure pi l ing and must

be avoided as required by 30 CFR Part 18.

E. Per sonne l  P ro tec t ion

There  i s  a  need  fo r  add i t iona l  sa fe ty

equipment. Bar r i e r s  o r  pa r t i t ions  be tween

requ i remen t s  fo r  the  h igh-vo l t age

the high-voltage and low–voltage

c i rcu i t s  mus t  be  p rov ided  to  p reven t  acc iden ta l  con tac t . Cover  in te r lock

swi tches  to  au tomat i ca l ly  de -ene rg ize  any  enc losu re  con ta in ing  h igh–vo l t age

uninsulated conductors  must  be provided. Switches of the plunger or shaft

operated type are required to have two per cover minimum. This  r equ i rement  i s

a result  of  the fol low-up inspections performed on the high-voltage equipment

opera t ing  under  exper imen ta l  pe rmi t s  which  revea led  s t i ck ing  cover  in t e r lock

switches on three of  the f ive machines inspected. Visible main disconnects

are required on-board electr ic face equipment incorporating power components

loca ted  on  separa te  f rames . If  ground wire monitors  or  grounded phase

pro tec t ion  dev ices  a re  loca ted  on-board  the  mach ine  o r  sys tem,  t e s t  c i r cu i t s

must  be provided to check their  condit ion without  exposing personnel  to

e n e r g i z e d  c i r c u i t s . The  l a s t  r equ i rement  fo r  pe r sonne l  p ro tec t ion  i s  tha t  o f

g round  fau l t  p ro tec t ion . All  of  these requirements are intended to improve

the safety of  the persons working on and around this  high–voltage equipment.
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CONCLUSION

T h e  c r i t e r i a ,  d e v e l o p e d  a f t e r ex tens ive  r e sea rch  and  t e s t ing ,  i s  a  sa fe

and pract ical  approach to approving equipment with on-board high–voltage

swi tchgear . Th i s  c r i t e r i a  p rov ides  the  min ing  indus t ry  wi th  the  capab i l i t y  o f

sa fe ly  u t i l i z ing  equ ipmen t  wi th  po ten t i a l ly  h ighe r  p roduc t iv i ty . In  add i t ion

to  the  p ro tec t ive  me thods  spec i f i ed  in  Append ix  A,  the re  a re  a l t e rna t ive

methods that  may provide equal  protect ion,

spec ia l  p ressure  r e l ease  dev ices . Designs

incorporated in mining equipment;  however,

c o n s i d e r a t i o n .

such as pressure switches

of this  type have not yet

they  wi l l  be  g iven  fu tu re

or

been
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APPENDIX I

APPROVAL CRITERIA FOR HIGH VOLTAGE EQUIPMENT

CONTAINING ON-BOARD SWITCHING OF HIGH VOLTAGE CIRCUITRY

1. Purpose

The  purpose  o f  these  c r i t e r i a  i s  to  e s t ab l i sh  t echn ica l  r equ i rement s  to

be used by MSHA in evaluat ing for  approval  high-voltage equipment containing

on–board  swi t ch ing  o f  h igh  vo l t age  c i r cu i t s . Th i s  c r i t e r i a  i s  to  supp lemen t

the exist ing requirements of  Tit le  30 Code of  Federal  Regulat ions (30 CFR)

Part  18,  al l  of  which apply unless specif ical ly amended or replaced by parts

o f  t h i s  c r i t e r i a . These requirements do not amend or supersede the

requirements of 30 CFR, Part 57 and 75. The intent  is  to define and expand

Sec t ion  18 .47(d) (6 )  which  s t a t e s “MSHA reserves the r ight  to require

addit ional  safeguards for  high–voltage equipment or  modify the requirements to

recognize improved technology.” All  of  these requirements must  be met in

order for  the equipment to be approved.

2. D e f i n i t i o n s

a . Compara t ive  t r ack ing  index  (CTI)  -  an  index  fo r  e l ec t r i ca l

insulat ing materials  determined by the American Society for  Test ing and

Materials  Standard D3638-85.

b . Corona  ex t inc t ion  vo l t age  - the maximum voltage at which corona

ceases  a s  the  app l i ed  vo l t age  i s  g radua l ly  dec reased .

c . C r e e p a g e  d i s t a n c e  ( e l e c t r i c a l )  - the shortest  distance between two

uninsulated conducting parts  measured along the surface and joints  of  the

insulat ing material  between them.
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a . High–voltage - nominal voltage in excess of 1000 volts AC up to and

including 4160 volts AC.

e . In te rna l  f r ee  vo lume - the volume in an explosion-proof enclosure

not occupied by components.

f . Load switching device – any two–state apparatus designed to operate

wi th in  ene rg ized  c i r cu i t s  wh ich  in  one  s t a t e  p rec ludes  and  in  the  o the r  s t a t e

t r ans fe r s  e l ec t r i ca l  power  to  power - t r ansduc ing  mechan i sms ,  typ ica l ly  motors

and  t r ans fo rmers .

g. Minimum free distance – the minimum unimpeded distance between an

arc across uninsulated high–voltage conductors  and an enclosure wall  or  cover

which wil l  prevent  the arc heat  from raising the wall  or  cover temperature

above the working temperature of  the material .

h . P r e s s u r e  p i l i n g  - a  cond i t ion  r e su l t ing  f rom ign i t ion  o f  p re -

compressed gases in compartments  or  subdivisions other  than those in which

i g n i t i o n  w a s  i n i t i a t e d .

i . Sealed switching - switching devices designed to preclude exposure

of arcs to the atmosphere surrounding the switch assembly.

j . Tracking - the progressive formation of  conducting paths,  on the

sur face  o f  a  so l id  insu la t ing  ma te r i a l , due to the combined effects  of

e l e c t r i c  s t r e s s  a n d  e l e c t r o l y t i c  c o n t a m i n a t i o n .

k . Working temperature –  the  a l lowable  t empera tu re  o f  a  ma te r i a l  be fo re

i t s  s h o r t – t i m e  t e n s i l e  p r o p e r t i e s  a r e  s i g n i f i c a n t l y  d i m i n i s h e d .

3. Design Pressure of Explosion–Proof Enclosures

a . All  explosion–proof enclosures shal l  have a minimum internal  design

pressure of  150 pounds per  square inch gage.

b . Exp los ion-p roof  enc losu res  con ta in ing  h igh-vo l t age  swi t chgea r  sha l l

have a means of  safely l imit ing the maximum pressure r ise within the

enc losure  to  .83  t imes  the  des ign  p ressu re . See Appendix A for one means of

s a t i s f y i n g  t h i s  r e q u i r e m e n t .
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4. Component Placement/Pressure Pil ing

a . Pa r t i t i ons  subd iv id ing  S ing le  enc losu res  sha l l  be  des igned  such  tha t

p res su re  p i l ing  i s  no t  c rea ted .

b . In te rna l  componen t s  sha l l  be  a r ranged  so  a s  no t  to  e f fec t ive ly

d iv ide  the  in t e r io r  o f  the  enc losure  in to  sepa ra te  compar tmen t s  jo ined  by

r e s t r i c t e d  p a s s a g e s  t h a t  c r e a t e s  p r e s s u r e  p i l i n g .

c . High  vo l t age  e l ec t r i ca l  componen t s  loca ted  in  h igh-vo l t age

exp los ion-p roof  enc losures  sha l l  no t  be  cop lana r  wi th  a  s ing le  p lane  f l ame-

a r r e s t i n g  p a t h .

5. Minimum Free Distance

High-vo l t age  exp los ion–proof  enc losu res  sha l l  be  des igned  to  e s t ab l i sh

the minimum free distance l is ted in Table 1.

Table 1 - High–Voltage Minimum Free Distances (MFD)

Wall/Cover Steel Aluminum
Thickness (in) MFD (in) MFD (in)

A B A B

3/8 1.8 3.9 8.6 18.1

1/2 1.2* 2.7 6.5 13.0

518 .9* 2.1 5.1 10.4

3/4 .6* 1.6 4.1 8.6

1 .3* 1.0* 2.9 6.2
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Column A specif ies the MFD for enclosures that  have available 3 phase

bo l t ed  shor t  c i r cu i t  cu r ren t s  o f  10 ,000  amperes  rms  o r  l e s s , Column B

specif ies the MFD for enclosures that  have

shor t  c i r cu i t  cu r ren t s  g rea te r  than  10 ,000

amperes rms.

a maximum available 3 phase bolted

and less  than or  equal  to 20,000

a . When the adjacent  wall  area is  the top of  the enclosure,  the minimum

free distance shal l  be increased by 1.5 inches for  4160 volt  systems and 0.7. .

inches for  2400 volt  systems.

b . Minimum free distances may be reduced if  a  grounded 1/4” thick steel

sh ie ld  i s  used  be tween  the  a rea  o f  po ten t i a l

wall lcover area*.

*The minimum electrical  clearances

a rc ing  and  the  ad jacen t

mus t  s t i l l  be  ma in ta ined .

6. Elec t r i ca l  C lea rances  fo r  Uninsu la ted  Conduc to r s

Minimum clearances between exposed electr ical  conductor surfaces,  or

between uninsulated conductor surfaces and grounded metal  surfaces,  within

enc losu res  sha l l  be  a s  l i s t ed  in  the  fo l lowing  t ab le .

Table 2 - Minimum Clearances Between Uninsulated Conductors

Phase-to-Phase Clearances (inches)
Voltage (rms)

Phase–to- Phase-to
Phase Ground or

Control Circuit

2400 1.4 0.6

I 4160 I 3.0 1.4 I
a . When case lining insulation is used, it shall be rated for the

phase–to-phase voltage and the uninsulated part to insulation clearance shall

not be less than 2/3 of the phase–to–ground clearance listed in Table 2.
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b . Bus bars shall be supported to prevent movement which would decrease

the  requ i red  c lea rances .

c . Devices connected to bus bars  shal l  be independently supported.

7. Creepage Distances

a . R ig id  in su la t ion  be tween  h igh-vo l t age  t e rmina l s  o r  h igh–vo l t age

terminals  and ground shall  be designed with creepage distances in accordance

with Table 3.

b . Comparative tracking indices referenced in Table 3 shall  be made

based on American Society for  Test ing and Materials  Standard D3638-85.

Table 3 – Minimum Creepage Distances

I Minimum Creepage Distances (inches) for

P h a s e – t o - CTI Range*
Phase P o i n t s  o f

V o l t a g e Measure CTI > 500 380 < CTI < 500 175 < CTI < 380 CTI < 175

2400 0-0 1.50 1.95 2.40 2.90
0-G 1.00 1.25 1.55 1.85

4160 0-0 2.40 3.15 3.90 4.65
0 G 1.50 1.95 2.40 2.90

*Assumes  tha t  a l l  i n su la t ion  i s  r a t ed  fo r  the  app l i ed  vo l t age  o r  h ighe r .

Appendix B shall be used as a guide for determining measurement of

c reepage  d i s t ances .

8. Control Transformers

Transformers with high–voltage primary windings that  supply control

vo l t ages  in  h igh -vo l t age  exp los ion–proof  enc losu res  sha l l :
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a . Be connected l ine-to–line on the primary side.

b . Incorpora te  g rounded  e lec t ros ta t i c  (Fa raday)  sh ie ld ing  be tween  the

primary and secondary windings or  be constructed such that  the secondary

capacitance to ground is  at  least  10 t imes the capacitance between the

transformers primary and secondary.

c . Supply a maximum nominal  vol tage of  120 volts  l ine-to-l ine.

9. Corona Protect ion

Safeguards  aga ins t  co rona  sha l l  be  p rov ided  on  a l l  4160  vo l t  c i r cu i t s  i n

exp los ion–proof  enc losu res . The  60  he r t z  co rona  ex t inc t ion  vo l t ages  fo r

cab le s  and  insu la t ion  sha l l  no t  be  l e s s  t han  5000  vo l t s  rms .

10. Switching Devices

High-voltage switching devices shal l  be only of  the sealed switching

type .

11. Overcur ren t  P ro tec t ion

Overcurrent  protect ion shal l  be provided on al l  cables supplying power

to  enc losu res  con ta in ing  h igh–vo l t age  swi t chgea r . Th i s  p ro tec t ion  sha l l

cons i s t  o f  in s t an taneous  shor t–c i r cu i t  p ro tec t ion  and  inve r se  cu r ren t / t ime

pro tec t ion  fo r  the  purpose  o f  l imi t ing  e l ec t r i ca l  f au l t  ene rgy .

12. Per sonne l  P ro tec t ion

a . High–vo l t age  and  low-vo l t age  c i r cu i t s ,  sha l l  be  sepa ra ted  by

loca t ion ,  ba r r i e r s  o r  pa r t i t i ons  to  p reven t  exposure  to  ene rg ized  h igh–vo l t age

conduc to r s  o r  pa r t s . Meta l  ba r r i e r s  o r  pa r t i t i ons  sha l l  be  g rounded .
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b . The cover(s)  of  any compartment in the high-voltage switchgear

enc losu re  con ta in ing  un insu la t ed  h igh-vo l t age  componen t s  sha l l  be  f i t t ed  wi th

in te r lock  swi tches  a r ranged  to  au tomat i ca l ly  de -ene rg ize  the  exposed  h igh-

voltage components within that compartment when the cover is removed.

Switches of  the plunger operated type wil l  require 2 per  cover minimum

ins ta l l ed  such  tha t  ope ra t ion  o f  e i the r  wi l l  de -ene rg ize  the  h igh–vo l t age

enc losure .

c . V i s ib le  ma in  d i sconnec t s  sha l l  be  r equ i red  on–board  e l ec t r i c  f ace

equipment incorporat ing power components located on separate frames.

d . Tes t  c i r cu i t s  sha l l  be  p rov ided  fo r  check ing  the  cond i t ion  o f  g round

wire monitors  and grounded-phase protect ion without  exposing personnel  to

e n e r g i z e d  c i r c u i t s , i f  such devices are located on-board the machine or

system.

e . Ground fault  current  shal l  be l imited by a neutral  grounding

resistor  to not  more than 6.5 amperes for a 2 4 0 0  volt  system or  3 .75  a m p e r e s

for  a  4160 volt  system. The  t r ipp ing  cu r ren t  fo r  the  g round  fau l t  p ro tec t ion

device shall  not  exceed 40% of the maximum fault  current .

13. Static Pressure Test  Requirements

The  fo l lowing  s t a t i c  p ressu re  t e s t  sha l l  be  pe r fo rmed  on  each  p ro to type

des ign  o f  exp los ion-p roof  enc losu re  hous ing  h igh–vo l t age  swi t chgea r  p r io r  to

the  exp los ion  t e s t s . The  t e s t  sha l l  a l so  be  pe r fo rmed  as  a  rou t ine  t e s t  on

every  exp los ion-p roof  enc losu re  hous ing  h igh-vo l t age  swi tchgea r ,  a t  t he  t ime

of manufacture,  unless the manufacturer  uses an MSHA accepted quali ty

assurance procedure covering welding and inspection of  the enclosures.

a . Test  Procedure.

1. Sea l  the  enc losure  to  a l low pressu r i za t ion .

2. In te rna l ly  p ressu r i ze  the  enc losure  to  the  des ign  p ressu re  +3%—

psi ,  maintaining the pressure for  a  minimum of 10 seconds.
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3. Following the pressure hold, the pressure shall  be removed and

the pressurizing agent  removed from the enclosure.

b . Acceptance Performance.

1. The  enc losure ,  du r ing  p ressu r i za t ion ,  sha l l  no t  exh ib i t

leakage through welds or  cast ing.

2. The  enc losure ,  fo l lowing  remova l  o f  the  p ressu r i z ing  agen t ,

sha l l  no t  exh ib i t  v i s ib le  c racks  in  we lds  o r  pe rmanen t  de fo rmat ion .

14. Dynamic Pressure Test Requirements

In addit ion to the s tandard explosion tests  of  30 CFR Part  18,  the

fol lowing test  shal l  be performed on any explosion-proof enclosure housing

high–voltage switchgear being accepted on the basis  of  a  design pressure

grea te r  than  150  ps i .

a . The enclosure shall  be tested empty,  without components or  dummies

representing components .

For three tests  the explosion shal l  be a  9.4 to 9 .8  b y  v o l u m e  p e r

cen tum methane  in  a i r  i gn i t ed  by  cen t ra l ly  loca ted  gun-co t ton . The quanti ty

o f  gunco t ton  sha l l  be  such  to  p roduce  in  a  s t anda rd  t e s t  vesse l  a  p res su re  o f

( .83) (pd)-pet  where Pd is  the design pressure of  the enclosure and Pet  is  the

maximum recorded pressure from the standard explosion tests  or  100 psi ,

whichever  i s  l e s s .

b . Performance of tests  shall  be evaluated in accordance with 30 CFR

Sec t ion  18 .62(b ) .
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APPENDIX A

One acceptable means of  safely l imit ing the pressure r ise within an

enc losure  i s  th rough  the  use  o f  the  t r a i l ing  cab le  e l ec t r i ca l  p ro tec t ive

dev ices  to  l imi t  the  e l ec t r i ca l  ene rgy  re l eased  by  a  h igh-vo l t age  a rc .

An analysis  undertaken to derive a s implif ied method for  safeguarding

aga ins t  h igh  ene rgy  a rc ing  f au l t s  r e su l t ed  in  the  fo l lowing  equa t ion .

w h e r e  tt r i p = maximum clearing t ime of the outby short  circuit
device (ins)

R = 1.4 for 2300 volt system (ms)(Amp)
0.76 for  4160 volt  system ( l b ) (  i n )

Pa = the p r e s s u r e  a t t r i b u t e d  t o  t h e  h i g h – v o l t a g e  a r c

nominal maximum
= des ign  p ressu re  -  me thane  p ressu re

2
( p s i )  a l s o  P a  <

P d  =

= d e s i g n  p r e s s u r e  -  1 0 0
2

protection

( . 8 3 )  ( p d ) - pe t

t he  des ign
pressu re  o f  the
enc losure  (ps i )

the maximum
recorded  exp lo -
s i o n  t e s t  p r e s -
s u r e  ( p s i )

no te : normal maximum methane pressure is 100 psi

V O1 = internal  free volume of the enclosure ( i n3)

( I s c )m a x  = maximum three phase bolted short  circuit  current  (Arms)

The  cor respond ing  max imum t r ip  cu r ren t  se t t ing  ( It ri P)  i s  de te rmined  by :

I t r i p = 0 .7  ( I sc)  m i n ( Ar m s)

w h e r e  ( lS C)  min = minimum 3 phase bolted short  circuit  current  (Ar m s)
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Normally the manufacturer wil l  not  know the available short  circuit

current when applying for MSHA approval. There fo re ,  the  p reced ing  equa t ions

a re  so lved

( Is c) m a x  =

( Is c) m i n  =

for the minimum

t

Itrip
0.7

and maximum short  circuit  currents .

(Arms)

( Ar m s)

These last  two equations shal l  be used to l imit  the al lowable maximum and

min imum 3  phase  bo l t ed  shor t  c i r cu i t  cu r ren t s  ava i l ab le  a t  t he  enc losure ’ s

h igh–vo l t age  t e rmina l s . This  condit ion of  use wil l  be made part  of  the

approva l . The al lowable short  circuit  range wil l  be stamped on the machine’s

approval  plate,  along with the outby short  circui t  protect ive device’s  maximum

current  set t ing and maximum clearance t ime.

EXAMPLE CALCULATION

On–board a 2400 volt  continuous miner,  the enclosure which houses the

h igh–vo l t age  swi tchgea r  has  an  in te rna l  f r ee  vo lume  o f  20 ,000  in3 and  i s

designed to withstand 150 psi . The maximum recorded test pressure was 90 psi.

The  ou tby  shor t  c i r cu i t  p ro tec t ive  dev ice  i s  se t  t o  t r ip  a t  2500  amperes  and

it  has a  clearing t ime of  90 ms.

= 7778 Ar m s
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(Isc)min =
Itrip
0.7

2500=
0.7

= 3571 Arms

Therefore, the machine can be used only with electrical systems that
deliver no less than 3571 amperes and no more than 7778 amperes 3 phase bolted
short circuit current to the machine enclosure.



f = creepage distance

M = metal

*I f  the  r ibs  on  the  su r face  o f  insu la t ing  pa r t s  a re  a t  l eas t  . 118"  h igh
and  the i r  wid th  i s  appropr ia t e  to  the  mechan ica l  s t r eng th  o f  the  ma te r i a l ,
then the minimum width may be reduced to

.039”  and  s t i l l  be  cons ide red  inca lcu la t ing  the  c reepage  d i s t ances .
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