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METHOD  OF  DETERMINING  THE  PER  CYLINDER  TIMINO  PROFILE 

OF  AN  INTERNAL  COMBUSTION  ENGINE 

This  application  is  a  cont inua t ion- in-par t   of 

ipplication  Serial  No.  895,136,  filed  8/11/86,  now  abandoned. 

!ROSS  REFERENCE  TO  RELATED  APPLICATION 

This  invention  is  related  to  applicat ion  S e r i a l  

<o.  871,930,  filed  June  9,  1986,  en t i t l ed   METHOD  OF  PERFORMING  A 

POWER  BALANCE  ON  AN  INTERNAL  COMBUSTION  ENGINE,  in  the  name  of 

Keith  A.  Kreft  and  assigned  to  Sun  Electrio  Corporation. 

Background  of  the  Invention 

This  invention  relates  generally  to  internal   combustion 

engine  testing  and,  spec i f ica l ly ,   to  a  quick  test  method  for 

determining  the  rotat ional   angles  0  between  auooessive  f i r i n g  

events  in  an  internal  combustion  engine. 

In  an  internal  combustion  engine  having  a  p lu ra l i ty   of 

cylinders,  a  fue l /a i r   mixture  is  introduced  into  each  oyl inder  

where  it  is  ignited  to  develop  power.  The  ignition  or  combustion 

(both  referred  to  as  a  "firing  event")  may  be  by  way  of  an 

e l ec t r i ca l   spark  produced  by  a  spark  device  in  communication  with 

the  cylinder  and  fue l /a i r   mixture  or  by  injection  of  fuel  into  a 

cylinder  that  is  charged  with  air  under  pressure.  In  a  1-cycle 

engine,  each  cylinder  is  subjected  to  a  f ir ing  event  once  for 

every  two  revolutions  of  the  engine.  In  a  conventional  engine,  a 

dis t r ibutor   comprises  a  mechanically  rotating  shaft  carrying  a 

cam  for  operating  a  set  of  breaker  points  and  a  rotor  contact  for  

dis t r ibut ing  high  voltage  energy  from  an  ignition  coil  to  the 

various  spark  plugs,  in  sequence.  The  fir ing  events  are 

ini t ia ted  by  each  opening  of  the  cam  operated  low  voltage  breaker 

points  which  causes  a  collapse  of  the  magnetic  field  developed  by 

in  the  ign i t ion   coi l .   This  in  turn  induces  a  high  vol tage  in  t he  

secondary  winding  of  the  ignition  c o i l .  
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In  most  ideal  engines,  the  ro ta t ional   angles  (8) 

stween  successive  firing  events  are  equal  as  are  the  angles  

.tween  the  successive  occurrences  of  each  cylinder  reaching  i t s  

aint  of  maximum  compression,  commonly  referred  to  83  "top  dead 

inter"  (TDC).  Engine  "timing"  is  generally  referred  to  as  the 

ngle  through  which  the  engine  rotates  between  the  f ir ing  event  

f  cylinder  #1  and  the  top  dead  center  of  cylinder  01.  The 

easurement  of  this  angle  is  in  engine  degrees  and  is  g e n e r a l l y  

enoted  as  so  many  degrees  "before  top  dead  center"  (BTDC)  or 

after  top  dead  center"  (ATDC)  indicating  whether  the  f i r i n g  

vent  occurs  before  or  after  the  cylinder  #1  TDC. 

In  the  ideal  engine,  where  the  above  equal  angle  

e la t ionships   are  true,  each  cylinder  f ir ing  event  will  have  the 

ame  "timinE"  relat ionship  with  its  respective  TDC  point.  A  worn 

,r  bent  d i s t r ibu tor   shaft  or  a  worn  bushing,  for  example,  would 

•esult  in  the  rotat ional   angles  0  between  successive  f i r i n g  

@vents  being  unequal.  This,  in  turn,  could  result   in  each 

:ylinder  f ir ing  with  a  different  amount  of  "timing,"  which  is  not 

l e s i r ab l e .  

There  are  many  other  factors  which  affect  the  8*s.  The 

jbi l i ty   to  determine  the  6's  of  an  engine  with  reasonable 

accuracy  is  a  valuable  tool  in  internal  combustion  engine 

Jiagnosis.  The  series  of  angles  0  for  the  cylinders  of  an 

Internal  combustion  engine  is  herein  referred  to  as  the  "0 

profile"  of  the  engine.  Thus,  the  ab i l i ty   to  determine  the  e 

profile,   and  hence  any  differences  in  these  angles,  can  a s s i s t  

the  technician  in  diagnosing  defects  or  potential   problem  areas 

within  the  engine. 

Another  important  use  of  the  angles  0,  as  f u l l y  

discussed  in  the  above-referenced  copending  application,  is  in 

conducting  a  power  balance  test  of  the  engine,  which  can  y i e l d  
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valuable  information  about  its  operating  condition.  A  power 

balance  test  notes  the  r e l a t i ve   power  contribution  of  each 

cylinder  in  the  engine.  The  copending  application  describes  a 

technique  of  determining  the  re la t ive   power  contribution  of  each 

cylinder  by  comparing  the  r e l a t ive   increases  in  engine  v e l o c i t y  

of  the  engine  under  load  for  each  cy l inder   from  the  t ime 

In terva ls   between  successive  firing  events  of  each  cylinder.   As 

the  appl icat ion  describes,  to  ca lcula te   a  correct  r e l a t i v e  

velocity  or  accelerat ion  rate  for  each  cylinder,  a  f a i r l y  

accurate  measurement  of  the  ro ta t ional   angles  between  the  f i r i n g  

events  is  requi red .  

In  some  present  techniques,  the  0  for  each  cylinder  i s  

determined  by  measuring  the  time  in terva ls   between  success ive  

firing  events  in  an  engine  running  at  an  idle  speed.  This 

technique  assumes  that  under  idle  speed  conditions,  each  cy l inde r  

is  contributing  a  similar  amount  of  power  and  that,  t he r e fo re ,  

the  time  in te rva l   between  successive  firing  events  is  a  good 

measure  of  the  actual  ro ta t ional   travel  of  the  engine  between  the 

firing  events.  Since  the  angular  rotation  of  the  engine  over  a 

complete  sequence  of  firing  events  is  known  (720  degress  for  a 

4-cycle  engine),  the  C's  may  be  quant i t a t ive ly   determined  by 

proportioning  the  time  in te rva ls   over  720  degrees.  In  p rac t i ce ,  

however,  variat ion  in  the  power  contribution  of  each  cy l inde r  

will  affect  the  measured  time  in tervals   and,  therefore,  the  i d l e  

running  speed  condition  does  not  yield  a  su f f i c ien t ly   accurate 

measure  of  the  O's  of  the  cylinders  and  a  more  accurate  

measurement  technique  is  des i r ab le .  

For  the  above  reasons,  it  would  be  highly  desirable  to 

ha.ve  a  method  of  more  accurately  measuring  the  6  prof i le   of  an 

internal   combustion  engine.  Further,  it  would  be  of  great  value 

to  be  able  to  make  such  measurements  quickly  and  by  u t i l i z i n g  
conventional  type  automotive  "tune-up"  equipment.  For  example, 
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some  automotive  testa  require  the  mounting  of  e i ther   a  f lywheel  

tooth  sensor,  or  an  integrated  high  resolut ion  veloci ty   sensor  t o  

the  engine  being  tested.   Because  the  means  for  attaching  such 

sensors  arc  unique  for  each  type  of  engine,  the  random  test ing  o f  

a  variety  of  d i f fe rent   engine  types  would  prove  cumbersome  and 

time  consuming. 

The  invention  is  thus  directed  toward  achieving  a 
* 

simple,  accurate  method  of  measuring  the  0  p rof i le   of  an  engine,  
t  

with  s ignals   current ly   gathered  and  processed  on  most  types  of 
automotive  tune-up  equipment. 

Objects  of  the  Invent ion  

A  pr incipal   object  of  the  invention  is  to  provide  a 
novel  method  of  measuring  the  0  prof i le   of  an  in terna l   combustion 
engine .  

Another  object  of  the  invention  is  to  provide  a  novel  
method  of  accurately  determining  the  6  prof i le   of  an  i n t e r n a l  
combustion  engine,  u t i l i z i n g   signals  that  are  current ly   gathered 
and  processed  by  most  automotive  "tune-up"  equipment. 
Brief  Description  of  the  Drawings 

Other  objects  and  advantages  of  the  invention  will  be 
apparent  upon  reading  the  following  description  in  conjunction 
with  the  drawings  in  which: 

FIG.  1  is  a  s implif ied  block  diagram  of  apparatus  for  
performing  the  method  of  the  invent ion;  

FIG.  2  is  a  timing  diagram  i l l u s t r a t i n g   the  time 
i n t e rva l s ,   the  angles  Q  and  the  cylinder  f i r i n g s .  

FIG.  3  is  a  s implif ied  flow  chart  describing  the  method 
of  the  inven t ion .  

Description  of  the  Preferred  Embodiment 

An  engine  rotat ing  at  a  "constant"  speed  a c t u a l l y  
experiences  a  series  of  accelerat ions  and  decelera t ions ,   with  the  
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accelerations  eorreaponding  to  the  oonbuatible  mixturea  in  the 
aylindtpi  being  ignited.  A  oylindep  thit  i»  aubatandard  in  i t s  
powtr  eontribution  will  not  aooalerate  tha  angina  aa  muoh  aa  ont 
that  la  oontributing  fully  to  angina  powep  (apted).  Thia 
daviation  la  rafleotad  in  tha  "time  in terval"   batwaan  f i r i n g  
aventa  in  suaoeisive  oylindepa,  with  a  oylindap  that  ia  not 
oontpibutlng  full   powep  to  the  angina  having  a  "longer  tima 
interval"  than  a  oyllndep  that  ia  oontributing  ful l   power.  Tha 
Invention  in  the  copending  application  daaorlbea  and  olaima  a 
novel  method  of  performing  a  power  balanoe  while  u t i l i s i n g   only 
tha  internal  loads  of  the  unloaded  engine  i t aa l f .   In  the 
preferred  embodiment  the  Q's  of  tha  oylindera  are  determined  and 
used  to  enhance  the  aoauraoy  of  the  power  balance. 

The  0  profile  clearly  oan  greatly  influenoa  tha  time 
intarvala  between  auooeaaive  oylinder  firing  eventa.  While  many 
ingine  teats  are  performed  baaed  upon  an  aasumption  that  the  O's 
Por  the  oylinder  are  equal,  the  abi l i ty   to  determine  the  0  for  
laoh  cylinder  enables  one  to  obtain  much  more  accurate  t e s t  
•esults.  The  0  for  each  cylinder  is  calculated  from  data  taken 
>r  captured  during  an  engine  deceleration  condition  and  then  used 
:o  more  accurately  determine  the  re la t ive   velocity,   r e l a t i v e  
icceleration  and  re la t ive   power  eontribution  a t t r ibu tab le   to  each 
sylinder  during  an  engine  acceleration  condition.  It  will  be 
ippreciated  that  "cylinder"  is  used  broadly  to  denote  the  power 
producing  unit  of  an  internal  combustion  engine  including  the 
:ylinder,  piston,  connecting  rod,  spark  plug,  fuel  injector,   and 
he  l ike .  

The  method  of  the  present  invention  is  also  app l i cab l e  
o  non-spark  ignited  internal  combustion  engines,  such  as  d i e se l  
ngines.  In  diesel  engines,  a  cylinder  firing  event  may  be 
etected  by  means  of  some  type  of  transducer  associated  with  each 
ylinder.  Thus,  to  practice  the  invention,  pickup  means  are 
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required  far  aensing  the  oylinder  firing  events,  The  pickup 

uoans  may  either  aanaa  the  actual  cylinder  firing)  or  aenat  a 

signal  thnt  is  used  te  generate  the  aotual  f i r ing   or  sense  a 

signal  that  ia  u  resul t   of  a  cylinder  firing,  and  generate 

therefrom  a  pulse  train  to  nark  the  cylinder  firing  events.  

Additionally,  a  pickup  for  identifying  or  labe l l ing   a  reference 

cylinder  and  its  associated  time  interval   is  provided  to  

synchronize  the  firing  event  data  received.  Such  means  are  w e l l  

known  in  the  a r t .  

In  FIG.  1,  engine  10  is  depicted  as  a  block  with 

cylinders  12,  14,  16  and  18  schematically  indicated  in  dashed 

lines  therein.  A  p lu ra l i ty   of  spark  plugs  20,  22,  24  and  26  are 

mounted  to  engine  10  and  connected  over  a  cluster  27  of  s u i t a b l e  

spark  plug  wires  to  an  ign i t ion   source  36.  It  will   be 

appreciated  throughout  this  description  that  elements  20,  22,  24 

and  26  may  comprise  diesel  fuel  injectors  rather  than  spark 

plugs.  Such  would  be  the  case  for  a  diesel   engine  with 

cluster  27  comprising  fuel  lines  rather  than  spark  plug  wires. 

Similarly,   ignition  source  36  is  also  labelled  as  a  f ue l  

d is t r ibutor   in  the  event  a  diesel  engine  is  being  t e s ted .  

It  will  also  be  appreciated  that  a  spark  ignited,  fuel  in jec ted  

system  is  also  contemplated,  although  not  shown  or  described.  

Engine  10  may  be  equipped  with  conventional  accessory 

apparatus  such  as  a  fan  28  and  flywheel  30,  none  of  which  i s  

r e l evan t   to  the  invention.   A  pair  of  sensors  32  and  34  are  shown 

adjacent  cluster  27,  with  sensor  32  being  capable  of  picking  up 

signal  information  from  all  cylinder  firing  events  for  cluster  27 

and  sensor  34  for  picking  up  signal  information  from  a  s i ng l e  

cylinder  firing  event  corresponding  to  a  reference  cylinder  in 

engine  10.  For  a  spark  ignited  engine,  sensors  32  and  34  are 

generally  e l e c t r i c a l l y   sensi t ive,   whereas  for  a  diesel  engine, 

6 
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they  ere  typioal ly   pressure  (or  fluid  flow)  sensi t ive.   It  w i l l  
be  appreciated  that  techniques  other  than  those  i l l u s t r a t e d   or 
described  may  be  used  to  oonvey  the  signals  that  are  i n d i c a t i v e  
of  a  firing  event.  The  outputs  of  sensors  32  and  34  are  supplied 
to  signal  conditioners  38  and  40,  respect ively ,   where,  in  a  w e l l -  
known  manner,  the  input  analog  signal  waveforms  are  converted 
into  d igi ta l   clock  pulses  for  applicat ion  to  a  su i t ab l e  
microprocessor  oontrol  42.  Microprocessor  control  42  may  be  a 
simple  microcomputer  for  taking  the  signal  information  from 
algnal  conditioners  38  and  40  and  processing  it,  in  accordance 
with  the  inventive  method,  to  produoe  a  suitable  output  for  an 
output  device  44.  This  output  may  take  the  form  of  one  or  more 
of:  a  visual  display;  a  printed  report;  or  an  audible  message, 
and  could  consist  of  a  0  profi le  or  any  manipulated  form  of  the 
information  presented  as,  for  example,  a  timing  deviation  or 
timing  variation.  This  information  may  then  be  ut i l ized  in  a 
variety  of  other  tests  for  evaluating  both  overall   engine 
performance  and  specific  components  of  the  engine.  For  example, 
the  O's  determined  may  be  used  to  ca lcu la te   the  r e l a t i v e  
veloci t ies ,   re la t ive   accelerat ions  and  the  re la t ive   power 
sontributions  of  each  of  the  cylinders  as  specified  in  the 
-eferenced  app l ica t ion .  

FIG.  2  is  a  simplified  showing  of  the  r e l a t i onsh ip  
setween  cylinder  firings  and  the  engine-derived  processing 
signals.  The  upper  curve  is  a  typical  cylinder  clock  s ignal  
Senerated  by  signal  conditioner  38.  This  is  synchronized  with 
;he  engine  sync  signal  shown  below  when  the  designated  cyl inder  
usually  #1)  fires  (or  in  a  diesel  engine,  receives  in jec ted  
'uel).  The  engine  sync  signal  is  generated  by  s ignal  
conditioner  40.  Cylinder  11  is  label led  1  for  convenience  with 
he  successively  firing  cylinders  being  label led  2,  3  and  4, 
rrespective  of  their  physically  assigned  numbers  in  the  engine. 



t l a r l y ,   the  correapenaing,  —  —  - 

ves  depleted  represent  a  conventional  feur  eyole,  four 

.inder,  non  "wasted  spark"  engine  where  S1+e2*©3*e4  is  equal  to  

)  degrees  since  each  cylinder  is  fired  once  for  every  two 

;ine  revolutions.   The  reference  designations  II,  T2...Tn  are 

r ia l ly   assigned  to  the  col lected  time  in te rva ls   as  the  engine 

dates'-  so  that  successive  firing  in te rva ls   of  cylinder  #1  are 

,  T5,  T9,  etc.  With  reference  to  FIG.  1,  the  cylinder  clock 

gnal  is  supplied  from  signal  conditioner  38  to  microprocessor 

ntrol  42  and  the  engine  sync  signal  is  supplied  from  s i g n a l  

nditioner  40  to  microprocessor  control  42. 

The  flow  chart  of  FIG.  3  generally  explains  the 

.eration  of  the  microprocessor  in  the  inventive  method, 

j i t i a l l y ,   the  engine  is  accelerated  to  a  high  speed  condi t ion 

id  then  allowed  to  decelerate  at  a  rapid  rate  by  l imiting  or 

nutting  off  the  fuel  supply  or  the  ignition  pulses,  etc.  A  se t  

f  cylinder  firing  event  time  interval   measurements  is  taken  during  . 

he  deceleration  of  the  engine,  labels  are  assigned  and  the  measured 

ime  in terva ls   stored.  These  time  in tervals   are  referred  to  as 

L(1,2...n).  From  this   set  of  data,  the  ser ies   of  TL's  of  a  maximum 

egative  slope  are  selected.  It  is  assumed  that  a  fa i r ly   constant 

ecelerat ion  of  the  engine  occurred  during  this  period  and  0  i s  

alculated  for  each  cylinder.  The  calculated  O's  are  qu i t e  

.ccurate  since  under  a  rapid  deceleration  condition  from  a  high 

speed,  where  the  internal  loading  forces  of  the  engine  are  high, 

>ower  contribution  of  each  cylinder  is  at  its  minimum,  and  the re fore  

ihe  effects  of  any  small  power  contribution  will  be  n e g l i g i b l e .  

There  are  a  number  of  ways  to  calculate   0  based  upon 

the  measured  time  in tervals .   The  appendix  includes  a  method  of 

calculat ing  the  O's  for  an  engine  and  a  computer  measurement  and 

computation. 
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Note  that  these  data  need  not  be  taken  under  oondit ions 

requiring  external  loading.  With  the  vehicle  in  "neutral"  or 

"park,"  the  engine  power  contribution  may  be  terminated  to  obtain 

the  deceleration  data.  This  may  be  done  by  shutting  off  the  fue l  

supply.  Other  means,  such  as  disabling  the  ignition  .may  be  used, 

provided  suitable  signal  detection  means  are  retained,  such  as 

are  avai lable   in  well-known  means  of  "cylinder  short ing."  

Similarly  the  rapid  deceleration  data  may  be  taken  upon  the 

re lease   of  the  t h r o t t l e   in  a  snap  a c c e l e r a t i o n .   It  is  thus  seen 
that  with  very  limited  access  to  the  engine,  spec i f ica l ly   with 

knowledge  only  of  the  occurrence  of  firing  events  timed  to  a 
reference  cylinder,  the  0  prof i le   of  the  engine  may  be  r ead i ly  
and  accurately  determined. 

It  is  recognized  that  numerous  ahanges  and 

modifications  in  the  described  embodiment  of  the  invention  w i l l  
be  apparent  to  those  ski l led  in  the  art  without  departing  from 

its  true  s p i r i t   and  scope.  The  invent ion  is  to  be  l imited  on ly  
as  defined  in  the  claims. 
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f  HAT  IS  CLAIMRR  M l  

1.  A  Rcfchsd  ef  acieuretely  determining  the  8  p r o f i l e ,  

;hat  is  the  aeries  ef  engles  i  between  suooesaivu  eylintlyr  f i r i n g  

ivents,  of  an  internal   combustion  engine  having  o  p lura l i ty   of 

:y  linders  comprising  the  steps  ofs 

operating  the  engine  at  a  given  speed; 

decelera t ing  the  engine  from  said  given  speed; 

measuring  for  all  cylinders,   the  time  intervals   between 

successive  cylinder  firing  events  while  said  engine  i s  

iecelera t ing;   and 

ca l cu la t ing   0  for  each  cylinder  from  said  time 

i n t e r v a l s .  

2.  The  method  of  claim  1  wherein  said  deceleration  i s  

a  rapid  d e c e l e r a t i o n .  

3.  The  method  of  claim  2,  further  including  the  s tep  

of  select ing  a  contiguous  group  of  time  in tervals   exhibiting  the 

highest  rate  of  deceleration  for  use  in  calculat ing  0. 

H.  The  method  of  claim  3  wherein  said  given  speed  i s  

high  to  increase  the  internal  loading  forces  of  the  engine. 

5.  The  method  of  claim  4  wherein  said  step  of 

decelerating  is  performed  by  terminating  the  power  contr ibut ion 

of  the  engine. 
6.  The  method  of  claim  5  wherein  said  power 

contribution  is  terminated  by  shutting  off  the  fuel  to  the 

engine. 

7.  The  method  of  claim  5  wherein  said  power 

contribution  is  terminated  by  disabling  the  ignition  to  the 

engine. 

10 
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8.  A  method  ef  accurately  determining  the  C  profile  of 

in  internal   oonsbustion  angina  having  a  p lu ra l i ty   of  oy l inde r i  

aonpriiing  tha  itapa  ofi 

operating  tha  engine  at  a  high  speed; 

producing  a  rapid  deceleration  of  said  engine  from  aaid 

high  speed; 

measuring  the  time  in tervals   between  suooessive 

cylinder  firing  events  while  said  engine  is  dece le ra t ing ;  
select ing  a  group  of  contiguous  time  i n t e r v a l s  

exhibiting  the  highest  rate  of  deceleration  from  said  time 

in te rva l s ;   and 

ca lcula t ing   0  for  each  cylinder  from  said  se lec ted  

group  of  time  in te rva l s   to  produce  a  0  profi le   of  the  engine. 

11 



A P P E N D I X  

CALCULATION  OF  THETA 

I,  From  the  Time  Intervals  captured  during  the  engine 

decelerat ion,   calculate  on  average  engine  velocity  for 

each  series  of  X  number  of  Time  I n t e r v a l s ;  

where  x  is  the  number  of  cy l i nde r s . .  

The  total   distance  of  rotation  for  this  series  of  Time 

Intervals  is  720°. 

Therefore,  the  average  (2  revolution)  velocity  i s ;  

(Revs)  2  (Revs) 
Avg(y)  icpM  /Vt  +TI...  ,  +  ...TI..J.  —  i  (Sec) 

D 2 5 8 6 9 4  

Sec)  CTIy+TIy+i  +  ...TIy+x_!  (Sec) 

where  x  =  number  of  cylinders,  and 

y  =  is  incremented  from  1  thru  the  total   number  of 

Time  Interval  measurements  captured  minus  the 

number  of  cylinders  minus  one  (1).  

2.  From  the  average  velocit ies  (VAvg),  calculate  the  average 

(2  revolution)  acceleration  rates  using; 

(Revs)  VAvg(y+x)"vAvg(y)  ' ( . , . )  
AAvg(y)  =  ' 

(Sec2)  £TIy+z  +  TIy+z+1...TIy+z+x_i(Sec) 

where  z  =  —  rounded  to  the  nearest  in teger .  
2 

x  =  number  of  cyl inders  

y  =  is  incremented  from  1  thru  the  total  number  of 

Time  Interval  measurements  capture  minus  the 

number  of  cylinders  minus  one  (1).  

The  2  revolution  Time  Intervals  used  in  the  calculation  are  

shifted  by  a  count  of  approximately  1/2  the  number  of  cy l inde r s  

because  each  VAvg  reading  is  more  representat ive  of  the  ac tua l  

engine  velocity  occurring  nearer  the  center  of  the  2  r evo lu t ion  

total  Time  In te rva l .  

.  -4 
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S.  rind  the  aeriea  of  readings,  one  for  each  oyilnder,  having 

the  hlghost  rate  ef  deceleration.   Uaing  this  decelera t ion 

rata,  calculate  tha  in i t ia l   velocity  (VCorP>  for  the  f i r s t  

Time  Interval  in  the  selected  aoriei  of  readings. 

From  d  «  1/2  at2  +  vit  +  dj.  wo  can  solve  for  VjJ 

Knowing  d  -  d̂   ia  equal  to  the  change  in  distance,  in  t h i s  

case  2  revolut ions)  

assuming  a  is  constant  and  equal  to  the  AAvg>  and  s e t t i ng  

t  equal  to  the  2  revolution  total  Time  Interval.  In  other 

words,  knowing  the  approximate  rate  of  deceleration  and 

knowing  how  long  an  engine  takes  to  rotate  two  (2)  revolu t ions ,  

we  can  calculate  the  s ta r t ing ,   instantaneous  velocity  (VCorr). 

4.  Using  Vcorr  and  AAvg>  the  distance  the  engine  rotates  thru  f o r .  

various  time  periods  can  be  calculated.  Therefore,  by 

subs t i tu t ing   the  f i rs t   Time  Interval  in  the  series,  the  sum 

of  the  f i r s t   and  second  intervals ,   the  sum  of  the  f i r s t ,   second 

and  third  intervals,   etc.,   into  the  equation,  the  dis tance 

rotated  thru,  from  the  point  at  which  the  instantaneous 

start ing  velocity  (VCorr)  was  calculated,  can  be  determined. 

From  within  the  series  of  X  Time  Interval  readings; 

_!  =  1/2  AAvg  (TIX)2  +  VCorr  (Tlx),  and 

d2  =  1/2  AAvg  (£TIi+TI2)2  +  V c o - . C C t I ^ T I j )  

dx  =  1/2  AAvg  (CtIx  +  . . .TIx)2  +  VCorr(CTIi+. . .TIx)  

5.  Theta  for  each  cylinder  can  be  determined  usingt 

Theta(v)  =  360  (Deg)  (d(y  )~d(y-l  )  ' 

where  y  =  is  incremented  from  1  thru  the  number  of 

cylinders,  and 

dD  -  0 

i i  



A P P E N D - *  

CM.CHUTtON  OF  POWER  CONTRtnUTTON 

ling  the  calculated  Thetas  for  each  cylinder,  and  the 

sasured  Time  Intervals  captured  during  tho  engine 

:celerat ion,   calculate  a  velocity  for  each  Time  In te rva l  

sing; 

(Revs)  Theta(x)  (Deg) 
'U)  T ^ T   "  

360  { f§#   « y ( * f < 5 ^ >  

here  y  *  is  incremented  from  1  thru  the  total  number  of 

Time  Intervals  captured,  and 

(x)  =  cylinder  number  i d e n t i f i c a t i o n ,  

alculate  the  %  change  in  the  velocity  using? 

vy+l  "  vy(x) 
%  Vy(x)  «  -i  x  100 

vy(x) 

rhere  y  «=  is  incremented  from  1  thru  tho  total  number  of 

Time  Intervals  captured,  and 

(x)  =  cylinder  number  i d e n t i f i c a t i o n .  
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2  REV 
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COKKECT-li  ROTATIONAL 
VELOCITY  DISTANCE  TIIKTA 
(KEY/SEC)  (REV)  (CEO) 
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