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Significance 
 
Part 5 – Monitoring instruments 
 
This report describes a low-cost, single-threshold surge recorder developed in 1963-64 for 
acquiring further statistical data on the occurrence of surges in low-voltage AC power distribution 
systems.  Looking over the parts list and costs (last page of the report) induces some nostalgia 
after 30 years. 
 
After the proliferation of surge-protective devices and switch-mode power supplies, the recording 
of surge voltages has become a fallacy – a theme presented in several papers of this part of the 
anthology – hence a need to characterize the surge environment by monitoring the current that 
can be delivered by a surge, not the let-through voltage resulting from “SPDs galore” – see the 
file “Galore” in this part.  Unfortunately, attempts to develop a similar low-cost, single-threshold or 
waveform-recording instrument (see file “Novel transducer” in this part) have not been successful 
or undertaken by industry.   
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G E N E R A L  @ E L E C T R I C  

The purpose of this report is to review the develop- 
ment of a low cost surge counter and to provide operating 
theory and instructions for their usage. This counter 
was specifically developed for detecting transient over- 
voltages on 115 volt AC power systems. 

A DIAC-type device provides the threshold function to 
turn on a Silicon controlled switch, discharging an energ 
storage capacitor into the solenoid of an electro- 
mechanical counter. 

NO. 64GL166 
DATE 11/1/64 
O.E. CLASS 111 

GOVT. CUSS None 
N o .  PAGES 11 

AUTHOR 

F. D.Martzlo8f 
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1. Introduction 

Transient overvoltages on low voltage circuits have been recorded since 

1962 with automatic recording oscilloscopes, under a program sponsored by a 

number of Departments. 

The most comprehensive data available in this field has been reported 

in TIS 63GL144, listing 30 locations where such recordings were made. 

However, the selection of these locations was rather arbitrary, either 

these were homes or businesses in the Schenectady area where permission to 

install a recorder was obtained, or they were areas where equipment failures 

occurred and were brought to our attention so that a recorded could then be 

installed. In both cases, this selection is far from the statistician's 

ideal. In an attempt to cover a broader base for the locations of the homes 

where recordings should be made, the sponsors of the program agreed to under- 

write the development of a low-cost recorder which could be readily installed 

in the homes of the engineers of those departments, and thus provide this 

broader base for a more valid estimate of the transient's frequency of 

occurrence. 

The purpose of this survey could be accomplished if two or three levels 

of surges were investigated, in the range where semiconductor failures are 

most likely to occur. 

It would also be desirable to design the recorders so that they may 

trigger at different levels and operate at other than 115 AC supply voltages. 
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2. I n i t i a l  Approaches 

Some very simple ideas  towards meeting the  b a s i c  requirement of a t  l e a s t  

a  one-shot surge recorder  included var ious  schemes. For ins tance ,  the  f a i l u r e  

of a diode can be used a s  a  c a l i b r a t e d  vo l t age  sensor ,  o r  turning on the  AC 

power by a  surge- t r iggered DIAC-type device i n t o  a  fuse  which would then blow, 

o r  blowing a  fuse  by the  reverse  cur ren t  i n  con t ro l l ed  avalanche diode,  e t c .  

2 . 1  One-shot diode recorder  

The one-shot diode c i r c u i t  would only have required two back-to-back 

diodes and a  fuse .  T e s t s  have shown t h a t  the  f a i l u r e  of the  1N679, f o r  

ins tance ,  under r everse  t r a n s i e n t  vol tage  i s  very c o n s i s t e n t ,  so  t h a t  

t h i s  f a i l u r e  l e v e l  could be used a s  threshold .  Following f a i l u r e  of one 

diode,  i n  a  f i r s t  approach the  second diode would have f a i l e d  on excess 

forward c u r r e n t ,  causing the  fuse  t o  blow (see  ske tch) .  I n  a  second 

approach, the  h igh forward cur ren t  i n  the  remaining diode would then 

cause the  fuse  t o  blow f i r s t .  I n  t h e  second case ,  examination of which 

diode had f a i l e d  would i n d i c a t e  the  p o l a r i t y  of the  surge .  I n  each case ,  

a  neon lamp ac ross  the  fuse  would have indicated the  f a i l u r e ,  i . e .  the  

occurrence of a  surge exceeding the  threshold  l e v e l .  Rese t t ing  of the  

i n d i c a t o r  would then requ i re  one o r  two diodes t o  be replaced,  i n  a d d i t i o n  

t o  the  fuse .  

The advantage of t h i s  is  the  low i n i t i a l  cos t  (under $2) o f f s e t ,  

however, by the  replacement c o s t s  f o r  each r e s e t t i n g  (about 75~). The 

o t h e r  disadvantage is  the  need t o  examine the  diode f o r  p o l a r i t y  d i sc r imi -  

na t ion ,  and t h e  l imi ted  number of threshold  l e v e l s  e x i s t i n g  i n  a v a i l a b l e  

d iodes .  



2 . 2  Control led avalanche diode recorder  

I n  t h i s  c i r c u i t ,  t he  high cu r r en t  following diode f a i l u r e  would be 

replaced by the  avalanche cu r r en t  above the  knee of the  diode c h a r a c t e r i s t i c .  

Again, two diodes would be mounted back-to-back wi th  a  fu se  i n  s e r i e s  and 

wi th  a  neon lamp i n  p a r a l l e l  t o  i n d i c a t e  a  blown fuse .  

However, t he  energy a v a i l a b l e  during avalanche i s  l i k e l y  t o  be small  

and too  s e n s i t i v e  a  fuse  might be requi red .  Furthermore, t h e  leakage 

cu r r en t  i n  t he  diode might not  be s u f f i c i e n t  t o  f i r e  t he  i n d i c a t i n g  neon 

lamp across  the blown fuse .  

2 . 3  DIAC-type recorder  

A s l i g h t  modi f ica t ion  of t h e  con t ro l l ed  avalanche diode appeared 

poss ib l e ,  by using a  DIAC-type switch,  which would be turned on by a  

surge above t h e  th reshold  of the  device ,  while t h e  fol low-current  from 

t h e  AC l i n e  would then supply t h e  necessary energy t o  blow the  fuse .  

Rese t t ing  would then only r equ i r e  a  fuse replacement.  

However, t he  u n a v a i l a b i l i t y  of D I A C s  ( o r  SSS switches) wi th  a  h igh  

threshold  required t he  use of a  vo l tage  d i v i d e r  i n  order  t o  t r i g g e r  a t  

surge v o l t a g s  above 300 v o l t s ,  which i s  the  case  here .  It then became 

d i f f i c u l t  t o  provide a  d i v i d e r  w i th  s u f f i c i e n t l y  high impedance t o  avoid 

loading the  c i r c u i t  under t e s t  and s t i l l  w i th  low enough impedance t o  

provide holding cu r r en t  during the  remaining p a r t  of t he  60 cps h a l f  wave 

fol lowing the  surge.  

Furthermore, i t  was a l s o  found t h a t  tu rn-of f  of t h i s  device occurred 

very f a s t ,  so  t h a t  i f  t he  surge was a  damped o s c i l l a t i o n .  t h e  switch 

could be turned on by the  f i r s t  loop, but  promptly turned-off  a s  t h e  surge 

o s c i l l a t e d  i n t o  t he  next loop of reverse  p o l a r i t y  wi th  i n s u f f i c i e n t  

amplitude t o  t u r n  i t  on. Thus, t h e  60 cps fol low cu r r en t  could no t  occur.  
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After reviewing and trying some of these three approaches, it became 

apparent that some latching had to be provided by some form of stored 

energy, with the surge supplying only the trigger pulse. As soon as the 

concession was made, against the initial concept of minimum circuitry, 

to provide stored energy, it seemed that using this stored energy to 

drive a counter would produce more interesting results than just to blow 

a one-shot fuse. This led to the development of the recorder described 

in the following section. 

3. Counter-output Recorder 

The device shown on the opposite page was developed as the result of the 

experimentation and considerations discussed above. It is capable of triggering 

for surges as short as 0.5 ps in excess of the design threshold level, for one 

polarity. The threshold level is determined by the combined parameters of an 

input attenuator and SSSswitch. Reverse polarity is recorded by reversing the 

connection, i.e., the plug in the outlet. 

In contrast with available commercial recorders which generally use a 

coaxial input lead, with attenuators sometimes built in the probe, this 

recorder is connected to the circuit to be measured by a standard appliance 

cord. This provides an easy method of connection, with the added feature that 

the recording takes place at the end of 6 feet of lamp cord, where an appliance 

would normally be connected. Fast surges (less than 0.1 ~ls rise time) would 

obviously be distorted by such a crude connection, but this is not the point 

here where the expected surges will have 0.5 ps rise time or more, as demonstrated 

by a number of oscilloscope recordings. 

The threshold level is stable within 210% of the nominal value for a 

0 
temperature variation of 225% C, which is more than what can be found between 

hot attics or cold basements. 



Surge coun te r  - Active c i r c u i t  and counter  . The l e f t  s i d e  of  t h e  c i r c u i t ,  
sh i e lded  by tub ing  shown i n  preceding  photograph, i s  v i s i b l e  he re .  
(ATL Photo No. 833103) 



Surge counter - connecting cord is only accessible part, with 
non-reset counter behind window. 

Surge counter - cover removed. 

1964-vintaae surae counter mentioned in the "Where do we ao from here?" article 
(See GE TIS Report "Low-Cost Surge Counter" in Part 5 of the Anthology) 



The l e v e l  of each i n d i v i d u a l  u n i t  has a l s o  been s e t  wi th in  10% of nominal 

value  by matching t h e  SSS swi tch wi th  t h e  input  d i v i d e r  r a t i o .  

Two l e v e l s  were s e l e c t e d  f o r  the  th resho ld :  1200 v o l t s ,  corresponding 

t o  a  value  where, f o r  i n s t a n c e ,  low c o s t  appl iance  half-wave r e c t i f i e r  c i r c u i t s  

feeding a  c a p a c i t o r  o r  a  b a t t e r y  w i l l  begin t o  f a i l ;  t h e  o t h e r  l e v e l  i s  2000 

v o l t s ,  where most half-wave r e c t i f i e r  c i r c u i t s  w i l l  no t  su rv ive ,  and where 

appl iances  wi th  an inpu t  t ransformer  may s t a r t  f a i l i n g .  Thus, t h e  r e s u l t s  of 

t h e  survey w i l l  y i e l d  s t a t i s t i c s  a t  these  two l e v e l s .  

3 . 1  P r i n c i p l e  of opera t ion  

An incoming p o s i t i v e  surge  i s  a t t enua ted  i n  t h e  R ~ - c ~ / R ~ - c ~  d i v i d e r .  

I f  the  vo l t age  ac ross  R2-C2 exceeds the  turn-on vo l t age  of the  DIAC-type 

SSS, t h i s  vo l t age  is  appl ied  through t h e  d i v i d e r  R3R4C3 t o  t h e  g a t e  of 

the  SCS. Excessive g a t e  c u r r e n t  i s  prevented by t h i s  R3R4C3 network, 

while the  d iode D p r o t e c t s  the  g a t e  a g a i n s t  negat ive  pu l ses .  C g  a l s o  
1 

he lps  t o  reduce f i r i n g  of the  SCS by spur ious  noise  and a t t e n u a t e s  t h e  

s i g n a l  leaking through t h e  junct ion capaci tance  of the  SCS a t  l e v e l s  

below the  th resho ld .  

With the  SCS turned on by t h e  g a t e  s i g n a l ,  the c a p a c i t o r  C w i l l  4 

discharge  through t h e  c o i l  of t h e  counter  which indexes f o r  one count.  

The anode g a t e  r e s i s t o r  R, s t a b i l i z e s  the  turn-on of the  SCS and prevents  

any p o s s i b l e  r a t e  e f f e c t .  With the  60 cps supply t o  the  r e c t i f i e r ,  the  

l a t t e r  i s  not  very  l i k e l y ;  a  r e s i s t o r  i n  the  anode c i r c u i t  would f u r t h e r  

reduce t h e  p o s s i b i l i t y  of r a t e  e f f e c t ,  but  was found unnecessary i n  t h i s  

case .  

The c a p a c i t o r  C4 is  charged t o  a  f r a c t i o n  of t h e  l i n e  vo l t age  through 

the  d i v i d e r  R5-R6 and t h e  diode D2.  The diode D2 i s  a  selenium r e c t i f i e r  



i n  o rde r  t o  withstand t h e  incoming negat ive  surges which a r e  i m p l i c i t l y  

expected i n  t h i s  a p p l i c a t i o n ,  and which would promptly cause f a i l u r e  of 

an  unprotected s i l i c o n  diode i n  t h i s  half-wave c i r c u i t .  

The va lues  of t he  d i v i d e r  R5-R4 a r e  h igh  i n  o rde r  t o  reduce the  

fo l low-curren t  through R5, D2,S and SCS below t h e  holding cu r ren t  of t he  

SCS. The g a t e  r e s i s t a n c e  Rq c o n t r i b u t e s  t o  making t h i s  holding cu r ren t  

r e l a t i v e l y  high so  t h a t  the r e s i s t a n c e  R 5  i s  held low enough t o  al low 

recharging the  c a p a c i t o r  i n  a  reasonable t i m e .  

The input  a t t e n u a t o r  i s  enclosed i n  a  s h i e l d  i n  o rde r  t o  e l imina te  

t h e  v a r i a b l e  s t r a y  capac i tances  which would a f f e c t  t he  d i v i d e r  r a t i o .  

The g a t e  c i r c u i t  of the  SCS and the  SCS a r e  enclosed i n  t he  same s h i e l d  

i n  o rde r  t o  e l imina te  noise  r a d i a t i o n  i n t o  the  ga t e  c i r c u i t .  

3 . 2  Limi ta t ions  

The threshold  i s  obviously f ixed  f o r  a  given u n i t .  It could j u s t  

a s  obviously have been poss ib l e  t o  provide an a t t e n u a t o r  wi th  s e v e r a l  

l e v e l s  and a  s e l e c t o r  switch.  However, it was decided t o  l i m i t  each 

u n i t  t o  a  s i n g l e  l e v e l  i n  o rde r  t o  avoid poss ib l e  confusion i n  t he  records  

on the  p o s i t i o n  of t h e  s e l e c t o r ,  a s  we l l  a s  t o  avoid br inging  a  metal  

s h a f t  ou t  of the  i n s u l a t i n g  box and out  of the  a t t e n u a t o r  s h i e l d .  

The recorder  t r i g g e r s  on one p o l a r i t y  only ,  reducing i n  h a l f  t he  

number of random surges l i k e l y  t o  be recorded i n  a  given per iod .  On the  

o t h e r  hand, t h i s  a l lows d i sc r imina t ion ,  where d e s i r a b l e ,  of t h e  surge 

p o l a r i t y .  I f  i t  i s  necessary t o  record both p o k r i t i e s  a t  t h e  same time, 

two r eco rde r s  wi th  t h e  plugs reversed ( t h e  plugs a r e  marked) can be used. 

The r e s e t t i n g  time of the  recorder  is determined by the  charging 

cyc le  of t he  energy s to rage  c a p a c i t o r .  We saw why t h i s  had t o  be long. 

However, t h i s  is  no problem i n  the  case  of t he  e r r a t i c  surges which a r e  

expected t o  be recorded i n  homes. On the  o t h e r  hand, i t  i s  conceivable  
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INSTRUCTION ANU RECORD S W m  FUR USER 

l Z W  VOLTS SURGE RECORDER SERIAL 12 I 

INSTRUCTIONS - Plug in any 110 volt outlet where occurrence of 
surge. 18 to be recorded. Enter date, counter readinp and 
location (city) in appropriate column. Also ahow in remark 

WARNING - Do not remove cover without firat disconnecting cord 
from outlet. For use by General Electric employees only! 

I INSTRUCTION AND RECORD SHEEI FOR USER 1 
I 2000 VOLTS SURGE RECORDER SERIAL 12 

RMDIIC: 
-- 

(Lightning, power 
out.-tC. 1 

INSTRUCTIONS - Plug in any 110 volt outlet where occurrent. 
of .urges ia to be recorded. Enter date, counter readin' and 
location (city) in appropriate column. Alao show in r e m r k  
colunn if any unusual activity occurred during recording 



t h a t  i f  the  recorder  were connected t o  a c i r c u i t  where surges  would occur 

a t  t h e  r a t e  of s e v e r a l  per  minute, the  SCS would be cont inuously  t r i g g e r e d ,  

s o  t h a t  the  c a p a c i t o r  would never reach a s u f f i c i e n t  charge t o  a c t u a t e  

t h e  counter .  

4 .  Recording Procedure 

Previous recordings  performed wi th  oscil loscope-camera combinations have 

s h o m t h a t  o n e ~ e k i s  more than s u f f i c i e n t  t o  determine the  p a t t e r n  of household 

switching surge occurrence.  On the  o t h e r  hand, surges  due t o  power system 

switching and l i g h t n i n g  a r e  q u i t e  e r r a t i c ,  but tend t o  involve a l l  the  homes 

i n  the  a r e a .  

Therefore ,  the  following procedure i s  suggested:  a 1200 v o l t  r ecorder  

should be i n s t a l l e d  i n  a s e l e c t e d  home, and l e f t  f o r  one week. Enter  s t a r t  and 

f i n i s h  d a t e  and counter readings  a t  these  d a t e s ,  and i n s t a l l  t h e  recorder  i n  

the  next a v a i l a b l e  home. From previous osc i l loscope  recordings ,  we would 

expect  about a 70% p r o b a b i l i t y  t h a t  very  few o r  no surges  w i l l  be ind ica ted ,  

i n  which case  t h e r e  is  no point  i n  i n s t a l l i n g  t h e  2000 v o l t  recorder .  I n  

those homes where t h e  1200 recorder  w i l l  have ind ica ted  su rges ,  t h e  2000 v o l t  

recorder  should be i n s t a l l e d  next i n  o rde r  t o  determine t h e  number of the  

surges  i n  excess of 1200 v o l t s  which even exceed 2000 v o l t s .  Of aourse ,  the  

two recorders  could be i n s t a l l e d  simultaneously a t  the  same l o c a t i o n ,  but  t h i s  

would r e q u i r e  two u n i t s .  With a s p l i t  of 3 u n i t s  a t  1200 v o l t s  and 1 a t  2000 

v o l t s ,  more of those  70% l o c a t i o n s  where l i t t l e  surge  a c t i v i t y  i s  t o  be found 

can be covered i n  a given period of t ime.  

As soon a s  the  pee l -o f f  d a t a  shee t  secured t o  t h e  recorder  i s  f i l l e d ,  

( see  oppos i t e  page), i t  should be re turned t o  ATL f o r  compilat ion of the 

s t a t i s t i c s .  Spare shee t s  have been provided wi th  each counter .  
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PARTS LIST 

1 
200 K (2000 volts) 
120.K (1200 volts) 

R 2  1 2 K  

R3 2 K 
R4 2 K 
R5 6 8 K  
R6 6 8 K  
R, 5 1 K  

all % watt carbon 

C1 150 pF 500V mica nominal (2000 volts) 
250 pF 500V mica nominal (1200 volts) 

C2 .O1 )IF lOOV mylar 
C3 -001 pF 500V ceramic 
C4 50 pF 50V 

F 4 amp fuse 
SSS Hunt Electronics "logic device" 
SCS 3N85 
Dl IN457 

D2 6RS6PH4RADl 
S Elmeg counter OZ3R10154 
Casing: Lafayette Cat. #19G2001 
Cover: Lafayette Cat. #19G3701 

Total Parts cost (in quantities of 100) $18.00 
Counter only $10.00 
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