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The purpose o f  t h i s  s tudy was t o  examine c u r r e n t  motorcyc le  head l igh t -  
ing ,  a v a i l a b l e  research, and the  v i s u a l  needs o f  motorcyc l  i s t s  t o  determine 
what m o d i f i c a t i o n s  t o  t h e  head1 i g h t i n g  standards would be des i rab le .  

A survey was conducted o f  m o t o r c y c l i s t s  t o  f i n d  ou t  what t h e i r  op in ions  
were concerning c u r r e n t  1 i g h t i  ng sys tems and where improvements were most 
needed. These data, toge ther  w i t h  o the r  background in fo rmat ion ,  were used 
t o  recommend lamps f o r  eva lua t ion .  

The eva lua t i on  stage cons is ted  of a  sub jec t i ve  appra isa l  by a  number o f  
r i d e r s  under a  v a r i e t y  of r i d i n g  cond i t ions ,  o b j e c t i v e  measures o f  seeing 
d is tance  t o  var ious  types o f  ob jec t s  under cond i t i ons  designed t o  be as 
r e a l  i s t i c  as poss ib le ,  and a  computer ana l ys i s  o f  v i s i b i  1  i t y  d is tances on 
h i l l s ,  curves, and i n  g l a r e  meeting s i t u a t i o n s ,  

The r e s u l t s  of t h i s  study suggest t h a t  bo th  automotive and spec ia l i zed  
motorcyc le  lamps f unc t i on  w e l l  i n  general .  There i s  no "best"  design. I t  
i s  des i r ab le  t o  upgrade the  headlamp s p e c i f i c a t i o n s ,  and recomnendations t o  
do so a re  inc luded  i n  the  repo r t .  
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This p r o j e c t  had severa l  purposes : 

REPORT DATE 
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a. To d e f i n e  the  minimum photometr ic  requirements necessary t o  
s a t i s f y  the  needs o f  motorcyc le  and moped operators .  

b. To recommend ways i n  which t he  d i f f e r e n c e s  between var ious  
motorcyc le  and moped headlamps cou ld  be reduced, t o  improve 
avai  1 ab i  1 i t y  and perhaps reduce cost .  

c, To recommend a s tandard method o f  headlamp mounting. 

d. To i n v e s t i g a t e  means by which a iming cou ld  be made s imp le r  
and more accurate.  

The f i r s t  s tep  i n  t h e  s tudy was t o  assemble i n f o r m a t i o n  about 
c u r r e n t  motorcyc les and mopeds and the headlamps a v a i l a b l e  f o r  each. 
I t  i s  apparent t h a t  t he re  have been s i g n i f i c a n t  improvements i n  motor- 
c y c l e  headl i g h t i n g  i n  r ecen t  years,  b u t  sma l l e r  b ikes  e s p e c i a l l y  s t i  11 
use lamps which a re  r e l a t i v e l y  weak. 

I n  an e f f o r t  t o  i d e n t i f y  the  needs o f  m o t o r c y c l i s t s  as concerns 
n i g h t  v i s i  b i  1 i ty and document t h e i r  exper ience w i t h  headl i g h t i n g ,  a 
survey was conducted on a sample o f  Moto rcyc le  Sa fe ty  Foundation Sen io r  
I n s t r u c t o r s .  The r e s u l t s  i n d i c a t e  a need f o r  more i l l u m i n a t i o n  i n  t he  
foreground area and t o  the s ides o f  the  lane.  There was evidence t h a t  
the  respondents l i k e d  t he  new genera t ion  o f  halogen lamps, b u t  s t i l l  
regarded much motorcyc le  headl i g h t i n g  as inadequate. 

Three motorcyc le  headl amps were se lec ted  f o r  de ta i  1 ed eva lua t ion .  
These were : 

a. A r e l a t i v e l y  new motorcyc le  lamp hav ing a halogen source and 
a symmetr ical  low beam. 

b. A s tandard automotive sealed beam, 

c. A motorcyc le  headlamp which had been t es ted  i n  a e a r l i e r  study. 

( C o n t i n u e  o n  a d d i  t i  o n a l  pages)  

"PREPARED FOR THE DEPARTMENT OF TRANSPORTATION, N A T I O N A L  HIGHWAY T R A F F I C  S A F E T Y  ADMl  N l S T R A T l  ON 
UNDER CONTRACT N O . O T N A ~ ~  - 80 - -  C 07031 . THE O P I N I O N S ,  F I N D I N G S ,  A N 0  CONCLUSIONS EXPRESSED 
I N  T H I S  P U B L I C A T I O N  ARE THOSE OF THE AUTHORS AND NOT N E C E S S A R I L Y  THOSE OF THE N A T I O N A L  HIGHWAY 
T R A F F I C  SAFETY ADMINISTRATION. "  

CR Form 321 
J u l y  1974 



Three moped lamps were a l s o  se lec ted  f o r  d e t a i l e d  eva lua t i on :  

a. A r e l a t i v e l y  power fu l  two-beam u n i t .  

b. A r e l a t i v e l y  power fu l  two-beam u n i t ,  the  low beam o f  which had 
a  sharp h o r i z o n t a l  c u t - o f f .  Th i s  u n i t  had been t e s t e d  i n  an 
e a r l  i e r  study. 

c. A r e l a t i v e l y  weak single-beam u n i t .  

Two f i e l d  s tud ies  were c a r r i e d  o u t  us i ng  these lamps. The f i r s t  
s tudy was e n t i r e l y  sub jec t i ve .  Subjects  rode t he  b i kes  over  a  pre- 
sc r i bed  course and f i  1  l e d  i n  a  r a t i n g  form a t  t he  end. The r e s u l t s  
showed l i t t l e  d i f f e r e n c e  among the  motorcyc le  lamps. The weakest o f  
the t h r e e  moped 1  amps was s t r o n g l y  downrated. 

I n  t he  second s tudy measurements were made o f  t a r g e t  i d e n t i f i c a -  
t i o n  d is tances.  Th is  was done on pub1 i c  roads, us i ng  r e a l i s t i c  
t a r g e t s  (e.g., pedest r ian,  roadway d e b r i s ) ,  and sub jec t s  who d i d  n o t  
know what the  t a r g e t s  would be o r  where they  were loca ted .  The r e s u l t s  
showed l i t t l e  d i f f e r e n c e  among t h e  motorcyc le  lamps. Lamp C of t h e  
moped 1  amps y i e l d e d  s i g n i f i c a n t l y  s h o r t e r  i d e n t i f i c a t i o n  d is tances  
compared t o  t h e  o t h e r  two. 

As a  f i n a l  step, a  computer model was used t o  eva lua te  t h e  
motorcyc le  lamps i n ,  g l a r e  meet ing s i t u a t i o n s  and on h i l l s  and curves. 
These da ta  i n d i c a t e  t h a t  t he  symmetrical beam (Lamp A) i s  b e t t e r  on 
curves i n  terms o f  r e v e a l i n g  ob jec t s  near t he  l ane  edges. I t  i s  poorer  
than t he  o t h e r  lamps a t  r e v e a l i n g  ob jec t s  near t he  lane  cen te r  and i s  
more g l a r i n g  t o  oncomi ng d r i  vers . 

Recommendations a re  o f f e r e d  f o r  reduc ing  t he  number o f  motorcyc le-  
moped headlamps by s tanda rd i z i ng  on c e r t a i n  s izes .  M o d i f i c a t i o n  t o  t he  
photometr ic  standards a re  proposed as we1 1, which w i l l  r e s u l t  i n  
improved 1  i g h t i n g ,  e s p e c i a l l y  f o r  sma l l e r  motorcycles.  A  s t r a t e g y  i s  
descr ibed which w i l l ,  i t  i s  be l ieved ,  s i g n i f i c a n t l y  improve t he  aiming 
problem. 
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INTRODUCTION 

Headlamps are the primary and often sole source of illumination for 

much of the world through which motorists move at night. Since vision 

is crucial to safe and effective operation of a motor vehicle, headlamps 

are very important safety items. However, it is generally recognized 

that low-beam headlamps do not provide adequate seeing distances, 

especially at higher operating speeds. Further, based on a great deal 

of research over a period of many years, it is apparent that there is no 

simple solution to this problem (e.g., Olson, 1977) .  

The situation just described indicates a problem for all persons 

who operate a motor vehicle at night. But, for motorcyclists it is 

worse. Many motorcycle headlamps do not have the output of an 

automotive headlamp, and most motorcycles have but one headlamp. 

The reasons for the reduced lighting on motorcycles are logical 

enough. Many bikes, the smaller ones especially, have limited 

electrical generating capacity, and finding space for paired headlamps 

is a problem even if the power was available. 

But, however logical the reasons might be, there is a potentially 

serious problem. Almost all motorcycles, even relatively small ones, 

are fully capable of traveling at the 55 mph national speed limit. 

Thus, it would appear that, in terms of visibility distance at least, 

the needs of the motorcyclist are no different than those of the driver 

of an automobile. 

Given this situation, it might seem logical for motorcycle 

headlighting to have been the subject of a great deal of research. Such 

has not been the case. There have been several studies which have 

examined the problem to some extent, but by far the most comprehensive 

work is that of Sturgis (1975) .  Sturgis did the following: 



1 .  Collected motorcycle headlamp samples from a number of 

manufacturers, cataloging information such as size, mounting 

arrangements, electrical connections, wattage, and beam pattern 

characteristics. 

2. Measured the aim of the headlamps of 90 motorcycles in service. 

3 .  Studied the eye fixations of two experienced motorcyclists 

while operating both a motorcycle and a car on various roads. 

4. Collected subjective ratings of various headlamps under a 

variety of riding conditions. 

5. Measured desired aim based on a sample of 20 riders who were 

provided with an adjustable headlamp. 

6. Eva 1 uated seei ng d i stances for several head1 amps under g 1 are 

and no-glare conditions. 

Based on this work, Sturgis recommended changes in the motorcycle 

headlighting standards. He also suggested steps toward standardization 

of lamp parameters such as size and electrical connections, better 

voltage control, and improvements in aimability. 

There are two studies which dealt with motorcycle headlamps to a 

very 1 imi ted extent (Bartol, Livers and Hirsch, 1973, and Bartol, Livers 

and Miennert, 1975) . However, the main focus of each was motorcycle 

safety in general. 

In the years since the Sturgis report was prepared there have been 

significant changes in motorcycle headlamps (primarily through the 

introduction of halogen lamps), appreciable activity on the part of 

appropriate SAE committees, and reports of measures on the part of 

motorcycle manufacturers to upgrade their electrical systems. Thus, it 

seems appropriate to examine the area once again. 

The study which will be described had as its purpose the collection 

of up-to-date information about motorcycle headlamps and the visibility 

needs of motorcyclists. Beam patterns were to be prepared and tested, 

both subjectively and objectively. Finally, recommendations were to be 

made for changes to Federal Motor Vehicle Safety Standard (FMVSS) 108. 



This report is divided into three main sections. The first 

describes the present situation concerning motorcycle headlighting. In 

the second section several studies are described which were carried out 

in an effort to define an improved headlighting system for motorcycles 

and mopeds. The third section is concerned with recommendations for 

changes in the standards which control motorcycle and moped 

headlighting. 





CURRENT STATUS OF MOTORCYCLE/MOPED HEADLAMPS 
IN THE UNITED STATES 

When the sealed beam headlamp was adopted for use on automobiles in 

this country in the late 19301s, the specifications covered not only 

beam distribution but dimensions of the lamp. That practice has 

continued to the present day. As a result, sealed beam headlamps have 

been readily available and relatively inexpensive. However, the 

standards for motorcycle headlamps do not cover lamp dimensions. A 

consequence of this lack of control is that motorcycle headlamps are 

available in a number of types of construction, sizes, and electrical 

connections. In addition, the photometric specifications for motorcycle 

headlamps are less stringent than for automobile headlamps. Hence, 

motorcycle headlamps come in a variety of beam patterns, intensities, 

and wattages. 

This lack of standardization has long been a source of difficulty 

for motorcyclists. Many bikes use lamps which are available only 

through the parts department of a dealer handling that make of 

motorcycle. Thus, they are not readily available and have usually been 

much more expensive than automotive headlamps. 

This section of the report is intended to document motorcycle 

headlamps and their use in the U.S. Based on a comparison with the data 

reported by Sturgis (1975), it is apparent that there have been very 

significant changes in the last several years. Changes are still 

occurring at a fairly rapid pace. Hence, it should be noted that the 

data to be reported are based on the 1980 model year, and may be 

outdated rather quickly. Further, the data will refer only to four 

makes of Japanese and one U .S. made motorcyc 1 e (i .e., Honda, Kawasaki , 
Yamaha, Suzuk i , and Har I ey-Dav i dson) , wh i ch together accounted for 98% 
of a1 1 motorcycles sold in 1980, according to the 1981 Motorcycle 

Statistical Annual. 

Types of Construction 

Three types of construction were found on the headlamps surveyed: 

1 .  All-glass sealed beam. These are identical in construction to 

the sealed beam headlamps used in cars in the United States. 



Their primary advantage is that there will be no loss in lamp 

output due to reflector-lens degradation for the life of the 

vehicle, The entire unit must be replaced when a filament 

burns out, and its bulk makes it difficult for the motorcyclist 

to carry a replacement. American-made motorcycles use all- 

glass sealed beams exclusively. They are much less common on 

Japanese bikes. 

Recently halogen all-glass sealed beams have been introduced 

for automotive use. They have not yet appeared on motorcycles. 

Composite sealed beam, For these units a bulb is sealed into a 

metal reflector, which in turn is sealed to the lens. The lens 

and reflector are protected from contamination, as in the case 

of the all-glass sealed beam. Because of the inner bulb, the 

unit could survive the lens being perforated, which the all- 

glass type could not. However, the inner bulb can be expected 

to darken with age, with consequent loss of output. Like all 

sealed beams, the entire unit must be replaced when a filament 

burns out. 

Composite sealed beams have been much the most common type used 

on Japanese bikes. 

3. Replaceable-bulb units. These use a metal reflector which is 

sealed to the lens. The bulb is removable. It is held in 

place by a spring clip and covered by a rubber "boot." This I s  

the technology which the Europeans have employed for many years 

on automotive lamps. The obvious advantage is in the 

convenience and economy of having to replace only the bulb when 

a filament burns out. 

A l l  of the replaceable-bulb units surveyed use the quartz- 

ha1 ogen H-4 bu 1 b. The H-4 i s used universal 1 y i n two-beam 

European automotive lamps. This bulb is much more readily 

available and generally less expensive than comparable 

motorcycle headlamps. As a side benefit, the bulbs are small 

enough that the motorcyclist can easily carry a spare. 



Unsealed headlamps have been p r o h i b i t e d  i n  the  U.S. f o r  

automotive use i n  p a r t  because o f  a concern t h a t  d i r t  and 

mo is tu re  can en te r  the  envelope and contaminate the  lens and 

r e f l e c t o r .  There i s  no doubt t h a t  t h i s  happens, and i t  can 

s i g n i f i c a n t l y  degrade the performance o f  headlamps as a v e h i c l e  

ages. There i s  some debate about how ser ious  t he  problem i s  

w i t h  newer headlamps, and whether i t  a p p l i e s  a t  a l l  t o  

motorcycles,  which a re  less  1 i k e l y  t o  be operated under 

un favorab le  weather cond i t ions .  

Lamp Sizes 

Motorcyc le  headlamps come i n  round and rec tangu la r  shapes. The 

rec tangu la r  u n i t s  a re  a1 1 rep laceable-bu lb type and s tandard 142 x 200 

mm automot ive s ize .  The round u n i t s  are o f  a l l  t h ree  cons t ruc t i ons  and 

come i n  a v a r i e t y  o f  s i zes .  

The l a r g e s t  round headlamps correspond t o  the PAR 56 (7 inch, 178 

mm) sealed beam u n i t s  used i n  the U.S. I n  a l l  cases examined, standard 

automot ive lamps o f  e i t h e r  U.S. o r  European type cou ld  be s u b s t i t u t e d  

w i t h  r e l a t i v e l y  l i t t l e  d i f f i c u l t y .  

S i x  o the r  smal ler  lamp diameters were noted. One was a standard 

PAR 46 (5.75 inch, 146 mm) s ize ,  used i n  an American-made b i k e .  The 

o the r  f i v e  ranged from 167 mm t o  135 mm i n  diameter . There i s o f  t e n  

more than one lamp o f  a g iven  diameter.  However, i n  most cases these 

u n i t s  a re  n o t  interchangeable,  due t o  d i f f e r e n c e s  i n  mounting hardware 

and/or power consumption. 

Moped headlamps a re  general l y  round, and range from 128 mm t o  113  

mm i n  diameter.  Most a r e  composite, some a re  a l l - g l a s s  sealed beams. 

One a l l - p l a s t i c  "semi-rectangular"  u n i t  was noted, which used a 

f l a s h l i g h t - t y p e  bu lb .  

E l e c t r i c a l  Connections 

Almost a l l  o f  t he  motorcyc le  headlamps surveyed use a three-blade, 

push-on connector i d e n t i c a l  t o  t h a t  used i n  automobi les.  A few use 

i n d i v i d u a l  spade-type connectors.  Most mopeds use spade-type 

connectors.  Some use screw te rmina l  connectors.  



Beam Pat te rns ,  I n t e n s i t y ,  Power Consumption 

The FMVSS 108 standards f o r  moto rcyc le  headlamps a re  reproduced i n  

Tables 1 and 2. Table 3 de f ines  the  va r i ous  c lasses o f  motorcyc les 

mentioned i n  the  f i r s t  two t ab les .  For re fe rence  purposes, the 

standards f o r  automobi le headlamps a re  a l s o  included. 

Comparisons between automobi le and motorcyc le  headlamp 

s p e c i f i c a t i o n s  a re  made d i f f i c u l t  by the  f a c t  t h a t  on l y  r a r e l y  do t e s t  

p o i n t s  correspond. However, an examinat ion o f  Tables 1 and 2 w i l l  show 

t h a t  the  s p e c i f i c a t i o n s  f o r  motorcyc le  headlamps permi t  a  wider range o f  

pa t te rns ,  and lower i n t e n s i t i e s  than do the  s p e c i f i c a t i o n s  f o r  

automotive lamps. 

S t u r g i s  (1975) noted t h ree  broad c lasses o f  motorcyc le  beam 

pa t te rns .  Two o f  these c lasses r e f e r r e d  t o  the  r e l a t i o n s h i p  o f  the  

areas o f  maximum i n t e n s i t y  f o r  t he  h i gh  and low beams. He po in ted  ou t  

t h a t  a l l  American and some Japanese lamps have an asymmetrical 

r e l a t i o n s h i p ,  s i m i l a r  t o  U.S. automotive lamps. That i s ,  the  area o f  

maximum i n t e n s i t y  o f  the low beam i s  below and t o  the r i g h t  o f  t h a t  o f  

t he  h i gh  beam. Most Japanese lamps a re  symmetr ical ,  i n  t h a t  the maximum 

i n t e n s i t y  area o f  the  low beam i s  d i r e c t l y  below t h a t  o f  the  h i gh  beam. 

The l a s t  c l ass  o f  beam p a t t e r n s  noted by S tu rg i s  r e f e r r e d  t o  the 

d i f f e r e n c e s  between the sharp h o r i z o n t a l  c u t - o f f  c h a r a c t e r i s t i c  o f  

European low beams and the  more d i f f u s e  p a t t e r n  c h a r a c t e r i s t i c  o f  

American o r  Japanese low beams. Few or ig ina l -equ ipment  European lamps 

enter  t h i s  country  because European-made b i kes  have such a  small 

f r a c t i o n  o f  t he  market. However, comments from m o t o r c y c l i s t s  c o l l e c t e d  

by S tu rg i s ,  and i n  the  present  study, i n d i c a t e  t h a t  owners o f  l a rge r  

b ikes  w i l l  sometimes rep lace  t h e i r  stock headlamp w i t h  a  European 

automotive lamp. Persons who had done t h i s  o f t e n  repor ted  they l i k e d  

the  broad coverage o f  the low beam and the improved v i s i b i l i t y  prov ided 

by the more powerful  h igh  beam. 

S t u r g i s  a l s o  noted a  v a r i e t y  o f  magnitudes o f  displacement between 

low and h igh  beams o f  d i f f e r e n t  lamps. Some were g rea t  enough t h a t  i f  

the  lamp was aimed p rope r l y  f o r  one beam the  other  beam would be too 

h i gh  o r  low f o r  optimum performance. 



TABLE 1 

PHOTOMETRIC SPECIFICATIONS F O R  LOW BEAMS FOR 
AUTOMOBILES AND MOTORCYCLES 

Pos i t i on ,  
Degrees 

1 ou-gou 

1 1/2U-1R t o  R 

l U - 1  1/2 L 

1U-1L t o  L 

1/2U-1R t o  3R 

1/2U-1L t o  L 

1/2U-1 1/2L t o  L 

1/2D-1R t o  R 

1/2D-1L t o  L 

1/2D-1 1/2 R 

1/2 D - 1  1/2 L t o  L 

1 D-6L 

1 l/2D-2R 

1 1/2D-gR and 9L 

20-3R 

2D-3L 

2 ~ - 6 ~  and 6L 

2D-15R and 15L 

4D-bR 

Automobile 
Type 2 

125 max 

1 ,400 max 

700 max 

Motorcycle 

2,700 max 

Class A & B 

1,000 max 

Class C & D 

20,000 max 
8,000 min 

2,500 max 

750 min 

15,000 min 

750 min 

700 min 

12,500 rnax 

1,000 max 

500 max 

2,000 max 

800 max 

15,000 max 

2,000 max 

3,000 min 

2,000 min 

750 min 

12,500 max 

1 ,000 max 

500 max 

2,000 max 

800 max 

15,000 max 

2,000 max 

2,000 min 

1,500 min 

500 min 

12,500 max 



T A B L E  2 

PHOTOMETRIC S P E C I F I C A T I O N S  FOR H I G H  BEAMS 
FOR AUTOMOBILES A N 0  MOTORCYCLES 

p o s t  t ion.  
D e g r e e s  

2U-V  

1U-3R and 3 L  

H - V  

H -3R  a n d  3 L  

H -6R  and 6 L  

H -9R  a n d  9L 

H - 1 2 R  and 1 2 L  

1 /2D-V  

i / 2 D - 3 R  and 3L 

M o t o r c y c l e  

A u t o m o b i l e  

C l a s s  A & B 

1 0 . 0 0 0  m i n  

2 0 . 0 0 0  m i n  

4 . 0 0 0  m l n  

Large 
R o u n d  or  

R e c t a n g u l a r  

T y p e  2 

1 . 0 0 0  m i n  

2 . 0 0 0  m l n  

2 0 . 0 0 0  m i n  

1 0 . 0 0 0  m i n  

3 . 2 5 0  m i n  

1 . 5 0 0  m l n  

750 m i n  

C l a s s  C & D 

2 . 0 0 0  m i n  

5.000 m i n  

3.000 m l n  

S m a l l  
R o u n d  o r  

R e c t a n g u l a r  

T y p e  
1 or 1A 

7 5 0  m i n  

3.000 m l n  

60.000 m a x  
18.000 m i n  

1 2 . 0 0 0  m l n  

3.000 m i n  

2.000 m l n  

750 m i n  

T y p e  
2 or  2 A  

750 m i n  

2 . 0 0 0  m l n  

1 5 . 0 0 0  m a x  
7.000 m l n  

3.000 m l n  

2 . 0 0 0  m i n  

1 . 0 0 0  m t n  

750 m l n  





TABLE 3 

DEFINITION OF CLASSES O F  MOTORCYCLES AS REFERENCED IN 
SAE HEADL l GHT l  NG STANDARD J584b 

2 wheels - 170cc and l a rge r  

Class 

(motor d r i v e n  cyc le )  50cc and l a rge r  b u t  less  
than 170cc 

Desc r i p t i on  

less  than 50cc and no t  meet ing the  d e f i n i t i o n  o f  
c l ass  E 

t h ree  wheels - 170cc and l a rge r  

(commonly r e f e r r e d  t o  as a min i -b ike)  any b i k e  
having one o r  more o f  the f o l l o w i n g  
c h a r a c t e r i s t i c s :  

I a) less  than 10" (254 mm) nominal wheel r i m  s i z e  

b) less than 40" (1016 mm) wheelbase 

c) less  than 25" (635 mm) a t  seat  he igh t  
measured a t  the lowest p o i n t  on the  top o f  seat 
cushion w/o r i d e r  

The bas i c  types o f  beam p a t t e r n s  and high- low beam d i s t r i b u t i o n s  

repor ted  by S t u r g i s  s t i l l  e x i s t .  The major d i f f e r e n c e  i n  motorcyc le  

headlamps s i nce  1975 i s  i n  the  i n t r o d u c t i o n  o f  halogen sources by t he  

Japanese manufacturers.  As noted e a r l i e r ,  a l l  o f  those u n i t s  use the  

H-4 bu lb .  Th i s  source produces a sharp h o r i z o n t a l  c u t - o f f  due t o  t he  

sh ie lded- f i l ament  design. However, the  Japanese motorcyc le  lamps have a 

symmetrical low beam, w i t h  a s l i g h t  d i p  a t  the  V ax is .  The t y p i c a l  

European automotive low beam i s  asymmetrical, i.e., f l a t  on t he  l e f t  

s ide, w i t h  a  15' upslope on t he  r i g h t ,  s t a r t i n g  a t  the  V ax i s .  ( I so -  

candela diagrams o f  examples o f  bo th  types are shown i n  F igures 5 and 1 1  

l a t e r  i n  the  repor t . )  

Many moped lamps have a s i n g l e  beam. A l l  o f  the Japanese moped 

lamps surveyed were two-beam u n i t s ,  w i t h  t he  h i gh  i n t e n s i t y  zones o f  the  

beams d isp laced  v e r t i c a l l y .  



Power requirements for the 12 volt motorcycle lamps surveyed ranged 

from 25 to 55 watts on low beam, and from 35 to 65  watts on high beam. 

Six volt lamps were about 35 watts on either beam. Moped lamps ranged 

from 6 to 20 watts on low beams. High beams, where present, were either 

15 or 20 watts. 

As might be expected from the wattage figures just presented, beam 

intensities varied a great deal, The higher wattage units produced 

illumination levels comparable to an automotive headlamp. (Comparing a 

motorcycle headlamp to an automotive headlamp is merely to provide a 

frame of reference with which all readers are familiar. It is not 

intended to imply that the automotive lamp constitutes a standard of 

excel lence.) The lower wattage un i ts produced patterns wh i ch were more 

compact and at significantly lower intensities. These characteristics 

were well documented by Sturgis, and the data are still applicable. 

Current Lighting Practices 

Table 4 is a breakdown of all motorcycles registered in the U.S. in 

1980 by displacement and type, taken from the Motorcycle Statistical 

Annual. This will be helpful in interpreting headlighting information 

to follow, About half the motorcycles in the U.S. at present are 

designed to run on hard surfaces, the remainder are either off-road, 

competition, or dual purpose machines. The largest single category, 

about one-sixth of the total, are the big bikes (750 cc and larger) , all 
of which are designed for on-highway use. 

Table 5 is a compilation of original-equipment headlamps by make 

and displacement of motorcycle and is intended to provide some 

indication of the wide range of lamps in common use and the types of 

bikes on which they are found. The data are from 1980. Only the five 

makes of motorcycle which currently dominate the American market are 

shown. Each cell of the matrix 1 ists the manufacturer (s) and model 

numbers of lamps for that brand and site of bike. 

Table 6 provides a listing of various specifications for each of 

the lamps listed in Table 5. 



TABLE 4 

DISTRIBUTION OF MOTORCYCLES BY DISPLACEMENT A N D  
MODEL TYPE (1980) 

Data f rom t h e  Motorcyc le  S t a t i s t i c a l  Annual, 1981. 

7 4 % ~  

3 5 0 ~ ~  
t o  

449cc 

125cc 
t o  

3 4 9 ~ ~  

Under 
125cc 

TOTALS 

918,800 

427,800 

152,500 

3,720,000 

12.4 

5.8 

2.1 

50.3 

117,400 

640,100 

788,700 

1,565,000 

1.6 

8.7 

10.7 

21.1 

239,000 

1,008,900 

848,100 

2,115,000 

3.2 

13.6 

11.5 

28.6 



TABLE 5 

LISTING O F  POPULAR MOTORCYCLES SOLD IN THE UNITED 
STATES AND FACTORY-EQUIPMENT HEADLAMPS 

Har 1 ey- 
Davidson 

- G . E .  
4420 
4467 
& 
4458 

Kawasaki 

S tan ley  
001-1970 
001-2309 
030-90 16 

S tan ley  
001-1014 
00 1 - 1269 

S tan ley  
001-1269 

S tan ley  
001-1047 

Koi t o  
4% 

Koi t o  
4% 

Suzuk i 

S tan ley  
001-1970 
001-2309 
00 1-2385 

Koi t o  
997-16121 
997- 15303 

4420 x 2 
4020 x 

S tan ley  
001 -2385 

- K o i t o  
4438 

- K o i t o  
4020 x 

4420 x2 

Koi t o  
4 E K  

Yamaha 

- Koi t o  
997-16121 

S tan ley  
00 1 - 1843 

- Koi t o  
4438 
4020 

- Koi t o  
997-15303 

Koi t o  
4 E E c  

S tan ley  
00 1-2233 

Koi t o  
4 E - i  

Eng i ne 
Displacement 

7 5 0 ~ ~  
and 

1 a rger  

450cc 
t o  

7 4 9 ~ ~  

3 5 0 ~ ~  
t o  

449cc 

125cc 
t o  

3 4 9 ~ ~  

Under 
1 2 5 ~ ~  

Honda 

Stan ley 
001-1970 
001-2103 

S tan ley  
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Using Tables 5 and 6, it is apparent that most 1980 motorcycles 

750cc and larger incorporate headlamps which are approximately equal to 

an automotive headlamp. A great many of these are using halogen 

headlamps such as the Stanley 001-1970 and Koito 997-16121. The 

manufacturers have told us that the beam pattern provided by these units 

is based on the recommendations of Sturgi s (1975) . 
For bikes smaller than 750cc, the situation is more variable. A l l  

bikes of less than 350cc are equipped with headlamps having considerably 

less output than an automotive headlamp, although the on-highway 

vehicles among them are supposed to be able to go anyplace a car can go, 

and at the same (legal) speeds. 

In sum, there have been significant improvements in motorcycle 

headlighting in recent years. Indications are that there will be more 

improvements in the future. Clearly, there is room for significant 

improvement, especially in the lighting provided smaller motorcycles. 





INVESTIGATIONS CONDUCTED A S  PART O F  CURRENT PROGRAM 

Th i s  sec t i on  o f  the r e p o r t  w i l l  descr ibe  four  s tud ies  which were 

c a r r i e d  ou t  t o  develop i n fo rma t i on  necessary t o  answer the main concern 

o f  the  c o n t r a c t ,  i .e., t o  recommend minimum h e a d l i g h t i n g  needs f o r  

va r ious  c lasses  o f  two-wheeled veh i c l es .  

The f i r s t  s tep  was a  survey, t h a t  sought i n f o rma t i on  t o  a i d  i n  

d e f i n i n g  the  v i s u a l  needs o f  mo to rcyc l i s t s .  Based on these data,  a 

l i m i t e d  number o f  headlamps were recommended f o r  d e t a i l e d  eva lua t ion .  

The e v a l u a t i o n  was c a r r i e d  ou t  i n  th ree  steps: a  s u b j e c t i v e  s tudy,  an 

o b j e c t i v e  assessment o f  v i s i b i l i t y  d is tances,  and a  computer ana l ys i s  o f  

v i s i b i l i t y  d is tance  under a  v a r i e t y  o f  r i d i n g  cond i t i ons  no t  inc luded i n  

the o b j e c t i v e  study, 

A Survey o f  M o t o r c y c l i s t s '  Experience w i t h  Motorcyc le  Headlamps 

One o f  the  assumptions on which the  motorcyc le  h e a d l i g h t i n g  p r o j e c t  

i s  p red ica ted  i s  t h a t  the v i s u a l  needs o f  m o t o r c y c l i s t s  a re  

s i g n i f i c a n t l y  d i f f e r e n t  f rom those o f  car d r i v e r s .  I f  t rue ,  t h i s  means 

the  standard automotive headlamp p a t t e r n  may be u n s a t i s f a c t o r y  f o r  use 

on motorcyc les.  

A knowledge o f  the  v i s u a l  needs o f  m o t o r c y c l i s t s  i s  impor tant  t o  

the  des ign o f  a  s a t i s f a c t o r y  l i g h t i n g  system. Unfo r tuna te ly ,  t he re  i s  

l i t t l e  i n f o rma t i on  t o  go on. S tu rg i s  (1975), faced w i t h  a  s i m i l a r  

problem, asked 90 p a r t i c i p a n t s  i n  an i n - se rv i ce  headlamp aim survey t o  

rank order  t he  most impor tant  areas o r  ob jec t s  i n  the d r i v i n g  

environment t o  be ab le  t o  see w h i l e  opera t ing  a  motorcyc le  a t  n i g h t .  

The t h r e e  areas most f r equen t l y  mentioned were: 

Center o f  lane, a t  d is tance.  
Center o f  lane, c l ose  i n .  
Per iphery,  o ther  than i n  lane. 

One poss ib l e  i n t e r p r e t a t i o n  o f  these data i s  t h a t  m o t o r c y c l i s t s  

need more i l l u m i n a t i o n  everywhere. Due t o  the r e l a t i v e l y  uns t ruc tu red  

procedure, i t  i s  no t  c l e a r  whether the  responses r e f l e c t  d i f f e r e n t  needs 

o r  a r e  a  r e a c t i o n  t o  the f a c t  t h a t  most motorcyc le  headlamps o f  t h a t  era 

had apprec iab ly  less  ou tpu t  than automotive headlamps. 



I n  an e f f o r t  t o  develop b e t t e r  i n f o rma t i on  about the v i s u a l  needs 

o f  m o t o r c y c l i s t s  as they migh t  r e l a t e  t o  headlamps, a survey was 

des i gned and conducted by t he  Motorcyc 1 e Safety  Foundation (MSF) ,. HSR I 

prov ided some ass is tance i n  the  fo rmu la t ion  o f  the  quest ions and 

ana l ys i s  o f  the  r e s u l t s .  

Method: The survey addressed the issue o f  needs i n  two ways: by - 
asking t he  respondents t o  compare d r i v i n g  a car w i t h  r i d i n g  a 

motorcycle,  and by ask ing them t o  l i s t  problems they had noted w i t h  

headlamps i n  t h e i r  own r i d i n g  experience. The survey a l s o  asked the 

respondents t o  no te  headlamps t h a t  they had found t o  be good. A 

complete copy o f  the  survey form, i n c l u d i n g  the  cover l e t t e r ,  i s  i n  

Appendix A o f  t h i s  r epo r t .  

The ques t ionna i re  was mai led/prov ided t o  MSF s t a f f  and t o  c h i e f  

i n s t r u c t o r s  f o r  the MSF r i d e r s  course around the  U.S. A t o t a l  o f  152 

forms were d i s t r i b u t e d .  

No c la ims a re  made t h a t  the  survey respondents a re  " representat ive1 '  

o f  the  motorcyc le  r i d e r  popu la t ion .  The people were chosen p r i m a r i l y  

because they were e a s i l y  access ib le  through l i s t i n g s  maintained by the  

MSF. However, they had o ther  c h a r a c t e r i s t i c s  t h a t  made them good 

choices f o r  t h i s  survey. I n  p a r t i c u l a r ,  i t  was thought l i k e l y  t h a t  the  

c h i e f  i n s t r u c t o r s  would have subs tan t i a l  r i d i n g  exper ience i n  terms o f  

time, m i les ,  and types o f  b ikes .  I n  add i t i on ,  they should be persons 

w i t h  a s incere  concern f o r  sa fe t y  issues, who had probably  g iven some 

thought t o  the  mat te rs  w i t h  which the  survey was concerned. 

I t  should a l s o  be noted t h a t  pas t  exper ience w i t h  sub jec t i ve  

assessment o f  head1 i g h t  i ng systems (Mortimer and 01 son, 1974) has shown 

t h a t  sub jec t s '  preferences do no t  necessar i l y  c o r r e l a t e  w i t h  o b j e c t i v e  

measures o f  v i s i b i l i t y  performance. Hence, these data,  w h i l e  

i n t e r e s t i n g  and use fu l  as a s t a r t i n g  p o i n t  i n  the  eva lua t i on  process, 

a re  no s u b s t i t u t e  f o r  a thorough o b j e c t i v e  eva lua t ion .  



Results: 

Description of the population: Usable data were received from 

68 persons, a response rate of 45%. A1 1 but two of the respondents were 

male. 

The average age was 36 years. The age distribution was as follows: 

29 years and younger - 14 
30-39 years - 3 1 
40-49 years - 17 
50 years and older - 3 

(Three respondents provided no age data.) 

Riding experience averaged 10 years, distributed as follows: 

4 years and less - 8 
5-9 years - 29 
10-19 years - 2 3 
20 or more years - 8 

The respondents rode an average of 7700 mi les in 1980. The 

distribution was as follows: 

Fewer than 10,000 mi les - 46 
10,000-19,999 mi les - 14 
20,000milesandmore- 6 

(Two respondents provided no m i 1 eage estimates .) 

Miles ridden at night averaged 20%. The distributionwasas 

fo1 lows: 

Less than 10% - 7 
10-19% - 19 
20-298 - 2 2 
30-39% - 14 
40% or more - 5 

(One respondent provided no estimate.) 

Three "classes" of motorcycle were mentioned on the first page of 

the survey form, defined in terms of engine displacement. These were: 

less than 300 cc, 300 cc to 699 cc, and 700 cc or more. Most 

respondents had significant experience wi th more than one class. (On1 y 

three claimed to have had any experience with mopeds, however.) 

The distribution was as follows: 

A l l  three classes of motorcycle - 21 
Two of the three classes - 2 7 
One of the three - 2 0 



The number o f  respondents c la iming experience w i t h  each c lass of 

motorcycle was as fo l lows:  

Less than 300 cc - 41 (60%) 
300 cc t o  699 cc - 52 (76%) 
700 cc or more - 42 (62%) 

Questions 1 and 2 :  Quest ion 1 asked whether the v i sua l  needs 

were d i f f e r e n t  f o r  the operator o f  a car and a motorcycle. For those 

respondents answering "yes," quest ion 2 asked them t o  exp la in  i n  what 

way the needs d i f f e r e d .  

F i f t y  o f  the respondents (74%) answered "yes" t o  quest ion 1 . They 

provided a wide v a r i e t y  o f  responses t o  quest ion 2, The po in ts  

mentioned most f requent ly  were: 

Need more i l l u m i n a t i o n  t o  the s ides,  (21) 
Need more foreground i l l um ina t i on .  ( 1  7)  
Need more down-the-road i l l um ina t i on .  (1 3) 
Need b e t t e r  i l l u m i n a t i o n  t o  the r i g h t .  (5) 
Need b e t t e r  s ide 1 i g h t i n g  f o r  sharp turns. (4) 

The numbers i n  parentheses i nd i ca te  the frequency w i t h  which each po in t  

was mentioned. 

Two major needs are noted, i l l u m i n a t i o n  t o  the sides, and 

foreground i l l um ina t i on .  The comment about more down-the-road 

i l l u m i n a t i o n  poss ib ly  r e f l e c t s  a general concern about motorcycle 

headl ight ing.  Thus i t  i s  not  necessar i ly  appropr iate t o  i n t e r p r e t  the 

comment t o  mean ILmore i l l u m i n a t i o n  than a c a r ' s  headlamps." 

guest ions 3 and 4: Quest ion 3 asked whether the respondents 

had ever encountered motorcycle headlamps they considered very good or 

very poor. I f  they answered "yes," they were asked t o  describe the 

lamps i n  quest ion 4. 

Of the 64 persons who responded t o  quest ion 3, 42 (66%) marked 

"yes." They provided very i n t e r e s t i n g  responses t o  quest ion 4. For ty-  

seven i nd i ca t i ons  o f  "very good" headlamps were provided. I n  39 o f  

these cases i t  was c lea r  the respondent was r e f e r r i n g  t o  a halogen lamp 

of some k ind.  The most frequent response (18 times) was "halogen lamp" 

(or quartz-halogen, or quartz, or quar tz- iodine,  or iodine, a l l  o f  which 

are equivalent  terms) . O f  ten the response was i n  the form o f :  " the 



halogen lamp on such-and-such b ike . "  Sometimes the make o f  lamp was 

i d e n t i f i e d ,  less  f r e q u e n t l y  the  model number was provided. 

I t  was apparent t h a t  many respondents had rep laced stock headlamps 

w i t h  someth i ng they considered more adequate (genera 1 1 y a ha 1 ogen 1 amp 

bu t ,  i n  one case, an a i r c r a f t  landing l i g h t ) .  

The i d e n t i f i c a t i o n  o f  the lamps was such t h a t  the i nves t i ga to r s  

o f t e n  cou ld  n o t  be c e r t a i n  whether the halogen lamp r e f e r r e d  t o  was one 

designed f o r  automotive o r  motorcyc le  use. However, i n  e i g h t  cases i t  

was poss ib l e  t o  v e r i f y  t h a t  t he  u n i t s  be ing descr ibed were one o f  the 

r e l a t i v e l y  new motorcyc le  halogen lamps descr ibed e a r l i e r .  The 

respondents seemed q u i t e  e n t h u s i a s t i c  about these lamps. I n  seven cases 

the  lamps were c l e a r l y  automotive, both U.S. and European. 

There were fewer responses i n  the "very  poor" category.  The most 

f requent  was "most stock non-halogen," which occurred f ou r  t imes.  Most 

o ther  responses r e f e r r e d  t o  mid-s ize and sma l le r  motorcycles.  

The frequency w i t h  which the  respondents mentioned halogen lamps 

r a i s e d  a ques t ion  as t o  whether t he re  were d i f f e r e n c e s  between those who 

had such lamps on the b i k e  (s) they were present1 y r i d i n g  (based on the 

response t o  the  l a s t  quest i on on the f i r s  t page o f  the survey form) , and 

those who d i d  not .  

The forms were so r t ed  i n t o  th ree  ca tegor ies  as fo l lows :  

Have ha 1 ogen head 1 amps (10 respondents) 
Do n o t  have halogen headlamps (42 respondents) 
Could no t  determine type  o f  headlamp (16 respondents) 

Those which f e l l  i n  the t h i r d  category were d iscarded f o r  purposes o f  

t h i s  ana l ys i s .  

The most obvious d i f f e r e n c e  between those who had halogen lamps and 

those who d i d  no t  was t h a t  the former a1 1 had 1 arge (700 cc o r  more) 

b i kes  of  recen t  v in tage .  Most o f  the l a t t e r  group were r i d i n g  medium 

and smal ler  b ikes .  

I n  most o ther  respects  the groups were very  s i m i l a r ,  as ind ica ted  

by the f o l l o w i n g  averages: 



Ha 1 oqen Non-Halogen 

Years r i d i n g  experience 9.4 9.4 

1980 mi les  IO,OOO 8 900 

Percent a t  n i g h t  2 0 2 0 

I n  responding t o  quest ion 1, 80% o f  those w i t h  and 76% o f  those 

wi thout  halogen u n i t s  answered "yes." 

However, i n  response t o  quest ion 3, 80% of  those w i t h  and on1 y 62% 

of those w i thout  halogen u n i t s  answered "yes." This  d i f f e rence  may 

r e f l e c t  a lack o f  exposure t o  halogen lamps by those i n  the l a t t e r  

group. 

While those w i t h  halogen lamps t y p i c a l l y  responded t o  quest ion 4 

w i t h  a statement l i k e  " the halogen lamp on my present b i k e  i s  very 

good ,I1 those who d i d  not  have ha 1 ogen 1 amps on the i r own b i kes t yp  i c a l l  y 

responded w i t h  something l i k e  " I  understand the new halogen lamps are 

very good," or  made reference t o  a f r i e n d ' s  b i ke  which they had r idden. 

Thus, wh i l e  the number of references t o  halogen lamps i s  impressive, the 

actual exposure may be much less than the numbers suggest. 

Question 5: Question 5 asked the respondents t o  describe the 

main shortcomings o f  the motorcycle headlamps w i t h  which they were 

fami 1 i a r ,  

There were a number o f  responses t o  t h i s  question, bu t  two 

domi nated. These were: i nadequate range (mentioned 41 times) , and poor 

v i s i o n  t o  the sides (mentioned 28 t imes) .  Other po in t s  were: 

Poor foreground i l l u m i n a t i o n  5 
A i m  problems 5 
Beam v ib ra tes  a t  higher speeds 3 
Inadequate e l e c t r i c a l  system 2 
Patterns wrong f o r  turns 2 
High cost  2 
Poor performance i n  bad weather 2 

Discussion: The r e s u l t s  of t h i s  i nves t i ga t i on  conf i rm the data 

reported by Sturg is  (1975).  I t  i s  apparent t ha t  motorcyc l i s ts  f ee l  a 

need f o r  b e t t e r  i l l u m i n a t i o n  i n  general, I n  add i t ion ,  there appear t o  



be two f ea tu res  des i r ed  by m o t o r c y c l i s t s  which a re  no t  necessa r i l y  

prov ided by automotive lamps, These are: 

1) Foreground i l l u m i n a t i o n  i e  immediately i n  f r o n t  o f  the 

b i ke )  . 
2) I l l u m i n a t i o n  t o  the s ides  ( i .e. ,  t o  t he  r i g h t  and l e f t  o f  the  

1 ane be i ng used) . 
Lamps having these c h a r a c t e r i s t i c s  w i l l  p rov ide  the  n e a r - f i e l d  

i l l u m i n a t i o n  necessary t o  avo id  roadway ob jec t s  which a re  no more than a  

nuisance t o  a  car d r i v e r ,  b u t  which can cause ser ious  problems t o  a  

m o t o r c y c l i s t  (e.g., potho les,  road d e b r i s ) .  I t  a l s o  reduces the  beam 

d i s t o r t i o n a n d  loss  o f  i l l u m i n a t i o n  assoc ia ted w i t h  corner ing.  (One 

respondent descr i bed corner i ng as "dr i v  i ng i n t o  a  b  1 ack ho 1 e  .") 

The f requent  re fe rence  t o  halogen lamps, e s p e c i a l l y  the u n i t s  such 

as the Stan ley 001-1970 and Koi t o  997-16121 l ed  t o  a  recommendation t h a t  

a  p a t t e r n  such as they p rov ide  be inc luded i n  t he  eva lua t ions  t o  f o l l o w .  

Sub iec t i ve  Eva lua t ion  o f  M o t o r c ~ c l e / M o ~ e d  Head l i gh t i ng  

I n t r oduc t i on :  The purpose o f  t h i s  t e s t  was t o  p rov ide  a  broad- 

based s u b j e c t i v e  eva lua t i on  o f  severa l  poss ib l e  l i g h t i n g  systems f o r  

bo th  motorcyc les and mopeds. 

There a re  obvious advantages t o  s u b j e c t i v e  s tud ies ,  i n c l u d i n g  

s i m p l i c i t y  and the  oppo r tun i t y  t o  uncover f a c t o r s  t h a t  might o therw ise  

have been over looked. I n  the  case of head l igh t ing ,  i t  i s  a l so  about the 

o n l y  way t h a t  a  number o f  fea tu res  of t h e  l i g h t i n g  system can be 

evaluated (e.g., u n i f o r m i t y ,  d i s t o r t i o n  on curves) ,  

On the  o ther  hand, t he re  a re  problems t h a t  make t o t a l  r e l i a n c e  on 

s u b j e c t i v e  da ta  inadv isable.  For example, Mortimer and Olson (1974) 

noted a  discrepancy between o b j e c t i v e  and s u b j e c t i v e  measures o f  

v i s i b i l i t y  d is tance,  which suggested t h a t  t h e i r  sub jec ts  were unduly 

in f luenced  by g l a r e  l eve l s .  There i s  a l s o  a  concern t h a t  people w i l l  

r eac t  i n  an u n r e a l i s t i c  way t o  cond i t i ons  which d i f f e r  from what they 

a re  used to ,  o r  which they f e e l  a re  new o r  exper imenta l .  

On balance, the s u b j e c t i v e  study seemed a  good way t o  s t a r t  the  

eva lua t i on  process, p rov id i ng  a  g rea t  deal  o f  da ta  w i t h  r e l a t i v e l y  



l i t t l e  e f f o r t  and o f f e r i n g  some guidance i n  the design o f  the ob jec t i ve  

study t o  fo l l ow .  

Method: - 
Vehicles: One of each type o f  b i k e  was used. The motorcycle 

was a  1980 Honda 650cc "Custom,I1 on loan from Honda Corporat ion. The 

moped was a  Motobecane "Moby." Both b ikes were modi f ied by removing the 

stock headlamp and rep lac ing  i t  w i t h  a  f l a t  panel as shown i n  Figure 1 .  

The headlamps were then mounted i n  hardware which permi t ted them t o  be 

adjusted v e r t i c a l l y  and h o r i z o n t a l l y  f o r  aiming purposes. They were 

then attached t o  f l a t  p la tes  (see Figure 21, which could be bo l ted  t o  

the panel on the b i k e  as shown i n  F igure  3. 

Both b ikes  were equipped w i t h  con t ro l  devices which maintained the 

vo l tage t o  the lamp f i lament  a t  a  p rec ise  leve l  (12.8 and 6.4 v o l t s  f o r  

the motorcycle and moped, respec t i ve l y ) .  The moped had a  12-vol t  system 

t h a t  was found t o  be inadequate t o  power the two la rger  lamps scheduled 

f o r  t e s t .  A 12-vol t, 18-ampere hour ba t te ry  was used instead. This was 

secured on the saddle behind the r i d e r  as shown i n  F igure 4. The 

vo l tage was stepped down t o  6.4 v o l t s  by the con t ro l  device and the 

ba t te ry  was recharged regu lar ly .  

The lamps were aimed p r i o r  t o  the s t a r t  o f  the tes t .  The f r o n t  and 

rear wheels of each b i k e  were a l igned r e l a t i v e  t o  the V ax is  by p lac ing  

them i n  a  metal channel. The height  o f  the lamp was measured t o  

determine the H ax is .  Each lamp was aimed on low beam t o  conform t o  the 

d i s t r i b u t i o n s  ind ica ted  i n  Figures 5 through 17. Aiming was by v i sua l  

means, and was ca r r i ed  out w i t h  a  175 pound person i n  r i d i n g  pos i t i on .  

Test headlamps: Four headlamps were evaluated on the 

motorcycle. Two o f  these were designed f o r  motorcycle use and two were 

automotive lamps t h a t  are sometimes used t o  replace stock lamps on 

larger  motorcycles. A l l  were 12-vol t  u n i t s .  These can be described as 

fo l lows:  

Lamp 1 (F i gures 5 and 6) . Round uni  t, 178 mm i n diameter , 
rep1 aceab 1 e-bu 1 b  type, us i ng an H-4 (ha 1 ogen) source. Wattages are 55 
and 60 f o r  the low and h igh  beams, respect ive ly .  This  i s  a  Stanley 



Figure 1 .  Headlamp mounting plate on motorcycle. 



Figure 2 .  Headlamp a t t ached  t o  aiming p l a t e .  



Figure 3. Headlamp mounted on motorcycle, ready for test. 



Figure 4. Twelve-vol t battery mounted on moped saddle. 





LEFT DEGREES RIGHT 

Figure 6. Isocandela diagram o f  high beam o f  Lamp 1 .  Figures shown a re  candelas (cd).  



001-1970, selected because it received a number of specific favorable 

mentions in the user survey. 

Lamp 2 (F i gures 7 and 8) , Round, a1 1 -g l ass seal ed beam, 178 mm i n 

diameter, with tungsten source. Wattages are 40 and 50 for the low and 

high beams respectively. Based on the data reported by Sturgis (1975), 

this was one of the better stock motorcycle lamps he tested. 

Lamp 3 (Figures 9 and 10). Round, all-glass sealed beam, 178 mm in 

diameter (type 6014) , with tungsten source. Wattages are 50 and 60 for 

low and high beams respectively. This is a standard automotive lamp, 

designed to meet FHVSS 108 (U.S.) standards. 

Lamp 4 (Figures 1 1  and 12). A 142 x 200 mm rectangular unit, 

replaceable-bul b type, using an H-4  (halogen) source. Wattages are 55 
and 60 for the low and high beams respectively. This is an automotive 

1 amp, bui 1 t to meet ECE (European) standards. 

Three moped lamps were tested. A1 1 were 6-vol t units. 

Lamp 5 (F i gures 13 and 14) . Round, compos i te sealed beam, 128 mrn 

in diameter. Tungsten source. I t  has both high and low beams, 20 watts 

each. Sel ec ted as a representative "good" moped 1 amp. 

Lamp 6 (Figures 15 and 16). Same size, construction and wattage as 

Lamp 5. Selected because it was the best moped lamp tested by Sturgis 

(1975) 

Lamp 7 (Figure 17). Rectangular plastic unit. Replaceable 

tungsten bulb. One beam, 6 watts. Selected as a relatively weak unit, 

based on results reported by Sturgis (1975) . 
Test courses: The bulk of the moped course wound through 

University housing areas. The road is good-quality asphalt, two lanes 

wide, with many hills and curves. Both vehicle and pedestrian traffic 

were light in the hours during which data were taken. The total course 

length was about 1 1  km. It typically took about 25 minutes to complete. 

The motorcycle course was laid out on roads on the east side of the 

city of Ann Arbor. It included freeway, dark two-lane, and lighted city 

streets. Speed limits ranged from 30 to 55 mph (48 to 88 km/hr). 

Vehicular traffic ranged from medium to light during the test; there was 
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Figure 8. Isocandela diagram of high beam of Lamp 2. Figures shown a re  candelas (cd) .  

! 
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Figurg 10. lsocandela diagram o f  high bean] o f  Lamp 3. Figures shown are candelas (cd). 



Figure 11. Isocandela diagram of low beam of Lamp 4. Figures shown are candelas (cd). 



Figure 12. Isocandela diagram o f  high beam o f  Lamp 4. Figures shown a r e  candelas (cd) .  



Figure 13. Isocandela diagram o f  low beam o f  Lamp 5 .  Figures shown are candelas (cd) .  







Figure 16. Isocandela diagram of high beam of Lamp 6 .  Figures shown a r e  candelas (cd ) .  





l i t t l e  pedes t r ian  t r a f f i c .  The course was about 25 km long. I t  

t y p i c a l l y  took about 30 minutes t o  complete, 

Subjects:  Twelve sub jec t s  p a r t i c i p a t e d  i n  t h e m o t o r c y c l e  

eva lua t ion ,  n i n e  i n  the  moped. A l l  were young ( i .e . ,  under 30 years o f  

age) . They were r e c r u i t e d  i n  a  v a r i e t y  o f  ways, e.g., advert isements i n  

newspapers, f l i e r s  i n  motorcyc le  shops and on campus b u l l e t i n  boards, 

a n d b y  p a r t i c i p a n t s  t e l l i n g  t h e i r  f r i e n d s  about i t .  A l l  o f  the  

motorcyc le  sub jec ts  had a v a l i d  Michigan motorcyc le  endorsement and 

recent  exper ience on a b i k e  a t  l e a s t  as l a r g e  as the  one used i n  t he  

t e s t .  Most o f  the  moped sub jec ts  had a t  l e a s t  some recent  exper ience on 

a moped. A few had never r i dden  a moped, b u t  had subs tan t i a l  experience- 

on small motorcyc les.  

Ra t ino  forms: Rat ings were made on a number o f  f a c t o r s ,  us i ng  

a 7 -po in t  sca le .  Scale end- and mid-points  were i d e n t i f i e d  as: 

1 = very  poor 
4 = j u s t  acceptable 
7 = e x c e l l e n t  

Copies o f  the  r a t i n g  forms a re  prov ided i n  Appendix B. 

Procedure: One sub jec t  was run  on each b i k e  each n i g h t .  The 

subjects  repor ted  t o  the I n s t i t u t e  j u s t  as i t  was s t a r t i n g  t o  get  dark .  

They were p rov ided  w i t h  a  map o f  t he  course and asked t o  rev iew a copy 

o f  the r a t i n g  form so they would know what t o  look f o r .  When a l l  

quest ions had been answered they l e f t  t o  r un  t he  course. When they 

re tu rned  they f i l l e d  ou t  the  r a t i n g  form w h i l e  the experimenter changed 

t o  the  nex t  headlamp. Th i s  process was repeated u n t i l  a l l  lamps had 

been tested.  

The order  i n  which the lamps were r a t e d  was changed sys tema t i ca l l y ,  

based on a L a t i n  Square. Three complete sequences were used f o r  each 

b ike .  

Moped: Tables 7 and 8 summarize the r e s u l t s  o f  t h i s  phase o f  

the  study f o r  low and h igh  beams r e s p e c t i v e l y .  Tests  t o  determine t he  

s i g n i f i c a n c e  l e v e l s  f o r  d i f f e rences  i n  the  r a t i n g s  g iven  each lamp f o r  

each statement i n  the  ques t i onna i re  were made us ing  the Friedman ANOVA 



TABLE 7  

MEAN RATINGS* FOR MOPED HEADLAMPS ON LOW BEAM: 
N I N E  YOUNG SUBJECTS 

*Rat ing Scale: 

QUEST l ONS 

1 .  Ove ra l l  - un l i gh ted  areas 

2 .  Overa l l  - l i g h t e d  areas 

3 .  V i s i b i l i t y  down the road 

4 .  V i s i b i l i t y  t o  the r i g h t  

5 .  V i s i b i l i t y  t o  the l e f t  

6. V i s i b i l i t y  o f  s igns 

7 .  V i s i b i l i t y  on r i g h t  curves 

8 .  V i s i b i  1 i t y  on l e f t  curves 

9 .  V i s i b i l i t y  on h i l l s  

10. Foreground i l l u m i n a t i o n  

11. Beam d i s t o r t i o n  on sharp curves 

1 2 
Very 
Poor 

3 4  5  
Jus t  

Acceptable 

LAMPS 

6 7 
Excel 1 en t 

5  

5 . 4  

5 . 7  

5 . 4  

5 . 2  

5.1 

4 . 9  

5 . 7  

5  4 7 

5 9 7 

6 . 2  

5.1 

6  

5 . 0  

5  7  

4 . 2  

4 . 2  

4.14 

3 . 4  

4 . 8  

5 . 3  

4 . 8  

5 . 3  

5.1 

7  

2 . 4  

4 . 1  

2 9 7  

3 . 7  

3 . 6  

2 . 7  

3  3 

3 . 2  

2 . 8  

309 

3 . 7  

S i g 

.01 

-- 

05 

- - 
- - 
-- 

0 05 

.01 

. O 1  

05 

- - 



TABLE 8 

MEAN RATINGS* FOR MOPED HEADLAMPS ON HIGH BEAM: 
N I N E  YOUNG SUBJECTS 

*Rating Scale: 

QUEST l ONS 

1.  Overall - unlighted areas 
2. Overall - lighted areas 

3. Visibility down the road 

4. Visibility to the right 

5.  Visibility to the left 

6. Visibility of signs 

7. Visibility on right curves 

8. Visibility on left curves 

9, Visibility on hills 

10. Foreground illumination 

1 1 .  Beam distortion on sharp curves 

1 2 3 4 5 6 7 
Very Just Excel lent 
Poor Acceptable 

**Lamp 7 did not have a high beam. 

LAMPS 

7 ** 

-- 
-- 
- - 
-- 
-- 
- - 
- - 

- - 
- - 
- - 
- - 

5 

5 - 4  

5 . 2  

5.8 

5 - 2  

4.9 

5 - 3  

5.6 

5 3 

5 - 2  

5.0 

4.8 

6 

5 .8  

5.4 

6.1 

5 3 

5 - 4  

5.8 

4.7 

5 3 

5 3 

4 . 7  

4.7 



on 1 ow beams and the  W i 1 coxon t e s t  on h  i gh beams (see S i egel , 1956) . 
The Wilcoxon was a l s o  used t o  make i n d i v i d u a l  comparisons on s i g n i f i c a n t  

Friedman t e s t s .  

An i nspec t i on  o f  Table 7 shows t h a t  the 6-watt  Lamp 7 was always 

ra ted  poorer than the other  two, and Lamp 5 was gene ra l l y  r a t e d  b e t t e r  

than Lamp 6 ,  I n  s i x  ca tegor ies  there  a re  d i f f e r e n c e s  which a re  

s i g n i f i c a n t  a t  l e a s t  a t  the  0.05 l e v e l .  I n  each case the d i f f e rences  

between Lamps 5 and 7 a re  s i g n i f i c a n t ,  and on quest ions 1 ,  8, and 9 the  

d i  f  ferences between Lamps 6 and 7 a re  as we1 1 .  I n  no cases were the 

d i f f e rences  between Lamps 5 and 6 s i g n i f i c a n t .  

The moped h igh  beam r a t i n g s  reproduced i n  Table 8 i n d i c a t e  the 

beams were judged very  s i m i l a r  on v i r t u a l l y  every item. None o f  the  

d i f f e r e n c e s  shown are  s t a t i s t i c a l l y  s i g n i f i c a n t  (p > 0.05). 

Few comments were rece ived  concerning the  moped lamps. There were 

two negat i ve  remarks about Lamp 7 ("inadequate") . One person ind ica ted  

they thought Lamp 6 was best .  Another thought Lamp 6 would be O.K. on a  

slower b ike .  One person thought Lamp 5 was bes t  o f  the th ree .  

Motorcvcle:  Tables 9, 10, and 11 summarize the  r a t i n g s  

obta ined f o r  t he  low beams under var ious  r o u t e  cond i t i ons .  I n  general ,  

Lamp 3 was ra ted  bes t ,  Lamp 2 poorest .  However, none o f  the  d i f f e rences  

noted are s t a t i s t i c a l l y  s i g n i f i c a n t  (p > 0.05). To a  l a rge  ex ten t ,  t he  

r e l a t i v e l y  poor mean r a t i n g s  g iven  t o  Lamp 1  a re  a t t r i b u t a b l e  t o  be ing 

severe ly  downrated i n  severa l  ca tegor ies  by one sub jec t  and v i r t u a l l y  

a1 1 ca tegor ies  by another.  As a  r e s u l t ,  t he  means a re  about 10-158 

lower than they would have been otherwise. 

Tables 12, 13, and 14 summarize the  r a t i n g s  obta ined f o r  the h igh  

beams under va r i ous  rou te  cond i t i ons .  These r a t i n g s  a re  gene ra l l y  

c loser  and much h igher  than f o r  the  low beams. As might  be expected, 

the two most powerful  u n i t s  (Lamps 1 and 4) were gene ra l l y  r a t e d  best ,  

and t he  l e a s t  powerful  (Lamp 2 )  r a t e d  poorest .  However, none o f  the 

d i f f e rences  shown are s t a t i s t i c a l l y  s i g n i f i c a n t  (p > 0.05). 

There were a  number o f  comments o f f e red .  I n  general  these d i d  no t  

add s i g n i f i c a n t l y  t o  the bas ic  r a t i n g s .  However, several  persons 

complained about the  sharp c u t - o f f  c h a r a c t e r i s t i c s  o f  Lamp 4, e s p e c i a l l y  



TABLE 9 

M E A N  RATINGS$( FOR MOTORCYCLE HEADLAMPS ON LOW BEAM ON A FREEWAY: 
TWELVE YOUNG SUBJECTS 

*Rating Scale: 

QUEST l ONS 

1 ,  Overall 

2. Visibility down the road 

3 .  Visibility to the right 

4. Visibility to the left 

5 .  Visibility of overhead signs 

6. Visibility of roadside signs 

7. Visibility on right curves 

8.  Visibility on left curves 

9 .  Foreground illumination 

1 2 3 4 5 6 7 
Very Just Excel 1 ent 
Poor Acceptable 

LAMP 

4 

4.6 

4.7 

5.1 

5 .(I 

4 .O 

4 9 5  

4.8 

4.6 

5.1 

1 

4.4 

4 9 3 

4.6 

4.6 

4.2 

4.8 

4.8 

4 - 9  

5.4 

2 

4.4 

4.2 

4.9 

4.6 

4.0 

4 -5  

4 e 7 

4.2 

4.6 

3 

5.1 

4.9 

5.8 

4.7 

4 7 

5 6 

5.6 

4.8 

5 . 4  



TABLE 10 

MEAN RATINGS* FOR MOTORCYCLE HEADLAMPS ON LOW BEAM ON A DARK RURAL ROAD: 
TWELVE YOUNG SUBJECTS 

*Rating Scale: 

QUEST l ONS 

1. Overall 

2. Visibility down the road 

3. Visibility to the right 

4. Visibility to the left 

5. Visibility o f  signs 

6. Visibility on right curves ' 

7. Visibility on left curves 

8. Visibility on hills 

9. Beam distortion on sharp turns 

10. Foreground illumination 

1 2 3 4 5 6 7 
Very Just Excel lent 
Poor Acceptable 

LAMP 

1 

5 00 

4.6 

4 - 7  

4.8 

4.8 

5.2 

6.0 

4.8 

5.7 

5 00  

2 

4 3 

4.2 

5 0 0  

4 7 

4 05 

4.8 

4 . 3 

4.3 

4.5 

4 3 

3 

5.4 

5 9 3 

5.9 

5.2 

5.2 

5.4 

4.8 

5 . 3  

4.6 

5 e 8 

4 

4,6 

4.8 

5 7 

5.5 

4.6 

5 0 2 

5.1 

4.3 

4.5 

5.4 



TABLE 1 1  

MEAN RATINGS* FOR MOTORCYCLE HEADLAMPS ON LOW BEAM ON A LIGHTED 
URBAN STREET: TWELVE YOUNG SUBJECTS 

*Rating Scale: 

QUEST l ONS 

1. Overall - lighted areas 

2. Overall - unlighted areas 
3 .  Visibility to the right 

4. Visibility to the left 

5. Visibility of signs 

6. Visibility on right curves 

7. Visibility on left curves 

8. Visibility on hills 

9. Beam distortion on sharp turns 

10. Foreground illumination 

1 2 3 4 5 6 7 
Very Just Excel lent 
Poor Acceptable 

LAMP 

4 

5 6 

5.1 

5 4 

5 3 

4.6 

5 - 3  

5 2 

5 - 2  

4.3 

5 - 3  

1 

5 2 

5.3 

5 0 

5.0 

5.4 

5 4 

5 . 3  

4 9 

5.8 

4 - 9  

2 

5 2 

4.8 

5 3 

4.8 

4.8 

4.8 

4.6 

4.9 

4 7 

4.4 

3 

5.4 

5.5 

5.9 

5 3 

5.2 

5.5 

5.0 

5.5 

5 $ 0  

5 4 



TABLE 12 

MEAN RATINGS* FOR MOTORCYCLE HEADLAMPS ON H I G H  BEAM ON FREEWAY:  
TWELVE YOUNG SUBJECTS 

*Rat ing Scale: 

QUEST l ONS 

1 .  Overa l l  

2. V i s i b i l i t y  down the road 

3, V i s i b i l i t y  t o  the r i g h t  

4. V i s i b i l i t y  t o  the l e f t  

5 .  V i s i b i l i t y  o f  overhead s igns  

6. V i s i b i l i t y  o f  roadside s igns  

7. V i s i b i l i t y  on r i g h t  curves 

8 .  V i s i b i l i t y  on l e f t  curves 

9. Foreground i l l u m i n a t i o n  

1 2 3 4 5  6 7 
Very Jus t  Excel l e n t  
Poor Acceptable 

LAMP 

1 

6.0 

5 . 8  

5 - 8  

5 - 9  

6.6 

6 5 

5 . 9  

5 . 8  

5 . 8  

2 

5 . 5  

5 - 9  

5 . 8  

5  0 3 

5  n 9  

5 . 8  

5 . 9  

5  - 3 

5.0 

3 

5  95 

5 . 8  

6 . 2  

5  8 7 

6.2 

6.3 

5  0 9  

5.3 

5.7 

4 

5.9 

6 . 3  

6 . 5  

6.2 

6 0 5 

6 . 5  

6.0 

5 - 9  

6.1 



TABLE 13 

~ E A N  RATINGS* FOR MOTORCYCLE HEADLAMPS ON H I G H  BEAM ON A DARK 
RURAL ROAD:  TWELVE YOUNG SUBJECTS 

*Rat ing Scale: 

QUEST l ONS 

1 .  Overa l l  

2 .  V i s i b i l i t y  down the  road 

3. V i s i b i l i t y  t o  the r i g h t  

4. V i s i b i l i t y  t o  the  l e f t  

5.  V i s i b i l i t y  o f  s igns 

6.  V i s i ' b i l i t y  on r i g h t  curves 

7. V i s i b i l i t y  on l e f t  curves 

8.  V i s i b i l i t y  on h i l l s  

9. Beam d i s t o r t i o n  on sharp t u rns  

10. Foreground i l l u m i n a t i o n  

1 2 3 4 5 6 7 
Very Jus t  Excel l e n t  
Poor Acceptable 

LAMP 

4 

6 3 

6.2 

6 .3  

6.1 

6.3 

5.9 

5.9 

5.6 

5.1 

6.1 

3 

5.8 

5.9 

6.0 

545 

6.1 

6.0 

5 - 5  

6.0 

5.1 

5.6 

1 

6 3 

6.0 

6.0 

6 ,  0 

6.6 

6 3 

6.2 

6 .0 

5.8 

5 9 

2 

5.8 

5 9 

6.1 

5 7 

6.2 

6.1 

5 0 4 

5.4 

5 - 3  

5 2 



TABLE 14 

MEAN RATINGS* FOR MOTORCYCLE HEADLAMPS ON HIGH BEAM ON A LIGHTED 
URBAN STREET: TWELVE YOUNG SUBJECTS 

*Rat ing Scale: 

QUEST l ONS 

1 .  Overa l l  - l i g h t e d  areas 

2 .  Overa l l  - un l i gh ted  areas 

3. V i s i b i l i t y  t o  the r i g h t  

4. V i s i b i l i t y  t o  the l e f t  

5 .  V i s i b i l i t y  o f  s igns 

6 .  V i s i b i  1 i t y  on r i g h t  curves 

7 .  V i s i b i l i t y  on l e f t  curves 

8 .  V i s i b i l  i t y  on h i l l s  

9. Beam d i s t o r t i o n  on sharp t u rns  

10. Foreground i l l u m i n a t i o n  

1 2 
Very 
Poor 

3  4  5  6  7  
Just  Excel l e n t  

Acceptable 

LAMP 

1 

6 . 0  

6 . 5  

5 . 8  

5  8  

6  8 3 

6  * 3 

6 . 2  

6  . O  

6 . 0  

5  8  

2 

5 . 3  

5 . 8  

5 - 8  

5 . 5  

6.1 

5 . 8  

5  4  

5 8  

5 . 4  

5 .1  

3 

5 . 7  

6 . 0  

5 . 8  

5  9 3 

5 . 8  

5  e 5  

5 . 4  

5 . 8  

5  .(I 

5  7 

4 

5 . 8  

6 . 2  

6 . 2  

6 .1  

6 . 4  

6 , 2  

6.1 
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when n e g o t i a t i n g  h i l l s  and t r y i n g  t o  read s igns .  A number o f  r i d e r s  

noted t h a t  the  two asymmetrical u n i t s  (Lamps 2 and 3) were r e l a t i v e l y  

weak t o  the  l e f t  s ide  on low beam. Four sub jec ts  noted Lamp 2 had a 

dark area a sho r t  d is tance  i n  f r o n t  o f  the  b ike .  Two persons noted the 

center  depress ion on Lamp 1 ,  which they descr ibed as a "dark spot"  i n  

the  midd le  o f  the  lane. 

Discussion: The r e s u l t s  o f  t h i s  phase o f  the eva lua t i on  prov ided 

few s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences .  Indeed, the  o n l y  s i g n i f i c a n t  

d i f f e rences  invo lved lamps on the moped, where t he re  were r e l a t i v e l y  

l a rge  d isc repanc ies  i n  i n t e n s i t y .  

The m o t o r c y c l i s t s  appeared t o  l i k e  the  more powerful  h i gh  beam 

u n i t s  (Lamps 1 and 4) , which i s  t o  be expected. Some o f  them ob jec ted  

t o  the European- type 1 ow-beam conf i g u r a t  i on on Lamps 1 and 4. One o f  

the su rp r i ses  o f  t h i s  t e s t  was the  f a c t  t h a t  Lamp 1, which was se lected 

because o f  the  number o f  favorab le  mentions i t  rece ived  i n  the MSF 

survey, d i d  no t  rece ive  e s p e c i a l l y  h i gh  r a t i n g s  on low beam. As noted 

e a r l i e r ,  t h i s  was p a r t l y  due t o  two sub jec ts  who gave the u n i t  ve ry  low 

r a t i n g s .  But, even d i scoun t i ng  t h i s  b ias ,  the r a t i n g s  g i ven  Lamp 1 were 

about the  same as those f o r  Lamps 3 and 4 and on l y  s l i g h t l y  b e t t e r  than 

Lamp 2 .  (The d i f f e rences  a re  s t i l l  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t . )  

Th is  may have come about because a l l  f ou r  lamps a re  r e l a t i v e l y  power fu l ,  

compared t o  the  popu la t ion  o f  moto rcyc le  headlamps i n  general ,  and 

compared t o  what many o f  the sub jec ts  were used t o .  

Lamp 1 on low beam seemed t o  generate s t rong  op in ions ,  be ing 

bottom-rated by some sub jec ts  and top- ra ted  by o thers .  The beam p a t t e r n  

prov ided by t h i s  lamp i s  a  f a i r l y  r a d i c a l  depar ture from o ther  lamps, 

whether motorcyc le  o r  automotive. I t  most c l o s e l y  resembles the o l d -  

s t y l e  symmetrical European p a t t e r n .  Because i t  i s  so d i f f e r e n t ,  i t  may 

take some g e t t i n g  used to .  Th is  p o s s i b i l i t y  i s  supported by the  f a c t  

t h a t  the  two persons who gave Lamp 1 the  lowest r a t i n g s  had no prev ious 

exper ience w i t h  European sharp-cu to f f  t ype  lamps. 



Objective Evaluation of Motorcycle and Moped Headlamps 

Introduction: In this phase of the investigation, candidate low- 

beam headlighting systems were evaluated objectively, i.e, by measuring 

the visibility distance they provided. 

The intent was to measure visibility distances under conditions 

which were as realistic as possible, consistent with the need to 

maintain adequate controls so that a meaningful analysis could be 

conducted. To do this, the test was carried out on public roads, the 

"targets" were objects wh i ch would appear normal to that envi ronment, 

and the subjects were operating under instructions which alerted them to 

look for certain conditions but kept them uncertain as to what would 

occur and when. 

Objective headlighting evaluations have typically been carried out 

under rather artificial conditions (e.g., private roads, specific 

taggets, subjects with full knowledge of the test) . There are many 

advantages to collecting data that way, and although the resultant 

"visibility distances'' would be long, relative to what could be expected 

under normal operating conditions, it seems reasonable to assume that 

lamps which perform better under these conditions would also perform 

better in the real world. 

This assumption was called into question by the results of a recent 

study (Graf and Krebs, 1976) , that used an eye-f i xat ion cr i ter ion and 

unalerted drivers. Graf and Krebs' results suggested that detection 

distance in the real world is unrelated to beam intensity. No attempt 

has been made to replicate this study, but the results have been 

partially responsible for procedural and criterion modifications in at 

least two recent headlighting studies (i.e., Helander et al., 1979, who 

used vehicle control measures, and Halstead-Nussloch et al., 1979, who 

used realistic targets on public roads and "semi alerted" subjects). 

For the evaluation planned in this study, measures related to 

forward visibility seemed most appropriate, other concerns having been 

addressed in the subjective study. The procedure elected was based on 

that used by Halstead-Nussloch et al., with some modifications. 



The reason for using such a non-traditional procedure is to reduce, 

if not eliminate the possibility of a beam-by-task interaction, and to 

obtain more realistic estimates of real-world visibility distances. 

There are a number of problems with the method which combine to increase 

error variance, necessitating an increase in the number of subjects 

required to establish a given level of confidence. The time required 

for each data point collected is also considerably greater than for more 

traditional methods. Because of these considerations, this study was 

limited to straight, flat road, no-glare conditions. Hills and curves, 

as well as meeting situations involving disability glare were covered in 

the computer evaluations to be described later. 

Motorcycle Headlamps: 

Independent Variables: 

Headlamps: Because of the difficulties involved in data 

collection in this study, it was felt necessary to test no more than 

three lamps. These were: 

Lamp 1 was thesame as Lamp 1 in the subjective study. It w a s '  

selected because it represents a new and promising approach to headlamp 

design, and because such lamps are being widely used on newer 

motorcycles. Its photometrics are described in Figure 5. 

Lamp 2 was the same as Lamp 2 in the subjective study. It was 

selected because it is a popular type of motorcycle headlamp, and the 

fact that it was tested by Sturgis (1975) provides a 1 ink between the 

two studies. Its photometrics are described in Figure 7, 

Lamp 3 was a 178 mm (7-inch) round ,a1 1-glass sealed beam unit 

having a halogen source and designed to meet FMVSS 108 (U.S .) standards. 

Its photometric characteristics are described in Figure 18. It wi 1 1  be 

noted that it is similar to lamp 3 in the subjective study (Figure g), 

although somewhat lower in intensity, in the lower right quadrant, and 

higher in intensity in the upper left (glare) quadrant. 

Halogen automotive lamps of this type may prove popular with 

motorcyclists because they provide relatively high intensity with low 

power consumption (35 watts on both high and low beams) . 





The order  i n  which the  headlamps were used was v a r i e d  

s y s t e m a t i c a l l y  t o  ba lance o rder  e f f e c t s .  

Targets :  Three c lases o f  t a r g e t s  were used. These were: 

1 .  Parked ca r .  The parked c'ar was always t he  same v e h i c l e ,  a  1969 

Plymouth s t a t i o n  wagon. I t  was parked on t he  shoulder o f  the  road as 

shown i n  F i gu re  19. A l l  l i g h t s  were ex t i ngu i shed  w h i l e  t he  car was 

v i s i b l e  t o  the  sub jec t ,  and the  d r i v e r  ducked down so t he  v e h i c l e  

appeared unoccupied. 

The car  was de tec ted  by the sub jec t  based on t he  r e f l e c t o r s  b u i l t  

i n t o  t he  r ea r  lamp lenses on each s ide,  and t he  r e f l e c t o r i z e d  t reatment  

(beads-on-paint) used on t he  1 icense p l a t e  numerals and border .  I t  was 

much t he  e a s i e s t  o f  t he  t a r g e t s  f o r  t he  sub jec t s  t o  d e t e c t .  

2. Roadway d e b r i s .  The d e b r i s  cons i s t ed  o f  s labs  o f  foam rubber ,  

measuring about 15 cm (6 inches) t h i c k ,  20 cm (8 inches) wide and 90 cm 

(36 inches) long, l a i d  on the  road as shown i n  F i gu re  20. From sub jec t  

10 on ( t o t a l  o f  12 sub jec ts )  d e b r i s  was a l s o  in t roduced  on the  l e f t  s i d e  

o f  t he  b ike ,  as shown i n  F igure  21. The m a t e r i a l  was ye l l ow  i n  c o l o r .  

O r i g i n a l l y  i t  was in tended t o  use ac tua l  i tems o f  j unk  t h a t  m igh t  

t y p i c a l l y  be found on o r  near a  road. To t h i s  end, an o l d  m u f f l e r ,  t i r e  

t read,  and t r e e  branch were c o l l e c t e d .  A l l  were dark  i n  c o l o r  and about 

t he  same s i ze .  However, d u r i n g  t he  p i l o t  phase these proved so hard t o  

d e t e c t  t h a t  t he  exper imenters  became concerned t h a t  the  s u b j e c t  m igh t  

impact one o r  be s t a r t l e d  and make an evas ive maneuver which cou ld  

r e s u l t  i n  loss  o f  c o n t r o l .  The foam rubber d e b r i s  t a r g e t s  looked s o l i d  

from a  d is tance ,  b u t  were much more v i s i b l e  and thus l ess  l i k e l y  t o  

provoke a  severe evas ive  maneuver. Fu r t he r ,  they would cause no 

problems f o r  the s u b j e c t  i f  they were contacted.  

3 .  Pedest r ians.  Research a s s i s t a n t s  served as t h e  "pedes t r ian"  

t a r g e t s .  They were a t t i r e d  e n t i r e l y  i n  b l u e  denim o r  o ther  dark  

c l o t h i n g ,  a long w i t h  dark  shoes and socks. They stood s t a t i o n a r y  nex t  

t o  the  edge o f  t he  road, as shown i n  F i gu re  22, l e f t  shoulder toward the  

approaching b i ke ,  as though w a i t i n g  t o  c ross  t he  road. 



- 
Figure 19. Parked car target. 



Figure 20. Roadway debris on right. 



Figure 21. Roadway debris on l e f t .  



Figure 22. Dark pedestrian target. 



Two r e f l e c t i v i t y  l e v e l s  were employed. The "dark" pedes t r i an  was 

as descr ibed above and shown i n  F igure  2 2 .  A " l i g h t "  pedes t r ian  was 

created by wear ing a  h i p - l eng th  gray lab coa t ,  as shown i n  F i gu re  23. 

I n i t i a l l y ,  t he  i n t e n t  was t o  use dark pedes t r ians  on ly ,  and have 

them stand about one meter away from the  edge o f  the  road, However, 

these were responded t o  on l y  about h a l f  the  t ime  by the p i l o t  sub jec ts .  

To improve t he  response ra te ,  t he  pedes t r ians  were asked t o  move t o  the  

road edge. S ince the  response d is tances  were s t i l l  very  s h o r t ,  the  

" l i g h t "  pedes t r i an  was in t roduced as a  second l e v e l .  

A f t e r  n i ne  subjects ,  a  f u r t h e r  m o d i f i c a t i o n  was made. The "dark" 

pedes t r i an  was dropped e n t i r e l y  i n  favor  o f  i n t r oduc ing  a d d i t i o n a l  road' 

deb r i s  t o  t he  l e f t  o f  the  motorcyc le .  

To summarize, t he  f i r s t  n i n e  sub jec ts  encountered, tw i ce  w i t h  each 

headlamp, the  f o l l o w i n g  ta rge ts :  

Parked car  

Roadway d e b r i s  on r i g h t  

Dark pedes t r  i an 

L i g h t  pedes t r i an  

Subjects 10 through 21 encountered the  same ar ray ,  except roadway 

deb r i s  on t he  l e f t  was s u b s t i t u t e d  f o r  t he  dark  pedest r ian.  

The f o l l o w i n g  i s  a  summary o f  the  t a r g e t s  used and t he  number o f  

sub jec ts  exposed t o  each: 

Parked car  2  1 

Roadway d e b r i s  on r i g h t  21 

Roadway d e b r i s  on l e f t  12 

Dark pedes t r i an  9 

L i g h t  pedes t r i an  2 1 

Pest  Veh ic le  and Ins t rumenta t ion :  The same motorcyc le ,  

headlamp mounting and v o l t a g e  r e g u l a t i n g  equipment t h a t  was used i n  t he  

s u b j e c t i v e  s tudy was used here as w e l l .  



Figure ! 23. L i g h t  pedestrian target. 



To o b t a i n  the requ i red  data,  th ree  items o f  i n f o rma t i on  were 

necessary: 

1 .  D is tance t r ave led  by the b ike .  

2. An i n d i c a t i o n  o f  the s u b j e c t ' s  i d e n t i f i c a t i o n  p o i n t .  

3. A means o f  determin ing when the sub jec t  passed the  t a r g e t .  

D is tance was measured w i t h  t he  a i d  o f  a  magnetic sensor a t tached  t o  

t he  b i k e  frame. Th i s  was t r i g g e r e d  by two metal p l a t e s  a t tached 180' 

apar t  on the  wheel. A c lose-up p i c t u r e  o f  t h i s  arrangement i s  shown i n  

F igure  24, F igu re  25  i s  a  photograph o f  the  motorcyc le  w i t h  a l l  

equipment i n  p lace.  

The ou tpu t  o f  the wheel sensor was t r ansm i t t ed  t o  a p u r s u i t  v e h i c l e  

and recorded on a  d i g i t a l  counter .  The record ing  system was c a l i b r a t e d  

t o  read o u t  the  appropr ia te  d i s t ance  u n i t s  d i r e c t l y .  Th is  c a l i b r a t i o n  

was checked each evening. 

The sub jec t s  were i n s t r u c t e d  t o  press a  b u t t o n  loca ted  near t he  

l e f t  handgr i p  when they detected a  " p o t e n t i a l  hazard." Th is  marked the  

i d e n t i f i c a t i o n  p o i n t  and s t a r t e d  t he  counter i n  the p u r s u i t  v e h i c l e .  

The counter was pu t  i n  a  "hold" mode by an experimenter i n  the  p u r s u i t  

v e h i c l e  when t h e  motorcyc le  passed t h e  t a r g e t .  A f t e r  w r i t i n g  down the  

t o t a l ,  t he  exper imenter r e s e t  the coun te r .  

Subjects:  The sub jec ts  were exper i enced, 1 i censed 

m o t o r c y c l i s t s  who claimed t o  have had exper ience w i t h  b ikes  a t  l e a s t  as 

la rge  as t he  t e s t  motorcyc le .  They were r e c r u i t e d  by means o f  

advert isements i n  newspapers, f l i e r s  d i s t r i b u t e d  i n  va r ious  p laces 

around campus, and by pas t  sub jec t s  t e l l i n g  t h e i r  f r i e n d s  about the  

study. 

Dependent Var iab le :  The dependent v a r i a b l e  was the  d i s t ance  

measured from t h e  s u b j e c t ' s  b u t t o n  press u n t i l  he/she passed the  t a r g e t .  

I t  i s  common t o  r e f e r  t o  r e s u l t s  o f  head l i gh t i ng  s tud ies  such as 

t h i s  one as "de tec t i on  d is tances. ' '  T h i s  i s  no t  q u i t e  r i g h t ,  s i nce  t he  

na tu re  o f  the  sub jec t s '  task i s  such t h a t  they have gone through a  

process o f  de tec t i on - i den t i f i ca t i on -dec i s i on - response  t o  produce the  

data.  I n  the  most t y p i c a l  type o f  study, w i t h  simple, un i form t a r g e t s  



Figure 24. Wheel rotation sensor. 



Figure 25. Photograph of motorcycle equipped for  t e s t .  



and a  s t r a i g h t f o r w a r d  bu t ton-p ress ing  response, the  i d e n t i f i c a t i o n  and 

d e c i s i o n  s teps a re  minimized. Some s tud ies  have r e q u i r e d  t he  sub jec t  t o  

t e l l  something about the  t a r g e t  (e.g., whether i t  i s  o r i e n t e d  r i g h t  o r  

l e f t ) ,  which in t roduces a  f a i r l y  s imple i d e n t i f i c a t i o n - d e c i s i o n  process. 

I n  t h e  p resen t  s tudy the  dec is ion- response steps were elementary. 

However, t he  d e t e c t i o n - i d e n t i f i c a t i o n  process was q u i t e  complex and, 

except f o r  t he  a l e r t n e s s  o f  t he  sub jec t ,  approximated rea l -wo r l d  

c o n d i t i o n s ,  a t  l e a s t  i n i t i a l l y .  Dur ing  each s u b j e c t s '  p a r t i c i p a t i o n  he/ 

she p robab ly  came t o  r e a l i z e  t h a t  the  t a r g e t s  o f  i n t e r e s t  were drawn 

f rom a  l i m i t e d  popu la t i on  and d e l i b e r a t e l y  p laced i n  the  roadway 

environment by the exper imenter .  A cons iderab le  u n c e r t a i n t y  as t o  what 

t a r g e t  was nex t  and where i t  would occur was always p resen t .  

The da ta  r e s u l t i n g  from t h i s  s tudy w i l l  be r e f e r r e d  t o  as "response 

d is tances."  I t  i s  expected t h a t  these measures would be much sho r t e r  

than commonly repor ted  f o r  s i m i l a r  t a r g e t s  and t e s t  cond i t i ons ,  b u t  

s t i l l  longer  than would be expected i n  the  r e a l  wor ld .  

Procedure: The s tudy was r u n  on secondary roads n o r t h  o f  the  

c i t y  o f  Ann Arbor. A l l  were good q u a l i t y ,  two- lane aspha l t ,  se lec ted  

because they were dark and l i g h t l y  t r a v e l e d .  

F i gu re  26 i s  a  map o f  the  r o u t e ,  showing t a r g e t  p o s i t i o n s .  The 

s u b j e c t  s t a r t e d  a t  the  p o i n t  l abe led  " s t a r t "  and f o l l owed  the  pa th  

i n d i c a t e d  by arrows t o  the  p o i n t  l abe led  'lend." He/she then turned 

around and re t r aced  t he  r o u t e  back t o  t he  s t a r t  p o i n t .  T o t a l  d i s t ance  

was about 64 km (40 m i  l e t )  . The t e s t  was run  i n  s i x  sec t  ions,  t h ree  ou t  

and t h r e e  i n .  The headlamp was changed a f t e r  every second sec t i on .  A t  

t he  s t a r t  o f  each sec t ion ,  t he  s u b j e c t  was p rov ided  a  ve rba l  d e s c r i p t i o n  

o f  t he  nex t  p o r t i o n  o f  t h e  r ou te .  

Besides t he  t e s t  moto rcyc le  and sub jec t ,  t h ree  cars  and s i x  persons 

were r e q u i r e d  t o  run  t he  t e s t .  Two persons were i n  t he  p u r s u i t  car  

r e f e r r e d  t o  e a r l i e r .  One drove, t r y i n g  t o  ma in ta i n  a  spac ing o f  about 

30 meters (100 f e e t )  beh ind t he  motorcyc le .  T h e o t h e r  personwas  

respons ib l e  f o r  data c o l l e c t i o n ,  sub jec t  i n s t r u c t i o n ,  and general  

o p e r a t i o n  o f  t he  study. 



'igure 26. Map o f  motorcycle t e s t  route. 
Target code: P = dark pedestrian, PL = 1 ight pedestrian, 

C = car,  D = debris 



The p u r s u i t  car was equipped w i t h  European-type low-beam headlamps, 

which were d e l i b e r a t e l y  aimed about two degrees down. Thus, i t s  

headlamps prov ided n e i t h e r  ass is tance  i n  seeing nor s i g n i f i c a n t  g l a r e  

f o r  t he  sub jec t .  

One person was assigned t o  operate  each o f  the  o ther  two cars  i n  

the  s tudy .  The Plymouth s t a t i o n  wagon served as a  parked car t a r g e t  

once i n  each sec t i on .  I n  a d d i t i o n  i t  was used t o  d rop  o f f  and r e t r i e v e  

pedes t r i an  and d e b r i s  t a r g e t s .  

The o ther  c a r ' s  p r imary  f u n c t i o n  was t o  drop o f f  and r e t r i e v e  

pedes t r i an  and d e b r i s  t a r g e t s .  I n  a d d i t i o n ,  i t s  d r i v e r  served as a  

pedes t r i an  t a r g e t  or  p laced a  d e b r i s  t a r g e t  once each sec t ion .  A t  these 

t imes the  car was parked o u t  o f  the  s u b j e c t ' s  s i g h t .  

The o ther  two persons i n  t he  t e s t  served as pedes t r i an  t a r g e t s  or  

p laced deb r i s .  I n  the  l a t t e r  case they wa i ted  u n t i l  t he  moto rcyc le  was 

the  nex t  v e h i c l e  t o  pass, p laced the deb r i s  and moved o u t  o f  s i g h t ,  and 

then r e t r i e v e d  the  d e b r i s  as soon as the  p u r s u i t  v e h i c l e  passed. 

The course was arranged so t h a t  t he  f i r s t  and l a s t  t a r g e t  p o s i t i o n s  

i n  each s e c t i o n  conta ined a  ca r .  The car m igh t  appear as a  t a r g e t  o r  be 

hidden from the  s u b j e c t ' s  v iew.  As soon as the  moto rcyc le  and p u r s u i t  

car  passed, the  f i r s t  ca r  would move o f f ,  c o l l e c t  t he  two pedes t r ian /  

d e b r i s  t a r g e t s  and t r a n s p o r t  them t o  the  proper p o s i t i o n s  i n  the  nex t  

sec t i on .  The m o t o r c y c l i s t  stopped a t  t he  end o f  each s e c t i o n  f o r  

i n s t r u c t i o n s  on t he  nex t  sec t i on .  Th i s  pause a l lowed t he  nex t  t a r g e t s  

t o  be p laced.  

The sub jec t s  were scheduled f o r  a  p r a c t i c e  r i d e  on the  day o f  the  

t e s t .  They repor ted  t o  the  I n s t i t u t e ,  s igned the consent form, and were 

shown t h e  l o c a t i o n  and ope ra t i on  o f  the bas i c  c o n t r o l s  on the  b i k e .  

They then took a  s h o r t  (about one-hal f  hour) fami 1 i a r  i z a t i o n  r i d e .  They 

repo r t ed  t o  the  I n s t i t u t e  again  a t  the  assigned t ime t h a t  evening f o r  

t he  da ta  run. A t  t h a t  t ime  they were met by t he  exper imenter w i t h  the  

moto rcyc le  and p u r s u i t  c a r .  The o ther  two cars  and f ou r  persons were 

loca ted  o u t  o f  the  s u b j e c t ' s  s i g h t .  The sub jec t  then proceeded t o  the  

s t a r t  p o i n t ,  and the i n s t r u c t i o n s  were read w h i l e  t h e  f i r s t  t a r g e t s  were 

se t .  



The i n s t r u c t i o n s  (see Appendix C)  were intended t o  c rea te  an 

impression t h a t  the  concern o f  the study was w i t h  common roadway hazards 

such as potho les,  debr is ,  animals, parked cars,  and pedest r ians.  When 

the r i d e r  saw something o f  t h i s  type he/she was t o l d  t o  press a  b u t t o n  

located near the l e f t  handgrip. 

When a l l  quest ions had been answered the  experimenter descr ibed the 

f i r s t  sec t i on  o f  the  rou te  and the t e s t  began. 

Two-way rad ios  were used t o  ma in ta i n  contact  between the 

experimenter and a l l  o thers  invo lved  i n  the  study. Thus, the  

experimenter was advised when t a rge t s  were i n  p o s i t i o n  and he, i n  tu rn ,  

broadcast an announcement each t ime a  t a r g e t  was passed or a  key 

landmark was reached. 

A t  t he  end o f  the f i r s t  sec t i on  t he  motorcyc le  and p u r s u i t  car 

stopped. The nex t  sec t i on  of the  r o u t e  was descr ibed by the  

experimenter and any problems were discussed. A t  the same t ime the lamp 

and the s u b j e c t ' s  face s h i e l d  were cleaned. I n  the meantime the d r i v e r  

o f  the p u r s u i t  car monitored t he  r a d i o  t o  check f o r  t a r g e t  readiness. 

Most sub jec ts  produced r e l a t i v e l y  few f a l s e  alarms ( i .e. ,  

responding t o  cond i t ions  other  than those associated w i t h  the t es t )  . 
However, some sub jec ts  i n te rp re ted  the i n s t r u c t i o n s  ra the r  broadly ,  and 

responded t o  t h i ngs  such as bumps i n  the  road and oncoming t r a f f i c .  

When t h i s  happened, the problem was discussed w i t h  the sub jec t  a t  the  

end o f  the  f i r s t  sect ion.  The usual s o l u t i o n  was t o  t e l l  the  sub jec t  

tha t ,  f o r  purposes o f  t h i s  t e s t ,  "potent  i a1 hazards" d i d  n o t  i nc 1 ude 

c e r t a i n  cond i t i ons  t o  which he/she was responding. 

A g rea t  e f f o r t  was made t o  e s t a b l i s h  t a r g e t  p o s i t i o n s  which were as 

un i fo rm as poss ib le .  That i s ,  a l l  were s t r a i g h t - f l a t  road sect ions and 

the t a rge t s  and t h e i r  backgrounds were judged un i fo rm by the 

experimenter i n  the  p re - t es t  phase. 

However, working on p u b l i c  roads presented problems i n  r e l a t i v e  

t a r g e t  v i s i b i l i t y .  For example, where s t r a i g h t  and f l a t  sec t ions  were 

f a  i r l y  s h o r t  i e . ,  300 t o  600 meters) , as they tended t o  be i n  one 

sec t i on  o f  the  rou te ,  there  would t y p i c a l l y  be r e t r o r e f l e c t i v e  road 

signs i n  the  t a r g e t  background, which would no t  be the case i n  o ther  



sec t ions .  Th i s  " v i sua l  no ise"  cou ld  have had an e f f e c t  on t a r g e t  

d e t e c t i o n - i d e n t i f i c a t i o n .  One s e c t i o n  o f  road had v i r t u a l l y  no shoulder 

area, which made i t  d i f f i c u l t  t o  p o s i t i o n  the  parked car  t a r g e t .  

A t a b u l a t i o n  was made o f  response d is tances  a t  each t a r g e t  p o s i t i o n  

throughout t he  course. These a re  summarized i n  Table  15, C l e a r l y ,  

t he re  a re  d i f f e r e n c e s  i n  t he  response d is tances  f o r  the  same t a r g e t  a t  

d i f f e r e n t  p o s i t i o n s  throughout the  course. I n  genera l ,  the  f i r s t  t ime  a  

t a r g e t  appeared y i e l d e d  r e l a t i v e l y  s h o r t  response d is tances .  Th i s  was 

expected. However, t h i s  "adap ta t ion"  phenomenon as ide,  t he re  a re  s t i l l  

p o s i t i o n  d i f f e r e n c e s  t h a t  a re  q u i t e  l a r g e  i n  some cases. I n  t h e  case o f  

the  number 3 car  p o s i t i o n ,  i t  i s  f e l t  the  problem i s  assoc ia ted  w i t h  

shrubbery t h a t  p a r t i a l l y  obscured the  r i g h t - s i d e  r e f l e x  r e f l e c t o r .  I n  

o ther  cases t he  causes a re  less  c l e a r .  

TABLE 15 

RESPONSE DISTANCES F O R  THE SAME TARGET AT DIFFERENT 
POSITIONS IN THE TEST COURSE: MOTORCYCLE TEST 

Targe t  
Type 

Car 

Debr i s  
on R i g h t  

Debr i s  
on L e f t  

Dark 
Pedes tr i an 

L i g h t  
Pedes t r  i an 

Mean Response D i stances i n  Meters ( f ee t )  

P o s i t i o n  
1 

124 
(408) 

44 
(1 45) 

34 
(81 10) 

2 0  
(66) 

3 5 
(1 15) 

P o s i t i o n  
4  

140 
(458) 

6  8 
(233) 

58 
( 1  89) 

3 1 
( 1  02) 

5 7 
( 1 86) 

P o s i t i o n  
2  

199 
(654) 

4 6  
(1 52) 

5 7 
(188) 

2  9  
(94) 

47 
(1 55) 

P o s i t i o n  
5 

179 
(588) 

48 
( 1  56) 

34 
(1 11) 

9 
(28) 

7 4 
(243) 

P o s i t i o n  
3 

6  2  
(205) 

6 2  
(2 13) 

7 3 
(239) 

2 4 
(80) 

6  2  
(203) 

P o s i t i o n  
6 

197 
(647) 

44 
(143) 

4 4  
(143) 

2  7 
(87) 

6  0 
( 1  96) 



Hoped Headlamps: 

Independent Var iab les:  

Headlamps: Three headlamps were tes ted  i n  t h i s  s tudy.  They 

w i l l  be i d e n t i f i e d  as Lamp 4, 5 ,  and 6. They were the same as lamps 5, 
6, and 7 i n  the  sub jec t i ve  study, and t h e i r  low beam photometr ics  a re  

descr ibed i n  Figures 13, 15, and 17. The order  i n  which these lamps 

were presented t o  the subjects  was v a r i e d  sys tema t i ca l l y  t o  balance 

sequence e f f e c t s .  

Targets:  The o r i g i n a l  i n t e n t  was t o  use the same t a r g e t s  as 

the motorcyc le  study. However, i t  was no t  poss ib l e  t o  use the  parked 

car ,  because about three-quar ters  o f  the r o u t e  was curbed, and on-s t ree t  

park ing  was p r o h i b i t e d .  F i n a l l y ,  two c lasses o f  t a rge t s  were used, w i t h  

two l e v e l s  o f  each. 

1.  Roadway debr is .  The deb r i s  was the same as i n  the motorcyc le  

study i n  terms o f  composi t i o n  and placement ( t o  the r i d e r  I s  r i g h t  and 

l e f t ,  as shown i n  Figures 20 and 21).  

2. Pedes t r  i ans. A "dark" and " 1  i ght"  pedes t r  i an was used. The 

dark pedes t r i an  was the  same as t h a t  descr ibed i n  the  motorcyc le  study 

and shown i n  F igure  22. The l i g h t  pedes t r ian  wore a  whi te ,  knee- length 

lab  coa t  as shown i n  F igure 27,  r a the r  then the  h i p - l eng th  gray coa t  

used i n  the  motorcyc le  study. The pedest r ians stood a t  the edge o f  the  

pavement, nex t  t o  the curb. 

Tes t  v e h i c l e  and ins t rumenta t ion :  The same moped t h a t  was 

used i n  the  sub jec t i ve  study was used here as w e l l .  The ins t rumenta t ion  

package descr ibed i n  the motorcyc le  s e c t i o n  was adapted t o  t he  moped. 

F igure  28 shows the moped w i t h  ins t rumenta t ion  i n  place. 

The p u r s u i t  v e h i c l e  and general opera t ing  procedures were the  same 

as those used i n  the motorcyc le  study. 

Sub-jects: I t  proved d i f f i c u l t  t o  r e c r u i t  exper ienced moped 

r i d e r s  f o r  t h i s  study. The same techniques descr ibed e a r l i e r  f o r  

secur ing motorcyc le  sub jec ts  were used here, b u t  y i e l ded  o n l y  two 

persons who rode mopeds r e g u l a r l y ,  and t h ree  o thers  who claimed t o  have 

had some experience, The r e s t  o f  the  18 sub jec ts  were exper ienced w i t h  



Figure  27. L i g h t  pedes t r ian  t a r g e t  as used i n  Moped study. 



F i g u r e  28. P h o t o g r a p h  of moped e q u i p p e d  for test .  



e i t h e r  b i c y c l e s  or  small moto rcyc les .  A l l  were g iven  a  f a m i l i a r i z a t i o n  

r i d e  o f  15-30 minutes.  

Dependent Var iab le :  As i n  the  moto rcyc le  s tudy,  t h e  dependent 

v a r i a b l e  was t he  d i s t ance  measured from t h e  s u b j e c t ' s  b u t t o n  press u n t i l  

he/she passed t he  t a r g e t .  

Procedure: The r o u t e  f o r  t h i s  t e s t  covered sec t i ons  o f  f ou r  

s t r e e t s  on the  east  s i d e  o f  the  c i t y  o f  Ann Arbor, Except f o r  one 

s e c t i o n  about one-hal f  m i l e  i n  leng th ,  t he  r o u t e  lacked f i x e d  

i 1 l um ina t i on .  (No t a r g e t s  were p laced i n  t he  area w i t h  f i x e d  

i l l u m i n a t i o n . )  I t  was paved i n  aspha l t ,  was about h a l f  two- and h a l f  

fou r - lanes  wide, had a  56 km/hr (35 mph) speed l i m i t  and was r e l a t i v e l y  

l i g h t l y  t r ave led .  The r o u t e  was about 10 km ( s i x m i l e s )  long and was 

t r ave rsed  t h r e e  t imes by each sub jec t ,  once w i t h  each lamp. A map, 

showing v a r i o u s  t a r g e t  p o s i t i o n s ,  i s  p rov i ded  i n  F i gu re  29. 

Besides the  t e s t  moped and sub jec t ,  one car  and s i x  persons were 

r e q u i r e d  t o  r u n  t he  t e s t .  As i n  t he  moto rcyc le  t e s t ,  two persons were 

i n  t h e  p u r s u i t  ca r .  The i r  r o l e s  were t he  same as descr ibed  e a r l i e r  f o r  

t he  mo to r cyc l e  t e s t ,  except t he  d r i v e r  t r i e d  t o  m a i n t a i n  a  spacing o f  

about 15 meters (50 f e e t )  beh ind t he  moped. 

The course was d i v i d e d  i n t o  f ou r  sec t ions ,  A through D .  One 

exper imenta l  a s s i s t a n t  was assigned t o  ca re  f o r  t a r g e t s  i n  each sec t i on .  

Course sec t i ons  A ,  8 ,  and D each had f ou r  t a r g e t  p o s i t i o n s ,  and s e c t i o n  

C had f i v e .  These a re  i n d i c a t e d  i n  F i gu re  29 as A l ,  A2, e t c .  On t he  

outbound l e g  o f  t he  course t he  sub jec t  passed f ou r  t a r g e t s ,  one i n  each 

sec t i on .  He/she passed another f o u r ,  aga in  one i n  each sec t i on ,  on t he  

r e t u r n  l e g  o f  t he  course. Th i s  made a  t o t a l  o f  e i g h t  t a rge t s ,  two o f  

each of t he  types descr ibed  e a r l i e r ,  f o r  each lamp and each sub jec t .  On 

each subsequent r un  the same general  s t r a t e g y  was fo l lowed,  except t he  

t a r g e t  p o s i t i o n s  and t a r g e t s  used a t  each p o s i t i o n  were changed. No one 

t a r g e t  p o s i t i o n  was used more then tw ice ,  w i t h  each sub jec t ,  and never 

w i t h  t he  same t a r g e t .  

The general  procedure,  problems, e t c .  i n  t h i s  s tudy were v i r t u a l l y  

i d e n t i c a l  t o  those i n  the  moto rcyc le  s tudy,  except i t  was no t  necessary 



F igure  29. Map o f  moped course, showing t a r g e t  p o s i t i o n s .  



t o  t r a n s p o r t  the  t e s t  personnel  and t a r g e t s  f rom s i t e  t o  s i t e  because 

t he  d is tances  were so much s h o r t e r .  They s imply  walked. 

The i n s t r u c t i o n s  t o  t he  moped sub jec t s  a re  reproduced i n  

Appendix C .  

I n i t i a l  t a r g e t  p o s i t i o n s  were se lec ted  w i t h  care,  and many were 

subsequent ly mod i f i ed  d u r i n g  p i l o t  t e s t i n g  t o  achieve t he  g r e a t e s t  

u n i f o r m i t y  poss ib l e .  Tab le  16 shows t he  mean response d i s t ances  f o r  

each i n d i v i d u a l  t a r g e t  used i n  t he  s tudy.  I n  genera l ,  the  v a r i a b i l i t y  

appears less  than i n  t he  case o f  the  moto rcyc le  s tudy (see Tab1 e  15) . 
However, f o r  each o f  t he  f ou r  ca tegor ies ,  the mean response d i s t ance  f o r  

t he  most v i s i b l e  c o n d i t i o n  was about double t h a t  o f  t h e  l e a s t  v i s i b l e .  

As noted e a r l i e r ,  t he  reasons f o r  these d i f f e r e n c e s  a re  many and a re  no t  

always obvious. 

TABLE 16 

RESPONSE DISTANCES F O R  THE SAME TARGET AT DIFFERENT 
POSITIONS IN THE TEST COURSE: MOPED TEST 

Target  
Type 

Oar k 
Pedes t r  i an 

L i g h t  
Pedes t r i an 

Debr i s  
on R igh t  

Debr i s  
on L e f t  

Mean Response Dis tances i n  Meters ( fee t )  
. 
P o s i t i o n  

1 

2  4  
(78) 

4 5 
(1 49) 

2  5 
(8 1) 

2  3 
(74) 

P o s i t i o n  
4 

3 3 
(1 08) 

45 
(1 47) 

2 3 
(75) 

35 
(1 16) 

P o s i t i o n  
2  

2  7 
(90) 

4 0  
(131) 

3 0  
(99) 

2 2  
(72) 

P o s i t i o n  
3 

19 
(62) 

52 
(171) 

3 4 
(1 13) 

4  1 
(1 34) 

P o s i t i o n  
5 

3 4 
(1 10) 

30 
(99) 

4 2  
(1  38) 

46 
( 1 50) 

P o s i t i o n  
6  

28 
(93) 

4 2  
(1 38) 

34 
(1 12) 

2  7 
(90) 



Results - Motorcycle: Table 17 lists the mean response distances 

associated with the three lamps and five types of targets used in the 

test. The differences between lamps for any particular type of target 

are typically small. None of the between-lamp differences are 

significant (p > 0 .05)  , as determined by the Friedman test (Siegel, 

1956) . 

TABLE 17 

RESPONSE DISTANCES FOR VARIOUS HEAOLAMPS 
AND TARGETS IN MOTORCYCLE TEST 

Target 
TY pe 

Car 

Dark 
Pedes tr i an 

Light 
Pedestrian 

Debr i s 
on Right 

Debris 
on Left 

Mean Response Distance in Meters (feet) 

Lamp 1 

153 
(502) 

2 1 
(68) 

55 
(181) 

49 
(162) 

5 5 
( 1  82) 

Lamp 2 

144 
(472) 

25 
(82) 

55 
(179) 

54 
( 1  76) 

4 1 
( 1 35) 

Lamp 3 

150 
(493) 

2 3 
(74) 

59 
( 1  92) 

54 
(178) 

56 
( 1  85) 



Resu l ts  - Moped: Table  18 1 i s t s  the  mean response d i  stances 

assoc ia ted  w i t h  t he  t h ree  lamps and f ou r  types o f  t a r g e t  used i n  the 

t e s t .  The d i f f e r e n c e s  between lamps tend t o  be much l a r g e r  than i n  the 

case o f  t h e  moto rcyc le .  Indeed, t he  d i f f e r e n c e s  a re  s i g n i f i c a n t  

p < 0 . 0 1 )  f o r  a l l  t a r g e t s ,  based on t he  Friedman t e s t .  D i f f e rences  

between lamps 5 and 6  a re  s i g n i f i c a n t  (p < 0.02) f o r  t h e  l i g h t  

pedes t r i an  and debr i s-on-r i gh t  t a rge t s .  D i f f e rences  between 1 amps 4 and 

5 a re  s i g n i f i c a n t  (p < 0.02) o n l y  f o r  t he  d e b r i s - o n - l e f t  t a r g e t .  ( I n  

a l l  cases t he  Friedman t e s t  was used, which i s  an ANOVA by ranks. T h i s  

accounts f o r  the  apparent incons is tency  i n  which the  sma l le r  response 

d i  stance d  i f f e rences  between 1 amps 4 and 5 was s  i gni  f  i can t  [debr i s-on- 

l e f t  t a r g e t ] ,  and t he  l a r g e r  d i f f e r e n c e  [debr i s-on-r i g h t  t a r g e t ]  was 

no t  , I  

TABLE 18 

RESPONSE DISTANCES F O R  VARIOUS HEADLAMPS 
AND TARGETS IN MOPED STUDY 

A comparison o f  Tables 17 and 18 seems t o  i n d i c a t e  t h a t  the  

pedes t r i an  t a r g e t s  were seen as w e l l  o r  b e t t e r  w i t h  the  moped headlamps 

than w i t h  t he  moto rcyc le  headlamps. I t  w i l l  be r e c a l l e d  t h a t  the 

pedes t r i an  t a r g e t  i n  the  moped s tudy stood i n  the road, w h i l e  i n  the 

moto rcyc le  s tudy he/she stood on the  shoulder ,  nex t  t o  the road. Th i s  

Targe t  
TY pe 

Dark 
Pedes t r ian  

L i g h t  
Pedes t r ian  

Debr i s  
on R i g h t  

Debr i s  
on L e f t  

Mean Response Dis tances i n  Meters ( f ee t )  

Lamp 4 

3 1 
(101) 

55 
(181) 

4 2  
( 1  39) 

4 2  
(1 38) 

Lamp 5 

30 
( 1 00) 

4 5 
( 1  49) 

3 0  
(98) 

3 3 
(1 07) 

Lamp 6  

2  2  
(72) 

2  9  
(96) 

20 
(66) 

2  2  
(72) 



difference in position, combined with the fact that the streets on which 

the moped was operated were generally narrower than those on which the 

motorcycle was operated, resulted in the pedestrian being much closer to 

the path of the moped, hence easier .to see. 

Discussion: 

Motorcycle headlamps: The results of this study failed to 

find significant differences between the three lamps tested. Given that 

all three lamps were relatively powerful, this is not surprising. As 

will be noted in the next section, differences between the lamps for 

these targets are predicted to be fairly small, based on the computer 

analysis. 

The mean response distances to all targets except the dark 

pedestrian are adequate to permit safe stopping/maneuvering distance at 

almost all legal speeds. However, there was a great deal of 

variability, and response distances of less than 30 meters were 

occasionally noted for both debris and the light pedestrian targets. At 

higher speeds these distances are short enough to cause problems. 

The difficulties the subjects had with the dark pedestrian were a 

sobering indication of just how hard it is to detect and identify low- 

contrast objects with headlamps. Although the pedestrian stood only 

about 1.5-2 meters off the path of the motorcycle (two to three steps) 

the subjects failed to respond prior to passing about ten percent of the 

time. Even the mean response distances were about one-second of travel 

at 55 mph. 

Moped headlamps: The results of this study indicate that 

successful moped headlamps are possible at about 20 watts. Both of the 

more powerful lamps tested (Lamps 4 and 5) provided mean response 

distances to all targets which were more than adequate for a vehicle 

whose top operating speed is 25 to 30 mph. Some short distances (i.ea, 

10 meters or less) were recorded to a1 l targets, but these occurred less 

than ten percent of the time for the two better lamps, even with the 

dark pedestrian target. 

In short, it appears as though reasonable moped headlamps can be 

achieved with minor modifications to existing standards. 



Computer Seeina Dis tance Ana lys is  

The o b j e c t i v e  study descr ibed  i n  t h e  preceding s e c t i o n  was designed 

t o  p r o v i d e  es t imates  o f  response d is tances  t o  v a r i o u s  t a r g e t s  under 

r e a l i s t i c  r i d i n g  cond i t i ons .  

Because o f  the  d i f f i c u l t i e s  i nvo l ved  i n  c o l l e c t i n g  such data,  the  

range o f  c o n d i t i o n s  cons idered was very  l i m i t e d .  Of p a r t i c u l a r  concern 

i s  t h e  l ack  o f  da ta  on g l a r e  and d i f f e r e n t  road geometr ics.  Performance 

on curves i s  e s p e c i a l l y  impor tan t  because o f  t he  beam d i s t o r t i o n  

assoc ia ted  w i t h  bank angle.  

Est imates o f  beam performance under these cond i t i ons  was ob ta ined  

us i ng a  computer see i  ng-d i s tance model (Mort imer and Becker , 1973) . The 

model a l l ows  t he  f o l l o w i n g  parameters t o  be se t :  

Head 1 amps 

Beam c h a r a c t e r i s t i c s  
l n tens i t y  
Number 
Pos i t i o n  (he igh t ,  l a t e r a l  spacing) 
A i m  ( h o r i z o n t a l ,  v e r t i c a l ,  r o t a t i o n )  

Road 

F l a t - s t r a i g h t  
H i  1 I s  and curves 

Targe t  c h a r a c t e r i s t i c s  

P o s i t i o n  ( v e r t i c a l  and h o r i z o n t a l )  
R e f l e c t i v i t y  

D r i v e r  eye p o s i t i o n  

An "approaching" v e h i c l e  i s  i nc luded  i n  the  s imu la t i on .  The 

headlamps on t h i s  v e h i c l e  can be s p e c i f i e d  as f u l l y  as on the  p r imary  

v e h i c l e ,  and they need n o t  be the  same. The l a t e r a l  spac ing between t he  

t r a c k s  o f  the two v e h i c l e s  can be va r i ed ,  as can t he  l o n g i t u d i n a l  

sepa ra t i on  a t  t he  s t a r t  and end o f  the  s imu la ted  run. 

The model ou tpu ts  a  v a r i e t y  o f  data,  the  most impor tan t  o f  which 

f o r  purposes o f  t h i s  s tudy are:  

(1 )  Ta rge t  d e t e c t i o n  d i s t ances  a t  va r i ous  p o i n t s  d u r i n g  and a f t e r  

t h e  meet. 



(2) Maximum and mi n imum detection d i stances. 

The model was developed and validated based on closed-course seeing 

distance tests (see Mortimer and Olson, 1974a, 1974b). Thus, the 

predictions which it yields would be expected to be substantially 

greater than would be measured under the conditions of the field test 

described earlier. 

As a first step, the model was run to allow comparisons between 

actual and predicted distances for three targets (dark pedestrian, left 

and right debris) for each of the three motorcycle lamps (lamps 1, 2, 

and 3, asdescribed in Figures 5, 7, and 18, respectively). Car 

simulations are also included, to provide a frame of reference. The car 

was assumed to be equipped with two 6014 units as described in Figure 9. 

These data are summarized in Table 19. 

TABLE 19 

COMPAR l SON OF PRED 1 CTED A N D  MEASURED RESPONSE Dl STANCES (i n feet) 
FOR MOTORCYCLE HEADLAMPS 

* Ratio of predicted to measured. 

Three significant points should be noted from Table 19. First, the 

predicted response di stances are much longer (about double, on the 

average) than the measured response d i stances. Second, the car provides 

Target 

Dark 
Pedestrian 

Right 
Debr i s 

Left 
Debr i s 

Cond i t i on 

Predicted 
Measured 
P/Mh 

Predicted 
Measured 
P/M* 

Predicted 
Measured 
P/M* 

Car 

166 

365 

309 

Lamps 

1 

158 
68 

2 3 

328 
162 
2.0 

324 
182 
1.8 

2 

142 
82 
1.7 

328 
176 
1.9 

322 
135 
2.4 

3 

161 
7 4 

2.2 

348 
178 
2 .O 

339 
185 
1.8 



grea te r  v i s i b i l i t y  f o r  the  two r i g h t - s i d e  t a r g e t s ,  and s l i g h t l y  less  f o r  

t he  l e f t - s i d e  t a r g e t .  Th i r d ,  and most impor tant ,  t he  model seems t o  be 

do ing  an acceptab le  j o b  o f  s imu la t i ng  t he  va r i ous  lamps and t a r g e t s ,  as 

i nd i ca ted  by t he  f a c t  t h a t  t he  r a t i o  o f  p r e d i c t e d  t o  measured response 

d is tances  (P/M) va r y  on l y  from 1.7 t o  2.4. Th i s  suggests t h a t  t he  

r e s u l t s  o f  the  r e s t  o f  the  s imu la t i on  can be i n t e r p r e t e d  w i t h  some 

conf idence. 

Table 19 suggests t h a t  the  d i f f e r e n c e  between car and moto rcyc le  

h e a d l i g h t i n g  i s  sma l l ,  cons ider ing  t h a t  the  car  has two r e l a t i v e l y  

powerful  u n i t s .  One advantage the  moto rcyc le  does have i s  g rea te r  

mounting he igh t .  The road-sur face t o  headlamp-center d i s t ance  f o r  t he  

t e s t  moto rcyc le  was 39 inches, and t h a t  va l ue  was used i n  t h e  

s imu la t ions  as w e l l .  The car headlamp mount ing h e i g h t  was assumed t o  be 

24 inches. Had t he  car  headlamps been mounted a t  39 inches i t  would 

have improved response d  i stances by about lo%, t o  180, 40 1 , and 340 f e e t  

f o r  the pedes t r ian ,  r i g h t  and l e f t  deb r i s  t a r g e t s  r e s p e c t i v e l y .  

Federal Motor Veh ic le  Safety  Standard 108 permi t s  headlamp mount ing 

he igh ts  between 2 4  and 54 inches, measured from the  road sur face  t o  t he  

lamp cen te r .  Most ca rs  have tended toward the  minimum, and, as ca rs  

grow smal ler  i n  t he  f u t u r e  t h i s  t r end  w i l l  con t inue .  Thus the  24 inch  

he igh t  se l ec ted  f o r  t h i s  s tudy seemed reasonable.  

S t r a i q h t - F l a t :  F igures 30 through 3 3  show the  p red i c t ed  response 

d is tances  t o  each t a r g e t  f o r  each lamp through a  meet w i t h  a  ca r  

equipped w i t h  t h e  same lamps as the  car i n  Table  19 on a  s t r a i g h t - f l a t  

two- l ane road. The m i  n  i mum (max i mum d  i sab i 1 i t y  g  1 are) and max i mum (no- 

g la re )  response d is tances  a re  shown i n  t he  upper r igh t -hand  corner  o f  . 

each p l o t .  The maximum va lue  corresponds t o  t h e  "p red ic ted"  va lues  i n  

Table  19. 

An i nspec t i on  o f  F igures 30 through 32 revea l s  t h a t  Lamp 1 p rov ides  

b e t t e r  performance under maximum g l a r e  c o n d i t i o n s  f o r  a l l  t a rge t s ,  

desp i t e  t he  f a c t  t h a t  the  no-g lare response d is tances  assoc ia ted w i t h  i t  

a re  never more than second bes t .  These da ta  a re  summarized i n  Table  20. 

The r a t i o  o f  no -g la re  t o  maximum-glare response d i s t ance  f o r  Lamp 1 i s  

lowest o f  t he  t h r e e  lamps f o r  a l l  types o f  t a r g e t .  





DISTANCE (f t.) BETWEEN CARS: BEFORE - MEETING -AFTER 

Figure 30. (continued) Predicted response distances provided by Lamp 1 meeting a car on a two-lane, 
f l a t - s t ra igh t  road. Both vehicles on low beam. 
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DISTANCE (f t.) BETWEEN CARS: BEFORE - MEETING - AFTER 
Figure 31. (continued) Predicted response distances provided by Lamp 2 meeting a car on a two-lane, 

flat-straight road. Both vehicles on low beam. 



DISTANCE (f t.) BETWEEN CARS: BEFORE - MEETING - AFTER 

Figure 31. (continued) Predicted response distances provided by Lamp 2 meeting a c a r  on a two-lane, 
f l a t - s t r a i g h t  road. Both vehicles on low beam. 





DISTANCE (f t.) BETWEEN CARS: BEFORE - MEETING - AFTER 

Figure 32. (continued) Predicted response distances provided by Lamp 3 meeting a car on a two-lane, 
f l a t - s t r a i g h t  road. Both vehicles on low beam. 



DISTANCE (f t.) BETWEEN CARS: BEFORE - MEETING - AFTER 

Figure 32. (continued) Predicted response distances provided by Lamp 3 meeting a car on a two-lane, 
f l a t - s t r a i g h t  road. Both vehicles on low beam. 



DISTANCE (f t.) BETWEEN CARS: BEFORE -MEETING - AFTER 
Figure 33. Predicted response distances resulting from two identically equipped cars meeting on a 

two-lane, flat-straight road. Both vehicles on low beam. 



DISTANCE (f t.) B E M E E N  CARS: BEFORE - MEETING - AFTER 
Figure 33. (continued) Predicted distances resulting from two identically equipped cars meeting on a 

two-lane, flat-straight road. Both vehicles on low beam. 



DISTANCE (f t.) BETWEEN CARS: BEFORE -MEETING - AFTER 
Figure 33. (continued) Predicted distances resu l t ing  from two iden t ica l l y  equipped cars meeting on 

a two-lane, f l a t - s t r a i g h t  road. Both vehicles on low beam. 



TABLE 20 

COMPARISON OF SIMULATED RESPONSE DISTANCES IN FEET 
FOR A L L  THREE MOTORCYCLE HEADLAMPS UN D E R  CONDITIONS 

OF MAXIMUM GLARE AND NO GLARE 

Note: Glare provided by car on low beam using 6014 lamps, 
two-lane, flat-straight road, 

Target 

Dark 
Pedes tr i an 

Right 
Debr i s 

Left 
Debr i s 

Curves: Motorcycle headlamp beams are distorted on curves due to a 

combination of roll and steer angle. It was thought important to 

evaluate the relative performance of the three lamps under curve 

cond i ti ons . 
The headlamp model used in this study makes it possible to simulate 

motorcycle cornering characteristics because it permits independent 

control of horizontal aim (equivalent to steer angle) and rotation of 

the lamp (equivalent to roll angle). 

Cond i t i on 

No Glare 
Max Glare 
No/Max 

No Glare 
Max Glare 
No/Max 

No Glare 
Max Glare 
No/Max 

As a first step, calculations were made of roll and steer angles 

for curve radii from 100 to 900 feet, and speeds from 25 to 55 mph. Six 

representative conditions were selected for computer analysis. These 

are listed in Table 21. The major criterion in the selection of 

conditions was to be able to separately assess the effects of roll and 

steer angle. Additional analyses were made at 0' steer angle to 

evaluate the effect of a frame mounted headlamp. 

Lamps 

1 

158 
138 

1.14 

3.28 
28 1 
1.17 

324 
258 

' 1.26 

2 

142 
120 

1.18 

328 
266 
1.23 

322 
2 39 
1-35 

3 

161 
135 
1-19 

348 
277 
1.26 

339 
244 
1.39 



TABLE 21 

LISTING O F  CURVE CONDITIONS EVALUATED 

Note: R o l l  angles shown a re  approximate. Small adjustments have 
been made t o  a l l o w  exac t  comparisons i n  t h e  model ing phase. 

The n i n e  c o n d i t i o n s  l i s t e d  were eva luated f o r  r i g h t  and l e f t  

curves, a l l  t h ree  t a r g e t s  and a l  1 t h r e e  lamps, a  t o t a l  o f  162 runs. 

Curve Radius 
( f e e t )  

300 

300 

300 

500 

700 

900 

300 

300 

300 

These da ta  a re  summarized i n  Tables 22, 23, and 24. Each t a b l e  i s  

f o r  a d i f f e r e n t  t a r g e t  and shows the  maximum and minimum v i s i b i l i t y  

d i s tances  achieved by each lamp i n  a  meet w i t h  a  ca r  equipped w i t h  two 

6014 low beams (as descr ibed  i n  F i gu re  9). The f o l l o w i n g  comments a re  

based on these data.  

Speed 
(mph) 

25 

35 

45 

5 5 

5 5 

45 

45 

35 

2 5 

Moto rcyc le  Parameters 

The pedes t r i an  t a r g e t  (Table 22) i s  hard t o  see under the  bes t  o f  

c o n d i t i o n s ,  b u t  e s p e c i a l l y  so when i t  i s  on t he  i n s i d e  o f  t he  curve 

(e.g., on t h e  r i g h t  s i de  o f  a  r i gh t - hand  curve,  as i n  t h i s  case) .  

R o l l  Angle 

8"  

15" 

2  3 

23" 

15" . 

8" 

23" 

15" 

8" 

Steer Angle 

1 O 

1 O 

1 O 

0.6" 

0.4" 

0 .3"  

0" c o n t r i b u t i o n  t o  
s imu la te  frame- 
mounted headlarnp 



TABLE 22 

PERFORMANCE ON .CURVES: VISIBILITY DISTANCE 
(in feet) TO PEDESTRIAN TARGET 

Differences between lamps i n  revealing the pedestrian target were 

small i n  most cases. In general, Lamps 1 and 3 were better than Lamp 2, 
sometimes a great deal better, especially in marginal situations. On 

balance, Lamp 1 performed better than Lamp 3. This i s  attributable to 

the former's symmetrical design, which is intended to reduce roll angle 

effects. 

Steer 
Ang 1 e 

1 "  

0.6" 

0.4'76 

0.3" 

0" 

Curve 
Radius 

(f t) 

300 

300 

300 

500 

700 

900 

300 

300 

300 

Direction 
(Right or 
Left) 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

Speed 
(mph) 

25 

35 

45 

55 

55 

45 

45 

34 

25 

Roll 
Ang 1 e 

8" 

15" 

2 3 O 

23" 

15" 

8" 

23" 

15" 

8" 

Lamp 

Max 

0 6 7  
96 

0 3 1  
90 

87 

0 
106 

0 4 9  
120 

107 
133 

82 

7 
86 

60 
93 

Lamp 

Max 

65 
112 

1'23 
102 

92 

7 
1 1 1  

118 

131 
134 

88 

0'27 
99 

67 
1 1 1  

3 

Min 

0 
82 

0 
79 

78 

0 
94 

0 
105 

0 
112 

74 

o 
76 

0 
78 

1 

Min 

22 
103 

0 
94 

85 

0 
gg 

108 

68 
116 

84 

94 

0 
102 

Pedestrian 

Lamp 2 

Max 

30 
88 

5 
85 

1 ° 0 0 o o O o  
81 

5 
gg 

0 3 7  
116 

66 
127 

O O o o O O O o  
78 

0 5 0  
79 

21 
84 

Min 

79 

77 

77 

0 
92 

113 

0 
108 

71 

74 

0 
76 



TABLE 23 

PERFORMANCE ON CURVES: VISIBILITY DISTANCE 
( i n  f e e t )  TO Rl GHT DEER l S TARGET 

I n  examining Table 23 and 24, a d i f f e r e n t  p a t t e r n  i s  seen. F i r s t ,  

i t  should be noted t h a t  on a l l  b u t  the 900-foot r a d i u s  curve,  t he  

v i s i b i l i t y - d i s t a n c e s  a re  much sho r t e r  than  was the case on s t r a i g h t - f l a t  

sec t ions  (Table 20) .  I f  t he  c a l c u l a t e d  v i s i b i  1 i t y  d i s tances  shown a re  

reduced by h a l f ,  as suggested by Tab le  19, the  deb r i s  t a r g e t s  cou ld  pose 

a s i g n i f i c a n t  hazard f o r  ope ra t i on  a t  h igher  speeds. 

Curve 
Radius 

( f  t )  

300 

300 

300 

500 

700 

900 

300 

300 

300 

Speed 
(mph) 

25 

35 

45 

55 

55 

45 

45 

35 

25 

Steer  
Ang 1 e 

1 "  

1 "  

1 "  

0.6" 

0.4" 

0.3" 

0"  

0" 

0 "  

D i r e c t i o n  
(Ri gh t  o r  

L e f t )  

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

Roll 
Ang 1 e 

8" 

15" 

23" 

23" 

15" 

8" 

23" 

15" 

8" 

Lamp 
. 
Max 

170 
166 

140 
153 

124 
176 

147 
164 

220 
201 

278 
278 

123 
184 

145 
157 

185 
163 

Lamp 

Max 

199 
195 

162 
180 

192 
184 

248 
269 

235 
227 

264 
254 

163 
185 

184 
181 

195 
190 

1 

Min 

142 
158 

121 
140 

100 
163 

1 2 3  
148 

166 
190 

217 
251 

92 
1 7 1  

115 
139 

138 
153 

R igh t  Debr is  

3 

Min 

139 
158 

124 
150 

148 
172 

146 
170 

161 
180 

191 
204 

136 
174 

123 
152 

135 
154 

Lamp 

Max 

161 
162 

149 
151 

149 
153 

216 
159 

188 
203 

232 
231 

151 
154 

148 
153 

157 
155 

2 

Min 

121 
137 

105 
119 

98 
115 

110 
140 

141 
166 

171 
187 

95 
108 

101 
116 

117 
130 



TABLE 24 

PERFORMANCE ON CURVES: VISIBILITY DISTANCE 
( i n  f e e t )  TO LEFT DEBRIS TARGET 

I n  most cases f o r  the  d e b r i s  t a rge t s ,  Lamps 2 and 3 outper form 

Lamp 1 .  These d i f f e r e n c e s  a re  r e l a t i v e l y  l a rge  f o r  some cases, 

e s p e c i a l l y  a t  g rea te r  r o l l  angles.  What happened was the  center  d i p  i n  

the  Lamp 1 p a t t e r n  i n t e r a c t e d  w i t h  the  r o l l  and s teer  angle  e f f e c t s  so 

t h a t  the  p o s i t i o n  o f  the  d e b r i s  o f t e n  f e l l  near the center  o f  the  d i p .  

Thus Lamp 1 appears t o  be b e t t e r  f o r  ob jec t s  near t he  road edge and 

poorer f o r  ob jec t s  near t he  road cen te r .  

Curve 
Rad i us 

( f  t )  

300 

300 

300 

500 

700 

900 

300 

300 

300 

Speed 
(mph) 

25 

35 

45 

55 

55 

45 

45 

35 

25 

D i r e c t i o n  
(Right or  

L e f t )  

R 
L 

R 
L  

R 
L 

R 
L  

R 
L  

R 
L 

R 
L  

R 
L  

R 
L  

Roll 
Angle 

8"  

15" 

23" 

23" 

15" 

8"  

2 3 

15" 

8" 

Steer 
Angle 

1 "  

1 "  

1 "  

0.6" 

0.4" 

0.3" 

0"  

0"  

0"  

Lamp 1 Lamp 

Max 

199 
192 

196 
161 

183 
189 

244 
276 

239 
223 

272 
251 

192 
165 

190 
162 

195 
192 

Max 

171  
158 

144 
147 

133 
159 

159 
156 

227 
192 

285 
271 

123 
166 

144 
153 

188 
153 

3 

Min 

145 
154 

135 
148 

151 
179 

154 
179 

173 
172 

201 
196 

142 
157 

130 
148 

141 
150 

L e f t  Debr is  

Lamp 2 

Min 

149 
147 

132 
133 

114 
141 

138 
136 

178 
177 

226 
243 

109 
153 

125 
128 

144 
142 

Max 

165 
157 

149 
154 

163 
156 

181 
169 

201 
191 

244 
226 

162 
157 

145 
156 

161 
157 

Min 

130 
128 

117 
108 

106 
100 

130 
103 

157 
157 

184 
180 

100 
94 

1 1 1  
101 

123 
119 





equipped w i t h  two 6014 low beam u n i t s  (F igu re  9) . The t a r g e t s  a r e  t h e  

same as those  cons idered e a r l i e r .  However, t h e  t i g h t  and l e f t  d e b r i s  

t a r g e t s  have been moved l a t e r a l l y  t o  a p o i n t  two f e e t  ou tboard  o f  t h e  

r i g h t  and l e f t  headlamps r e s p e c t i v e l y .  

Tab le  26 i 1 l u s t r a t e s  max/min v i s i b i  1 i  t y  d i s t a n c e s  f o r  a s t r a i g h t -  

f l a t  meet. Lamps 2 and 3 p r o v i d e  l e s s  g l a r e  than  would be expected i n  

meet ing a c a r  on low beam, b u t  Lamp 1 p r o v i d e s  c o n s i d e r a b l y  more. 

TABLE 26 

Vl Sl B l  LlTY Dl STANCES IN FEET (Max/Mi n) FROM A CAR TO V A R l  OUS TARGETS 
WHILE MEETING A MOTORCYCLE ON A FLAT-STRAIGHT ROAD 

Tab les  27 ,  28, and 29 show per formance on cu rves  f o r  t h e  

pedes t r i an ,  r i g h t  and l e f t  d e b r i s  t a r g e t s  r e s p e c t i v e l y .  For r i g h t  c u r v e  

meets, t h e  d i f f e r e n c e s  between t h e  lamps a r e  m ino r .  However, f o r  l e f t  

curve meets, Lamp 1 p r o v i d e s  c o n s i d e r a b l y  more d i s a b i l i t y  g l a r e .  

F i n a l l y ,  T a b l e  30 p r o v i d e s  a compar ison o f  d i s a b i l i t y  g l a r e  f rom 

t h e  m o t o r c y c l e  headlamps on v e r t i c a l  curves.  The same p a t t e r n  i s  seen 

as b e f o r e ,  w i t h  Lamp 1 b e i n g  t h e  most g l a r i n g .  

Ta rge t  

Pedes t r  i an 

R i g h t  
Debr i s 

L e f t  
Debr i s 

Lamp 1 

166/114 

365/264 

310/175 

Lamp 2 

166/153 

365/336 

3 101255 

Lamp 3 

166/147 

365/326 

310/241 

Car 
vs .  
Car 

166/ 11a4 

36513 17 

310/213 



TABLE 27 

VISIBILITY DISTANCES I N  FEET FROM A C A R  TO A PEDESTRIAN TARGET 
WHILE MEETING VARIOUS MOTORCYCLE HEADLAMPS ON CURVES 

TABLE 28 

VISIBILITY DISTANCES IN FEET FROM A C A R  TO A RIGHT DEBRIS TARGET 
WHILE MEETING VARIOUS MOTORCYCLE HEADLAMPS ON CURVES 

Curve 
Radius 

( f t )  

100 

300 

300 

Steer  
A n g l e A n g l e .  

3" 

1 "  

1 "  

Speed 
(mph) 

25 

25 

35 

Curve 
Radius 

( f  t) 

300 

300 

Pedes t r ian  
D i r e c t i o n  
(R igh t  or. 

L e f t )  

R 
L 

R 
L 

R 
L 

Speed 
(mph) 

25 

35 

R o l l  

23" 

8 "  

15" 

Lamp 1 Lamp 3 

Max 

43 
75 

83 
93 

83 
93 

Lamp 2 

Max 

43 
75 

8 3  
93 

83 
93 

D i r e c t i o n  
(R i gh t  o r  

L e f t )  

R 
L 

R 
L 

Min 

0 
35 

44 
53 

48 
49 

Max 

43 
75 

83 
93 

83 
93 

Min 

0 
53 

37 
93 

35 
74 

Steer  
Angle.  

1 " 

1 0 

Rol 1 
Angle 

8"  

25" 

Min 

0 
55 

46 
85 

46 
78 

Pedes t r ian  

Lamp 1 

Max 

206 
230 

206 
230 

Min 

180 
121 

176 
115 

Lamp 2 

Max 

206 
230 

206 
230 

Lamp 3 

Min 

187 
203 

187 
168 

Max 

206 
230 

206 
230 

Min 

170 
191 

193 
146 



TABLE 29 

VISIBIL ITY DISTANCES IN FEET FROM A C A R  TO A LEFT D E B R I S  TARGET 
WHILE MEETING VARIOUS MOTORCYCLE HEADLAMPS ON CURVES 

TABLE 30 

Curve 
Rad i us 

( f  t )  

300 

300 

VISIBIL ITY DISTANCES IN FEET (Max/Min) FROM A CAR TO 
VARIOUS TARGETS WHILE MEETING A MOTORCYCLE 

ON CREST AND S A G  VERTICAL CURVES* 

Speed 
(mph) 

25 

35 

* Radius = 3,000 f e e t .  

Ta rge t  

P e d e s t r i a n  

R i g h t  
Debr i s 

L e f t  
Debr i s 

D i r e c t i o n  
(R i gh t o r  

L e f t )  

R 
L 

R 
L 

Cres t  
o r  

Sag 

Crest  

Sag 

Sag 

Sag 

Roll 
Angl e 

8" 

15" 

Lamp 1 

210/141 

89/65 

226/ 195 

213/180 

Steer  
Angle 

1 "  

l o  

Lamp 2 

210/160 

89/79 

226/2 13 

2 13/200 

P e d e s t r i a n  

Lamp 3 

210/162 

89/73 

226/207 

213/194 

Lamp T 
. 
Max 

236 
210 

236 
210 

Min 

113 
184 

104 
180 

Lamp 2 

Max 

236 
210 

236 
210 

Lamp 3 

Min  

204 
191 

168 
191 

Max 

236 
210 

236 
210 

Min 

195 
176 

142 
195 



Discussion: The results of the various investigations summarized 

in this section of the report indicate that there are headlamps 

available for motorcycles which provide seeing distances roughly 

equivalent to car lighting systems. This is due to a combination of 

greater mounting height on motorcycles (which has always been the case, 

but the difference is growing as cars shrink) and more powerful 

motorcycle headlamps, 

This is not to suggest that motorcycle low beams are adequate to 

reveal all relevant objects at a safe distance. As should be clear from 

the field study, they are not. But, this is a problem common to vehicle 

headlighting in general. At least the motorcyclist need not necessarily 

be at a disadvantage relative to the drivers of four-wheel vehicles. 

The most adequate headlamps are still used on the larger bikes. 

The main difference in recent years has been in the wider use of halogen 

sources and extending their use down to mid-size bikes (i.e., 

600-650 cc) . Smal l er motorcycles st i l l use l ess adequate head1 amps. 

It seems unnecessary that any motorcycle capable of 55 rnph should 

have headlighting less adequate than the largest bikes. Automotive 

sealed beams using halogen sources (such as Lamp 3 in this study) 

require no more power than the headlamp with which most small bikes are 

equipped. The extension of this technology to motorcycle use seems an 

obvious and desirable thing to do. 

Lamp 1 in this study represents a fairly radical departure from 

traditional motorcycle headlighting. It was designed to address certain 

concerns and needs of motorcyclists as described by Sturgis (1975) .  

Based on the data reported here, it is at least partially successful. 

One of the purposes of the design represented by Lamp 1 is to 

reduce the effects of beam distortion while cornering. For objects and 

conditions located near the lane edge and beyond it seems effective. 

Such a lamp would aid in seeing lane markers and detecting potentially 

troublesome conditions in the lane periphery while rounding curves 

either to the right or left. It seems less effective than conventional 

lamps for detecting lane-center conditions (e.g., chuck-holes), however. 

And, it is a good deal more glaring to oncoming drivers. 



The a d d i t i o n a l  g l a r e  assoc ia ted w i t h  Lamp 1 i s  a  troublesome issue. 

The we igh t ing  such a f a c t o r  should be g iven  i s  something about which 

cons iderab le  disagreement can be expected. The authors  o f  t h i s  r e p o r t  

a re  i n c l i n e d  t o  f e e l  t ha t ,  g i ven  t he  r e l a t i v e  in f requency o f  meetings 

w i t h  motorcycles,  t he  g l a r e  problem i s  minor so long as i t  r e s u l t s  f rom 

something which produces a b e n e f i t .  

The general  t h i n k i n g  i n  the  des ign o f  Lamp 1 appears sound. The 

center  depression i n  the u n i t  u t i l i z e d  i n  these s tud ies  may be 

excessive.  Reducing t h i s  c h a r a c t e r i s t i c ,  and p r o v i d i n g  more 

i l l u m i n a t i o n  near the  H a x i s  and the  center  o f  the  beam should a i d  i n  

reduc ing the  d e f i c i e n c i e s  noted. 



RECOMMENDATIONS 

As was noted earlier, there are a great number of motorcycle 

headlamps. It has been common practice for each manufacturer of 

motorcycles to use several different headlamps in the line, these lamps 

differing in size, power requirements, photometrics, and electrical 

connections. 

The problem this state of affairs causes motorcyclists in terms of 

expense and inconvenience, have already been mentioned. This is 

compounded by the fact that most motorcycle headlamps operate 

continuously, due to local laws or design of the electrical system, 

contributing to a relatively short life. 

The fact that motorcycle headlamps burn out more often than 

automobile headlamps, are expensive, and are relatively difficult to 

secure has safety implications. By day, headlamps are a proven 

conspicuity aid, reducing collisions significantly. By night, having 

both beams functioning properly is an obviously desirable condition. 

Reformulating the lighting standards to improve availability may reduce 

the number of motorcycles with defective headlamps and improve operator 

safety. The suggestions that follow are offered with this idea in mind. 

Motorcycles 

Size: The present variety of options serves no useful function. - 
I t  is strongly recommended that the necessary steps be taken to reduce 

the variability in motorcycle headlamps to an absolute minimum. 

There is some justification for allowing two sizes of motorcycle 

headlamp. Bikes designed for easy maneuverability (especially off-road 

use) will benefit from the reduced mass associated with a relatively 

small headlamp. Small motorcycles, regardless of their intended use, 

would probably look better with a small headlamp. However, in general, 

better photometrics can be achieved with a relatively large lamp. Thus, 

where it is dynamically and aesthetically permissible, a large lamp 

should be fitted. 

There are sound arguments for making the large lamp to conform to 

the PAR 56 (7 inch, 178mm) round or 142 x 200 mm rectangular sizes 

described in the automotive specifications. The reasons are: 



1 .  A substantial fraction of motorcycles in current manufacture 

and on the road are equipped with lamps in one of these two 

sizes. Lacking some compelling reason to do otherwise, there 

are clear advantages in continuing their use. 

2. Since the same reflector can be used for both motorcycle and 

automotive applications, manufacturing economies should be 

possible. 

3. An automotive lamp can be substituted. The results of this 

investigation suggest that automotive lamps will perform 

satisfactorily for most motorcycling conditions. Since there 

is no clearly superior option, there is no justification for 

proh i b i ti ng the i r use on motorcyc 1 es . As a further 

consideration, automotive lamps are widely available and can 

often be purchased from outlets that keep late hours. In 

addition, automotive lamps are available in both tungsten 

(typically at 5 0  watts on low and 60 watts on high beam) and 

halogen (typical 1 y 35 to 40 watts for each beam) , so power 

consumption of the unit being replaced can be matched. 

Arguments concerning the smaller size lamp are not as clear cut. 

On balance, i t seems desirable that they not conform to the PAR 46 (5.75 
inch, 146 mm) round or the 100 x 165 mm rectangular automotive 

speci f icat ions. The primary concern i s that the Type 2 (two-f i lament) 

lamps designed for four-headlamp systems on automobiles do not produce a 

satisfactory high beam. The so-called high beam on $uch lamps is 

primarily designed to provide fill light and prevent the unit from icing 

over in winter weather, rather than providing maximum seeing distance. 

As this is being written there is a petition before NHTSA to allow 

100 x 165 mm size lamps to be designed for and used in two-1 amp systems. 

If granted, this would result in a small rectangular lamp which is the 

photometric equivalent of the large round and rectangular lamps on both 

high and low beams. Such a lamp would be a useful emergency replacement 

for a rnotorcyele headlamp. Although there are no small rectangular 

lamps in use on motorcycles currently, it would be desirable that their 

use be permitted, if the small rectangular two-lamp system is legalized. 



Barring the above-mentioned eventuality, it is recommended that the 

small motorcycle headlamp be a size close to, but different from small 

automotive lamps. There are a few lamps being made now which are 

possibly an appropriate size (e.g., Stanley HM-29M-S at 135 mm, and the 

Koi to 4420x2 and 4020X at 140 mm) . However, there are no compel 1 i ng 

arguments to favor a particular size, 

Construction: The major problem in types of construction concerns 

the composite sealed beam. There are two principal issues: 

(a) Lamps incorporating metal reflectors have been troubled with 

corrosion problems in automotive applications. However, 

motorcycle headlamps, as noted earlier, are not typically 

subjected to nearly as harsh an environment as are automotive 

headlamps: Hence, the corrosion problem should not be 

significant. 

(b) The main problem with tungsten composite sealed beams may be 

loss of output attributable to blackening of the interior 

bulb. There are no data on motorcycle lamps specifically, but 

the problem is well known in other types of lighting 

equipment. 

Given headlamps which are often inferior to that provided 

automobiles, it seems undesirable to permit a technology which will 

cause the output to decline significantly as the bulb ages. 

One obvious solution is the use of halogen lamps. Indeed, if the 

upgraded photometrics recommended later in this report are adopted, 

halogen lamps are the only means by which they can be met in many cases 

without increasing power requirements significantly. 

It is recommended, however, that NHTSA include in their motorcycle 

headlighting standard a requirement that lamp output not change more 

than 20% over the 1 i fe of the unit. 

Replaceable-bulb headlamps are coming into more common use on 

motorcycles. As noted earl ier, they enjoy three major advantages 

compared to most motorcycle headlamps (relatively low replacement cost, 

ready availability, and the ease with which they can be carried as a 

spare) . The principle disadvantage to such lamps in automotive use, 



degradat ion o f  t h e  lens and r e f l e c t o r ,  should no t  be n e a r l y  as 

s i g n i f i c a n t  i n  motorcyc le  use. Thus, t he  rep laceable-bu lb  concept seems 

i d e a l l y  s u i t e d  t o  motorcycles.  

The p r i n c i p l e  disadvantage t o  rep laceable-bu lb  headlamps f o r  

motorcycles i s  t h a t  the  H - 4  bu l b  has r e l a t i v e l y  h igh  power consumption 

(55 and 60 wa t t s  on low and h i gh  beam r e s p e c t i v e l y ) .  Th i s  makes i t  

imprac t i ca l  f o r  use on smal ler  b i kes ,  un less t h e i r  e l e c t r i c a l  genera t ing  

c a p a b i l i t i e s  a re  upgraded app rop r i a t e l y .  

An obvious s o l u t i o n  t o  p r o v i d i n g  more adequate photometr ics  on 

smal ler  motorcyc les i s  the halogen sealed beam. The a v a i l a b i l i t y  o f  a  

proven technology, which can p rov i de  t he  des i r ed  i l l u m i n a t i o n  a t  wattage 

l e v e l s  w i t h i n  t he  c a p a b i l i t i e s  o f  even smal l  motorcyc les makes i t  

unnecessary t o  d i f f e r e n t i a t e  between motorcyc les based on engine s i z e  i n  

s e t t i n g  h e a d l i g k t i n g  standards. 

A drawback t o  halogen sealed beams i s  cost .  Compared t o  tungsten 

sealed-beams f o r  ca rs ,  halogen ve rs i ons  cos t  up t o  t en  t imes more. 

However, s ince  moto rcyc le  headlamps a re  r e l a t i v e l y  expensive anyway, t he  

cos t  d i f f e r e n c e  would no t  be as g rea t ,  and t he  performance d i f f e r e n c e  

would be s u b s t a n t i a l .  

Mountinq and E l e c t r i c a l  Connections: Mounting and e l e c t r i c a l  

connect ion recommendations a re  governed by the d e s i r a b i l i t y  o f  be ing  

compat ib le w i t h  automot ive lamps, a t  l e a s t  i n  t he  l a rge r  s i z e  lamp. 

There seems no reason t o  employ o the r  techniques i n  the  smal ler  lamp, 

s ince  i n t e r c h a n g e a b i l i t y  w i l l  be r u l e d  o u t  by s i z e  s tandard iza t ion .  

The push-on automot ive-type connector i s  ve ry  w ide l y  used i n  

motorcyc les today and i s  recommended as a  standard.  

Aiming: Current  FMVSS 108 standards c a l l  f o r  a i m i n g m o t o r c y c l e  

lamps on h i gh  beam. The reason i s  t h a t  the  h i gh  beam prov ides a  

r e l a t i v e l y  we l l - de f i ned  ho t  spot, and the  i n s t r u c t i o n s  (same h e i g h t  as 

the  lamp and s l i g h t l y  down) a re  e a s i l y  understood. Given t he  

c h a r a c t e r i s t i c s  o f  the  veh i c l e ,  i t  i s  probably  eas ier  f o r  a  m o t o r c y c l i s t  

t o  p rope r l y  aim t he  h igh  beam than i t  i s  the  low beam, whether moving o r  

s t a t i o n a r y .  Hence, i t  i s  recommended t h a t  a iming on h i gh  beam remain 

t he  standard. 



Means f o r  improving t he  a i m a b i l i t y  and maintenance o f  c o r r e c t  aim 

o f  moto rcyc le  headlamps was one o f  t h i s  p r o j e c t ' s  concerns. 

The problem i s  no t  s imple.  For example, t o  produce accurate  

h o r i z o n t a l  aim the b i k e  must be v e r t i c a l ,  i t s  l o n g i t u d i n a l  a x i s  a l i gned  

w i t h  t he  v e r t i c a l  aim re fe rence ,  and i t s  f r o n t  wheel s t r a i g h t  ( f o r  f o r k -  

mounted lamps) . Minor e r r o r s  i n  any o f  these, espec ia l  l y  t he  second 

two, can p roducemajo r  e r r o r s  i n  h o r i z o n t a l  aim. V e r t i c a l  aim i s  

a f f e c t e d  by r i d e r  we igh t  and can be d r a s t i c a l l y  a l t e r e d  i f  a  passenger 

i s  c a r r i e d .  

The authors  o f  t h i s  r e p o r t  have n o t  been ab le  t o  dev ise  a  s imple 

j i g  t h a t  would make accura te  a iming a d o - i t - y o u r s e l f  j ob .  C e r t a i n l y ,  on 

a  dea le r  bas is ,  a  j i g  can be dev ised and accurate  aim o f f e r e d  as a  

se r v i ce .  However, t h i s  would no t  so l ve  the  problem o f  moto rcyc le  

headlamp aim on a  systemat ic ,  n a t i o n a l  bas i s  and i t  does no t  r e a l l y  

address t he  problem o f  v e r t i c a l  aim var iance  r e s u l t i n g  f rom opera to r  and 

passenger load. 

I n  the  o p i n i o n  o f  t h e  authors ,  the f o l l o w i n g  s t r a t e g y  would be an 

e f f e c t i v e  means o f  m in im i z i ng  aim var iance :  

1 .  Factory  aim t h e  headlamps. Using p roduc t i on  j i g s ,  t he  lamps 

cou ld  be aimed w i t h  a  p r e c i s i o n  no t  o therw ise  poss ib l e .  

Ho r i zon ta l  aim would be re fe renced  t o  the  b ike ;  v e r t i c a l  aim t o  

g r a v i t y  w i t h  a  bubble- re ference v i s i b l e  t o  t h e  ope ra to r .  A 

l eve r  would be p rov ided  so the  opera to r  cou ld  cen te r  t he  bubble  

e a s i l y  (and by so do ing  a p p r o p r i a t e l y  a l t e r  v e r t i c a l  a im) .  

2 .  Remove the  use r -ad jus tab le  h o r i z o n t a l  aim c o n t r o l .  

Th i s  system would ensure good aim f o r  new motorcyc les,  and p rov i de  

a  s imple means f o r  p r o p e r l y  compensating f o r  the  major source o f  

v e r t i c a l  aim var iance .  Poss ib l e  problems are:  

a. Re l y i ng  on t h e  m o t o r c y c l i s t  t o  s e t  the  v e r t i c a l  aim opens t he  

system t o  abuse and the  consequences o f  carelessness. 

Th i s  i s  a  v a l i d  c r i t i c i s m .  However, i t  i s  d i f f i c u l t  t o  see how i t  

cou ld  be worse than t he  present  s i t u a t i o n .  S t u r g i s  noted t h a t  many 

b i k e r s  i n  h i s  survey d e l i b e r a t e l y  kep t  t he  b o l t s  on the  headlamp loose 



so they cou ld  a d j u s t  i t  f o r  load. Such an adjustment would no t  be very  

accurate,  bu t  i t  i s  probably b e t t e r  than i gno r i ng  load changes. 

Abuse tends t o  be s e l f - p o l i c i n g .  A r i d e r  who d e l i b e r a t e l y  aims 

h is /her  lamp h i gh  w i l l  f i n d  oncoming v e h i c l e s  f l a s h i n g  w i t h  annoying 

frequency. The b i k e r  who drops o f f  a passenger and then f o r g e t s  t o  

r ese t  the lamp w i l l  s u f f e r  a  s u b s t a n t i a l  l oss  o f  v i s i b i l i t y  which on l y  

he/she can de tec t .  However, we f e e l  t ha t ,  i n  time, m o t o r c y c l i s t s  w i l l  

adapt t o  t h i s  f ea tu re  and use i t  p rope r l y  as a r e a l  sa fe t y  a i d .  

b .  The aim w i l l  change when new lamps o r  bu lbs a re  i n s t a l l e d .  

Recent work on the  e f f e c t  o f  bu l b  replacement on u n i t  aim (Olson, 

1982) suggests t h a t  t h i s  need no t  be a  problem f o r  e i t h e r  H-4  o r  sealed 

beam u n i t s ,  so long as the same type o f  bu l b  i s  used as a  replacement. 

Assuredly t he re  would be an increase i n  aim var iance  as headlamps a re  

replaced, bu t  i t  would be small compared t o  t he  present  s i t u a t i o n .  

c. Wear or  m o d i f i c a t i o n  t o  the  b i k e  suspension w i l l  change aim. 

Not t r u e .  I f  the  re fe rence  i s  t o  t he  headlamp can i t s e l f  i t  i s  

a c t u a l l y  poss ib l e  f o r  the c y c l i s t  t o  compensate f o r  such changes t o  the 

b ike .  

d. Damage from acc idents  w i l l  a l t e r  aim and the c y c l i s t  w i l l  be 

unable t o  reaim. 

Th is  i s  a  problem which can be overcome i f  dea le rs  ma in ta i n  a  

c a p a b i l i t y  o f  r e s t o r i n g  re ference aim. I t  i s  u n l i k e l y  they cou ld  do as 

good a  j o b  as the f ac to r y ,  bu t  they should be ab le  t o  come reasonably 

c lose.  

e. The system w i l l  add cos t  and complex i ty  t o  motorcyc les.  

True. The system cos t  i s  no t  known a t  the  present  t ime, bu t  

est imates cou ld  be obta ined e a s i l y ,  i f  NHTSA i s  s u f f i c i e n t l y  i n t e res ted .  

However, i t must be admi t t e d  t h a t  benef i t s  ( i  .e., cos t  sav i  ngs due t o  

fewer acc idents)  cannot be est imated w i t h  any conf idence. 

Should a system such as t h a t  proposed be adopted, i t  i s  recommended 

t h a t  the  standards be a l t e r e d  t o  aim on low beam. The aim o f  the  low 

beam i s  c l e a r l y  more c r i t i c a l  than t h a t  o f  the  h igh  beam and i t  i s  

p r e f e r a b l e  t o  use i t  so long as i t  can be done accura te ly .  



Photometrics: 

Low Beam: Current specifications for motorcycle headlamps 

(see Table 1 )  distinguish between two classes of vehicle based on engi ne 

displacement, number of wheels, etc. In the opinion of the authors the 

primary factor which should govern headlamp output is speed capability. 

Thus, it is recommended that two classes be maintained, but their 

descriptions be altered, i.e., Class A for any bike having a design 

speed capabi 1 i ty of 35 mph (56 km/hr) or more, and Class B for any bi ke 

having a design speed capability less than 35 mph. 

Based on the results of this study the standards should be modified 

to achieve the following goals: 

(a) An increase in output to rule out less adequate headlamps. 

(b) A symmetrical beam pattern (i.e., equal illumination to both 

right and left). 

(c) Assured minimal ly adequate forward and peripheral 

i 1 lumination. 

It is also desirable that the standards allow use of automotive 

lamps in the 7 inch (178 mm) round or 142 x 200 mm sizes, and of either 

SAE or ECE beam pattern. 

A proposal to modify the motorcycle headlighting standards is 

currently before the Headlighting Task Force of the SAE. Its 

recommendations meet very well the goals outlined above. They are 

presented in Table 31 and are recommended to NHTSA as the basis for a 

revised FMVSS 108. 

Hiqh Beam: While the high beam is somewhat less of a problem, 

modification to the photometric specifications are seen as desirable to 

assure more adequate visibility down the road and to the periphery. 

A proposal to modify the high beam standards is also before the SAE 

Headlighting Task Force. This document has been reviewed by us and is 

felt to generally meet the desired goals. It is presented in Table 32 

with only two modifications. The H-V point has been increased from 

12,500 cd to 15,000 cd min, and the 1/2D-V point has been increased from 

20,000 cd to 25,000 cd min. These changes will cause no problems for 



TABLE 31 

CURRENT AND RECOMMENDED LOW B E A M  PHOTOMETRICS 
FOR CLASS A MOTORCYCLEh 

1 1/2U-1R t o  R 

1U-1L t o  L 

1U-1 1/2L t o  L 

1/2U-1 1/2L t o  b 

1/2U-1L t o  L 

1/2U-lR t o  3R 

1/2U-1R t o  3R 

1 / Z D - 1 R  t o  R 

1/ZD-lL t o  L 

1 1/2D-gR and gL 

2D-V 

2D-3R 

2D-3L 

2D-3R and 3L 

2 0 - 6 ~  and 6 L  

2D-12R and 12L 

30-6R and 6L 

4D-V 

P o s i t i o n ,  Degrees 

1,000 rnax 

500 rnax 

800 max 

2,000 max 

Current  cd 

15,000 max 

2,000 rnax 

Recommended cd 

3,000 min 

2,000 min 

750 min 

1,400 max 

700 rnax 

1 ,000 max 

2,700 rnax 

700 min 

7,000 min 

4,000 min 

1,500 min 

700 min 

800 rnin 

2,000 min 

* A motorcyc le  capable of speeds of 35 mph or  more. 

4D-4R 1 2,500 rnax 12,500 max 



TABLE. 32  

CURRENT AND RECOMMENDED HIGH B E A M  PHOTOMETRICS 
FOR CLASS A MOTORCYCLES& 

9: A motorcycle capable of  speeds of  35 mph or more. 

Pos i t i  on, Degrees 

2U-V 

1U-3L and 3R 

H-V 

1 /2D-V 

1/2D-3R and 3L 

1 / 2 ~ - 6 ~  and 6L 

l/zD-gR and 9L 

1/2D-12R and 12L 

1 D-V 

2D-V 

30-V 

3D-6R and 61 

30-9R and gL 

3D-12R and 12L 

4D-V  

Anywhere 

Current cd 

10,000 min 

20,000 min 

4,000 min 

1,000 min 

15,000 min 

5,000 min 

2,500 min 

:750 m i  n 

5,000 max 

Recommended cd 

1,000 min 

2,000 min 

15,000 min 

25,000 min 

10,000 min 

3,300 min 

1,500 min 

800 min 

17,500 min 

5,000 min 

2,500 min 

1,500 min 

300 min 

1,500 min 
5,000 max 

75,000 max 



any of the more adequate lamps on the market today and will aid in 

assuring minimally adequate performance levels. 

With the changes noted, the test points and associated candela 

values recommended in Table 32 are seen as desirable changes to FMVSS 

108, 

Mopeds 

It is clear that the situation with respect to mopeds is not nearly 

as critical as with motorcycles. Available evidence suggests that they 

are ridden infrequently at night (Anonymous-1980) . Thei r owners are 

mostly young, they are used mainly on city streets (which are often 

1 ighted) , and their headlamps are probably more important as a 

conspicuity aid than to reveal objects in the forward field. 

However, there is no assurance that what is presently true will 

always remain so. So long as it is legal and possible to operate the 

vehicles at night and on unlighted roads some persons will do so. In 

addition, the moped, which enjoys great popularity in other parts of the 

world, may develop to a similar level in the U.S., and become a very 

significant element in the traffic mix. Thus, there seems to be no way 

to argue that the lighting system should be other than adequate for the 

most demanding conditions in which the vehicle may be used. 

The difference is in the urgency associated with the following 

recommendations. In general it is felt that moped headlamps should 

provide reasonable levels of illumination, be readily available and 

inexpensive. This can only be achieved by working toward 

standardization. However, the future status of mopeds in the U.S. is 

somewhat uncertain. Thus, the Government may wish to attach lower 

priority to rule making in this area unless or until moped popularity 

improves . 
Size: A single moped lamp configuration is desirable. This should - 

be different from other standard motorcycle, automotive or special 

purpose lamps (e.g., the PAR 36, 4 , 5  inch, 114 mm) which might be 

inappropriately substituted. The two most effective lamps tested as 

part of this project were 128 mm in diameter, suggesting that adequate 

photometrics can be obtained with that size reflector. 



Construction. The more adequate moped headlamps are either all- 

glass or composite sealed beams. The same comments apply here as in the 

case of motorcycle lamps, in that the composite units have a potential 

problem of loss of output due to blackening of the interior bulb. It is 

therefore recommended that the standards include a provision that the 

unit output not change more than 20% over its 1 ife. 

Mounting and Electrical Connections: Mounting is an optional 

matter, except that true interchangeability is facilitated if no 

mounting hardware is permanently affixed to the lamp itself. Mounting 

can and should be accomplished by clamping to the rim, as is presently 

done in most motorcycle and all automotive lamps. 

No strong case can be made for any particular connector scheme. 

Screw-on or spade-type connectors would work equally well for single- 

beam lamps. Two-beam lamps allow the possibility of making the wrong 

connections. This should be guarded against either by using color-coded 

spade-type or, preferably, an auto-type push-on connector. 

Photometr i cs 

Low Beam: It is clear from the results of this study that 

moped lamps which exceed the current FMVSS 108 standards for class C and 

D motorcycles are practical ( e ,  within the electrical generating 

capabilities of current models) and desirable e . ,  they provide 

reasonable seeing distances). 

Further, it is the opinion of the authors that moped lamps, like 

motorcycle lamps, should be symmetrical. While the problem of high-g 

cornering is not so serious with mopeds, neither is the glare their 

lamps provide oncoming vehicles. On balance, a symmetrical pattern 

seems the best choice. 

The SAE Headlighting Task Force is also considering possible 

modifications to headlamps for mopeds. Their proposal has been reviewed 

by us and is felt to be satisfactory. It is reproduced in Table 33, and 

is recommended as a modification to FMVSS 108. 



TABLE 33 

CURRENT AND RECOMMENDED LOW B E A M  PHOTOMETRICS FOR 
CLASS B MOTORCY CLEfc 

2 ~ - 6 ~  and 61  

3D-6R and 6L 

40-V 

4D-4R 

2,700 max 

4,000 min 

1,500 min 

800 min 

2,000 min 

12,500 max 

Redefined f o r  purposes o f  t h i s  proposed standard as a 
motorcyc le  having a designed top  speed o f  l ess  than 35 mph 
(56 km/hr) . 



High Beam: Based on an a n a l y s i s  o f  a v a i l a b l e  lamps, i t  seems 

e n t i r e l y  f e a s i b l e  t o  upgrade the  h i g h  beam s p e c i f i c a t i o n s  cons iderab ly .  

Th is  aspect o f  t he  s tandard has a l s o  been addressed by the  S A E .  The i r  

recommendations a re  summarized i n  Tab le  34, and a re  suggested as 

r e v i s i o n s  t o  FMVSS 108. 

TABLE 34 

CURRENT AND RECOMMENDED H I G H  BEAM PHOTOMETRICS F O R  
CLASS B MOTORCYCLE)? 

Redef ined f o r  purposes o f  t h i s  proposed s tandard as a 
moto rcyc le  hav ing a designed t op  speed o f  l ess  than 35 mph 
(56 km/hr) . 

Recommended cd  

1,000 min 

5,000 min 

7,500 min 

3,000 min 

800 min 

5,000 min 

3,000 min 

1,000 min 

500 min 

7,500 max 

75,000 max 

P o s i t i o n ,  Degrees 

1U-3R and 3L 

H-V 

1/2D-V 

1/2D-3R and 3L 

1/2D-6R and 6L 

1 D - V  

2D-V 

30-V 

3D-6R and 6L 

4D-V 

Anywhere 

Current  cd 

2,000 min  

5,000 min 

3,000 min 

'750 min 

5,000 min 

3,000 min 

1,000 m i  n 

500 min 

5,000 max 



A bas i c  ques t i on  i s  whether mopeds should be requ i r ed  t o  have h i gh  

beams. On balance, we b e l i e v e  t he  answer should be "no," a t  t he  present  

t ime.  The r e s u l t s  o f  t he  f i e l d  eva lua t i on  suggest t h a t  good moped 

headlamps p r o v i d e  v i s i b i l i t y  on low beam which i s  adequate f o r  most 

r i d i n g  c o n d i t i o n s ,  g iven t he  speed c a p a b i l i t y  o f  t he  machine. When 

cons idered w i t h  the  apparent i n f r e q u e n t  use o f  t he  v e h i c l e s  a t  n i g h t  and 

on u n l i g h t e d  roads, the  added c o s t  o f  h i g h  beams i s  d i f f i c u l t  t o  

j u s t i f y .  I f  t he  use p a t t e r n s  o f  mopeds change g r e a t l y  i n  t he  f u t u r e ,  

t h i s  o p i n i o n  should be reviewed. 
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A P P E N D I X  A 

MOTORCYCLE H E A D L I G H T I N G  SURVEY Q U E S T I O N N A I R E  





COVER LETTER 

There i s  growing interest  now in improving motorcycle head1 ighti  ng . 
I t  i s  hoped that  future lamps will provide better illumination, be more 
readily obtained, easier to aim, etc.  

By and large, the persons who design headlamps are not motor- 
cycl is ts .  Thus, they require information about the special problems of 
motorcycle operation from experienced riders to guide them i n  making 
design decisions. 

The Motorcycle Safety Foundation i s  assisting i n  this  information- 
gathering e f fo r t  by sending the attached questionnaire to  selected 
persons having substantial experience and a demonstrated interest  in 
safety.  You are such a person. 

We be1 ieve the questionnaire will require no more then a ha1 f hour 
of your time to complete. I t  will be greatly appreciated by us i f  you 
would f i l l  i t  o u t  and return i t  t o  us in the enclosed envelope as soon 
as possible. 

Thank you very much. 



Th is  ques t i onna i r e  con ta ins  f i v e  quest ions designed t o  p rov i de  
background i n f o rma t i on  f o r  t h e  des ign o f  moto rcyc le  headlamps. Note 
t h a t  quest ions 1 and 3 r e q u i r e  a  s imp le  "yes"  o r  "no" response, by 
check ing t h e  app rop r i a t e  box. I f  you r  answer t o  e i t h e r  o r  bo th  i s  "yes," 
p lease w r i t e  o u t  y o u r  answer t o  ques t ions  2 and/or 4, as app rop r i a t e .  
Ques t i on  5 a l s o  requ i r es  a  w r i t t e n  response. Feel f r e e  t o  use e x t r a  
sheets o r  t h e  back o f  these sheets if more space i s  r equ i r ed .  

I t  would be he lp fu l  i f  you would p r o v i d e  t h e  personal  da ta  requested 

Thank you very  much. 

Age : Sex: M F 

Years o f  moto rcyc le  s t r e e t  r i d i  ng exper ience:  

Approximate number o f  s t r e e t  m i l es  r i d d e n  i n  1980: 

About what percen t  o f  these m i l e s  were r i d d e n  a t  n i g h t ?  

Have you ever  owned o r  had s u b s t a n t i a l  s t r e e t  r i d i n g  exper ience 
(more than  a thousand m i l e s )  on any o f  t h e  f o l l o w i n g ?  

Moped 

Motorcyc les : 

Less then 300 cc?  

300 cc t o  699 cc?  I I i i- 1 

700 cc o r  more? I I- d 

What make and model o f  moto rcyc le  do you now r i d e  most o f  t h e  t ime? ( I f  
you d i v i d e  you r  r i d i n g  among two o r  more motorcyc les , please 1 i s t  a1 1 
t h a t  you have r i d d e n  a t  l e a s t  500 m i l e s  d u r i n g  1980. ) 

Please go on t o  t he  ques t ions  on t h e  f o l l o w i n g  pages. 



1. Compare r i d i n g  a  motorcyc le  w i t h  d r i v i n g  a  c a r  a t  n i g h t .  Do you 

f e e l  t h a t  you r  v i s u a l  needs a re  d i f f e r e n t  i n  t h e  two cases? I n  

o the r  words, do you need i l l u m i n a t i o n  i n  d i f f e r e n t  places f o r  b e s t  

moto rcyc le  ope ra t i on  than f o r  bes t  c a r  ope ra t i on?  

2 .  I f  you answered "yes" t o  ques t ion  1, p lease descr ibe  b r i e f l y  i n  

t h e  space below t h e  p lace  o r  p laces you t h i n k  a  good motorcyc le  

headl i g h t i n g  system should i 11 uminate which may n o t  be adequate ly  

covered by automot ive headl i g h t s  . 



3. I n  your own experience, have you encountered any motorcycle 
headlamps that you thought were ei ther  very good or very poor? 

Yes 1-1 

4. If you answered "yes" t o  question 3,  please describe in the space 
below f i r s t ,  whether the headlamp or headlamps you are referring 
t o  were very good or very poor, and then what made them that way. 
If possible, describe the headlamp by manufacturer and model 
number. 



5 .  F i n a l l y ,  p lease desc r i be  i n  t h e  space below what you have found t o  

be t h e  main shortcomings ( i n  terms of i l l u m i n a t i o n )  of moto rcyc le  

headlamps w i t h  which you a re  f a m i l i a r .  





APPENDIX B 

SUBJECTIVE EVALUATION OF MOTORCYCLE HEADLAMPS FORMS 





SUBJECT #:  - 

HEADLAMP : 

ORDER #:  

DATE : 

Attached t o  t h i s  form i s  a  r a t i n g  sheet which you w i l l  use t o  

eva lua te  the  headlamps you w i l l  be us ing  t o n i g h t .  Rat ings w i l l  be 

made us ing  a  7 -po in t  sca le  as f o l l o w s :  

1  2 3 4 5 6 7 
Very J u s t  Excel 1  en t 
Poor Acceptable 

For each statement on t he  f o l l o w i n g  sheet e n t e r  t he  number which 

bes t  i n d i c a t e s  your  r a t i n g  of both h i g h  and low beams from t h i s  head- 

1  amp. 

Before s t a r t i n g  out ,  check the i tems on the  form t o  f i n d  ou t  what 

k i n d  o f  t h i ngs  you should be l o o k i n g  f o r  w h i l e  r i d i n g .  I f  you have 

any quest ions,  ask the  exper imenter before you s t a r t  ou t .  

Ra t ing  form f o r  mopeds. 



1 2 
Very 
Poor 

3 4 5 
J u s t  

Acceptable 

Ove ra l l  - u n l i g h t e d  areas 

Ove ra l l  - l i g h t e d  areas 

V i  s  i b i  1 i t y  down t he  road  

V i s i b i l i t y  t o  t h e  r i g h t  

V i s i b i l i t y  t o  the  l e f t  

V i s i b i l i t y  o f  s igns  

V i s i b i l i t y  on r i g h t  curves 

V i s i b i l i t y  on l e f t  curves 

V i s i b i l i t y  on h i l l s  

10. Foreground i 11 umina t i  on 

11. Beam d i s t o r t i o n  on sharp curves 

Low 
Beam 

6 7 
Excel 1 en t 

High 
Beam 

i - l  u 



SUBJECT 9: 

HEADLAMP : 

ORDER #: 

DATE : 

At tached t o  t h i s  f o r m  a r e  t h r e e  sheets,  one each f o r  t h e  freeway, 

dark  r u r a l ,  and urban p o r t i o n s  o f  t h e  r o u t e  you w i l l  be us ing .  

Ra t ings  o f  each headlamp w i  11 be made f o r  each p o r t i o n  o f  t h e  r o u t e  

u s i n g  a  7 - p o i n t  s c a l e  l i k e  t h e  f o l l o w i n g :  

1 2 3 4 5 6 7 
Very J u s t  Excel  l e n t  
Poor Acceptab le  

For each s ta tement  on t h e  f o l l o w i n g  sheets  e n t e r  t h e  number which 

b e s t  i n d i c a t e s  y o u r  r a t i n g  o f  bo th  h i g h  and low beams f rom t h i s  head- 

1  amp. 

Be fo re  s t a r t i n g  ou t ,  page through t h i s  f o r m  t o  f i n d  o u t  what k i n d  

o f  t h i n g s  you shou ld  be l o o k i n g  f o r  w h i l e  r i d i n g .  I f  you  have any 

ques t ions ,  ask t h e  exper imenter  b e f o r e  you  s t a r t  ou t .  

R a t i n g  form f o r  mo to rcyc les .  



FREEWAY 

Very 
Poor 

3 4 
J u s t  

Acceptab le  

1. Ove ra l l  

2. V i s i b i l i t y  down t h e  road  

3. V i s i b i l i t y  t o  t h e  r i g h t  

4. V i s i b i l i t y  t o  t he  l e f t  

5. V i s i b i l i t y  o f  overhead s igns  

6. V i s i b i l i t y  o f  roads ide  s igns  

7 .  V i s i b i l i t y  on r i g h t  curves 

8. V i s i b i l i t y  o f  l e f t  curves 

9. Foreground i 1  l u m i n a t i o n  

Low 
Beam 

7 
Excel  1 en t 

H igh  
Beam 

Comments : 



DARK RURAL 

1  
Very 
Poor 

3 4 5 
Just 

Acceptab le  

Overa 1 1  

V i s i b i l i t y  down t he  road  

V i s i b i l i t y  t o  the  r i g h t  

V i s i b i l i t y  t o  t h e  l e f t  

V i s i b i l i t y  o f  s igns 

V i s i b i l i t y  on r i g h t  curves 

V i s i b i l i t y  on l e f t  curves 

V i s i b i l i t y  on h i l l s  

Beam d i s t o r t i o n  on sharp t u r n s  

10. Foreground i l l u m i n a t i o n  

Low 
Beam 

6 7 
Exce 1 1 en t 

High  
Beam 

Comments : 



URBAN 

1  2 
Very 
Posr 

3 4 
J u s t  

Acceptable 

5 6 7 
Excel 1  e n t  

Low 
Beam 

High 
Beam 

1. Ove ra l l  - 1 i g h t e d  areas 1.A 

2. Ove ra l l  - u n l i g h t e d  areas l . l  

3. V i s i b i l i t y  t o  t he  r i g h t  1-i 

4. V i s i b i l i t y  t o  the l e f t  

5. V i s i b i l i t y  o f  s igns 

6. V i s i b i l i t y  on r i g h t  curves 

7. V i s i b i l i t y  on l e f t  curves 

8. V i s i b i l i t y  on h i l l s  

9. Beam d i s t o r t i o n  on sharp t u rns  

10. Foreground i 11 umi n a t i  on 



APPENDIX C 

FIELD EVALUATION OF MOTORCYCLE AND MOPED HEADLAMPS 

S U B J E C T  INSTRUCTIONS 





INSTRUCTIONS - MOTORCYCLE FIELD STUDY 

Th is  i s  a  s tudy o f  c e r t a i n  problems m o t o r c y c l i s t s  have i n  see ing and 

responding t o  p o t e n t i a l  hazards w h i l e  r i d i n g  a t  n i g h t .  By " p o t e n t i a l  hazards" 

I mean o b j e c t s  o r  c o n d i t i o n s  which a re  s u f f i c i e n t l y  near  t he  road so t h a t  some 

d r i f t i n g  f rom y o u r  normal t r a c k  on you r  p a r t  o r  some movement on t h e i r  p a r t  

cou ld  cause ser ious  t r o u b l e .  Examples a re  p o t  ho les ,  j unk  i n  t h e  road, 

animals,  pedes t r ians ,  and parked o r  c ross i ng  cars  which may p u l l  ou t  i n  f r o n t  

of you. 

I n  t h i s  e x p l o r a t o r y  s tudy we a re  t r y i n g  t o  f i n d  o u t  how r e a d i l y  motor- 

c y c l  i s t s  can see p o t e n t i a l  hazards under normal r i d i n g  cond i t i ons .  

A l l  you have t o  do i s  r i d e  t h i s  motorcyc le  over  a  s e r i e s  o f  roads which I w i l l  

desc r ibe  t o  you s h o r t l y .  T r y  t o  ma in ta i n  a  speed around 43 m i l e s  pe r  hour.  

Each t ime  you see an o b j e c t  o r  c o n d i t i o n  such as I have descr ibed  press t h e  

b u t t o n  l o c a t e d  under t h e  l e f t  handgr ip .  J u s t  press i t  once, f i r m l y ,  and re -  

lease.  T h a t ' s  a l l  you have t o  do u n t i l  some o t h e r  p o t e n t i a l  hazard appears. 

The r o u t e  we a re  us ing  i s  about 40 m i l e s  long ,  and we w i l l  r u n  i t  i n  

severa l  segments. A t  t he  s t a r t  o f  each segment I w i l l  desc r ibe  t h e  r o u t e  t o  

you. When you come t o  t h e  end, s t op  and we w i l l  t a l k  about t h e  nex t  s e c t i o n .  

Throughout t h e  t e s t  I w i l l  be f o l l o w i n g  about 100 f e e t  behind you i n  t h a t  

green s t a t i o n  wagon. 

Several  cau t ions  : 

F i r s t ,  you can acce le ra te  much f a s t e r  than  we can, so when you s t a r t  

o f f  t ake  i t  easy, so we can keep up. 

Second, we would l i k e  t o  s t a y  as i s o l a t e d  from o t h e r  t r a f f i c  as poss ib l e .  

So, when you t u r n  on to  another  road, make su re  t h e r e  a re  no veh i c l es  i n  s i g h t  

who w i l l  be go ing i n  t h e  same d i r e c t i o n  as we are.  If t h e r e  a re ,  a l l o w  them 

t o  g e t  we1 1  ahead of us be fo re  con t i nu i ng .  

Th i r d ,  if i t  becomes necessary f o r  us t o  s t op  a t  any p o i n t  a long t h e  

route,we w i l l  t r y  t o  g e t  you r  a t t e n t i o n  by f l a s h i n g  our  headlamps. If t h i s  

occurs,  you should  p u l l  over  t o  t h e  shoulder  and s top  as soon as i t  i s  

safe t o  do so. If t h e r e  i s  any ques t ion  as t o  whether a  t u r n  i s  r e q u i r e d  

a t  a p a r t i c u l a r  i n t e r s e c t i o n ,  you should  check ou r  t u r n  s i g n a l s .  



F i n a l l y ,  you shou ld  use t h e  low beam a t  a l l  t imes.  Please do n o t  

s w i t c h  t o  t h e  h i g h  beam. 

Once again,  when you see a  " p o t e n t i a l  hazard";  p o t  ho les ,  j u n k  on t h e  

road, animals,  pedes t r i ans ,  and parked o r  c r o s s i n g  cars ,  q u i c k l y  press t h e  

b u t t o n  l o c a t e d  under t h e  l e f t  handgr ip .  

Any ques t ions?  



INSTRUCTIONS - MOPED FIELD STUDY 

This i s  a study of certain problems riders of  mopeds have in 
seeing and responding t o  potential hazards while riding a t  night. By 
"potential hazards" I mean objects or conditions which are sufficiently 
near the road so that some drift ing from your normal track on your part 
or some movement on their  part could cause serious trouble. Examples 
are p o t  holes, j u n k  in the road, animals, pedestrians, and parked or 
crossing cars which may pull o u t  in front of you. 

I n  this  exploratory study we are trying to find o u t  how readily 
riders of mopeds can see potential hazards under normal riding condi- 
tions. All you have t o  do i s  ride this  moped over a series of roads 
which I will describe t o  you shortly. Try t o  run a t  or near maximum 
speed (20 or 25 mph) .  Each time you see an object or condition such as 
I have described press the button located above the l e f t  handgrip. 
Just press i t  once, firmly, and release. That's a1 1 you have t o  do 

until some other potential hazard appears. 
The route we are using is  about six miles long. I t  i s  s p l i t  into 

two segments and we will travel through the entire course several times. 
A t  the s t a r t  of each segment I will describe the route t o  you. When you 

come t o  the end, stop and we will tal k about the next section. Through- 
o u t  the t e s t  I will be f o l l o w i n g  about 100 feet  behind you in that green 
station wagon. 

Some cau t i ons : 

Firs t ,  we would l ike t o  stay as isolated from other t r a f f i c  as 
possible. So, when you turn o n t o  another road, try to make sure there 
are no vehicles in sight who will be going in the same direction as we 
are. I f  there are,  allow them t o  get well ahead of us before continuing. 

Second, i f  i t  becomes necessary for us t o  stop a t  any point a l o n g  

the route, we will t ry  t o  get your attention by flashing our headlamps. 
I f  this occurs, you should pull over to the shoulder and stop as soon as 
i t  i s  safe t o  do so. If there i s  any question as t o  whether a turn i s  
requi red a t  a parti cul a r  intersection , you shoul d check our turn signal s . 

Third, above a l l ,  be careful. We will be running on public s t reets  
and almost a l l  cars you see will not be part of our t e s t .  Treat them as - 
you would any cars,  that i s  with caution. 

Any quest i ons ? 




