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Significance:
Part 2 – Development of standards – Reality checks
Part 5 – Monitoring instruments, laboratory measurements and test methods
Part 6 – Textbooks and tutorial reviews

Presentation to the EMC community in a European forum of the Transient Control Level concept being proposed in
the US via the IEEE Power Engineering Society (See Fisher and Martzloff in IEEE Transactions PAS 95, 1976).
A companion paper on implementation is reprinted in Parts 5 and 6 (See Fisher and Martzloff in the same forum).

The proposal also included the concept of establishing first a level of surges that will not be exceeded, thanks to 
the application of appropriate SPDs, and only then designing equipment that will withstand level higher than the
allowable level of surges.  This was nothing new, having been applied successfully in the high-voltage utility
environment.  However, the proposal was new for the low-voltage community.  

Unfortunately, the fait accompli of equipment being designed and placed on the market without such coordination
prevented application of that proposal.  Thus, industry is left with the situation where equipment failures under
surge conditions can occur, after which remedies must be found as retrofits.

In 1975, the following statement appeared in the paper and should be kept in mind when questions arise on the
selection of “representative waveforms” in IEEE Std C62.41.2:

These BIL amplitudes, while assigned somewhat arbitrarily, were (and are) kept in touch with reality by the fact
that equipment designed in accordance with standards do not fail when exposed to surges produced by
lightning, in contrast to equipment designed prior to the development of the philosophy of insulation
coordination and the establishment of standard BILs.
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TRANSIENT CONTROL LEVEL PHILOSOPHY AND IMPLEMENTATION 

I. The Reasoning Behind the Philosophy 

F.D. Mar tz lo f f  and F.A. Fisher 

General E l ec t r i c  Company, Corporate Research and Development, 

Schenectady, New York, and P i t t s f i e l d ,  Massachusetts 

Abstract 

This i s  the f i r s t  o f  a p a i r  o f  papers 
descr ibing how be t te r  t rans ient  protect ion might 
be achieved through the use o f  a Transient Con- 
t r o l  Level (TCL) philosophy. The authors have 
developed and are proposing t h i s  TCL philosophy 
because damage t o  and upset o f  e lect ron ic  and 
other low-voltage equipment by t rans ients  seems 
t o  be a never-ending problem, and one t ha t  i s  
l i k e l y  t o  get worse i n  the fu tu re  as e lect ron ic  
cont ro ls  permeate even more o f  the products which 
a f f e c t  our l i ves .  A number o f  proposals have 
been made - some already incorporated i n t o  stan- 
dards - on various t es t  wave shapes and speci f i -  
cations. The authors propose an approach in te -  
g ra t ing  many o f  these proposals whi le focusing 
a t ten t ion  on s i gn i f i can t  parameters. 

In t roduct ion 

An area where present standards do not seem 
t o  o f f e r  s u f f i c i e n t  guidance t o  designers and 
manufacturers o f  e lect ron ic  equipment i s  i n  what 
types o f  t rans ients  t o  consider and how t o  prove 
t h a t  equipment works i n  the presence o f  t ran-  
s ients.  This s i t ua t i on  i s  perhaps under be t te r  
con t ro l  i n  the e l e c t r i c  power f i e l d  than i t  i s  i n  
the f i e l d s  o f  aerosapce, general indu-stry, house- 
wares, and the m i l i t a r y .  For instance, the insu- 
l a t i o n  o f  high-voltage apparatus i s  coordinated 
t o  the threats  t ha t  nature provides t o  t ha t  
insu la t ion  through the philosophy o f  i nsu la t ion  
coordinat ion as expressed i n  the Basic Insu la t ion  
Level (BIL) system. The BIL system provides f o r  
a standardized ser ies o f  l eve ls  being coordinated 
w i t h  the p ro tec t i ve  a b i l i t i e s  o f  ex i s t i ng  protec- 
t i v e  devices. On the other hand, e lect ron ic  and 
con t ro l  equipment i s  a l l  too of ten designed, 
b u i l t ,  and del ivered before the existence o f  a 
t rans ient  th rea t  i s  recognized. I f  t rans ients  
t u rn  out t o  endanger the  equipment, there may be 
no adequate surge p ro tec t i ve  devices. I n  fact,  
there may not be any sa t i s fac to ry  answer t o  the 
problem posed by transients.  

The authors1 TCL philosophy i s  aimed a t  
achieving be t te r  coordinat ion than now ex is ts  
between the t rans ients  t o  which equipment i s  
exposed and the a b i l i t i e s  o f  equipment t o  with- 
stand the transients.  It i s  patterned a f t e r  the 
BIL approach t o  insu la t ion  coordinat ion so suc- 
cess fu l l y  used i n  the e l e c t r i c  power f i e l d .  

The purposes o f  t h i s  f i r s t  paper are t o  
explain the reasoning behind the d i f f e ren t  ele- 
ments o f  the BIL system o f  insu la t ion  coordina- 
t ion,  and t o  explain how s im i l a r  reasoning has 
led  t o  the formulat ion o f  the TCL philosophy. 
Some observations on how t o  perform TCL t es t s  are 
given i n  a companion paper [I]. 

Proposal f o r  TCL 

This proposal can be summarized by saying 
t h a t  we want to: 

Establ ish the concept t ha t  equipment sha l l  be 
ra ted i n  terms o f  i t s  a b i l i t y  t o  withstand a 
l im i t ed  set o f  t rans ient  proof tests, ra ther  
than i n  terms o f  i t s  a b i l i t y  t o  withstand 
unknown "actual" t ransients.  

Estab l ish the concept t ha t  t rans ient  spec i f i -  
cat ions apply t o  power and signal l ines. I n  
the  past, on ly  power m e s  have been con- 
s i dered . 
Establ ish a set o f  leve ls  ( l im i t ed  i n  number) 
t o  which equipment i s  designed and tested. 

Establ ish a set  o f  standard t e s t  waves ( l im-  
i t e d  i n  number) t o  which low-voltage 
equipment w i l l  be subjected. 

Establ ish standardized re la t ionships between 
voltage and current  (source impedance). 

D i f f e ren t i a t e  between the task o f  establ ish- 
ing  the  fami l y  o f  t e s t  l eve ls  and wave 
shapes, and the task o f  ac tua l l y  se lect ing a 
spec i f i c  level .  This means that:  

a We w i l l  propose t o  you a fami l y  o f  
l eve ls  and wave shapes 

0 You w i l l  se lect  the spec i f i c  l eve l  and 
shape, based on your r e l i a b i l i t y  goals, 
your costs, and your experience. 

This ~ r o ~ o s a l  i s  made w i th  awareness t ha t  
i t  may be one &re o f  an already confused array of 
standards. However, i f  accepted by a large sec- 
t i o n  o f  indust ry  and users, i t  could become a 
un i f y ing  l i n k  and make the appl icat ions more 
successful. 



In the following paragraphs, we will at- 
tempt to present the background justifying our 
proposal, for each of the points listed above. 

1. Basis for ratinq equipment 

The concept that equipment be rated in 
terms of its ability to withstand a standard test 
rather than "actual" service conditions is not 
new. This is at the very heart of the system of 
BIL, which has been so successful in the field of 
electric utility equipment. 

Fortunately for the utilities, few parties 
were involved in making the decisions, and thus 
it was possible at an early stage to establish 
the BIL system and to enforce it because of the 
near total control of the engineering department 
of a utility over the system design. In the field 
of low-voltage systems, however, the selection 
and purchase of a multiplicity of components and 
equipment by a multiplicity of buyers from a 
multiplicity of vendors on behalf of a multi- 
plicity of users have made it very difficult to 
maintain the organized systems approach which 
succeeded in the case of the electric utilities. 

A basic concept, which needs to be mutually 
accepted by users and manufacturers of equipment, 
is that it is impossible to simulate all possible 
transient overvoltages (and over-currents) that a 
product line might experience in service. How- 
ever, by designing the equipment to a certain 
standard and controlling the level of transients 
by suitabrprotection, a much greater chance of 
successful operation in the cruel real world will 
be obtained. 

The task is then to establish a set of 
standard tests, acceptable to the vast majority 
of applications, reflecting the real world but 
not pretending to duplicate it, simple enough to 
be practical, conservative enough to ensure reli- 
ability, but realistic in terms of economics. 

Obtaining complete agreement from all is 
most unlikely an impossible goal, and thus the 
unsatisfactory situation endures. This stalemate 
can be broken by accepting a proposal which might 
not be perfect, but is better than many isolated 
standards or no standard at all. 

2. All lines subject to transient tests 

The existence of transients on power lines 
is by now a recognized and accepted fact, so that 
most applications will involve a certain amount 
of precautions in specifying transient withstand 
capability. However, in the case of signal 
lines, this recognition is less frequent, and 
there have been examples where a total lack of 
appreciation of the problem has led to the design 
and deployment of equipment that cannot be pro- 
tected from transients. 

Transients can be introduced into a piece 
of equipment by the power lines from many 
sources, such as lightning, switching transients, 
fault clearing, and coupling from adjacent cir- 
cuits. Signal lines, especially in the case of 
extensive systems covering a vast area, can also 
be subjected to induced transients by lightning, 
adjacent circuits, ground currents, etc. Since 

quite often the signal circuits tend to be at a 
lower voltage than the power circuits, the dis- 
crepancy between the rated level in the circuit 
and the actual level of transients makes the 
signal circuits more susceptible to transient 
problems. 

A question related to which lines are to be 
subjected to transients is that of "comnon mode" 
versus "transverse mode." This is not always 
clear and must be addressed in a comprehensive 
specification. 

3. Test Levels 

An important feature of the BIL system was 
that it involved a limited number of test levels 
graded to the operating voltage of the system for 
which apparatus was being designed. A successful 
TCL system should also be designed around a rela- 
tively small number of levels. One who tries to 
establish levels is pulled in two directions; one 
to avoid complexity by establishing a minimum 
number of levels, and in another to provide 
levels that accomnodate existing practices with 
minimum disruption. 

One way to achieve this is through the use 
of major and minor intervals in the levels. 
Figure 1 shows several possible level series. 
The scales show the range 30 to 3000 volts divid- 
ed into intervals based on 10lb, and 
The physical positioning of the numbers on the 
figure shows how those numbers match the propor- 
tionate interval scales. In the past, we have 
proposed that there be three levels per decade 
with the s acing between levels being approxi- 
mately lo1/. The factors 1.5, 3, and 6 seem 
appropriate, particularly since such a set could 
include the voltage levels 600, 1500, and 3000 
volts in some existing specifications. The 
widely used specification MIL-704 includes the 
600-volt level for transients, and it would 
appear that this number, at least, should appear 
in any set of TCL levels. Levels based on the 
above progression appear in the left-hand column. 

TRANSIENT LEVELS 
CoNmoL SUGGESTED PROPOSED 

LEVELS 

PROPOSED IEC TC 2 8 A  

7-n 

- 2000 

- 1200 

- BOO 

- 500 

- (3001 

- (200) 

- (1201 

- I801 

- (50) 

- (301 

- (201 
1 0 " ~  

Fig. 1: Proposed levels for TCL voltages 
compared to existing level systems 



A progression proposed i n  IEC TC 28A, Low 
Voltage I n s u a l t i o n  Coordination, i s  shown i n  the 
r ight-hand column. The l e v e l s  t h a t  have been 
proposed range from 500 t o  12000 vo l t s .  On Fig.  
1, the  l e v e l s  i n  parentheses are i nse r ted  on l y  t o  
i n d i c a t e  the  sequence. Th is  progres ion, which 
seems t o  be based on the  f a c t o r  1 0 l i ,  does not  
inc lude the 600-vo l t  leve l .  

Levels as arranged i n  t h e  center  column 
might  appear t o  prov ide an appropr ia te  com- 
promise. We propose t h a t  t he  l e v e l s  i n  bo ld face 
p r i n t  be the recommended l e v e l s  wh i l e  those i n  
l i g h t e r  p r i n t  be used, p re fe rab ly  spar ingly,  when 
in termedia te  l e v e l s  are needed. Associated w i t h  
each o f  these l e v e l s  would be a s h o r t - c i r c u i t  
cu r ren t  leve l ,  t he  magnitude of which i s  r e l a t e d  
t o  t h e  vo l tage l e v e l s  through defined source 
impedances. Source impedance wi 11 be discussed 
f u r t h e r  below. 

Some o f  t he  l eve l s  w i l l  seem very low, 
p a r t i c u l a r l y  t o  those accustomed t o  dea l ing  w i t h  
t rans ien ts  on power l i nes .  They may no t  be 
u n r e a l i s t i c  f o r  some low-voltage s igna l  c i r c u i t s .  
A more important  point ,  however, i s  t h a t  t he  
establishment o f  a se r ies  o f  levels,  f rom which a 
choice may be made, i s  a task separate and 
d i s t i n c t  from t h a t  o f  deciding t o  what l e v e l  a 
p iece o f  equipment should be designed. Th is  
l a t t e r  p o i n t  i s  discussed i n  more d e t a i l  l a t e r .  

4. Wave shape 

Many t e s t  waves have been proposed i n  the 
past .  Table I shows some t h a t  have been pro- 
posed. 

These wave shapes range from the  very f a s t  
r i se ,  shor t  duration, t o  the  slow-rise, long 
durat ion,  w i t h  o s c i l l a t o r y  o r  u n i d i r e c t i o n a l  
voltages. Each o f  these i s  based on p r a c t i c a l  
considerat ions f o r  s p e c i f i c  app l ica t ions;  b u t  the  
t o t a l  p i c t u r e  i s  then one o f  confusion and d i s -  
couraging attempts a t  standardizat ion.  

Observations o f  osci lToscope recordings 
and independent work on the  resonant frequency of 
power systems [2]  have shown t h a t  most t r a n s i e n t  
vol tages i n  low-voltage systems have an o s c i l l a -  
t o r y  wave shape, i n  con t ras t  t o  the  well-known 
and genera l l y  accepted u n i d i r e c t i o n a l  wave used 
i n  high-vol tage i nsu la t i ons  standards. Fre- 
quencies are t y p i c a l l y  i n  t h e  range o f  5 kHz t o  
500 kHz, w i t h  the m a j o r i t y  o f  t he  t rans ien ts  
having f requencies above 100 kHz L31 . 

On t h e  bas is  o f  these observations, t he  
authors have proposed the  vo l tage wave shape o f  
F ig .  2, as being most representa t ive  of t ran -  
s i e n t s  i n  low-voltage systems. 

Th is  wave i s  a composite. One component i s  
aimed a t  producing the e f f e c t s  associated w i t h  
f a s t  r i s e  times. Coupled i n te r fe rence  and the  
response o f  i nduc t i ve  devices are examples. 
Another component i s  aimed a t  producing the e f -  
f e c t s  associated w i t h  the  more s lowly  changing, 
and osc i  1 l a to ry ,  t a i  1. Voltage summation i n  
capac i t i ve  c i r c u i t s  coupled by r e c t i f i e r s  i s  an 
example. Energy handl ing c a p a b i l i t y  o f  surge 
p r o t e c t i v e  devices i s  another. 

Fig.  2: Proposed TCL vo l tage wave 

While t h i s  wave may then appear a r t i -  
f i c i a l l y  contrived, i t  w i l l  sub jec t  t e s t  samples 
t o  the  two most s i g n i f i c a n t  e f f e c t s  o f  voltage, 
c i r c u i t  upset, and c i r c u i t  damage. Since the 
wave may be produced by simple labora tory  c i r -  
cu i t s ,  comparison t e s t s  ma be e a s i l y  done by 
d i f f e r e n t  organizat ions.  [ 4 1  

This  wave shape was f i r s t  def ined by a 
consensus a t  a meeting o f  t he  Ground F a u l t  Pro- 
t e c t i o n  Sect ion o f  NEMA, i n  August 1973, and has 
s ince received increas ing acceptance, notab ly  a t  
t he  Underwr i te r 's  Laborator ies.  Recently, 
independent considerat ions [S lhave  given f u r t h e r  
support t o  a 0.5 p s  r i s e  t ime and 5 ps durat ion  
impulse. 

However, i n  a l l  p r o b a b i l i t y  t h i s  one 
osci  1 l a t o r y  TCL wave w i l l  no t  meet the  needs o f  
a l l  users. Therefore, we propose t h a t  t he  wave 
o f  Fig. 2 be supplemented by two u n i d i r e c t i o n a l  
vo l tage waves: t he  c l a s s i c  ANSI 1 . 2 x 5 0 p . s  
impulse wave and a 10 x 1000 us  wave [6,7]. 

We be l i eve  t h a t  most app l ica t ions can be 
t rea ted  by one o f  these three wave shapes, once 
the concept i s  accepted t h a t  a p e r f e c t  match o f  
"ac tua l "  wave shape and " t e s t "  wave shape i s  no t  
essent ia l .  The f i r s t  wave, f a s t  r i s e  and 100 kHz 
r ing ,  would be more app l icab le  f o r  c i r c u i t s  ex- 
posed t o  ' l i g h t n i n g  remnants" ( t h e  na tu ra l  o s c i l -  
l a t i o n  o f  a power system exc i ted  by a l i g h t n i n g  
discharge o r  swi tch ing t r a n s i e n t  a t  some remote 
p o i n t )  as we l l  as con t ro l  c i r c u i t r y  exposed t o  
induced t rans ients .  The second wave shape, the 
f a m i l i a r  1.2 x 50 un id i rec t i ona l ,  would be app l i -  
cable t o  c i r c u i t s  where d i r e c t  exposure t o  
l i g h t n i n g .  strokes i s  l i k e l y ;  wh i l e  the t h i r d  
( l ong  t a i l )  would be app l icab le  t o  s i t u a t i o n s  
i n v o l v i n g  l i g h t n i n g  cu r ren t  discharge on long 
cables. The second and t h i r d  wave shapes are 
a lso  representa t ive  o f  t rans ien ts  produced by t h e  
switching o f  i nduc t i ve  c i r c u i t s .  

Special app l ica t ions,  such as NEMP (Nuclear 
Electromagnetic Pulse) hardening, o r  h igh-vo l t -  
age substat ion supervisory equipment, would 
r a t h e r  r e t a i n  t h e i r  own well-documented 
standards. 

5. Source impedance and enerqy 

I n  some types o f  tes ts ,  t h e  ob jec t  i s  t o  
determine what l e v e l  o f  vo l tage w i l l  cause f a i l -  
u re  (permanent o r  temporary) o f  i nsu la t i on .  The 



TABLE I - PARTIAL L IST ING OF EXISTING OR PROPOSED TEST WAVES 

ORIGIN - 
ANSI, IEC 

DESCRIPTION 
Wave Shape Amp1 i tude 

Speci f ied voltage 

Speci f ied current  

2.5 kV peak 

TYPICAL 
APPLICATION 

Power apparatus 

Low-voltage AC c i r c u i t s  
and con t ro l  l i n e s  i n  
substat ion equipment 

IEEE Std. 472 
Guide f o r  Surge Withstand 
Capab i l i t y  (SWC) 

- 1.25 MHz r e p e t i t i v e  
at  60 Hz 

- 6 p s  decay t o  50X - 150n source impedance 

Speci f ied 
leve ls  

Low-voltage AC c i r c u i t s  
and s ignal  l i n e s  

Fisher-Martz lof f  [ a ]  - 0.25 p s  r t s e  
- 5 u s  t o  zero - Unspecif ied r i n g  

GE Transient Suppression Manual 141 - 500 kHz r i s e  - 100 kHz r i n g  - 40% decay 
Low-voltage AC c i r c u i t s  

Crouch-Fisher-Martzloff 1101 - 0.5 u s  r i s e  - 100 kHz r i n g  
U.L. Ground Fau l t  I n te r rup te rs  - 2nd peak 2 60% f i r s t  - 50n source impedance 

Speci f ied 
leve ls  

Low-voltage AC c i r c u i t s  

IEEE Std. 465.1 Three requirements: 
Test Speci f icat ions fo r  
Gas Tube Surge Protect ive Devices : ~ o x X 2 ~ o ~ ~  ::rF:iFe"t Telephone protectors 

L inear  l o l t a g e  ramp 
o f  100, 500, 5000, 10,000 V/gs 
u n t i  1 sparkover 

FCC Docket 19528 Comnunlcations 
equipment 

- 10 x 560 p s  - 100 A short  c i r c u t t  current  
800 V peak 

. Longi tudinal  

- 10 x 1 6 0 ~ s  
- 200 A short c i r c u i t  current  

1500 V peak 

Rural E l e c t r l f  i ca t ion  

Administ rat ion Spec. PE-60 

- 10 x IDDO p s  voltage 

- 100 V/us r i s e  

3o o f  protector  
l eve l  

Telephone e lectronics 

Evaluation o f  cnmponents Rectangular pulse 
3 ns t o  10 p s  

NEMP Hardening 

* Damped sinewave 
10' t o  lo8  HZ 

NASA Space Shu t t l e  Damped stnewave 
125 kHz 

a Unid i rec t iona l  

- 2 x 1 0 0 u s  

Space s h u t t l e  e lec t ron ics  

Mi 1 i t a r y  a i r c r a f t  Power Envelope speci f  fed, 
max. durat ion 50 g s  



nature  o f  t he  t rans ien t  f o l l o w i n g  breakdown i s  
no t  o f  much concern. The t y p i c a l  t e s t  p iece i s  o f  
h igh  impedance (except a f t e r  breakdown), and thus 
does no t  load the generator. People have tended 
t o  overlook t h e  source impedance o f  t he  gener- 
ator, even i n  app l i ca t i ons  where t h a t  impedance 
i s  important. 

However, w i t h  the  development o f  vo l tage 
suppression devices, t he  source impedance becomes 
an i n t e g r a l  p a r t  o f  t he  suppression scheme. Some 
types o f  devices (spark gaps) func t i on  by 
swi tch ing i n t o  a low impedance s t a t e  and r e f l e c t -  
i n g  the  energy associated w i t h  the  t r a n s i e n t  back 
f rom whence i t  came. Other devices ( va r i s to rs ,  
selenium, and Zener type diodes) clamp the 
vo l tage across t h e i r  te rmina ls  wh i l e  conducting 
the  surge cu r ren t  and thus d i s s i p a t e  the  surge 
energy i n  the p r o t e c t i v e  device. The a b i l i t y  o f  
t he  device t o  handle t h a t  energy becomes o f  im- 
portance. I n  e i t h e r  case, t he  t e s t  generators 
must be capable o f  supply ing an appropr iate 
amount o f  current ,  bu t  should not  supply too much 
cur rent .  

Test spec i f i ca t i ons  should r e f l e c t  t he  f a c t  
t ha t ,  i n  some cases, vo l tage i s  t he  appropr iate 
measure o f  the  t rans ient ,  and i n  other cases 
cu r ren t  i s  t he  appropr ia te  measure. Above a l l ,  
they  must avoid wording t h a t  leads t h e  inex- 
perienced t o  s t rugg le  v a l i a n t l y ,  w i t h  ever larger  
surge generators, t o  develop a spec i f i ed  vo l taqe 
across a c o r r e c t l y  f unc t i on ing  spark gap o r  
v a r i s t o r .  Th is  has occurred. 

I n  the  o r i g i n a l  fo rmula t ion  o f  t he  TCL 
concept, t h e  authors proposed, and s t i l l  do 
propose, t h a t  t he  generator impedance associated 
w i t h  t h e  100 kHz o s c i l l a t o r y  t e s t  wave be an 
impedance representa t ive  o f  t h a t  measured on a-c 
supply mains. Such an impedance can be 
t-gW$~erIzy! as 50 ohms i n  p a r a l l e l  w i t h  50 micro- 

The ANSI s p e c i f i c a t i o n s  dea l ing  w i t h  the  
long-establ ished 1.2 x 50 ~s u n i d i r e c t i o n a l  wave 
do no t  t r e a t  source impedance d i r e c t l y ,  bu t  
recognize i t s  existence by p rov id ing  a separate 
cu r ren t  t e s t  wave f o r  surge a r res te rs  o r  o ther  
surge p r o t e c t i v e  devices. I n  t h e  TCL concept as 
we now v i s u a l i z e  it, t h i s  same approach would be 
fo l lowed: separate vo l tage and cu r ren t  leve ls .  

One o f  t h e  app l i ca t i ons  where the  10 x 
1000 us  u n i d i r e c t i o n a l  t e s t  wave might be appro- 
p r i a t e  would be those i n v o l v i n g  swi tch ing o f  
i nduc t i ve  c i r c u i t s .  The impedance associated 
w i t h  such t rans ien ts  can vary over wide l i m i t s  
and may be q u i t e  low. We do not  f e e l  there  i s  y e t  
a s u f f i c i e n t  engineer ing consensus as t o  what a 
s u i t a b l e  standard source impedance might be. Ac- 
cordingly,  we made no recommendations f o r  such 
impedance, f e e l i n g  t h a t  t he  eva luat ion  o f  such 
impedance must be done on an i n d i v i d u a l  bas is  f o r  
t h e  s p e c i f i c  app l i ca t i on  a t  hand. 

6. Se lec t ion  o f  s p e c i f i c  l e v e l s  

The task o f  se lec t i ng  the  t r a n s i e n t  con t ro l  
l e v e l  appropr iate f o r  any one p iece o f  equipment, 
o r  any one app l ica t ion ,  i s  one o f  engineer ing and 
cannot be f u l l y  d e a l t  w i t h  i n  t h i s  paper. How- 
ever, some discussion o f  t he  task I s  necessary t o  
show how t h a t  task f i t s  i n t o  t h e  o v e r a l l  TCL 

philosophy. The BIL  system provides some 
guidance. A fundamental tenet  o f  t he  BIL  system 
i s  t h a t  the  i n s u l a t i o n  s t ruc tu re  o f  apparatus i s  
n o t  designed u n t i l  a f t e r  t he  requ i red i n s u l a t i o n  
l e v e l  i s  agreed upon, and t h a t  t h i s  i n s u l a t i o n  
l e v e l  i s  no t  chosen u n t i l  one i s  sure t h a t  t he re  
are v o l t a g e - l i m i t i n g  devices (surge a r res te rs )  
t h a t  can c o n t r o l  na tu ra l  t rans ien ts  t o  l e v e l s  
lower than those t o  which the  f a c t o r y  p roo f  t e s t  
w i l l  sub jec t  t he  apparatus under design. 

On the  o ther  hand, low-voltage and elec- 
t r o n i c  equipment i s  a l l  t oo  o f t e n  designed wi th-  
o u t  cons idera t ion  o f  t rans ien ts  o r  whether pro- 
t e c t i v e  devices might even be ava i l ab le  i f  
needed. One gu ide l i ne  i s  then t h a t  equipment 
should not  be designed u n t i l  an appropr iate 
design l e v e l  has been chosen. Th is  choice should 
be made a f t e r  cons idera t ion  o f  t h e  d i s t r i b u t i o n  
o f  n a t u r a l l y  occur r ing  t rans ients .  

The occurrence o f  t rans ien ts  i s  a s t a t i s -  
t i c a l  process, both i n  vo l tage l e v e l s  and energy 
content. LOW l e v e l s  are comnon wh i l e  h igh  l e v e l s  
occur ra re l y .  F igure  3 shows the  r e l a t i o n s h i p  
between vo l tage l e v e l  and frequency o f  occurrence 
on 120-vol t  r e s i d e n t i a l  c i r c u i t s ,  f rom 
observations made i n  the  Uni ted States 191. 
While t h i s  type o f  in format ion cannot serve t o  
p r e d i c t  t he  occurrences a t  i n d i v i d u a l  locat ions,  
i t i s  o f  i n t e r e s t  i f  one i s  concerned w i t h  t h e  
o v e r a l l  s t a t i s t i c s  o f  t rans ients .  For instance, 
a manufacturer can se lec t  a wi thstand l e v e l  ( o r  
conversely, a f a i l u r e  l e v e l )  by t rad ing  o f f  t h e  
tang ib le  and i n t a n g i b l e  cos t  o f  f a i l u r e s  f o r  t h e  
cos t  o f  t he  added p ro tec t i on  requ i red t o  achieve 
t h a t  l eve l .  From the  graph o f  Fig.  3, we can see 
t h a t  decreasing the  wi thstand l e v e l  from, say, 4 
kV t o  2 kV i s  l i k e l y  t o  increase the f a i l u r e  r a t e  
o f  a product by a f a c t o r  o f  10. 

I 
I 

I I 
I I .I 

2 4 6 8 ID kV 
SURGE CREST 

Fig.  3: Exposure o f  r e s i d e n t i a l  c i r c u i t s  t o  
surges (number o f  surges vs h ighest  
surge a t  any one loca t i on )  

Se lec t ion  o f  t he  most appropr ia te  l e v e l  f o r  
a s p e c i f i c  app l i ca t i on  should remain the  preroga- 
t i v e  o f  t he  p a r t i e s  d i r e c t l y  in teres ted.  Th is  
choice w i l l  be based on a number o f  f a c t o r s  such 
as t h e  c i r c u i t  ra ted  voltage, t h e  exposure o f  t he  
c i r c u i t  t o  induced t rans ients ,  t h e  presence o r  
absence o f  a mandatory suppressor i n  t h e  c i r c u i t ,  
t h e  r i s k  ana lys is  ( p r o b a b i l i t y  of f a i l u r e ,  conse- 
quence o f  a f a i l u r e ,  cost- t rade of f ) ,  etc. 
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TABLE I1 - PROPOSED IMPULSE LEVELS BY IEC-TC 28A 

I Rated Voltages 

Line-to-  
Ear th  

up t o  
V o l t s  

1-phase 
o r  d.c.  

~ i n e - t o - l i n e  
L-M o r  L-L 

v o l t s  

150- 300 

300- 600 

600-1200 

3-Phase 

L-N o r  L-L 

up t o  
Vo l ts  

System Voltages 

According t o  
IEC-Publ. 38 

V o l t s  

P r e f e r r e d  Ser ies  o f  Impulse 
Withstand Voltages i n  V o l t s  

Category 

Note: The values of impulse withstand vo l tage  given i n  columns I through V a r e  a pre fer red  s e r i e s  of values t o  be 
used by the  Technical  Cormittees f o r  the  purpose o f  i n s u l a t i o n  coordination.  Products subjected i n  the  f i e l d  t o  
the  salne condi t ions  of overvoltages or  r a t e d  t o  withstand t h e  same overvoltages a r e  t o  be  assigned values from 
the  same column. While i t  might be useful t o  descr ibe  products and spec i fy  a p r e f e r r e d  column f o r  such products, 
SC 28A has r e f r a i n e d  from doing so. 

An example of such a selection process is 
found in current proposals of IEC 28A for low- 
voltage insulation coordination. This proposal 
includes a matrix of voltage levels depending on 
one hand on the system voltage and on the other 
hand on a level category, which is left to the 
users to choose but implies some recognition of 
exposure factors. This proposed table is repro- 
duced here as Table I1 with the permission of 
the IEC TC 28A Chairman. 

Conclusion and Recomnendation 

Acceptance of the TCL concept by manufac- 
turers and users of equipment, as well as stan- 
dardizing and regulatory agencies, would be a 
great step toward simplification of specifica- 
tions and toward more reliable system per- 
f ormance. 

This paper has incorporated the feedback 
received after several proposals made at IEEE 
meetings, and at this point represents the 
position of the authors, supported and amended by 
the comnents received. Further feedback from the 
EMC comnunity is earnestly invited and welcome. 

To sumnarize our proposal, we recomnend 
consideration and eventual acceptance of the 
following: 

Major voltage levels of 300, 600, and 1250 
volts, with intermediate levels of 450, 850, 
and 2000 volts used if necessary; the levels 
to be scaled upwards or downwards by the 
appropriate powers of ten. 

A voltage wave shape of 0 . 5 ~ s  rise x 100 kHz 
ring with current related to voltage by a 
source impedance of 50n and 50 p H .  This wave 
shape would be supplemented by 1.2 x 50 ys 
and 10 x 1000 t~s unidirectional waves. 

All terminals, power and signal, are to be 
subjected to TCL tests. 

For any particular piece of equipment, an 
appropriate level would be chosen from the 
above series, by mutual agreement between 
supplier and user. 
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