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INTRODUCTION 

When a headlamp burns out, i t  i s  i m p o r t a n t  t h a t  i t  b e  r e p l a c e d  

qu ick ly .  I n  general, ca rs  have been designed t o  make t h e  j o b  s i  mp l  e. 

For  U. S. - b u i l t  cars, t h e  task u s u a l l y  i n v o l  ves removal o f  some trim and 

a r e t a i n i n g  r ing.  European (ECE)lamps a re  even simp1 er, when i n s t a  1 1  e d  

i n  ca r s  designed f o r  t h e i r  use. The bu lb  i s  access ib le  f rom t h e  r e a r  of 

t h e  lamp mount ing and requ i r es  removal o f  a r ubbe r  " b o o t "  and  s p r i n g  

c l i p .  I n  e i t h e r  case, bu lb  replacement i s  p r o b a b l y  a d o - i t - y o u r s e l f  

r e p a i r  f o r  most people. 

I n s t a l l i n g  a new bu lb  o f  e i t h e r  SAE o r  E C E  t y p e  w i l l  p r o b a b l y  

change beam aim. There fo re ,  i t  h a s  b e e n  g e n e r a l  l y  a c c e p t e d  t h a t  

headlamps should  be aimed a f t e r  replacement. However,  many, p e r h a p s  

most, d r i v e r s  do no t  rea im t h e i r  lamps, whether t h e  replacement i s  d o n e  

by themselves o r  someone else. Thus, aim change due t o  lamp replacement 

i s  a c o n t r i b u t i n g  f a c t o r  t o  popu la t i on  aim variance. 

Some i n v e s t i g a t o r s  h a v e  a t t e m p t , e d  t o  e s t i m a t e  t h e  v a r i a n c e  

assoc ia ted  w i t h  b u l b  replacement. For  example,  F i n c h  e t  a l .  ( 1 9 6 9 )  

est imated t h a t  about one-ha l f  o f  t h e i r  sample o f  140 l amps  w o u l d  h a v e  

been ou t s i de  C a l i f o r n i a  lamp a d j u s t i n g  s t a t i o n  t o l e r a n c e s  i f  u s e d  t o  

rep1 ace c o r r e c t l y  aimed 1 amps. 

H u l l  e t  al.  (1972) used mechanical aimers t o  a1 i g n  t h e  lamps o n  2 7  

cars. The bu lbs were then  rep laced witlh new ones and t h e  a i m  c h e c k e d  

us i ng  t h e  same equipment. The authors  r e p o r t  s t a n d a r d  de  v i  a t  i ons  o f  

27.5 and 21.8 minutes f o r  t h e  h o r i z o n t a l  and  v e r t i c a l  d i m e n s i o n s ,  

r e s p e c t i  vely. 

Two cau t i ona ry  notes must be made concern ing t h e  H u l l  e t  a l .  d a t a .  

F i r s t ,  t h e  mount ing and sea t i ng  dev ices used f o r  headlamps i n c a r s  do 



no t  p rov i de  a  very s t a b l e  base f o r  measurements o f  t h e  t ype  a t t e m p t e d ,  

and cou ld  w e l l  have c o n t r i b u t e d  t o  t h e  variance. Second, H u l l  e t  a l .  

were measuri ng t h e  re1  a t i o n s h i  p  between t h e  mounti ng and a imi  ng p l a  ne s, 

r a t h e r  t han  t h a t  between t h e  beam a n d m o u n t i n g  p l a n e .  C l e a r l y ,  t h e  

l a t t e r  i s  o f  g r e a t e r  s i g n i f i c a n c e  i f  t h e  concern i s  w i t h  t h e  e f f e c t  o f  

b u l b  replacement on s y s t e m  p e r f o r m a n c e .  T h e r e  i s  some v a r i a n c e  

assoc ia ted  w i t h  t h e  r e l a t i o n s h i p  o f  t h e  beam and a i m i  ng  p l a n e ,  w h i c h  

should be summed t o  t h e  var iance measured by H u l l  e t  a l .  

The p resen t  s tudy was undertaken w i t h  two goals  i n  mind. F i r s t ,  t o  

develop a  more adequate e s t i m a t e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

mount ing p l ane  and bo th  t h e  photometr ic  aim and a iming p lane f o r  s e a l e d  

beam bu lbs  (i.e., those  manufactured t o  conform t o  FMVSS 108). Second, 

t o  compare these da ta  w i t h  data on a im c h a n g e  a s s o c i a t e d  w i t h  b u l b  

rep1 acement i n  European (ECE) un i t s .  



METHOD 
SEALED BEAM (SAE) UNITS 

The t e s t e d  lamps were a l l  7  i n c h  (17.78 cm) d iameter  r o u n d  t y p e  2  

un i t s .  Ten each o f  f o u r  d i f f e r e n t  brands were purchased f r o m  v a r i o u s  

l o c a l  (Ann Arbor )  sources. A l l  low-beam f i l a m e n t s  w e r e  a g e d  a t  12.8 

v o l t s  f o r  a  minimum o f  f o u r  hou rs .  N i  ne  u n i t s  o f  e a c h  b r a n d  w e r e  

a c t u a l l y  tes ted,  t h e  t e n t h  be ing  r e t a i n e d  as a  spare. 

A p l a t e  was p r e p a r e d  t o  p r o v i d e !  t h e  m o u n t i n g  p l a n e  f o r  t h e  

headlamps. Th i s  was p o s i t i o n e d  i n  a  g o n i o m e t e r  a n d  s e t  p r e c i s e l y  

p a r a l l e l  t o  a  screen 25 f e e t  (7.62 meters)  d i s t a n t .  A t r a n s i t  was u s e d  

t o  mark h o r i z o n t a l  and v e r t i c a l  axes cen te red  a t  t h e  g o n i  o m e t e r  a x i s  

k e i  ght. 

Each lamp was p laced i n  t h e  m o u n t i n g  p l a t e  a n d  a  s p o t  a i m e r  

a t tached  t o  i t s  face. The goniometer was ad jus ted  u n t i l  t h e  beam f r o m  

t h e  aimer was centered on t h e  H-V i n t e r cep t .  The goniometer s e t t i n g  was 

recorded a t  t h i s  pos i t i on .  Th is  procedure y i e l d e d  t h e  r e l a t i o n s h i p  

between t h e  a iming and mounting planes. 

A t  t h i s  t i m e  t h e  lamp was tu rned  on and se t  t o  12.8 vo l t s .  It was 

a l l o w e d  t o  warm u p  f o r  t e n  m i n u t e s  a n d  t h e  a i m  t h e n  a d j u s t e d  

p h o t o m e t r i c a l l y  accord ing t o  t h e  procedures o u t l i n e d  i n  SAE s t a n d a r d  J 

579c. 

F i g u r e  1 i s  a  r ep roduc t i on  o f  t h e  photometr ic  aim diagram p r o v i d e d  

i n  J 579c. The process r e q u i r e s  t h a t  t h e  i n t e n s i t y  m e a s u r e d  a t  t h e  

p o i n t  marked by t h e  t r i a n g l e  on t h e  H a x i s  b e  20% o f  maximum beam 

i n t e n s i t y  a t  t h e  same t i m e  t h a t  t h e  p o i n t  marked by t h e  square on t h e  V 

a x i s  i s  30% o f  maximum beam i n t e n s i t y .  



The goniometer was ad jus ted  u n t i l  read ings made w i  t h a P r i  t c  h a r d  

photometer a t  t h e  t e s t  p o i n t s  d e s c r i b e d  a b o v e  w e r e  a t  t h e  d e s i r e d  

l eve l s .  The goniometer s e t t i n g  was recorded a t  t h i s  p o s i t i o n .  T h i s  

procedure y i e l d e d  t h e  r e l a t i o n s h i p  between t h e  beam and mount ing p l  a ne. 

By us i ng  t h e  aiming-mounting p lane data, i t  was p o s s i b l e  t o  " c o r r e c t "  

t h e  beam-mounting p lane da ta  i n  a way e q u i v a l e n t  t o  u s i n g  p e r f e c t l y  

c a l i b r a t e d  mechanical aimers. Th is  addressed t h e  i s sue  o f  t h e  va lue  o f  

reairni  ng a f t e r  1 amp replacement. 

METHOD 
REPLACEABLE BULB (ECE) UNITS 

The bu lbs  used i n  t h e  t e s t  were a l l  t y p e  H-4. That i s ,  t h e y  w e r e  

dual  f i l amen t ,  quar tz-ha logen bulbs. They were purchased a t  a number o f  

o u t l e t s  i n  t h e  Ottawa (Canada)  a r e a .  S i x  b u l b s  f r o m  e a c h  o f  s i x  

manufacturers  were used i n  t h e  t es t .  

A s i n g l e  lamp housing ( l e n s  and r e f l e c t o r )  was used. Th is  was a 7 

i n c h  (17.78 cm) round u n i t  which had been employed as a r e f e r e n c e  l a m p  

i n  o t h e r  pho tomet r i c  studies.  

The re fe rence  lamp housing was mounted i n  t h e  goniometer o f  t h e  NRC 

photometer. Each b u l b  was a p p r o p r i a t e l y  aged a n d  i n s e r t e d  i n t o  t h e  

housing. The photometer was t h e n  o p e r a t e d  t o  p r o d u c e  a m a t r i x  o f  

candela values. The r e s u l t a n t  data w e r e  c o m p a r e d  w i t h  d a t a  f r o m  a 

re fe rence  bu l  b. 

The v e r t i c a l  aim o f  t h e  b u l b  was d e t e r m i  ned  b y  e x a m i n i n g  t h e  

candela da ta  and l o c a t i n g  on t h e  l e f t  s i d e  t h e  p o i n t  a t  w h i c h  t h e  

t r a n s i t i o n  f rom low t o  h i gh  l e v e l s  o f  i l l u m i n a t i o n  was maximum. The 

h o r i z o n t a l  aim was based on t h e  i n t e r s e c t i o n  between t h e  h o r i z o n t a l  c u t -  

o f f  on t h e  l e f t  and t h e  15' ups lope on t h e  r i g h t .  W i t h  t h e  l o c a t i o n  o f  



t h e  h o r i z o n t a l  c u t - o f f  i n  hand, i t  was on l y  necessary t o  move up a  known 

angle  and l o c a t e  t h e  edge  o f  t h e  u p s l o p e  i n  t h e  same way as  t h e  

h o r i z o n t a l  edge had been located, t h e n  e x t r a p o l a t e  downward  t o  t h e  

i ntersect ion.  



RESULTS 

The most impor tan t  data from t h i s  s t u d y  a r e  t h e  c o m p a r i s o n  o f  

v a r i a b i l i t y  of  photometr ic  aim about t he  mounting p lane f o r  t he  SAE a n d  

ECE u n i t s .  Table 1 prov ides the  bas ic  data f o r  each lamp. 

The s tandard dev ia t i ons  i n  t he  h o r i z o n t a l  dimension a r e  26.2 a n d  

38.1 minutes f o r  t h e  SAE and ECE u n i t s ,  r espec t i ve l y .  Th i s  d i f f e r e n c e  

i s  s i g n i f i c a n t  ( p  < .05), as determined by t h e  F max t e s t  (Winer, 1962). 

The s tandard dev ia t i ons  f o r  the  v e r t i c a l  dimension a re  17.7 amd 9.2 

minutes f o r  t h e  SAE and ECE u n i t s ,  r espec t i ve l y .  T h i s  d i f f e r e n c e  i s 

a l so  s i g n i f i c a n t  (p  < .01), as determined by t he  F max t e s t .  

A quest ion of i n t e r e s t  concerns d i  f ferences between brands of bu l  b. 

These data a re  summarized i n  Table 2. 

The brand d i f fe rences  must b e  i n t e r p r e t e d  w i t h  c a u t i o n .  The 

samples a re  very small ( 9  each SAE, and 6 each ECE) , were purchased i n  a  

r e s t r i c t e d  area i n  a  s h o r t  t ime per iod, and mav n o t  be rep resen ta t i ve  o f  

t he  general q u a l i t y  c o n t r o l  p r a c t i c e s  o f  the manufacturers. However, i t  

i s  i n t e r e s t i n g  t o  note whether t he  sample brands were homogeneous w i t h  

respec t  t o  t h e  va r i ab les  o f  i n t e r e s t .  

For  t he  SAE u n i t s ,  the  d i f f e rences  between brands i n  t he  v e  r t i c a1 

dimension a re  n o t  s i g n i f i c a n t  ( p  > .1)5), as d e t e r m i n e d  b y  t h e  F max 

t e s t .  The d i f f e rences  i n  t he  hor izonta ' l  dimension a re  s i g n i f i c a n t  ( p < 

.05), however. I n  t h e  l a t t e r  c a s e ,  i f  t h e  b r a n d  w i t h  t h e  1  a r g e s t  

standard d e v i a t i o n  i s  e l i m i n a t e d  ( C )  , t h e  d i f f e r e n c e  becomes non -  

s i g n i f i c a n t  ( p  > .05). 

For  t h e  ECE u n i t s ,  t he  d i f f e rences  i n  the v e r t i c a l  d i r n e n s i  on  a r e  

s i g n i f i c a n t  (D < .05). E l i m i n a t i o n  o f  brand A reduces tbe  d i f ference t o  



TABLE 1 

Comparison o f  Photometr ic  Aim and Mounting Planes f o r  
Sample o f  SAE and ECE Head1 amps 

66 10 
33 -22 
59 - 2 
38 -17 
2 8 4 9 
42 -20 
68 - 1 
6 0 14 
4 1 16 

- 2 -53 
3 -15 

11 - 2 
4 - 4  
7 -23 

2 2 8 
- 2 -16 
-12 - 1  

12 9 
59 8 

- 5 15 
16 6 
1 - 1  

38 - 1 
-25 -12 

2 0 10 
-25 -13 

5 6 14 
14 2 
12 - 4 

- 2 -24 
9 - 5  

-12 -18 
12 24 
18 -12 
8 -18 

-26 -19 Standard - - 
Deviat ion] 26.2 17.7 

ECE 
H V 

- 14 7 
12  7 
11 8 
1 11 

- 36 5 
-13 11 

10 - 1 
-42 4 - 13 14 
-58 -14 
- 5 10 
-57 4 

64 7 
- 9 1  18 
-37 1 
-72 11 
-29 - 7 
-55 4 
-65 -15 
-43 -11 
-17 - 9 
-57 - 4 
-55 - 7  

43 - 4 
- 28 7 
-49 - 5 
-63 19 
- 74 9 
-56 0 
-62 14 
-42 0 
-40 -18 
-13 7 
-53 - 4 
-56 4 

44 - 4 - - 
38.1 9.2 

Note: Data a re  i n  minutes o f  a rc .  
P o s i t i v e  values i n d i c a t e  aim t o  t h e  r i g h t  o r  up. 



TABLE 2 

Comparison o f  V e r t i c a l  and Ho r i zon ta l  Photometr ic A i m  R e l a t i v e  
t o  the  Mounting Plane f o r  Various B,rands of SAE and ECE Bulbs 

Standard Dev ia t i on  o f  Aim 
Brands ( i n  Minutes)  

SAE V e r t i c a l  Ho r i zon ta l  

ECE 



a  n o n - s i g n i f i c a n t  l e v e l  ( p  > .05). D i f f e r e n c e s  among b r a n d s  i n  t h e  

h o r i z o n t a l  dimension a re  non-s ign i  f i c a n t  ( p  > ,051. 

The measurement o f  t he  r e l a t i o r l s h i p  between t he  mounting and a iming 

planes (SAE u n i t s  o n l y )  y i e l d e d  s tandard d e v i a t i o n s  o f  1 2 . 4  a n d  15.5 

minutes f o r  t h e  v e r t i c a l  and h o r i z o n t a l  dimensions, respec t i ve1  y . These 

data can be compared t o  those o f  H u l l  e t  a l .  (1972), which a re  21.9 and 

27.7 minutes f o r  t h e  v e r t i c a l  and h o r i z o n t a l  dimensions, respec  t i  v e l  y  . 
These d i f f e r e n c e s  a re  r a t h e r  subs tan t i a l  and may be a t t r i b u t a b l e  t o  t h e  

g rea te r  p r e c i s i o n  poss ib l e  i n  the  p resen t  t e s t .  

An a n a l y s i s  was c a r r i e d  o u t  of t h e  var iance  i n  photometr ic  aim f o r  

t h e  SAE b u l b s  i f  t h e  u n i t  w e r e  a d j u s t e d  t o  c o m p e n s a t e  f o r  t h e  

discrepancy between the  a iming and m o u n t i n g  p l a n e s .  The  r e s u l t a n t  

s tandard dev ia t i ons  were 16.5 and 24.4 m i n u t e s  f o r  t h e  v e r t i c a l  a n d  

h o r i z o n t a l  dimensions, r espec t i ve l y .  These do n o t  d i f f e r  s i g r l i  f i c a  rl t l  y 

( p  > .05) from t h e  s tandard dev ia t i ons  assoc ia ted  w i t h  p h o t o m e t r i c  a i m  

and t h e  a iming p lane (17.7 and 26.2 minutes f o r  v e r t i c a l  and h o r i z o n t a l ,  

r e s p e c t i v e l y  1. 



DISCUSSION 

The r e s u l t s  o f  t h i s  s tudy suggest t h a t  t h e  aim var iance r e s u l t i n g  

f rom bu lb  replacement i s  somewhat d i f f e r e n t  f o r  SAE and ECE un i t s .  The 

SAE bulbs appear t o  o f f e r  s l i g h t l y  b e t t e r  c o n t r o l  o f  h o r i z o n t a l  aim, t h e  

ECE bulbs b e t t e r  c o n t r o l  o f  v e r t i c a l  aim. Under t h e  a s s u m p t i o n  t h a t  

c o n t r o l  o f  v e r t i c a l  aim i s  more important,  t h e  advantage would appear t o  

l i e  w i t h  t h e  ECE system. 

There were d i f f e r e n c e s  between brands f o r  bo th  SAE and E  CE u  n i  t s. 

As noted e a r l i e r ,  these d i f f e r e n c e s  cannot be taken as r ep resen ta t i ve  o f  

t h e  p r a c t i c e s  o f  t h e  manufacturers invo'lved. Therefore, t h e  brands have 

not  been i d e n t i f i e d .  However, i t  i s  i n t e r e s t i n g  t o  compare t h e  r e l a t i  ve 

performance o f  t h e  two systems by brand. 

The main ana l ys i s  found t h a t  t h e  ECE system was S e t t e r  than  t he  SAE 

i n  c o n t r o l  b f  v e r t i c a l  aim. As w i l l  be noted i n  Table 2, each b rand  o f  

t h e  ECE bulbs had a  lower  standard d e v i a t i o n  o f  a i m  i n  t h e  v e r t i c a l  

dimension than  t h e  best  o f  t h e  SAE brands. I n  t h e  h o r i z o n t a l  dimension, 

almost t h e  oppos i te  i s  t rue.  Wi th  t h e  excep t ion  o f  SAE brand C, a1 1  o f  

t h e  SAE u n i t s  have a  lower  standard d e v i a t i o n  o f  aim t h a n  t h e  b e s t  o f  

t h e  ECE uni ts .  Even SAE brand C has a  lower  standard d e v i a t i o n  o f  a i m  

than  t h r e e  o f  t h e  ECE brands. Th is  ana l ys i s  f u r t h e r  r e i n f o r c e s  t h e  idea 

t h a t  t he re  a re  d i f f e r e n c e s  between t h e  systems i n  t e r n s  o f  v a r i a b i l i t y  

between beam and mounting plane. It a l s o  r a i s e s  a q u e s t i o n  w h e t h e r  

these d i f f e r e n c e  a re  inheren t  t o  t h e  system, o r  w h e t h e r  t h e y  c a n  b e  

reduced. 

The l a t t e r  ques t ion  i s  an impor tan t  one, because  a v a i  1  a b l  e  d a t a  

suggest t h a t  d iscrepanc ies between beam and mounting p lane a r e  a m a j o r  

source o f  popu la t i on  aim var iance (Olson and Mortimer, 1974). Olson and 



Mort imer  assumed a  standard d e v i a t i o n  o f  2.2 i n c h e s  a t  2 5  f e e t  ( 2 5 . 4  

minutes)  f o r  photometr ic  aim versus mounting p lane f o r  bo th  v e r t i c a l  and 

h o r i z o n t a l  dimensions. The r e s u l t s  o f  t h e  present  s tudy a re  very c l o s e  

t o  t h i s  value i n  t h e  h o r i z o n t a l  d i m e n s i o n  ( e s p e c i a l l y  f o r  t h e  S A E  

u n i t s ) ,  bu t  l e s s  i n  t h e  v e r t i c a l  d i m e n s i o n  ( e s p e c i a l l y  f o r  t h e  ECE 

u n i t s ) .  Since t h i s  i s  one o f  t h e  l a r g e s t  i n d i v i d u a l  s o u r c e s  o f  a i m  

variance, improvements would have a  s i g n i f i c a n t  impact on popu la t i on  aim 

variance. 

The r e s u l t s  o f  t h e  ana l ys i s  o f  "co r rec ted"  aim i n d i c a t e  t h a t ,  f o r  

these  SAE u n i t s  a t  l eas t ,  t h e  r e l a t i o n s h i p  o f  t h e  beam t o  t h e  a i m i n g  

p lane  i s  about t h e  same as t h e  beam t o  t h e  mount ing  p l a n e .  I f  t h e s e  

da ta  a re  represen ta t i ve ,  t h e r e  i s  no p o i n t  i n  r e a i m i n g  a  s e a l e d  beam 

s imply  because i t  has been replaced. I n  add i t i on ,  when one  c o n s i d e r s  

r e a l  -wor ld  problems such as ou t -o f  -ca l  i b r a t i o n  aimers and poo r l y  t r a i n e d  

o r  ca re less  s e r v i c e  personnel (which a re  s u b s t a n t i a l  s o u r c e s  o f  a i m  

var iance),  rea iming a f t e r  r e p l a c e m e n t  may a c t u a l l y  i n c r e a s e  a i m  

variance. 

There i s  no ques t ion  t h a t  aiming i s  a  major  l i m i t a t i o n  t o  headlamp 

ef fect iveness. The present  s tudy has p r o v i d e d  some i n t e r e s t i  ng  and  

va luable  i n s i g h t s  on one source o f  headlamp m i s a i m ,  and  p e r m i t t e d  a  

comparison o f  t h e  SAE and ECE s y s t e m s .  C l e a r l y  n e i t h e r  s y s t e m  i s  

s u p e r i o r  o v e r a l l  i n  t e r m s  o f  a i m  v a r i a n c e  r e s u l t i n g  f r o m  b u l b  

replacement. However, t h e  ECE system seems t o  o f f e r  a n  a d v a n t a g e  i n  

t h a t ,  based on these data, i t  has b e t t e r  c o n t r o l  o f  v e r t i c a l  aim. 
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