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INTRODUCTION 

Since their first use by Maine in 1949, materials avail- 

able for increasing the retroreflectivity of vehicle registra- 

tion plates have been used by some 42 states, with indications 

that the remaining jurisdictions are considering use of plate 

reflectorization. Enthusiasm for reflectorized plates is based 

on the unanimous research findings of the perceptual superiority 

of such plates when compared with traditional enameled plates. 

The conclusion is unchalleneged that plate legend legibility 

under nighttime viewing conditions is greatly enhanced by the 

addition of any retroreflective material to plate legend or 

background. Daytime readability of plates is not, of course, 

affected by reflectivity increases. Typical of the several U.S. 

and European studies on the relative legibility of enameled versus 

reflectorized plates is that by Rumar (1). His field tests, 

created to resemble typical nighttime registration identification 

situations,showedplate reading distance increased by reflector- 

ization as follows: 

Legibility 
Target Car Improvement 

Rear plates, plate lights on 30% 

Rear plates, plate lights off 90% 

Front plates, low beams on 150% 

In each instance, the observers' car had its low beam headlights 

on. Those general trends in legibility improvement have been 

confirmed by several laboratory and field tests, for example, by 

Stoke and Simpson (2) in 1971. Without exception, those studies 

show plate reflectorization associated with legibility improve- 



ments important to efficient and safe vehicle identification 

by law enforcement personnel. 

Even greater improvements for plate visibility by reflec- 

torization have been shown in a variety of studies. Here the 

concern is with increase in the nighttime distance at which plate 

presence, and thus vehicle presence, can be detected; Such 

improvements in plate detection distance have been logically 

assumed to have great safety benefits. The Stoke and Simpson 

study cited above is typical of these visibility studies in which 

the detection distance of reflectorized versus non-reflectorized 

plates has been measured. Their results show, for example, that 

plates with white, reflectorized sheeting background and black 

legend could be detected with low beam headlamps at a distance 

four times greater than similar enameled plates. Improvements 

in the visibility of license plates attributable to reflectoriza- 

tion have been confirmed by numerous studies, for example by 

Anderson (3). His visibility studies had the added feature of 

measuring detection distances for plates with two common reflector- 

ization schemes--beaded legend only as currently used in Michigan, 

and background, or field, reflective sheeting. ~nderson's data 

showed the beaded-legend plates were visible about three times 

farther than the enameled plates, and the background reflectorized 

plate about twice as far as the beaded legends. A much more 

complete study of visibility, and legibility of plates, was re- 

ported by Wortman (4). Wortman's data generally show that plates 

with reflective sheeting can be detected at greater distances 

than plates with beaded legend. 

The general conclusion, then, is that reflectorization of 

any kind improves plate visibility. But does that necessarily 

mean that vehicle visibilty, and thus collision-avoidance 

potential, is improved? Several studies addressed that question 



of the relationship between reflectorized plates and nightime 

traffic crashes. In one of those studies ( 5 ) ,  some 60% of the 

residents of Polk County, Iowa, were issued reflectorized plates 

in 1959 while the remainder got enameled plates. The follow-up 

study showed that significantly fewer of the cars with reflectorized 

plates were involved as struck vehicles in nighttime, rear-end 

collisions. The conclusions of the study have been criticized be- 

cause the reflectorized plates were issued on a first-come, first- 

served basis. Thus, differences in accident experience could 

not be completely attributed to plate reflectorization differences. 

Those accident differences might have been due to differences in 

nighttime driving exposure patterns of early purchasers versus 

late purchasers. 

While suffering similar plate assignment problems, the more 

recent study reported by Campbell and Rouse (6) cautiously con- 

cludes that reflectorized plates did prove cost-beneficial in 

reducing nightime, rear-end crashes. Those findings were based 

on 1967 tags in North Carolina. In contrast, Stoke ( 7 )  reports 

the 1971 Virginia plate experience as showing no difference 

between reflectorized and non-reflectorized plate-bearing cars 

in accident involvement. The Virginia study is considerably 

more compelling, mainly due to the deliberate random assignment 

method used in issuing the special sample of reflectorized plates, 

and to the precise follow-up and accident data analysis procedures 

used, 

Resolution of the opposed findings of the North Carolina 

and the Virginia studies might lie in intrinsic differences 

in the effectiveness of vehicle retroreflectors in the vehicle 

populations involved in the two studies. While U. S. automobiles 

have been fitted with rear reflex reflectors since 1933, their 

performance has been improved over the years as noted by the 

revisions made to SAE Standard J594-Ref lex Ref lectors. For ex- 



ample, in 1967 (SAE J594d)  the class B photometric performance 

of reflex reflectors for passenger cars was dropped and the class 

A standard was recommended. 

Given these considerations, the Michigan Legislature in 

1972 directed study of the reflective efficiency of reflective 

materials available for license plate use versus reflectors 

manufactured into vehicles. That directive, as Section 43 of 

Act 255 of the Public Acts of 1972, was stated as follows: 

"Sec. 43. The secretary of state shall conduct 
tests of paints of different manufacturers to deter- 
mine reflectorability and compare such paints' reflec- 
tive values against the applicable federal standards 
for taillight and rearend automobile standards. The 
tests and resulting recommendations shall not be done 
in such a manner as to give preference to any partic- 
ular manufacturer." 

The report that follows documents the study completed to 

implement that directive. The specific objective of the study 

was to develop photometric evaluations of various combinations 

of paint, beads, and reflective sheeting materials that are 

available for use in the manufacture of vehicle license plates, 

with particular attention to the comparison of those materials 

in meeting the applicable portions of Federal Motor Vehicle 

Safety Standard No. 108 , which refers to various SAE standards 
for automobile rearlighting. 

The following sections detail the methods and results of the 

study. 



METHOD 

SELECTION OF MATERIALS FOR EVALUATION 

The testing was limited to materials suitable for multi- 

year use which can be manufactured in prison Industries. This 

precluded flammable reflectorized paint materials. 

With these constraints in mind the manufacturers of reflec- 

tive materials listed in Appendix A were contacted, Morgan 

Adhesive and Primo Safety Corporation were found to lack manu- 

facturing facilities for license plate materials. Flex-o-lite 

corporation was found to lack facilities for reflective sheeting 

manufacture; however, their beads were available from Prison 

Industry stock. American Decal and Manufacturing Co., 

Cataphote Corp. and Fasson products were developing reflective 

sheeting materials, but were unable to supply materials in time 

for our testing program. Cataphote Corpls. Alert paint and Minne- 

sota Mining and Manufacturing's Codit paint were deemed to be 

too flammable for use at Prison Industries1 license plate plant. 

Potters Bros., Inc. was only in a position to supply beads which 

were already available from Flex-o-lite. 3M was able to supply 

reflective sheeting for multi-year use in four colors. In addi- 

tion transparent and opaque inks were provided by 3M for use on 

the reflective sheeting and upon the painted plates that 3M color 

matched to their reflective sheeting at our request. Prison 

Industries license plate plant supplied opaque paints manufactured 

by Flint Ink Corp. from their stock. Specific product numbers 

for materials provided are listed in Appendix B. 

Color combinations for background and legend are practically 

limitless. A review of the colors available in reflectorized 



sheeting materials.was made and color combinations which could 

be prepared as reflectorized sheeting, beaded reflectorization, 

and no reflectorization were determined. Bearing in mind that 

it was impractical to reflectorize large areas with beading 

material due to variation in paint thickness and suspension of 

the beads, it was evident that beading should only be used on 

the legend. On the other hand, it was evident that reflective 

sheeting should only be used on the background as individual 

pieces of sheeting, used as a legend, would tend to lose adherence 

with the background at the numerous edges, It was obvious that to 

obtain the most efficient reflectorization, that portion to 

be reflectorized should be a light color and should have a high 

contrast with its surround. This means, of course, that one can 

have light beaded legends upon a dark background or one can use 

light reflective sheeting for background in combination with dark 

lettering. 

Table 1 indicates the color and reflectorization combinations 

which were made from the materials available and which would 

provide the appropriate color and reflectorization comparisons. 

These 47 license plate combinations were handmade at Prison 

Industries. The quality of hand production was good and the 

finished sheeting covered plates had a hardness rating of 3B.  

While a hardness rating of 1B would be desirable for production 

plates, it was concluded that it was unlikely that any problems 

of relevance to the objectives of this study would be encountered 

because of the relative softness of the License plates. 

THE LEGEND USED ON TEST PLATES 

All reflectorized sheeting license plates had the legend 

PZB-046 (1972) while those with painted backgrounds had the legend 

ZBP-064 (1973). These letters and numerals were chosen as being 

representative of an average license plate in terms of legend 

area and shoulder exposure. The legend comprised 2 6 %  of the 

total license plate area. 



TABLE 1. T y p e s  of L i c e n s e  Plates E v a ] - u a t e d ,  L i s t e d  by R a n k  N u m b e r . *  

i 
1 L E G E N D  

I I 

f T r a n s p a r e n t  1 O p a q u e  
B a c k g r o u n d  I 

I f I 

! 
R e d 1  B l u e ;  G r e e n ;  R e d  / B l u e  1 ~ r e e n i  B l a c k  / W h i t e  / Y e l l o w  

B e a d e d  

I R e d  / B l u e ,  G r e e n 1  B l a c k  W h i t e  1 Y e l l o w  

i R e f l e c t o r i z e d  
Sheeting I L I C E N S E  NUMBER P Z B - 0 4 6  ( 1 9 7 2 )  

1 

3M L i g h t  G r e e n  

D a r k  B l u e  
i 
! 

3M S i l v e r  I 1  3 2 

3 M Y e l l o w  I 8  9 
1 3 M  L i g h t  B l u e  : 

3M L i g h t  G r e e n  1 
4 

P a i n t  W i t h  ! 
N o  R e f l e c t o r -  1 

I 
D a r k  G r e e n  i I 

6 4 5 7 

1 5  1 2  1 0  1 4  

1 7  1 6  

13 11 

i z a t i o n  

D a r k  R e d  1 I I 

r 

L I C E N S E  NUMBER Z B P - 0 6 4  (1973 1 

3M S i l v e r  ! 3 4  3 6  3 7  
i 

3 M  Y e l l o w  ! 
i 

3M L i g h t  B l u e  ; 

* R a n k  n u m b e r s  are based on t h e  m e a n  r e f l ec t i v i t i e s  obtained by m e a s u r i n g  a p a i r  of p l a t e s  

w i t h  t h e  same ref lect ive  t r e a t m e n t  as s h o w n  i n  Table 2.  



MANUFACTURING PROCEDURES OF LICENSE PLATES 

The general process of manufacture of the license plates is 

shown in Figure 1. Currently, the license plate manufacturing 

process involves nine steps. These steps take metal roll stock 

with a pre-coated background and produce a finished beaded license 

plate. These steps were used in the manufacture of the beaded 

plates with a dark blue background in Table 1. 

Additional steps would have to be added for Michigan Indus- 

tries to produce license plates with a reflective sheeting back- 

ground. However, steps which are used only for beading could be 

deleted so that the process would involve 12 steps. Basically 

the modifications necessary to produce plates with sheeting 

involve installing hot water metal cleaning tanks, installing a 

squeeze roll sheeting applicator, rounding and polishing die 

edges, installing a clear coating tank, providing a drip dry area, 

and making adjustments to the exhaust fan and oven to assure 

adequate ventilation and heating. To produce the reflective 

sheeting plates in Table 1, 3M carried out the sheeting applica- 

tion at their facilities. The remaining steps were completed at 

Prison Industries. 

Galvanized metal roll stock was used to produce the remain- 

ing painted or beaded license plates in Table 1. ~dditional 

steps were used to paint the background and produce beaded legends. 

THE AUTOMOBILE RETROREFLECTORS 

In addition to the 47 license plate types manufactured, 

a number of automobile retroreflectors were obtained. A 

complete listing of the automobile retroreflectors which were 

evaluated is presented in Appendix C. These retroreflectors 

are shown in Figure 2. Most of these were integral to rear lens 

assemblies and included construction of the interspersed, strip, 

and solid types. The interspersed lens type has reflective 
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F i g u r e  2 .  The v e h i c l e  r e t r o r e f l e c t o r s  u sed  
i n  t h e  s t u d y .  



cubes alternating in all directions with transparent lens 

material (e.g., 1974 Ford Mustang 11). The strip type has rows 

of retroreflector alternating with rows of transparent lens 

material (e.g., 1974 Chevrolet Monte carlo). The solid type is 

composed of adjacent retroreflective cubes (e.g., 1974 American 

Motors Gremlin). 

DERIVATION OF THE PHOTOMETRIC TEST POINTS 

In order to evaluate the reflective properties of the 

various materials, SAE Standards J575e and J594e were reveiwed 

along with Federal Specification L-S-300A. SAE Standard J594e 

for vehicle reflex reflectors was deemed to be too limited in 

scope to be the sole criterion for the measurement technique for 

license plates. The 20 degree left and right entrance angles 

are somewhat limited, as SAE J774c specified 30 deg left and 

right for Type 1 emergency warning devices. 

Federal Specification L-S-300A, which is used by the U.S. 

government and many states for specifying retroreflective 

sheeting for signs and license plates, measures entrance angles 

up to 50 deg. Thus, both the SAE entrance angles (0°, 10' 

up, 10' down, 20' left, and right) and the Federal specification 

entrance angles (-4O, +30°, +50°) were used. As Figure 3 

shows, the physical setup used is identical to the SAE J594e 

procedure. Deviation from the SAE procedure was adoption of the 

Federal specification measurement technique which photometers 

the whole sample to determine the total light reflected. The 

SAE technique would have photometered only part of the area of 

each license plate. This procedure was unacceptable for this 

study because the legend was ordered in two different ways on 

the plate, although the same leters and numerals were used on all 

of them; and the criticality of aim the procedure would require, 

Also, only the observation angle was used, was common 





to both the SAE and Federal specification procedures and is the 

only angle required by the Federal specification procedures for 

the accelerated weathering and rainfall tests. In addition, 

the 0.2' observation angle and an entrance angle of O0 are 

requirements of the State of Michigan, Department of administra- 

tion, purchasing Division Specifications for Glass Beads for 

License Plate Legends, Mich. 5305-S1, Aug. 11, 1971, The L-S-300A 

angles were measured i11 a horizontal plane as the rear of a 

vehicle generally varies more in its horizontal than vertical 

attitude. Measurements were also taken at 10 degrees left and 

right. Thus, measurements taken at lo0 up, lo0 down, 0°, 4O, 

lo0, 20°, 30°, and 50' entrance angles, both left and right, 

would cover all necessary angles for both SAE and Federal 

specifications. As the SAE horizontal measurements are done 

with both a left and right orientation,the vehicle reflex 

reflectors were done in this manner. A pilot study involving 

one license plate of each background and legend combination 

revealed that the left/right and up/down variation in light re- 

flected was minimal (well below 5%). Therefore, the license 

plates were only measured in the up and right directions. This 

enabled HSRI to photometer two license plates of each color 

cambination. 

This was done after the three license plates of each color 

and material combination with the fewest irregularities and 

best color match were selected from those that were manufactured. 

The two most similar plates were used for photometry while the 

third was retained as a color standard, 

THE CORROSION TEST 

After photometry of the license plates and retroreflectors 

was completed they were sent to Chrysler Corporation for corro- 

sion testing as per SAE J575e. All materials were subjected to 



the salt spray (fog) test in accordance with the latest ASTM 

B117, Method of Salt Spray (Fog) Testing, for a period of 50 

hours, consisting of two periods of 24 hour exposure and one 

hour of drying time each. These materials were then returned 

to HSRI, rinsed thoroughly, and blotted dry. Post-corrosion 

photometry was then undertaken to determine whether the standard 

corrosion test had affected the reflectivity of any of the 

materials. In addition, a description of visible corrosion was 

prepared. 

VISUAL COMPARISON OF THE COLOR OF TEST MATERIALS AFTER CORROSION 

Subsequently, three drivers viewed the two license plates 

which had undergone corrosion testing and the third plate which 

was retained as a color standard. For the three plates of each 

combination, they decided whether there was a discernable color 

difference in legend and background. Where color differences 

existed a description of the difference was produced. 

APPARATUS 

A Spectra Pritchard Photometer, Model 1970-PR, which is 

shown in Figure 4, and a Regulated Brightness Source, Code 

BSR-100, were used to obtain photometric measurements. These 

instruments were calibrated May 20, 1973. 

The photometer had a lo aperture which measured a 21.0 

inch diameter circle at 100 ft. The license plate was centered 

and completely enclosed within this area. A photograph of a 

reflectorized license plate taken under laboratory conditions 

is shown in Figure 5. Figure 6 shows the goniometer, which 

enabledup/down measurements of 0-15' and left/right measure- 

ments of 0-90'. The goniometer was used to pivot a black 

license plate holder which is shown in Figure 7 on a black cloth 

background. The surrounding area behind the goniometer was 

painted black. An optical system consisting of a headlamp 

spot aimer and a mirror was used to set particular 



F i g u r e  4 .  The photometer ,  lamp pro-  
v i d i n g  s o u r c e  o f  i l l u m i n a -  
t i o n  w i t h  b a f f l e  p l a t e  
having  2 "  d ia .  opening ,  
and r e g u l a t e d  power supply .  



F i g u r e  5 ,  View of r e f l e c t o r i z e d  l i c e n s e  plate 
a t  1 0 0  f e e t  from s o u r c e ,  showing 
l i g h t  b a f f l e s  used  t o  r educe  s t r a y  
l i g h t .  



Figure  6 .  The goniometer used f o r  
s e t t i n g  t h e  e n t r a n c e  a n g l e s  
and suppor t ing  t h e  l i c e n s e  
p l a t e s  and r e t r o r e f l e c t o r s .  



F i g u r e  7 .  A l i c e n s e  p l a t e  i n  t h e  s u p p o r t -  
i n g  h o l d e r .  



angles after the optical system was calibrated to the goniometer 

turret. 

A GE 4435 spotlamp with a nominal voltage of 12.8 volts 

was used as a light source after its colbr temperature was 

calibrated with the Spectra Pritchard Photometer. The spotlamp 

was controlled by a regulated power supply which was monitored 

by a digital voltmeter. This light source was found to radiate 

at 2860°K at its nominal voltage. 

PROCEDURE 

INITIAL PHOTOMETRY, The goniometer optical alignment 

system was checked daily via a vertical level and the calibrated 

goniometer turret, The photometer and light source were warmed 

up for at least 18 minutes before the brightness calibration 

was made. The brightness calibration of the photometer was 

made by setting the sensitivity to produce a meter reading 

equivalent to the calibrated output of the regulated brightness 

source, The sensitivity was recorded and the photometer was 

refocused while the aim was also checked. A measurement was 

then taken at O0 vertical and O0 horizontal of a white card- 

board test plate which closely approximated the area of a 

license plate. A desired level of illumination was obtained 

by calibrating the light source to 2860°K and adjusting the 

lamp aim to achieve maximum illumination. To maintain a constant 

illumination, minor adjustments were made from the nominal 12.8 

volts until the desired illumination was obtained. The white 

test plate was then used as the first sample of the day by 

recording the light reflected at entrance angles of right 5 0 ° ,  

right 30°, right 20°, right lo0, right 4O, O0 and lo0 up. The 

entrance angle is the angle made at the reflector by a line 

from the reflector to the source of illumination and a line 

normal to the reflector (Figure 3). The entrance angle was 



designated left, right, up, and down in accordance with the 

position of the source of illumination with respect to the axis 

of the reflex reflector as viewed from behind the reflector. 

These definitions are in accordance with SAE.standard - SAE 
J594e. When these measurements had been taken, the photometer 

zero and sensitivity were checked while the next license plate 

was installed. This procedure was repeated until all license 

plates had been measured, with all same-color pairs measured 

successively. Various colors of a particular type of background 

and legend combination were photometered before the next back- 

ground and legend combination was photometered. For the vehicle 

reflex reflectors the corresponding left and down entrance 

angles were measured instead of a duplicate reflector. At the 

end of each day the reflectance of the white test plate was 

again measured as a check on the consistency of the procedure. 

PHOTOMETRY AFTER CORROSION TEST. The photometry process was 

repeated after the 47 pairs of license plates and 9 retroreflec- 

tors were returned from corrosion testing at Chrysler Corporation. 

VISUAL APPRAISAL OF PLATES AFTER CORROSION TEST. After 

undergoing the standard corrosion test, the condition of the 

license plates and retroreflectors was visually evaluated and 

a description produced. In addition, three drivers were present- 

ed with the two corroded license plates and non-corroded color 

standard plate. Their task involved the following instructions: 

"If you can detect an appreciable color difference for a triad 

of similar license plates,record the code number and describe the 

differences. If you feel that there is no appreciable color 

difference, circle the code number of those license plates." 



RESULTS AND DISCUSSION 

I N I T I A L  PHOTOMETRY OF LICENSE PLATES ANDsREFLEX REFLECTORS 

The r e s u l t s  o f  t h e  i n i t i a l  photometry o f  t h e  l i c e n s e  

p l a t e s  b e f o r e  t h e y  were exposed t o  t h e  c o r r o s i o n  t e s t ,  a r e  

p r e s e n t e d  i n  Table  2 .  Each r e f l e c t i v i t y  v a l u e  i s  a  mean 

( ave rage )  measure o f  t h e  a b i l i t y  o f  a  p a i r  o f  s i m i l a r  p l a t e s  

t o  e f f i c i e n t l y  r e f l e c t  l i g h t .  These d a t a  a r e  o r d e r e d  by de- 

c r e a s i n g  r e f l e c t i v e  e f f i c i e n c y  measured a t  4' r i g h t .  These 

v a l u e s  should  be  c o n s i d e r e d  r e a s o n a b l e  maximum values1  w h i l e  
2 t h e  v a l u e s  a t  O 0  should  be cons ide red  a b s o l u t e  maximum v a l u e s  . 

This  i s  because  a t  O 0  r e f l e c t i v e  g l a r e  can  occur  from any smooth 

f l a t  s u r f a c e .  Th i s  g l a r e  i s  p r i m a r i l y  a  f u n c t i o n  o f  t h e  smoothness 

of  t h e  s u r f a c e  and n o t  a  measure o f  r e f l e c t i v e  e f f i c i e n c y .  

For t h i s  r e a s o n  t h e  O 0  v a l u e  should  be cons ide red  an a b s o l u t e  

maximum. T h i s  s p e c i a l  c a s e  can o c c u r  o n l y  when t h e  o b s e r v e r  

happens t o  be l o c a t e d  n e a r l y  p e r f e c t l y  p e r p e n d i c u l a r  t o  t h e  

s u r f a c e  o f  t h e  l i c e n s e  p l a t e .  

A s  can  be seen  i n  Table  2 t h e  range  o f  maximum r e f l e c t i v i t i e s  

i s  ex t r eme ly  l a r g e .  The most r e f l e c t i v e  l i c e n s e  p l a t e  (No. 1) 

r e t u r n s  250 times a s  much l i g h t  ( a t  4 O  r i g h t )  a s  t h e  l e a s t  

r e f l e c t i v e  (No. 4 7 ) .  P l a t e  number 2 2  r e p r e s e n t s  t h e  p l a t e  

used i n  Michigan i n  1974, c o n s i s t i n g  o f  w h i t e  beads on a  d a r k  

b l u e  background. While it r e t u r n s  2 1  times a s  much l i g h t  ( a t  

4 '  r i g h t )  a s  t h e  opaque ye l low legend on d a r k  b l u e  p l a t e  (No. 4 7 ) ,  

' ~ e r e a f t e r  r e f e r r e d  t o  a s  "maximum" r e f l e c t i v i t y  v a l u e s .  

2 ~ e r e a f t e r  r e f e r r e d  t o  a s  " a b s o l u t e  maximum" r e f l e c t i v i t y  

v a l u e s .  



TABLE 2. Mean* R e f l e c t i v i t y  (Cande la s /~oo t -Cand le )  of L icense  
P l a t e s  a t  Var ious  En t r ance  Angles ,  Before  S a l t  Spray 
(Cont.  ) 

Entrance  Angle 

P l a t e  
Rank 
Number** Group*** O 0  4 O R  -- l O 0 R  20°R 30°R 50°R 10°UP 



TABLE 2 .  Mean* Ref lec t iv i ty  (Candlas/Foot-Candle) of License 
P la tes  a t  Various Entrance Angles, Before S a l t  Spray 
(Concl. ) . 

Entrance Ang1.e 
q _ l _ - -  

Pla te  
Rank 
Numbcrk* Group * * " f O  4'11 1 0 ° R  2 0 ° R  3 0 ' 1 ~  50°R 10°UP  - -  -I_ __C_ _I_ - -- CII - 

*The Mcan of a pair of iden t i ca l  ljcerlse plcjtcs was c a l c u i a t e d .  

**Rr\nk n u ~ b c r s  were b;lscd on t h e  r anks  of  t h e  mean luminances a t  

thc 4 O  r i g h t  ciitriincc! angle  t o  a s s l ~ r c  t h a t  the o f f c ~ t  of ( j l i l ~ ~  was 

I .  1:!1(.';:0 t i c  r a n k i n g s  cxi:;tcil t l ~ c  p l n t c  type  w i t h  thf! 

h i  qhcir mc'in L!:~r~i~rc~iicc (it O C  was rankccl  h i g h c s t .  

"*"C:roupr; : ~ c . ~ i  iarmcd of  a11 1j.r.enr;o p l .a tcs  ! l l !v i~ lq  sir:lilar mean 

r t i f l . c c t i v i t p  irt 4' rj.5111~ (cil trance an!;.l.e) . 



it only returns one twelfth (1/12) as much light as the red 

transparent legend on silver sheeting plate (No. 1). To make 

comparisons easier the broad range of reflectivites were split 

into groups based upon general clustering of reflectivites at 
4'  right. Table 3 presents these groups and the license plate 

types and maximum reflectivity values included within each 

group. 

TABLE 3. Group Numbers Associated With License Plate Types 
and Maximum Reflectivity Values. 

By reference to Table 1 it can be seen that this grouping 

of the data categorizes together plates of the same legend and 

background construction, regardless of color. 

It is reasonable to group the plates by their general type 

of construction because the inter-group differences are much 

greater than the within-group differences. This means that 

Group License 
Number 1 Plate Type 

Maximum Reflectivity (4 right) 
(Candelas/Foot-Candle) 



w i t h i n  group 2 ,  f o r  example, whether t h e  legend i s  opaque r e d ,  

b l u e t g r e e n ,  o r  b lack  i s  of  l i t t l e  consequence a s  a l l  of t h e s e  

legends  on a 3M s i l v e r  s h e e t i n g  background have n e a r l y  i d e n t i c a l  

r e f l e c t i v i t y .  Even more dramat ic  i s  t h e  f a c t  t h a t  among group 

4 A  whether t h e  legend i s  opaque r e d ,  b l u e ,  green,  b lack  o r  

whi te  i s  of  l i t t l e  importance. I n  t h e s e  c a s e s  one i s  d e a l i n g  

wi th  a  h i g h l y  r e f l e c t i v e  background and t h e r e f o r e  t h e  much l e s s  

r e f l e c t i v e  legend i s  of  l i t t l e  importance. This  e f f e c t  may 

appear  r eve rsed  i n  c a s e s  where one i s  d e a l i n g  wi th  a h igh ly  

r e f l e c t i v e  legend;  i n  t h i s  c a s e  t h e  much less r e f l e c t i v e  back- 

ground w i l l  be of  l i t t l e  importance. For example i n  group 5 

whether t h e  background i s  a l i g h t  green o r  a  very  dark  green (b lue  

o r  r e d )  i s  of l i t t l e  consequence due t o  t h e  more h igh ly  re -  

f l e c t i v e  whi te  beaded legend. 

Table 4 (page 2 6 )  shows t h e  mean (average)  r e f l e c t i v i t y  

v a l u e s ,  a t  each en t rance  ang le ,  f o r  t h e  l i c e n s e  p l a t e s  i n  each 

group. To compare t h e  maximum r e f l e c t i v i t y  of each group, t h e  

mean r e f l e c t i v i t y  of  each group a t  an e n t r a n c e  ang le  of 4'  

r i g h t  was c a l c u l a t e d .  From t h e s e  mean r e f l e c t i v i t y  va lues ,  

Table 5 was d e r i v e d  by a s s i g n i n g  t h e  mean r e f l e c t i v i t y  of group 8 
a t  4'  r i g h t  a  va lue  of one and computing how many t imes more r e f l e c -  

t i v e  each group mean was compared t o  t h e  mean r e f l e c t i v i t y  of 

group 8 a t  4O r i g h t .  

TABLE 5. Rat ios  of Maximum R e f l e c t i v i t i e s  (Candelas/Foot-Candle) 
of License P l a t e  Groups ~ e l a t i v e  t o  Group 8 .  

Group Number 
L 

1 2  3 4 A 4 B 5 6 7 8  

ldaximum R e f l e c t i v i t y  
( a t  4' r i g h t )  R e l a t i v e  t o  Group 8 224 205 152 1 4 1  9 6  20 1 0  1 . 4  1 



TABLE 4. Mean Reflectivity (Candelas/Foot-Candle) of License 
Plate Groups at Various Entrance Angles, Before Salt 
Spray. 

Group Entrance Angle 
Description - 0 - 4 OR 10°R 20°R 30°R 50°R 10°UP - - - -  
1. Silver sheeting, 

dark transparent 
legend 10.8 10.3 9.86 8.26 6.47 2.73 9.99 

2. Silver sheeting, 
dark opaque 
legend 9.86 9.41 8.47 7.81 6.29 2.79 9.09 

3. Yellow sheeting, 
dark transparent 
legend 7.43 6.98 6.72 5.97 4.73 2.08 6.79 

4. Light colored* 
sheeting, dark 
or white opaque 
legend 6.35 5.94 5.74 5.17 4.16 1.95 5.82 

4A. Yellow or light 
green sheeting, 
dark or white 
opaque legend 6.85 6.47 6.23 5.58 4.42 2.01 6.31 

4B. Light blue 
sheeting, black 
or white opaque 
legend 4.90 4.42 4.30 3.95 3.38 1.79 4.35 

5. White or yellow 
beaded legend, 
light or dark 
painted back- 
ground 1.28 ,916 .871 .775 .647 ,367 ,884 

6. Dark beaded 
legend, silver 
or yellow painted 
background ,967 .447 . 4 3 3  .390 ,335 .215 .429 

7. Dark paint legend, 
silver or yellow 
painted back- 
ground .637 ,066 ,051 .048 .043 .025 .054 

8. White or yellow 
painted legend, 
dark painted 
background .426 ,046 ,031 .028 .026 .016 .033 

*Yellow, light green, and light blue 



Thus, a s  t h e  p r e s e n t  l i c e n s e  p l a t e  c o n s t r u c t i o n  scheme 

( p l a t e  22) f a l l s  w i t h i n  group 5 ,  i t  i s  e v i d e n t  t h a t  it i s  about  

20 t imes  a s  r e f l e c t i v e  a s  a non-beaded v e r s i o n  of t h e  same c o l o r  

scheme ( p l a t e  46) which f a l l s  w i t h i n  group 8. S i m i l a r l y ,  making 

t h e  background a  r e f l e c t o r i z e d  l i g h t  b l u e  w i t h  w h i t e  opaque 

legend ( l i k e  l i c e n s e  p l a t e  no. 1 7 ,  group 4 B )  would produce about  

a  5 - fo ld  i n c r e a s e  i n  r e f l e c t i v i t y  compared t o  a  w h i t e  beaded 

legend on da rk  b l u e  background. 

The r e f l e c t i v i t y  v a l u e s  of  groups of l i c e n s e  p l a t e s  shown 

i n  Table 4 a r e  a l s o  shown i n  F i g u r e  8 ,  s o  t h a t  t h e  d i f f e r e n c e s  

between t h e  groups and t h e  e f f e c t s  of e n t r a n c e  a n g l e s  can be  seen  

more c l e a r l y .  The most s t r i k i n g  e f f e c t  i s  t h e  5- t o  11-fo ld  

i n c r e a s e  i n  r e f l e c t i v i t y  a v a i l a b l e  by use  of any combination 

w i t h i n  t h e  r e f l e c t o r i z e d  s h e e t i n g  groups (groups 1 - 4 B )  when 

compared t o  group 5 ,  which i n c l u d e s  t h e  p r e s e n t  (1973-1974) whi te  

beads on da rk  b l u e  background. Secondly,  t h e  groups of p l a t e s  

a l l  show a  s i m i l a r  r e d u c t i o n  i n  r e f l e c t i v i t y  wi th  i n c r e a s i n g  

e n t r a n c e  ang le .  They r e t a i n  a  s u b s t a n t i a l  p r o p o r t i o n  of t h e i r  

maximum r e f l e c t i v i t y  a t  20°R (61-89%) and a t  30°R (57-75%).  

The r a t e  of d e c l i n e  i n  r e f l e c t i v i t y  i n c r e a s e s  on ly  s l i g h t l y  a s  

t h e  e n t r a n c e  a n g l e  i s  i n c r e a s e d  up t o  50°R. 

F igure  9  shows t h e  analogous d a t a  f o r  t h e  automobile  r e f l e x  

r e f l e c t o r s .  I t  i s  e v i d e n t  t h a t  t h e  f a l l - o f f  i n  r e f l e c t i v i t y  

wi th  i n c r e a s i n g  e n t r a n c e  a n g l e ,  p a r t i c u l a r l y  beyond t h e  upper SAE 

l i m i t  o f  20° ,  i s  g r e a t e r  f o r  t h e  r e f l e x  r e f l e c t o r s . t h a n  f o r  t h e  

l i c e n s e  p l a t e s .  Table 6  shows t h a t  t h e  sample of r e f l e x  r e f l e c t o r s  

r e t a i n  43-54% of t h e i r  maximum r e f l e c t i v i t y  a t  20°H and on ly  

4-17% a t  30°H. 

A r e f l e c t o r  must a l s o  possess  s u f f i c i e n t  maximum r e f l e c t i v i t y  

t o  produce adequate  v i s i b i l i t y .  Using t h e  SAE Standard  J594e 
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Figure 8. Mean directional reflectivity of license plate groups 
in candelas/foot-candle, before salt spray. 
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Figure 9 .  D i r ec t i ona l  r e f l e c t i v i t y  of r e f l e x  r e f  l e c t o r s  i n  candelas/  
foot-candle ,  before  s a l t  spray.  



TABLE 6 .  Mean* R e f l e c t i v i t y  (Candelas/Foot-Candle) o f  Veh ic l e  
R e t r o r e f l e c t o r s  a t  Var ious  Ent rance  Angles ,  Before  S a l t  
Spray.  

En t r ance  Angle 

Year & Model 0" - 4 O H  - 10°H 20°H 30°H 50°H 10°V - - - - 
1974 Maverick/ 

P i n t o  4.99 4.90 4.38 

1974 Gremlin 5.23 5.04 4.49 

1974 Vega 5.24 5.11 4 . 4 4  

1974 Monte Car lo**  7.24 7.08 5.55 

SAE-A G r o t e l i t e  10.3 9 .61 8.14 

1974 Tor ino  11 .3  10.8 9.55 

1974 Mustang I1 12.0 11 .3  9.55 

1974 Ford** 12.7 11.8 10.0 

- - 

*Values a r e  based  on t h e  mean of v a l u e s  o b t a i n e d  a t  h o r i z o n t a l  

a n g l e s  l e f t  and r i g h t  and v e r t i c a l  a n g l e s  up and down. 

**Measured o n l y  a f t e r  wea the r ing ;  t h u s  t h e s e  v a l u e s  should  probably  

be somewhat h i g h e r ,  because  t h e  e f f e c t  of wea the r ing  i s  g e n e r a l l y  a  

s m a l l  decrement  i n  r e f l e c t i v i t y .  



for reflex reflectors as a guide, it is found that automotive 

reflex reflectors should be visible at night from all distances 

between 100 and 600 feet when illuminated by the lower beam, and 

they should meet the .2' entrance angle photometric requirements, 

as shown in Table 7. 

TABLE 7. Minimum Candlepower per Incident Foot-Candle For A 
Class1'A" Red Reflex Reflector at 0.2 Degrees Entrance 
Angle (SAE J594e). 

Entrance Angles, deg 

Using these values the minimum SAE standard reflex reflector 

was plotted on Figure 9 using the 10' Up and Down values to 

establish to 10' vertical and lo0 horizontal values (Note - this 
assumption of directional equality between 10' vertical and 10' 

horizontal is supported by the close similarity of all the auto- 

mobile reflex reflectors tested at these positions as shown in 

Table 6). From Figure 9 it can be seen that all the automobile 

reflex reflectors tested meet the SAE standard, and Table 6 shows 

that some provide more than double the SAE minimum values; however, 

20 Right 

1.5 

our technique measures the total area while the SAE technique 

restricts the area. 

Minimum Candlepower 
per Incident Foot- 
Candle 

Assuming that one would want to have a vehicle reflector at 

least meet SAE minimum values for such devices, would lead one to 

conclude that a license plate, to be used as a vehicle reflector, 

should at least meet SAE minimum photometric specifications. 

Comparing the SAE Reflex Reflector Standard curve (Figure 9 )  

with the license plate curves in Figure 8 leads one to conclude 

that only the reflectorized sheeting groups (1-4B) meet the SAE 

10 Up 

3 . 0  

0 

4 . 5  

10 Down 
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minimum specifications. The reflectorized sheeting groups 

compare quite favorably in maximum reflectivity with the actual 

vehicle reflex reflectors in Figure 9. In addition, the reflec- 

torized sheeting groups 1-3 can exceed a reflectivity of 4.5 cd/ 

fc at 30° whereas the best automobile reflector tested could 

only produce 18% of that value at that angle. 

PHOTOMETRY AFTER CORROSION TEST 

Tables 8 and 9 exhibit the post-corrosion photometric results 

for license plates and reflex reflectors, respectively, in terms 

of percentage change in mean reflectivity from the pre-corrosion 

values. The Table 8 data show that corrosion effects on reflective 

sheeting (groups 1-4B) were less than a 3% loss of reflectivity. 

The substantial loss of reflectivity of groups 5-8 at 0' appears 

to be the result of reflective glare. Therefore, ignoring the O 0  

value in order to assess the loss of reflective efficiency, one 

finds that groups 7 and 8 generally suffer little loss in re- 

flectivity (the small positive values may be considered measure- 

ment errors due to the low absolute level of reflectivity, al- 

though they may be actual increases caused by an increase in 

diffuse reflectivity due to surface roughness). As group 7 

shows as little effect of corrosion as group 8 (i.e., minimal 

change in reflectivity), the fact that group 7 contains license 

plates made of paints formulated only for color matching does not 

seem to have occasioned excessive loss of reflectivity. Therefore, 

the rather large decrements in reflectivity among groups 5 and 6 

must be due to the fact that these groups were composed of beaded 

plates. 

Table 9 exhibits the data for automobile reflex reflectors 

in a format similar to that for license plates in Table 8. The 

caution applied to the 0 '  data for license plates in Table 8 

is not necessary for the automobile reflex reflectors. Table 6 



TABLE 8. P e r c e n t  Change i n  Mean R e f l e c t i v i t y . o f  License  P l a t e  
Groups a t  Var ious  Entrance  Angles,  A f t e r  S a l t  Spray.  

Ent rance  Angle 

Group 
D e s c r i p t i o n  0° 

1. S i l v e r  s h e e t i n g ,  
da rk  t r a n s p a r e n t  
legend +.6 

2 .  S i l v e r  s h e e t i n g ,  
d a r k  opaque 
legend -1.3 

3. Yellow s h e e t i n g ,  
d a r k  t r a n s p a r e n t  
legend -1.7 

4 .  L i g h t  co lo red*  
s h e e t i n g ,  da rk  
o r  w h i t e  opaque 
legend -2 . 0 

4A. Yellow o r  l i g h t  
g reen  s h e e t i n g ,  
da rk  o r  w h i t e  
opaque legend -1.9 

4B. L i g h t  b l u e  
s h e e t i n g ,  b l a c k  
o r  whi te  opaque 
legend -2.0 

5. White o r  ye l low 
beaded legend,  
l i g h t  o r  da rk  
p a i n t e d  back- 
ground -11.5 

6. Dark beaded 
l egend ,  s i l v e r  
o r  ye l low p a i n t e d  
background -23.7 

7. Dark p a i n t  
legend,  s i l v e r  
o r  ye l low p a i n t e d  
background -11.9 

8. White o r  ye l low 
p a i n t  legend,  
da rk  p a i n t e d  
background -5.0 

*Yellow, l i g h t  g reen ,  and l i g h t  blue. 
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TABLE 9. P e r c e n t  Change  i n  ~ e a n *  R e f l e c t i v i t y  of V e h i c l e  R e t r o -  
r e f l ec to rs  a t  V a r i o u s  E n t r a n c e  A n g l e s ,  A f t e r  S a l t  S p r a y .  

E n t r a n c e  A n g l e  

Year & Model  0  4OH 10°H  20°H 30°H 50°H 1 0 ° V  

1 9 7 4  M a v e r i c k /  
P i n t o  - 3 . 4 7  -6 .14  -5.26 - 9 . 3 1  -6 .58  - 1 4 . 5  - 6 . 5 9  

1 9 7 4  G r e m l i n  -7 .32  -6 .92  -6 .76  -14.39 - 6 . 7 8  - 8 . 5 1  -8 .36  

1 9 7 4  Vega  - 7 . 2 1  - 7 . 6 1  -7 .15  -4 .74 t 2 0 . 1 3  . 2 1 5  - 4 . 4 1  

SAE-A Grote l i te  -1 .88  - . 67  - . 79  t 5 . 1 2  t 1 2 . 5  t 1 6 . 3  -3 .76  

1 9 7 4  T o r i n o  -2 .26 -3 .27  -3 .02  t 2 . 2 4  t 1 3 . 0 3  -12 .77  -7 .96  

1 9 7 4  M u s t a n g  I1 - 4 . 2 5  -3 .13  -2 .36  t . 8 3  t 2 . 8 2  -17 .15  - 1 . 7 3  

* V a l u e s  are b a s e d  o n  t h e  mean of v a l u e s  o b t a i n e d  a t  h o r i z o n t a l  

a n g l e s  l e f t  a n d  r i g h t  a n d  v e r t i c a l  a n g l e s  u p  a n d  down. 



and F igure  9 do n o t  e x h i b i t  d i s p r o p o r t i o n a t e  i n c r e a s e s  i n  r e f l e c t i v i t y  

between 4 O H  and O 0  a s  was t h e  c a s e  f o r  t h e  l i c e n s e  p l a t e s  (es- 

p e c i a l l y  groups 5-8 a s  shown i n  Table 4 and F igure  8 ) .  However, 

c a u t i o n  must be a p p l i e d  t o  t h e  30°H and 50°H r e f l e x  r e f l e c t o r  

d a t a  p o i n t s  i n  Table 9 ,  a s  t h e  measured r e f l e c t i v i t i e s  had 

such low a b s o l u t e  v a l u e s  t h a t  smal l  measurement e r r o r s  could pro- 

duce seemingly l a r g e  changes i n  r e f l e c t i v i t y ,  e s p e c i a l l y  s i n c e  

i n d i v i d u a l  r e f l e c t o r s  r a t h e r  than  groups a r e  be ing measured. I t  

can be concluded t h a t  t h e r e  appears  t o  be a  smal l  l o s s  of  r e -  

f l e c t i v i t y  of  about  10% o r  less i n  t h e  sample of  automobile r e f l e x  

r e f l e c t o r s  a f t e r  c o r r o s i o n  t e s t i n g .  

ANALYSIS OF MATERIALS AFTER CORROSION TEST 

The on ly  imper fec t ions  d e t e c t a b l e  among t h e  17 l i c e n s e  

p l a t e s  c o n s t r u c t e d  o f  r e f l e c t i v e  s h e e t i n g  were 4 c a s e s  of minor 

legend change. 

Among 6 l i c e n s e  p l a t e  t y p e s  p a i n t e d  wi th  p r i s o n  s t o c k  p a i n t  

(nos .  42-47),  t h e r e  were no s ignq  of  c o r r o s i o n .  However, among 

t h e  beaded v e r s i o n s  of t h e s e  combinat ions (nos.  18 -19 ,  2 1 - 2 4 ) ,  

a l l  6 l i c e n s e  p l a t e  t y p e s  e x h i b i t e d  r u s t  on t h e  legend,  g e n e r a l l y  

of a  moderate n a t u r e .  

The remaining 18 l i c e n s e  p l a t e  t y p e s  (nos. 2 0  and 25-41) 

were c o n s t r u c t e d  wi th  3M p a i n t  formulated f o r  c o l o r  matching 

which was n o t  compounded f o r  product ion  (i.e., t o  wi ths tand  

s a l t  sp ray  and o t h e r  m a t e r i a l s  t es t s ) .  Most of  t h e s e  p l a t e s  

e x h i b i t e d  a  moderate l o s s  of  p a i n t  and/or minor r u s t  s p o t s .  The 

3M yel low c o l o r  match p a i n t  appeared t o  be of  high q u a l i t y .  

Only 2 l i c e n s e  p l a t e  t y p e s  w i t h  3M yel low background were a f -  

f e c t e d  by c o r r o s i o n  and t h e s e  e x h i b i t e d  on ly  a  s l i g h t  wearing 

of  t h e  opaque legend.  



VISUAL APPRAISAL O F  CHANGES I N  COLOR DUE TO CORROSION TEST 

Only s i x  c o l o r  d i f f e r e n c e s  were c o n s i d e r e d  a p p r e c i a b l e  by t h e  

t h r e e  judges .  Each had reviewed t h r e e  l i c e n s e  p l a t e s  o f  each  

t y p e ;  two had been exposed t o  a  s a l t  s p r a y  t e s t  meet ing  SAE s t a n -  

d a r d  ~ 5 7 5 e .  None of  t h e  c o l o r  d i f f e r e n c e s  were between p re -  

c o r r o s i o n  and p o s t - c o r r o s i o n  samples .  Th i s  i n d i c a t e s  t h a t  any 

c o l o r  changes  due t o  c o r r o s i o n  t e s t i n g  were n o t  c o n s i d e r e d  appre-  

c i a b l e ,  and were l e s s  n o t i c e a b l e  t h a n  o r i g i n a l  p r o d u c t i o n  v a r i a t i o n s .  

S i x  beaded combina t ions  were n o t  e v a l u a t e d  a s  it had been 

n e c e s s a r y  t o  u s e  a l l  t h r e e  l i c e n s e  p l a t e s  o f  each  combina t ion  i n  

t h e  photometry and c o r r o s i o n  tes ts  because  o f  l a r g e  v a r i a t i o n s  

i n  r e f l e c t i v i t y .  

S UMMARY 

The l i t e r a t u r e  i s  i n c o n c l u s i v e  a s  t o  whether  o r  n o t  h i g h l y  

r e f l e c t i v e  l i c e n s e  p l a t e s  r e s u l t  i n  fewer  n i g h t t i m e  r ea r - end  

c o l l i s i o n s ;  however,  t h e  r e c e n t  c o n t r o l l e d  s t u d y  i n  V i r g i n i a  

conc luded  t h a t  t h e y  do n o t .  

When r e f l e c t o r i z e d  m a t e r i a l  ( e . g . ,  r e f l e c t o r i z e d  s h e e t i n g  

o r  b e a d s )  i s  used  a s  e i t h e r  t h e  background o r  l egend  of  a  

l i c e n s e  p l a t e ,  t h a t  m a t e r i a l  i s  t h e  main d e t e r m i n a n t  o f  t h e  

r e f l e c t i v i t y  o f  t h e  p l a t e ,  I n  such  a c a s e ,  t h e  c o l o r  of t h e  

n o n - r e f l e c t o r i z e d  p o r t i c n  of  t h e  p l a t e  h a s  l i t t l e  e f f e c t  on t h e  

o v e r a l l  r e f l e c t i v i t y .  

A background of  r e f l e c t o r i z e d  s h e e t i n g  can p rov ide  abou t  an 

l l - f o l d  i n c r e a s e  i n  r e f l e c t i v i t y  when compared w i t h  l i g h t  beaded 

l egends  on a  da rk  background. 

P l a t e s  w i t n  l i g h t  beaded l egends  and da rk  p a i n t  backgrounds 

p rov ided  abou t  a  14 - fo ld  i n c r e a s e  i n  r e f l e c t i v i t y  compared t o  

p l a t e s  u s i n g  da rk  p a i n t e d  l egends  and l i g h t  backgrounds.  



R e f l e c t o r i z e d  l i c e n s e  p l a t e s  r e t a i n  much of  t h e i r  r e f l e c -  

t i v i t y  a t  l i g h t  e n t r a n c e  a n g l e s  of  up t o  50 degrees .  On t h e  

o t h e r  hand, automot ive  v e h i c l e  r e f l e x  r e f l e c t o r s  r e t a i n  much of  

t h e i r  r e f l e c t i v i t y  a t  l i g h t  e n t r a n c e  a n g l e s  of o n l y  up t o  20  

degrees .  

A l i c e n s e  p l a t e  of  r e f l e c t o r i z e d  s h e e t i n g  i s  of about  t h e  

same r e f l e c t i v i t y  a s  an automobi le  r e f l e x  r e f l e c t o r  a t  e n t r a n c e  

a n g l e s  up 10-15 degrees .  Thus, a l l  t h i n g s  be ing  e q u a l ,  a  r e f l e c -  

t o r i z e d  l i c e n s e  p l a t e  would r e t u r n  t h e  same amount of l i g h t  a s  a  

v e h i c l e  r e f l e x  r e f l e c t o r ,  i f  t h e  i n c i d e n t  l i g h t  was w i t h i n  10-15 

d e g r e e s  from t h e i r  axes .  Beyond e n t r a n c e  a n g l e s  o f  20  degrees  

l i c e n s e  p l a t e s  of  r e f l e c t o r i z e d  s h e e t i n g  w i l l  g e n e r a l l y  r e t u r n  

more l i g h t  t h a n  a  v e h i c l e  r e f l e x  r e f l e c t o r .  

Among t h e  l i c e n s e  p l a t e s  t e s t e d ,  o n l y  t h e  l i c e n s e  p l a t e s  w i t h  

r e f l e c t i v e  s h e e t i n g  backgrounds conformed t o  t h e  SAE s tandard  f o r  

v e h i c l e  r e f l e x  r e f l e c t o r s .  

Among t h e  m a t e r i a l s  t e s t e d ,  on ly  t h e  beaded l i c e n s e  p l a t e s  

had s u b s t a n t i a l  l o s s e s  of  r e f l e c t i v i t y  fo l lowing  a  s a l t  sp ray  

t es t  conforming t o  SAE s t a n d a r d s .  

Among p roduc t ion  m a t e r i a l s  o n l y  t h e  beaded p l a t e s  had 

v i s u a l l y  d e t e c t a b l e  d e f e c t s  of  a t  l e a s t  a  moderate n a t u r e .  A l l  

o f  t h e  beaded l egends  on p roduc t ion  q u a l i t y  p a i n t  e x h i b i t e d  

moderate legend r u s t  a f t e r  t h e  s a l t  spray .  

No l i c e n s e  p l a t e s  were found t o  e x h i b i t  legend o r  back- 

ground c o l o r  changes fo l lowing  t h e  s a l t  spray .  
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APPENDIX A 

MANUFACTURERS OF REFLECTIVE MATERIALS 

WHO WERE CONTACTED I N  THIS STUDY 

3M Company 
T r a f f i c  Con t ro l  P roduc t s  Div i s ion  
3M Cente r  
S t .  P a u l ,  Minnesota 
(612) 733-1110 

Felx-0-Lite  Mfg. Corp. 
Technica l  S e r v i c e  
Box 4366 
S t .  Louis ,  Missour i  63123 
(314) 351-4450 

Fasson Products  
Government S a l e s  Dept. 
250 Ches te r  S t r e e t  
P a i n e s v i l l e ,  Ohio 44077 
(216) 352-4444 

Cataphote Corpora t ion  
Box 2369 
Jackson,  Miss. 39205 
(601) 939-4693 

P o t t e r s  I n d u s t r i e s ,  Inc .  
600 I n d u s t r i a l  Road 
C a r l s t a d t ,  New J e r s e y  07072 
(201) 933-3355 

American Decal and Mfg. Co. 
4402 West F u l l e r t o n  
Chicago, I l l .  60639 
(312) 489-4700 

Morgan Adhesive Co. 
Film and Decora t ive  Div i s ion  
4560 Darrow Rd. 
Stowe, Ohio 44224 
( 2 1 6 )  668-6062 

Prismo Safety Corpora t ion  
Maryland 
(301) 948-5800 



APPENDIX B 

LICENSE PLATE MATERIALS USED I N  THIS STUDY 

Multi-Year R e f l e c t i v e  S h e e t i n g  

S i l v e r  3770 

Lemon Yellow 3781 

L i g h t  Blue 3776 

L i g h t  Green 3777 

C l e a r  Coat 743 

Thinner  746 

R o l l e r  C o a t i n s  Co lo r s  

T ranspa ren t  Red 

T r a n s p a r e n t  Blue 

Transparenk Green 

Opaque Black 

Opaque White 

Opaque Red 

Opaque Blue 

Opaque Green 

Thinner  

F l i n t  Ink Corpora t ion  

O ~ a a u e  P a i n t s  

Dark Red (Maroon) 

Dark Blue 

Dark Green 

Yellow 

White 

F lex-0-Li te  

Lead f r e e  h i g h  index  o f  r e f r a c t i o n  s i g n  beads No. 831. 



APPENDIX C 

THE AUTOMOBILE REFLEX REFLECTORS USED I N  THIS STUDY 

1. 1974 Chevro le t  Monte Car lo  r e a r  l e n s  having approval  

marking "SAE ( l l ~  ( 2 )  I ( 2 )  S ( 2 )  T 74 Guide 1 A l "  u s e s  " s t r i p "  t y p e  

r e f l e x  r e f l e c t o r .  

2 .  1974 Chevro le t  Vega r e a r  l e n s  having approval  marking 

"SAE AIRST 74 Guide 1 A "  u s e s  " s o l i d  r i n g "  type  r e f l e x  r e f l e c t o r .  

3 .  1974 Ford Mustang I1 r e a r  l e n s  having approval  marking 

"SAE-A-IR ( 2 ) S ( @ ) T  74 MG,"  u s e s  i n t e r s p e r s e d  t y p e  r e f l e x  

r e f  l e c t o r .  

4 .  1974 Ford Tor ino  r e a r  l e n s  having approval  marking 

"SAE AIRST 74 CR," u s e s  i n t e r s p e r s e d  type  r e f l e x  r e f l e c t o r .  

5 .  1974 Ford Maverick/Pinto r e a r  l e n s  having approval  

marking "SAE TSIAR 70 FNtl' u s e s  s o l i d  p a t c h  t y p e  r e f l e x  re- 

f  l e c t o r .  

6. 1974 American Motors Gremlin r e a r  l e n s  having approval  

marking "SAE IASTR 70 A E , "  u s e s  s o l i d  r i n g  t y p e  r e f l e x  r e f l e c t o r .  

7. 1974 Ford r e a r  l e n s  having approval  working "SAE- 

( 2 )  A ( 2 )  IPsR ( 2 )  S ( 2 )  T - 74 FE," uses  i n t e r s p e r s e d  type  

r e f l e x  r e f l e c t o r .  

8 .  A round Grote Manufacutring Co. r e t r o - r e f l e c t o r  having 

approval  marking "SAE-A," u s e s  s o l i d  pa tch  type  r e f l e x  r e f l e c t o r .  

Except f o r  t h e  x e t r o r e f l e c t o r  No. 8 ,  each  was i n t e g r a l  

w i t h  t h e  l e n s  of  t h e  r e a r  lamp. A l l  were r e d  i n  c o l o r .  








