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I G N I T I O N  PEX! VOLTAGE MEASUREMENTS 
~~ ~ 

’URPOSE: The  p u r p o s e  of t h e s e  epecif icat ione is to provide  r e f e r e n c e  in fo rma t ion  
€or  equipment  and  p r o c e d u r e s  to b e  u s e d  in  the  m e a s u r e m e n t  of igni t ion 
vol tages .  

;COPE: The  se spec i f ica t ions  conta in  g e n e r a l  i n fo rma t ion  about the  c h a r a c t e r  i s t  ic s 
of ignition s y s t e m s  and  m e a s u r i n g  techniques ;  r e c o m m e n d e d  types  of 
voltage d i v i d e r s  and  output i nd ica to r s ;  ca l ib ra t ion  p r o c e d u r e s .  

. GENERAL CONSIDERATIONS CONCERNING PEAK IGNITION VOLTAGE 
MEASUREMENTS 

I 1 Ignition S y s t e m  C h a r a c t e r i s t i c s  

Ignition s y s t e m s  a r e  usua l ly  des igned  to produce  spa rk ing  pu l ses  of 
s e v e r a l  thousand vol ts  o c c u r r i n g  a t  va r ious  repe t i t ion  r a t e s  depending 
upon engine speed .  The  wavefo rm and ampl i tude  of t h e s e  pu l ses  v a r y  
widely with the  des ign  of the  ignit ion s y s t e m  and  with the  c h a r a c t e r -  
i s t i c s  of the  s p a r k  plugs o r  o t h e r  loading dev ices  t o  which the  ignit ion 
s y s t e m  i s  connec ted .  

M e a s u r e m e n t s  a r e  usual ly  made  on ignition s y s t e m s , t o  de t e rmine :  

a .  The  m a x i m u m  vol tage which c a n  be developed by the  ignit ion 
s y s t e m  unde r  controlled and spec i f ied  condi t ions ,  (Ignition s y s t e m  
t e s t )  

b.  The vol tage r e q u i r e d  by the  s p a r k  plug o r  o t h e r  load unde r  
spec i f ied  condi t ions of opera t ion .  (Load system t e s t )  

F o r  the above two p u r p o s e s  the  peak  value of t he  ignit ion vol tage i s  
usual ly  adequate  in fo rma t ion ,  however ,  i n  t he  s tudy of t he  p e r f o r m a n c e  
of  ignition s y s t e m s  
output pu lse .  

it may be d e s i r a b l e  to ana lyze  t h e  w a v e f o r m  of the  

Accura te  m e a s u r e m e n t s  can  be m a d e  upon ignition s y s t e m s  only if c a r e -  
fu l  a t tent ion is paid to both the  condi t ions unde r  which the  t e s t  i s  conducted 
and the  equipment  used  t o  m a k e  the  m e a s u r e m e n t .  
the  ignition s y s t e m  m u s t  be  ca re fu l ly  cont ro l led  in  order  tha t  changes  in  
the  output vol tage a r e  not thought t o  b e  e r rors  in  the  m e a s u r i n g  equipment .  
in the case of magne tos  the  only input v a r i a b l e  i s  t he  speed .  
powered ignition s y s t e m s  have the addi t ional  input v a r i a b l e  of input vo l tage .  
T h e  power s o u r c e  for  a ba t t e ry  ignit ion s y s t e m  m u s t  have good load  r e g -  
ulation in  o r d e r  to  a s s u r e  tha t  the  input vol tage which is effect ive a t  t hc  t i m e  
the  ignit ion pulse  i s  developed can  be known and  con t ro l l ed  a c c u r a t e l y .  
P o w e r  supp l i e s  which conta in  apprec i ab le  r ipp le  vol tage o r  which exhibit  
poor t r a n s i e n t  regula t ion  c h a r a c t e r i s t i c s  
ignition s y s t e m  output vol tage.  

The  input v a r i a b l e s  t o  

Ba t t e ry  

c a n  c a u s e  a wide va r i a t ion  o f  

The  load condi t ions which a r e  imposed  upon t h e  igni t ion s y s t e m  m u s t  a l so  
be  accu ra t e ly  known. 
fixed amount  of e n e r g y ,  the  vol tage which is developed a c r o s s  the  load 
will  be l a r g e l y  a function of the  load c h a r a c t e r i s t i c s .  

Since m o s t  ignit ion pu l ses  conta in  a r e l a t ive ly  

Most icni t ion 
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1 . 2  

s y s t e m s  a re  qui te  suscept ib le  t o  the  amount  of capac i ty  exhibi ted by 
the  toad.  
mea-suring equipment  m u s t  be  known and ,  w h e r e  poss ib l e ,  ad jus ted  
to some d e s i r e d  r e f e r e n c e  value.  
of t h e  wir ing  connected to the  secondary  of the igni t ion s y s t e m  c a n  
c a u s e  apprec i ab le  changes  in  the  output vol tage.  

P.esistance loading wil l  a l s o  c a u s e  changes  i n  the  output vol tage,  how- 
e v e r ,  t h i s  is usua l ly  main ta ined  a t  a ve ry  high value.  in  mos t  c a s e s ,  
i f  the  total  load r e s i s t a n c e  including the  m e a s u r i n g  equipment  does  not 
f a l l  below 20 megohms ,  t h e r e  will be l i t t l e  effect  on the  output of the  
ignit ion s y s t e m .  
voltage e f f ec t s ,  such  a5 corona  and a r c i n g ,  The  n o r m a l  p r o c e d u r e s  
for  e l imina t ing  t h e s e  e f fec ts ,  such  a s  adequate  spac ing ,  p r o p e r  in su -  
la t ion ,  and the  e l imina t ion  of s h a r p  points in  the  secondary  wir ing ,  
a r e  usual ly  e f fec t ive ,  

o F o r  t h i s  r e a e o n  the  to ta l  capac i ty  of the  load including any  

Even s m a l l  changes  in  the  loca t ion  

E r r o r s  a r e  f requent ly  c a u s e d  by unexpected high 

Ignition Vol  t age  C ha r a c t e  ris t i c s  

An ana lys i s  of s econdary  ignit ion vol tage wavefo rms  of a i r c r a f t  and  
indus t r ia l  Ihagnetos ,  f lywheel magne tos ,  and  ba t t e ry  ignit ion s y s t e m s  
has  shown them to  have the  following c h a r a c t e r i s t i c s  dur ing  the in i t ia l  
vol tage pulse: 

Fundamenta l  F requency  of Osc i l la t ion  - 1 . 0  - 8.0 KC/Sec .  

Typica l  Leading Edge R i s e  T i m e  of P u l s e  - 15 t o  100 uSec. 

*Maximum Leading Edge R i s e  T i m e  Converted 
to  Band Width - 24.0  KC/Sec .  

T h e  above c h a r a c t e r i s t i c s  a r e  based  on wavefo rms  obtained without a 
d i s t r ibu to r  in the ignition s y s t e m .  In s y s t e m s  which ut i l ize  a d i s t r i b -  
u t o r ,  the voltage wavefo rm i s  not a smooth  continuous c u r v e  but m a y  
have s t e e p  r i s ing  port ions o r  d i scont inui t ies  due to  the  break-down of 
the  j u m p  gap  d i s t r ibu to r .  h th i s  c a s e  the  r e q u i r e d  band width of the  
measu r ing  ins t rumenta t ion  mus t  be 50 KC o r  g- rea te r  to  respond t o  
t h e s e  f a s t e r  r i s e  t i m e s .  

1 ,  3 Ins t rumenta t ion  Cons idera t ions  in Measur ing  Ignition S y s t e m s  Voltage 

It i s  r ecommended  that  the  load imposed  upon the  ignit ion s y s t e m  by 
the  m e a s u r i n g  equipment  be not l e s s  than 20 m e g o h m s  r e s i s t a n c e  
and not g r e a t e r  than The  equipment  should be  high 
voltage s t ab le ,  that  i s ,  capable  of opera t ing  a t  30 ,000  vol ts  peak 
without corona  o r  a r c - o v e r  e f fec ts .  In s o m e  spec ia l i zed  appl ica t ions  
i t  may be n e c e s s a r y  to  des ign  fo r  h igher  vol tages  acco rd ing  t o  the  ex-  
pected output of the  ignit ion s y s t e m .  

10 uuf capac i ty .  

The  a c c u r a c y  of the  m e a s u r i n g  equipment  should be within *5%. 
explained in  a l a t e r  sec t ion  on de ta i l  des ign  of the  equipment ,  
f r equency  r e s p o n s e  or  band width of the  m e a s u r i n g  equipment  will  
depend upon the  type of m e a s u r e m e n t  d e s i r e d .  

As 
the  

Equipment  which h a s  

*Rise  T i m e  T R  : . 3 6  , "Graphical  Aid f o r  Ampl i f ie r  Design",  
' f req .  in MC 
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R . E .  R icke t t s ,  ELECTRONIC DESIGN, J u l y  1953 .  
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a f r equency  r e s p o n s e  of 50 CPS t o  50 KC will  b e  s a t i s f a c t o r y  f o r  m e a -  
s u r e m e n t s  of peak  vol tages .  if i t  is d e s i r e d  t o  m a k e  ca re fu l  s tudy of 
the  waveform of the  ignit ion p u l s e s ,  it will  b e  n e c e e s a r y  to ex tend  the  
f requency  r e s p o n s e  e i t h e r  l o w e r  o r ’h ighe r  or  both acco rd ing  t o  the  
r e q u i r e m e n t s  of the  m e a s u r e m e n t s .  

2 .  SPECIFIC INSTRUMENTATION REQUIREMENTS FOR ACCURATE PEAK VOLTAGE 
MEASURE MENT S 

2 . 1  Indicating Device 

An osc i l loscope  is r ecommended  a s  a n  . indicating device  for  igni t ion 
s y s t e m  m e a s u r e m e n t .  The  u s e  of a n  osc i l loscope  p e r m i t s  obse rva t ion  
of the  wavefo rm and m a y  f requent ly  show unexpected a r c - o v e r  e f f ec t s .  
In addition i t s  output does  not depend upon peak reading  types  of c i r -  
cu i t ry  which might  not respond to  the  t r u e  peak  va lue  under  the  va r ious  
conditions of speed ,  duty cyc le ,  humidi ty ,  a t m o s p h e r i c  p r e s s u r e ,  e t c .  

In the choice of an osc i l loscope  f o r  ignit ion m e a s u r e m e n t s ,  the  following 
points should be given cons idera t ion :  

2.  1. 1 Band Width - T h e  v e r t i c a l  ampl i f i e r  band width used  f o r  t h i s  f ie ld  
of ignit ion peak voltage m e a s u r e m e n t s  should have f la t  r e s p o n s e  
to  50 KC o r  g r e a t e r .  

- The osc i l loscope  m u s t  be  of a des ign  which will  give 
lec t ion  sens i t iv i ty  r e g a r d l e s s  of power l ine  vol tages  

and o the r  envi ronmenta l  va r i a t ions .  
design of the osc i l l o scope ,  i t  will  be n e c e s s a r y  t o  provide  ex te rna l  
regulat ion o r  to m a k e  f r equen t  ca l ib ra t ion  checks  of the  def lec t ion  
sens i t i v i ty ,  

If t h i s  is not i nhe ren t  in the  

2. 1. 3 Input At tenuators  - P r e c i s i o n  input a t t enua to r s  a r e  d e s i r a b l e  on an  
osc i l l o scope ,  however ,  the  a c c u r a c y  of t h e s e  a t t enua to r s  a r e  within 
3% and in s o m e  c a s e s  3=59Ó. T h i s  is insuff ic ïent  a c c u r a c y ,  t h e r e -  
f o r e  i t  i s  r ecommended  tha t  t he  osc i l l o scope  a t t enua to r  se t t ing ,  u s e d  
f o r  m e a s u r e m e n t  a n d / o r  Calibrating p u r p o s e s ,  b e  a c c u r a t e l y  C a l i -  
b r a t e d  . 
and a poten t iometer  t o  produce  a D C v d t a g e  d iv ide r .  T h e  output 
vol tage u s e d  f o r  ca l ib ra t ing  c a n  be  mon i to red  with a p r e c i s i o n  DC 
vo l tme te r  (1  / 4  t o  1 / 2  of 170). if the  osc i l loscope  d o e s  not have  DC 
r e s p o n s e  the ca l ib ra t ing  voltage w i l l  have to  b e  chopped. 
Sensi t ivi ty  - The osc i l loscope  should have suff ic ient  sens i t iv i ty  so the  
igni t ion peak vol tage divided by the  vol tage d iv ide r  r a t i o  will  p roduce  
suf f ic ien t  def lect ion f o r  a c c u r a t e  r ead ings .  

A s i m p l e  c a l i b r a t o r  c a n  be cons t ruc t ed  us ing  a DC b a t t e r y  

2. 1 . 4  

2 .  1. 5 Focus  and Intensi ty  Cont ro ls  - If t h e s e  c o n t r o l s  have a n  effect  on 
&flect ion sens i t iv i ty ,  they should not be ad jus ted  a f t e r  ca l ib ra t ion ,  

An a n a l y s i s  of the above f a c t o r s  ind ica tes  that  p rac t i ca l ly  a l l  c o m -  
m e r c i a l l y  ava i lab le  osc i l l o scopes  will  p e r f o r m  as s a t i s f a c t o r y  indi-  
cat ing i n s t r u m e n t s ,  

a 2 . 2  High Voltage Div ide r s  

Two high voltage d iv ide r s  which will  a c c u r a t e l y  m e a s u r e  peak ignition voltages,  
as def ined in  th i s  spec i f ica t ion ,  
s i e t  anc  e -capac i tance  

a r e  (a) the  capac i t ance  d iv ide r ,  (b)  t h e  r e -  
compensa ted  d iv ide r ,  
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T h e s e  d iv ide r s  have d i f fe ren t  band width c h a r a c t e r i s t i c s  which a r e  d e -  
pendent on cons t ruc t ion ,  d iv ide r  cons t an t s  and method of in tegra t ion  with 
the  osc i l loscope .  In F i g u r e  I are  g e n e r a l  c u r v e s  showing the  res .ponse 
of t h e s e  voltage d iv ide r s  as a function of input vol tage f requency .  

e 
Attenuation (o r  Div ider )  Rat io  x 1000 

3 

" 2  

1 

O 

C Divider, (2000: 1 r a t io )  

R-C  Divider  (1000: 1 r a t io )  

I I 
I I 

100 KC 1 MC 10 MC 
L 

1 KC 

F i g u r e  I. F requency  Response  C h a r a c t e r i s t i c s  of Capac i tance  and 
Re s i  s t ance  - Capaci tance  Voltage Divider  s 

0 It i s  apparent  f r o m  F i g u r e  I that  both d iv ide r s  can  b e  cons t ruc t ed  to  have 
a constant  a t tenuat ion r a t io  fo.r the  range  of f requency  components  encoun-  
t e r e d  in gene ra l  ignit ion peak voltage m e a s u r e m e n t s  as  def ined,  

T h e  type of div ider  s e l ec t ed  fo r  t h e s e  m e a s u r e m e n t s  will depend o n  ava i l -  
ab le  in s t rumen ta t ion ,  ca l ibra t ing  in s t rumen ta t ion ,  and the r e s p o n s e  c h a r a c -  
t e r i s t i c s  óf the d iv ider  d e s i r a b l e  f o r  o t h e r  types  of voltage m e a s u r e m e n t s .  

2 . 2 .  1 Capac i tance  Div iders  

T h e  des ign  of a capac i tance  voltage d iv ider  is governed  by the  fo l -  
lowing equation: 

+ W ï v  Attenuation Ratio* E ~ ~ w R l c l l  

w =  2 nr, f : Frequency  of Applied Voltage 

R Shunt Res i s t ance  A c r o s s  Low Voltage Capac i tor  

C l =  High Voltage Capac i to r  Value 

C2- Low Voltage Capac i to r  Value 
- 

An ana lye i s  of  equation ( i )  shows that  a t  a p a r t i c u l a r  l o w  f r equency  r e s p o n s e  
the  r a t i o  of the  d iv ider  begins  to  i n c r e a s e  ( s e e  F i g u r e  I). 
which t h i s  o c c u r s  will be governed  by the  capac i t ive  cons tan ts  of the  d iv ide r  
and the  value of shunt r e s i s t a n c e  a c r o s s  the  low vol tage capac i to r  s ec t ion .  

a T h e  f requency  a t  

*See Appendix I 
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