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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 14­93868­  ­3
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 430   REQUERSOLICITA                    

FECHA:  2015­06­04 14:32:40
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   8

Como resultado del  examen de fondo realizado, con fundamento en el Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

    
Descripción: Rad. N° 14-093868-00000-0000 02/Mayo/2014
Reivindicaciones: Rad. N° 14-093868-00000-0000 02/Mayo/2014
Dibujos: Rad. N° 14-093868-00000-0000 02/Mayo/2014
Prioridad: US 13/286,505 01/Noviembre/2011

    
                                      
2. Análisis de la Prioridad

Se acepta la reivindicación de  prioridad porque ésta solicitud fue presentada dentro del 
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la prioridad 
reivindicada.

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del Capítulo Primero del Título X de la 
Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta la tasa 
pagada por el solicitante al momento de comenzar el examen para las reivindicaciones 
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adicionales; esto es que cuando la solicitud contenga más de diez (10) reivindicaciones y 
no se haya pagado la tasa complementaria, sólo se estudiarán las cubiertas por la tasa 
pagada. Por lo tanto, se estudiaran las reivindicaciones 1 a 29.

Título  de  la  solicitud:  “Revestimiento  retrorreflectante  de  grupos  de  prismas 
multidireccionales rayables” (Fl. 1).

El  problema  planteado  en  esta  solicitud,  consiste  en  lograr  un  revestimiento 
retrorreflectante  prismático  con  el  que  se  obtenga  el  mismo  brillo  retrorreflectante 
observable con independencia de la orientación angular del revestimiento sobre la señal. 

Para  resolver este problema técnico, la solicitud en estudio propone un revestimiento de 
prisma retrorreflectante, que comprende una pluralidad de grupos de esquinas de cubo 
formas a partir de un material transparente que están separadas una de otra en todos los 
lados por una superficie. 

El  objeto  de  la  presente  solicitud  se  relaciona  con  la  Clasificación  Internacional  de 
Patentes (CIP): G 02 B 5/124.

4. De la solicitud de patente 

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capítulo reivindicatorio no es claro porque:

 La  reivindicación 2,  y las expresiones:  “…donde las esquinas de cubo tienen unas 
orientaciones  diferentes  de  tal  modo  que  la  retrorreflectividad  del  revestimiento  es 
sustancialmente  insensible  en  sentido  rotacional.”  (reivindicación  1  y  18),  “…que 
proporciona células de aire por detrás de los grupos.” (reivindicación 16), “… entonces 
el corte de un segundo conjunto de ranuras en uve para crear reflexión en las esquinas  
de cubo resultantes que da como resultado una divergencia aumentada de la liza que 
vuelve  del  revestimiento.” (reivindicación  27),  “…para  aumentar  la  angularidad  de 
observación.” (reivindicación 29); describen funciones, efectos, ventajas o resultados a 
alcanzar, los cuales no son aspectos susceptibles de patente. Para mayor claridad, el 
producto  reclamado  se  debe  definir  técnicamente  mediante  sus  características 
estructurales.  Se  sugiere  al  solicitante  eliminar  las  reivindicaciones  y  expresiones 
citadas. 

 El término: “sustancialmente” (reivindicaciones 1, 18 y 25), es impreciso, por lo cual no 
permite distinguir  la  invención  del  estado  de  la  técnica.   Se  sugiere  al  solicitante 
eliminar dicho término.

5. Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la solicitud 
de prioridad:  noviembre  11 de 2011,  y  se encontraron los siguientes  documentos  que 
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anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación
D1 US 7’938.549 ‘Retroreflective article’ 10/Mayo/2011
D2 WO 99/28770 ‘Multi-orientation retroreflective sheet’ 10/Junio/1999

El  documento  D11 divulga  un  artículo  retrorreflectivo  con  excelentes  características  de 
ángulo  amplio.  Características  de  ángulo  de  entrada,  características  de  ángulo  de 
observación y características de ángulo de rotación son mejoradas (resumen). 

El  documento  D22 divulga una  lámina  de  estructura  retrorreflectiva  (40)  que  tiene 
elementos  de  cubo  de  esquina  (41).  La  estructura  incluye  un  primer  arreglo  (42)  de 
elementos  retrorreflectivos  (41)  orientados en una primera  dirección en un plano y un 
asegundo arreglo (44) de elementos retroreflectivos orientados en una segunda dirección 
en el plano (resumen).

6. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)
 
La  reivindicación  1  consiste  en:  “Revestimiento  de  prisma  retrorreflectante,  que 
comprende una pluralidad de grupos discretos de esquinas de cubo...” (Ver página 15 del 
radicado No 14-093868-00000-0000). 

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Revestimiento  de  prisma 
retrorreflectante caracterizado por:

Artículo  retrorreflectivo  que 
comprende:

Lamina  retrorreflectiva  multi-
orientacion que comprende:

Una pluralidad de grupos discretos 
de  esquinas  de  cubo  formadas  a 
partir  de  un  material  transparente 
que están separadas  una de otra 
en  todos  los  lados  por  una 
superficie.

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 
formadas a partir  de un material 
transparente  que  están 
separadas una de otra en todos 
los  lados  por  una  superficie 
(Fig.7; reivindicación 1).

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 
formadas a partir  de un material 
transparente  que  están 
separadas una de otra en todos 
los  lados  por  una  superficie 
(Fig.7).

Cada  esquina  de  cubo  tiene  una 
arista  de  base  no  colineal  o 
paralela con las aristas de base de 
esquinas de cubo a cada lado de la 
misma.

Cada esquina de cubo tiene una 
arista  de  base  no  colineal  o 
paralela con las aristas  de base 
de esquinas de cubo a cada lado 
de la misma (Figs. 5 a 7).

Cada esquina de cubo tiene una 
arista  de  base  no  colineal  o 
paralela  con las aristas  de base 
de esquinas de cubo a cada lado 
de  la  misma  (Fig.  7;  Pág.  13, 
líneas 4 a 6).

Donde  las  esquinas  de  cubo  en 
cada grupo se definen mediante un 
conjunto de ranuras en uve rectas, 
teniendo  una  misma  dirección  a 
través  de  la  totalidad  de  su 

Donde las  esquinas  de cubo en 
cada grupo se definen mediante 
un  conjunto  de  ranuras  en  uve 
rectas  (A1-A8),  teniendo  una 
misma  dirección  a  través  de  la 

Donde las  esquinas  de cubo  en 
cada grupo se definen mediante 
un  conjunto  de  ranuras  en  uve 
rectas,  teniendo  una  misma 
dirección a través de la totalidad 

1 https://www.google.ca/patents/US7938549?dq=7938549&hl=es&sa=X&ei=U8BgVYukFeiwsAS2zYCICQ&ved=0CB0Q6AEwAA 

2 http://worldwide.espacenet.com/publicationDetails/biblio?
DB=EPODOC&II=0&ND=3&adjacent=true&locale=en_EP&FT=D&date=19990610&CC=WO&NR=9928770A1&KC=A1 
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longitud.
totalidad de su longitud (Figs. 5 a 
7).

de su longitud (Figs. 7).

De acuerdo con la tabla anterior,  las características esenciales del  revestimiento de la 
reivindicación 1 habían sido divulgadas previamente en los documentos D1 y D2, por lo 
tanto, la materia reivindicada no es nueva.

Asimismo,  los  documentos  antecedentes  divulgan  las  características  de  las 
reivindicaciones dependientes así:

 Reivindicación 3: Donde cuatro o más de las esquinas del cubo en cada .grupo 
tienen unas aristas que convergen en un punto central del centro (B) (D1: Figs. 5 y 
6).

 Reivindicación  4:  Las  esquinas  de  cubo  de  los  grupos  incluyen  unos  pares 
simétricos de esquinas de cubo (D1: Figs. 5 y 6).

 Reivindicación  5:  Las  esquinas  de  cubo  de  cada  grupo  incluyen  dos  pares 
simétricos de esquinas de cubo, y donde una de las aristas de las dos esquinas de 
cubo en los pares simétricos se encuentra en ángulos rectos con respecto a una de 
las aristas de las dos esquinas de cubo a cada lado de la misma (D1: Figs. 5 y 6).

 Reivindicación 6: Los grupos de esquina de cubo tiene lados rectos (D1: Fig. 5 a 7). 

 Reivindicación 7: Las formas de los grupos de esquina de cubos son poligonales, y 
la  totalidad  de  las  esquinas  de  cubo  comparten  un  vértice  común  (B)  que  se 
encuentra en el centro de la forma poligonal (D1: Fig.7).

 Reivindicación 8: Las esquinas de cubo dentro del grupo están dispuestas en unos 
pares simétricos de esquinas de cubo alrededor del vértice común (B) (D1: Fig.7).

 Reivindicación 9:  La superficie  alrededor  de los grupos  se define  mediante  una 
ranura en uve (D1: Figs. 7 y 8).

 Reivindicación  10:  La  ranura  en  uve  que  define  la  superficie  se  encuentra  a 
continuación de los lados de esquinas de cubo en diferentes grupos (D1: Fig. 7 y 8). 

 Reivindicación  11:  La  superficie  con  textura  alrededor  de  los  grupos  se  define 
mediante una superficie plana (D2: Pág. 13, líneas 4 a 6).

 Reivindicación 12:  la superficie alrededor  de los grupos se define mediante una 
superficie curva (D1: Figs.7, 8, 15 y 16).

 Reivindicación 13:  Los grupos de esquina de cubo están separados de manera 
uniforme uno de otro de tal modo que la superficie que separa los grupos forma un 
patrón uniforme de rejilla (D1: Figs. 7 y 8).

 Reivindicación 14: Las esquinas de cubo en los grupos están inclinadas (D1: Figs. 7 
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y 8).

 Reivindicación 16 y 17: Película de soporte sellada que proporciona células de aire 
por detrás de los grupos unida a la superficie que separa los grupos (D1: Col. 7, 
líneas 4 a 8).

En cuanto a la reivindicación 15, cabe aclarar que es bien conocido en la técnica que 
aunque  en  este  tipo  de  láminas  no  es  necesario,  puede  existir  una  capa  de  metal 
retrorreflectante3. En consecuencia, la reivindicación citada no contiene materia que pueda 
dar novedad a la invención reclamada.

La  reivindicación  18 consiste  en:  “Revestimiento  de  prisma  retrorreflectante,  que 
comprende una pluralidad de grupos discretos de esquinas de cubo...” (Ver página 17 del 
radicado No 14-093868-00000-0000). 

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Revestimiento  de  prisma 
retrorreflectante caracterizado por:

Artículo  retrorreflectivo  que 
comprende:

Lamina  retrorreflectiva  multi-
orientación caracterizada por:

Una pluralidad de grupos discretos 
de  esquinas  de  cubo  formadas  a 
partir de un material transparente , 
teniendo  cada  uno  de  los  grupos 
unos lados rectos  y  poligonales y 
estando los grupos separados uno 
de otro en todos los lados por una 
superficie con textura.

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 
formadas a partir  de un material 
transparente , teniendo cada uno 
de los grupos unos lados rectos y 
poligonales y estando los grupos 
separados uno de otro en todos 
los lados por una superficie  con 
textura.  (Figs.  5  a  7; 
reivindicación 1).

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 
formadas a partir  de un material 
transparente , teniendo cada uno 
de los grupos unos lados rectos y 
poligonales y estando los grupos 
separados uno de otro en todos 
los lados por  una superficie  con 
textura (Fig. 7; Pág. 13, líneas 4 a 
6).

Estando las  esquinas de cubo en 
cada grupo definidas mediante un 
conjunto de ranuras en uve rectas, 
teniendo cada ranura en uve una 
misma dirección a  través  de toda 
su longitud.

Estando las esquinas de cubo en 
cada grupo definidas mediante un 
conjunto  de  ranuras  en  uve 
rectas,  teniendo  cada  ranura  en 
uve una misma dirección a través 
de toda su longitud (Figs. 5 a 7).

Estando las esquinas de cubo en 
cada grupo definidas mediante un 
conjunto  de  ranuras  en  uve 
rectas,  teniendo  cada  ranura  en 
uve una misma dirección a través 
de toda su longitud (Figs. 5 a 7).

Teniendo  cada  esquina  de  cubo 
una  arista  de  base  que  no  es 
común con una arista de base de 
otra esquina de cubo.

Teniendo cada esquina de cubo 
una  arista  de  base  que  no  es 
común con una arista de base de 
otra esquina de cubo. (Figs.  7 y 
8).

Teniendo cada esquina de cubo 
una  arista  de  base  que  no  es 
común con una arista de base de 
otra  esquina  de  cubo.  Se 
encuentra  un  espacio  entre  los 
cubos en uno o más bordes (Pág. 
12, líneas 26 a 30 y 1 a 6)

Asimismo,  el  documento  D1  divulga  las  características  de  las  reivindicaciones 
dependientes así:

 Reivindicación  19:  Las  esquinas  de  cubo  comparten  un  vértice  común  que  se 
encuentra de forma central  dentro de la forma poligonal de los grupos definidos 
mediante los lados rectos y están dispuestas en pares simétricos respecto al vértice 

3 http://www.huaweirm.cn/en/jszc_view.asp?Product_id=49&type_parid=41 
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común (Fig.7). 

 Reivindicación  20:  La  superficie  con  textura  alrededor  de  los  grupos  se  define 
mediante una ranura en uve (Fig. 5 a 8).

 Reivindicación  21:  La  ranura  en  uve  que  define  la  superficie  con  textura  se 
encuentra a continuación de los lados de esquinas de cubo en diferentes grupos 
(Figs. 7 y 8).

 Reivindicación  22:  La  superficie  con  textura  alrededor  de  los  grupos  se  define 
mediante una superficie plana (D2: Pág. 13, líneas 4 a 6).

 Reivindicación 23:  la superficie alrededor  de los grupos se define mediante una 
superficie curva (Figs.7, 8, 15 y 16).

 Reivindicación 24:  Los grupos de esquina de cubo están separados de manera 
uniforme uno de otro de tal modo que las superficies de textura óptica que rodean 
los grupos forman un patrón uniforme de rejilla (Figs. 7 y 8).

La reivindicación 25 consiste  en:  “Un método para  formar  un revestimiento  de prisma 
retrorreflectante insensible en sentido rotacional que comprende: formar esquinas de cubo 
en sustrato ...” (Ver página 18 del radicado No 14-093868-00000-0000). 

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Un  método  para  formar  un 
revestimiento  de  prisma  que 
comprende: 

Artículo  retrorreflectivo  que 
comprende:

Lamina  retrorreflectiva  multi-
orientación caracterizada por:

Formar  esquinas  de  cubo  en  un 
sustrato  mediante el  corte de una 
cara del sustrato con un patrón de 
ranuras  en  uve  rectas,  teniendo 
cada  ranura  en  uve  una  misma 
dirección a través de la totalidad de 
su longitud, donde las esquinas de 
cubo  resultantes  tienen  unas 
orientaciones diferentes.

Grupos  de  esquinas  de  cubo 
formadas a partir  de un material 
transparente,  teniendo cada  uno 
de los grupos unos lados rectos y 
poligonales y estando los grupos 
separados uno de otro en todos 
los lados por una superficie  con 
textura. Estando las esquinas de 
cubo  en  cada  grupo  definidas 
mediante un conjunto de ranuras 
en  uve  rectas,  teniendo  cada 
ranura  en  uve  una  misma 
dirección  a  través  de  toda  su 
longitud  (Figs.  5  a  7; 
reivindicación 1).

Grupos discretos de esquinas de 
cubo  formadas  a  partir  de  un 
material  transparente,  teniendo 
cada  uno  de  los  grupos  unos 
lados  rectos  y  poligonales  y 
estando  los  grupos  separados 
uno de otro en todos los lados por 
una superficie con textura (Fig. 7; 
Pág.  13,  líneas  4  a  6).  Estando 
las  esquinas  de  cubo  en  cada 
grupo  definidas  mediante  un 
conjunto  de  ranuras  en  uve 
rectas,  teniendo  cada  ranura  en 
uve una misma dirección a través 
de toda su longitud (Figs. 5 a 7).

Proporcionar  una  superficie  con 
textura  sobre  la  cara  de  uno  del 
sustrato y una réplica del sustrato 
que  define  grupos  de  esquina 
rodeados  por  una  superficie  con 
textura.

Una superficie con textura sobre 
la cara de uno del sustrato y una 
réplica del sustrato que define 
grupos de esquina rodeados por 
una (Figs. 5 a 7).

Una superficie con textura sobre 
la cara de uno del sustrato y una 
réplica del sustrato que define 
grupos de esquina rodeados por 
una (Figs. 7).

Usar uno del sustrato y una réplica 
del  mismo  para  formar  un 

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 

Una  pluralidad  de  grupos 
discretos  de  esquinas  de  cubo 
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revestimiento  de  prisma 
retrorreflectante  a  partir  de  un 
material transparente que tiene una 
pluralidad  de  grupos  discretos  de 
esquinas  de  cubo  que  están 
separadas una de otra en todos los 
lados  por  una  superficie  con 
textura,  donde  cada  esquina  de 
cubo en lo grupos tiene una arista 
base no colineal o paralela con las 
aristas  de  base  de  esquinas  de 
cubo a cada lado de la misma,  y 
esquinas  de  cubo  en  cada  grupo 
tienen  unas  orientaciones 
diferentes.  

formadas a partir  de un material 
transparente  que  están 
separadas una de otra en todos 
los  lados  por  una  superficie 
(Fig.7;  reivindicación  1).  Cada 
esquina de cubo tiene una arista 
de  base  no  colineal  o  paralela 
con  las  aristas  de  base  de 
esquinas de cubo a cada lado de 
la misma (Figs. 5 a 7).

formadas a partir  de un material 
transparente  que  están 
separadas una de otra en todos 
los  lados  por  una  superficie 
(Fig.7).  Cada  esquina  de  cubo 
tiene  una  arista  de  base  no 
colineal o paralela con las aristas 
de base de esquinas de cubo a 
cada  lado  de  la  misma  (Fig.  7; 
Pág. 13, líneas 4 a 6).

La reivindicación 2 fue afectada en el numeral 4 de la presente comunicación. 

7. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta
D1 US 7’938.549 1 a 29 Novedad/Nivel Inventivo
D2 WO 99/28770 1 a 29 Novedad/Nivel Inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2015-06-09

Elaboró: Monica Andrea Gutierrez Almonacid
Revisó: Sonia Andrea Diaz Pirazan
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RETROREFLECTIVE ARTICLE 

TECHNICAL FIELD 

This invention relates to a retrore?ective article Which is 
optimal for use in tra?ic signs and commercial signs. 

Speci?cally, the invention relates to a retrore?ective article 
Which comprises a multidirectional retrore?ective element 
(multidirectional element) assembly having numerous trian 
gular-pyramidal cube-corner retrore?ective elements formed 
therein, and Which exhibits excellent retrore?ection perfor 
mance at nighttime. 
More speci?cally, the invention relates to a retrore?ective 

article having excellent Wide-angle performance, and having 
improved entrance angle characteristics, observation angle 
characteristics, and in particular excellent rotation angle char 
acteristics. 

BACKGROUND ART 

In the prior art, there have been a number of proposals of 
retrore?ective articles having excellent Wide-angle perfor 
mance, With improved entrance angle characteristics, obser 
vation angle characteristics, and rotation angle characteris 
tics. 

With respect to improvement of the entrance angle charac 
teristics or observation angle characteristics of such cube 
corner type retrore?ective sheets and retrore?ective articles, 
and in particular of triangular-pyramidal cube-corner retrore 
?ective sheets and retrore?ective articles, various proposals 
have been made from long ago, and various improvements 
have been studied. Many of these technologies improve the 
entrance angle characteristics by inclining the optical axes of 
some of the retrore?ective elements. 

For example, in Us. Pat. No. 2,310,790 by Jungersen, an 
arrangement of retrore?ective elements in various shapes on 
a thin sheet is described. The triangular-pyramidal re?ective 
elements given as examples in this U.S. Patent include regu 
lar-triangular triangular-pyramidal re?ective elements, the 
vertices of Which are positioned at the centers of the base 
triangles, and Which have no inclination of the optical axis, as 
Well as isosceles-triangular triangular-pyramidal elements, 
the vertices of Which are not positioned at the centers of the 
base triangles, and it is stated that light is caused to be 
re?ected effectively (entrance angle characteristics are 
improved) for approaching vehicles. 

Further, it is stated as the siZe that the depth of the triangu 
lar-pyramidal re?ecting elements is Within 1/10 inch (2,540 
pm). And, in FIG. 15 of this U.S. Patent, a triangular-pyrami 
dal re?ecting element pair is shoWn the optical axis of Which 
is inclined in the positive (+) direction; the angle of inclina 
tion (0) of this optical axis, determined from the ratio of the 
long edges to the short edge in the base isosceles triangle of 
the triangular-pyramidal re?ecting elements shoWn in the 
?gure, is estimated to be approximately 65°. 

Further, in European Patent No. 137,736B1 by Hoopman, 
a retrore?ective sheet and retrore?ective article are described 
in Which pairs of inclined triangular-pyramidal cube-corner 
retrore?ective elements, the triangular shapes in the base 
plane on a thin sheet of Which are isosceles triangles, rotated 
180° With respect to each other, are arranged With base faces 
on a common surface in closest-packed fashion. The optical 
axis of the triangular-pyramidal cube-comer retrore?ective 
elements described in this patent are inclined in What is the 
negative (—) direction in this Speci?cation, and the angle of 
inclination is shoWn to be approximately 7° to 13°. 
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2 
Further, in Us. Pat. No. 5,138,488 by SZcZech, a retrore 

?ective sheet and retrore?ective article are disclosed, in 
Which inclined triangular-pyramidal cube-comer retrore?ec 
tive elements, the triangular shape in the base plane on a thin 
sheet of Which are isosceles triangles, are similarly arranged 
With base faces on a common surface in closest-packed fash 
ion. In this U.S. Patent, the optical axis of the triangular 
pyramidal re?ective elements is inclined in the direction com 
mon to tWo triangular-pyramidal re?ective elements facing 
each other and forming a pair, that is, in the positive (+) 
direction explained beloW, the inclination angle is approxi 
mately 20 to 5°, and the element siZe is stipulated to be from 
25 um to 100 um. 

Further, in European Patent No. 548,280B1 corresponding 
to the above patent, it is stated that the direction of inclination 
of the optical axis comprises the common edge of tWo ele 
ments forming a pair, and that the distance of the vertex of an 
element and the plane perpendicular to the common plane is 
equal to the distance betWeen the point at Which the element 
optical axis intersects the common plane and the perpendicu 
lar plane, and that the inclination angle is approximately 2° to 
5°, and the element siZe is 25 pm to 100 pm. 

In this Way, in the European Patent No. 548,280B1 of 
SZcZech, the optical axis is in a range from approximately 2° 
to 5°, comprising both positive (+) and negative (—) direc 
tions. HoWever, in the embodiments of the above U.S. Patent 
and European Patent of SZcZech, only triangular-pyramidal 
re?ective elements having an optical axis inclination angle of 
(—)8.20, (—)9.2°, and (—)4.3°, and With an element height (h) 
of 87.5 um, are disclosed. 

In addition, various proposals have been made relating to 
improvement of observation angle characteristics. 

In Us. Pat. No. 4,775,219 ofAppeldorn, V-shape grooves 
forming elements present an asymmetrical shape such as 
shoWn in FIG. 17 Which explains the present invention, and 
have a slight deviation With respect to the angle of the theo 
retical V-shape grooves forming cube corners. Further, by 
periodically modifying the deviation Which imparts asymme 
try to adjacent V-shape grooves, an attempt is made to 
improve observation angle characteristics. 

HoWever, periodic modi?cation of the angle of adjacent 
V-shape grooves increases the di?iculty of die machining. 
Even if this di?iculty could be overcome, the combination of 
deviations Which could be imparted is limited, and a uniform 
re?ected light spreading could not be imparted. Further, it has 
been necessary to prepare several types of diamond bits to 
form V-shape grooves and other machining tools for one 
V-shape groove direction. And, high-precision machining 
technology has also been necessary When forming asymmet 
ric V-shape grooves. 

Further, in Us. Pat. No. 5,171,624 by Walter, a triangular 
pyramidal retrore?ective element is disclosed, the re?ective 
faces of Which are formed using a machining tool having a 
curve-shape cross-sectional shape, having a ?xed quadratic 
surface cross-sectional shape. In a triangular-pyramidal ret 
rore?ective element in Which re?ective side faces having a 
quadratic surface are formed, appropriate dispersion of ret 
rore?ective light is possible, and improvement of observation 
angle characteristics is obtained. 

HoWever, it is extremely dif?cult to fabricate machining 
tools having such curved-surface cross-sectional shapes by 
design. Hence due to the di?iculty of machining such tools, it 
has been very di?icult in the past to obtain quadratic surfaces 
by design. And, it has not been possible to form quadratic 
surfaces in various shapes, determined only by the shapes of 
machining tools used, on the same retrore?ective article in 
given surface shapes. 
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In Us. Pat. No. 5,565,151 by Nilsen, a portion ofa re?ect 
ing side face (A-B-H) is cut away, and an attempt is made to 
promote the dispersion of retrore?ective light and improve 
observation angle characteristics by means of the triangular 
columnar shapes (A-A1-A2-B2-B1-B) formed thereby and 
the neW re?ecting side faces (A2-H1-B2). 

HoWever, in the invention of Nilsen there is no description 
of the kind of triangular columnar shape Which is preferable 
for installation, nor of the kind of angle at Which neW re?ect 
ing side faces are to be formed. Further, special tools are 
required to cut aWay a portion of re?ecting side faces and 
form a portion of the triangular columnar shape. And, ele 
ments With the neWly formed triangular columnar shape do 
not have retrore?ection functions, but are simply designed to 
obtain spreading of retrore?ective light through dispersion of 
light in various directions. 

HoWever, in the above-described technology to improve 
entrance angle characteristics and observation angle charac 
teristics, there is no attainment of improved rotation angle 
characteristics. 

Various proposals relating to improvement of rotation 
angle characteristics have been made; in all such proposals, 
an attempt is made to improve rotation angle characteristics 
by partitioning the directions of retrore?ective elements, the 
base faces of Which have triangular shapes, into various 
regions and combining regions. 

Examples include U.S. Pat. No. 5,022,739, U.S. Pat. No. 
5,132,841, andU.S. Pat. No. 5,175,645, by Bennett et al; U.S. 
Pat. No. 6,036,322, by Nilsen et al; U.S. Pat. No. 5,706,132 
and Us. Pat. No. 5,936,770, by Nestegard et al; and Us. Pat. 
No. 5,898,523, by Smith. 

HoWever, although the shapes into Which element regions 
are partitioned and the directions of triangular-pyramidal 
cube-comer elements are different, all of the technologies of 
these patents can be said to employ the same basic technique. 

DISCLOSURE OF THE INVENTION 

An object of this invention is the provision of a retrore?ec 
tive article having excellent Wide-angle characteristics, and 
improvement of entrance angle characteristics, observation 
angle characteristics, and rotation angle characteristics. 

In particular, an object is to provide a retrore?ective article 
having excellent rotation angle characteristics, as Well as a 
retrore?ective article provided With excellent entrance angle 
characteristics and observation angle characteristics. 
A further object is to provide a retrore?ective sheet, Which 

can be used in such speci?c applications as traf?c signs, 
construction signs, commercial signs, vehicle license plates, 
and similar, and Which can be cut freely in any direction and 
utiliZed due to excellent rotation angle characteristics. 

This invention provides a triangular-pyramidal cube-cor 
ner retrore?ective article, comprising numerous triangular 
pyramidal cube-corner retrore?ective elements formed by 
cutting aWay a group of grooves having a substantially 
V-shape cross-section, and is characterized in that an assem 
bly of multidirectional retrore?ective elements (hereafter 
called “multidirectional elements”) is formed, in Which either 
?ve, or seven or more triangular-pyramidal cube-comer ret 

rore?ective elements (hereafter called “unit elements”) are 
formed so as to share tWo base edges (hereafter called “com 
mon base edges”) forming triangular base faces of the unit 
elements as Well as vertexes (hereafter called “common ver 
texes”) at Which the common base edges intersect, With an 
adjacent retrore?ective element. 

In this invention, a multidirectional element is formed by 
combining triangular-pyramidal cube-corner elements hav 
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4 
ing optical axes direction in various directions, so that the 
multidirectional element exhibits excellent retrore?ective 
e?iciency regardless of the direction from Which light is 
incident. Further, in practical terms, excellent retrore?ective 
e?iciency is obtained regardless of the rotation angle (mean 
ing the direction of either the retrore?ective article, or the 
retrore?ective sheet) at Which a retrore?ective article of this 
invention is installed. 

Further, a multidirectional element in Which unit elements 
are combined in various directions also exhibits excellent 
entrance angle characteristics. In particular, a unit element 
used in this invention has a shape in Which the optical axis is 
inclined, so that entrance angle characteristics are also 
improved. 

It is preferable that a multidirectional element of this inven 
tion be formed from ?ve or seven to tWelve unit elements. If 
four or feWer unit elements are used, the unit elements cannot 
form a cube-comer shape, and a combination of six unit 
elements is equal to a re?ective element group comprising 
triangular-pyramidal cube-comer re?ecting elements of the 
prior art. 

Further, combinations of multidirectional elements in 
Which 13 or more unit elements are combined exist, but the 
ratio of the lengths of common edges and outer peripheral 
base edges becomes too great. Hence the ratio of the area of 
re?ecting side faces having common base edges to the area of 
re?ecting side faces having outer peripheral base edges 
becomes too great, so that the retrore?ective e?iciency 
declines, Which is not preferable. 

Further, in the case of combinations in Which the number of 
unit elements is an odd number, by forming a retrore?ective 
article in Which multidirectional elements are combined by 
combining a multidirectional element With the multidirec 
tional element rotated by 180°, a combination is obtained in 
Which the number of unit elements is tWice as great, and 
rotation angle characteristics are made still more uniform. 

Further, in the case of combinations in Which the number of 
unit elements is an even number, die formation is facilitated, 
Which is preferable. 

Further, retrore?ective articles in Which tWo or more types 
of multidirectional elements are combined are also possible. 
By combining a plurality of multidirectional elements in this 
Way, rotation angle characteristics can be further improved. 

In this invention, it is preferable that the lengths of tWo 
common base edges forming a unit element be equal. The 
shape of the base face of such a unit element is an isosceles 
triangle, and the shape of a multidirectional element thus 
formed has an external periphery in the shape of a regular 
polygon. A retrore?ective article Which combines multidirec 
tional elements having an external periphery With such a 
regular polygonal shape has a higher closest-packing density 
of multidirectional elements, and so the retrore?ective e?i 
ciency can be improved. 

In a method of forming a multidirectional element in this 
invention, the multidirectional element can be formed such 
that the locus of base portions de?ned by the intersection of 
tWo side faces of grooves having a substantially symmetrical 
V-shape cross-section forms straight lines, bent lines, curves 
and repeated line groups comprising combinations of these 
line groups. 

In this invention, in a groove With a substantially symmetri 
cal V-shape, the angle of the V-shape groove can be deter 
mined such that the three side faces of a triangular-pyramidal 
shape remaining When the V-shape groove is cut out are 
mutually perpendicular. Further, a slight inclination can be 
imparted to mutually perpendicular side faces to improve the 
observation angle characteristics as Well. Consequently, a 
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slight inclination can be imparted to the angle of the V-shape 
groove from the angle of perpendicular formation, and asym 
metrical V-shape grooves can be used as Well. 

V-shape grooves are formed continuously, and the locus of 
the base portion de?ned by the intersection of the tWo side 
faces of the V-shape grooves is formed continuously. The 
locus of the base portion describes a straight line or a bent line 
in order to form a multidirectional element. Further, in order 
to improve the observation angle characteristics, the loci can 
be bent lines, curves, or combinations of these lines obtained 
by imparting slight modi?cations to the base edges of the 
original straight lines. It is preferable that the nonlinearity be 
such that the deviation from straight lines is, for example, 
approximately 5 to 1000 nm/um. 

Further, by making the line group forming the locus of the 
base portions curve groups de?ned by trigonometric func 
tions, inverse trigonometric functions, elliptic functions, cir 
cular functions, and composite functions of these functions, 
the observation angle characteristics can be improved. 

It is preferable that the nonlinearity be such that the devia 
tion of these curves from straight lines is, for example, 
approximately 5 to 1000 nm/um. 

In this invention, bent lines are formed by substantially 
combining straight lines; but it is preferable that bending 
portions be curves the radius of curvature of Which is 2 to 20 
pm. If the radius of a bending portion is too large, exceeding 
20 um, then a ridgeline of a unit element may be cut aWay and 
re?ection e?iciency may decline, or other problems readily 
occur. Further, if the radius is less than 2 pm, then an excessive 
load is applied to the cutting tool, and tool breakage or Wear, 
or other problems readily occur, Which is not preferable. 
Numerous line groups comprising straight lines, bent lines, 

curves, and combinations of these line groups, to form a 
retrore?ective article of this invention in Which numerous 
multidirectional elements are formed, are formed through 
repeated patterns at an equal pitch. 

Further, repeated line groups Which form the locus of base 
portions of the aboveV-shape grooves are in a common plane, 
de?ned by the triangular base faces of unit elements. 

Moreover, in order to improve the retrore?ective e?i 
ciency, positioning is also possible such that at least one line 
group of the repeated line groups is not in the common plane. 
For example, among the repeated line groups forming the 
outer-periphery base edges of unit elements in a pentagonal 
multidirectional element, by making the repeated line group 
forming the common base edges more shalloW, the areas of 
the three re?ecting side faces of unit elements can be made 
equal. 

Further, in the case of a multidirectional element in the 
shape of a heptagon or higher-order polygon, by making the 
repeated line group forming the shared base edges deeper 
than the repeated line groups forming the outer-peripheral 
base edges of the unit elements, the areas of the three re?ect 
ing side faces of unit elements can be made equal. 

That is, by forming at least one line group among the 
repeated line groups so as not to be in the common plane, but 
such that the depth of the V-shape groove, determined by the 
distance betWeen a plane de?ned by the line group and the 
vertex of the unit element, is :(5 to 200) % of the element 
height de?ned by the distance betWeen the vertex of the unit 
element and the common plane, and still more preferably is 
:(5 to 40) %, the retrore?ective e?iciency can be increased. 

Further, in order to improve the retrore?ective e?iciency, it 
is preferable that in the three base edges of the triangular base 
face of a unit element, When the depth of the V- shape groove 
forming the shortest base edge is assumed as ds, and the depth 
of the V-shape groove forming the longest base edge is 
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6 
assumed as de, an inequality 1.05§(ds/de)§3.00 (1) be sat 
is?ed, and still more preferable that an inequality 1.05§(ds/ 
de)§1.40 (2) be satis?ed. 

In order to improve the observation angle characteristics, it 
is preferable that the multidirectional elements be formed 
comprising at least one type of unit element having a prism 
side face in Which at least one prism apex angle among three 
prism apex angles formed by three re?ecting side faces form 
ing the unit element and perpendicular to one another has a 
deviation from perpendicular of from 0.0001 to 0.01 °. 

It is still more preferable that the multidirectional elements 
be formed comprising at least one type of unit element having 
a prism side face in Which at least one prism apex angle 
among three prism apex angles formed by three re?ecting 
side faces forming the unit element and perpendicular to one 
another has a deviation from perpendicular of from 0.0001 to 
001°. 

Further, in order to improve the observation angle charac 
teristics, it is preferable that at least one re?ecting side face of 
the three retrore?ective side faces of the unit element forms a 
curved surface, and that the maximum deviation of the curved 
surface from a virtual plane for Which the unit element forms 
a theoretical cube-corner element is from 1/1000 to 200/1ooo of 
the length of the base portion forming the curved surface. 
By imparting a slight deviation to the prism apex angles of 

unit elements by the various methods described above, the 
retrore?ective light spreading can be increased, and ob serva 
tion angle characteristics can be improved. The degree of 
deviation can be selected appropriately according to the 
observation angle for Which improvement is desired. 

Further, in the case of a multidirectional element formed 
from seven or more unit elements, because the optical axis 
inclination is large, in order to improve the retrore?ective 
e?iciency, it is preferable that V-shape grooves forming com 
mon base edges be cut by means of one or more V-shape 
subgrooves, parallel to the V-shape grooves forming base 
edges of unit elements forming the outer periphery of the 
multidirectional element, and having an angle substantially 
equal to the angle of the V-shape grooves, and that unit re?ec 
tive elements be formed by a square-shape cube-corner ret 
rore?ective element With at least one base face and by one 
triangular-pyramidal cube-corner retrore?ective element. 

Further, in cases in Which retrore?ective articles of this 
element are used as sheet-shape products, it is preferable that 
the height of the unit elements be from 25 to 2000 pm, in order 
to obtain ?exibility of the sheet product. If the height is less 
than 25 um, elements are small, so that spreading of retrore 
?ective light due to diffraction effects becomes excessive, 
Which is not preferable; if the height exceeds 2000 um, sheet 
?exibility is not obtained, Which is not preferable. 
Any material Which has excellent light transparency and a 

high refractive index can be used as optical media of a ret 
rore?ective element of this invention, and no limits in par 
ticular are imposed. For example, glass materials, transparent 
resins, and similar can be used preferable. As transparent 
resins, acrylic resins, polycarbonate resins, vinyl chloride 
resins, styrene resins, epoxy resins, urethane resins, and 
copolymer resins, modi?ed resins, combinations and similar 
of these resins, can be used. Retrore?ective articles formed 
from resins have excellent ?exibility, are lightWeight, are 
colorable, and have other excellent properties, and are pref 
erable. 

Further, by adding coloring agents, ultraviolet ray absorp 
tion agents, light stabiliZers, oxidation inhibitors, and similar 
as appropriate to such transparent resins, excellent coloring, 
durability, Weather resistance, and other properties can be 
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imparted. These properties can also be attained by laminating 
retrore?ective articles onto other resin layers, or by other 
methods. 

Further, in order to attain re?ection by the principle of total 
internal re?ection in a retrore?ective article of this invention, 
an air layer can be provided in the back face of retrore?ective 
elements, to adopt a sealed structure Which prevents the intru 
sion of Water, moisture, and similar. 

Further, a light-re?ecting mirror- surface re?ecting layer, 
such as of aluminum or similar, can be provided on the re?ect 
ing faces of retrore?ective elements. A retrore?ective article 
provided With such mirror-surface re?ecting layers ef?ciently 
re?ects over a broad range of incidence angles and so is 
preferable, but has the drawback that the external appearance 
of the article is dark due to the mirror-surface re?ecting layer. 

In this Way, by means of this invention, retrore?ective 
articles can be provided With improved Wide-angle character 
istics, that is, With improved entrance angle characteristics, 
observation angle characteristics, and rotation angle charac 
teristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a triangular-pyramidal cube-corner element pair 
of the prior art; 

FIG. 2 is a triangular-pyramidal cube-corner element 
group of the prior art; 

FIG. 3 shoWs a multidirectional element of the invention; 
FIG. 4 is a plane vieW shoWing a multidirectional element 

group of the invention; 
FIG. 5 shows a multidirectional element of the invention; 
FIG. 6 shoWs a multidirectional element of the invention; 
FIG. 7 is a plane vieW shoWing a multidirectional element 

group of the invention; 
FIG. 8 is a plane vieW shoWing a multidirectional element 

group of the invention; 
FIG. 9 shoWs a multidirectional element of the invention; 
FIG. 10 is a plane vieW shoWing a multidirectional element 

group of the invention; 
FIG. 11 shoWs a multidirectional element of the invention; 
FIG. 12 shoWs a multidirectional element of the invention; 
FIG. 13 shoWs a multidirectional element of the invention; 
FIG. 14 shoWs the locus of groove base portions forming 

multidirectional elements of this invention; 
FIG. 15 shoWs the locus of groove base portions forming 

multidirectional elements of this invention; 
FIG. 16 shoWs the locus of groove base portions forming 

multidirectional elements of this invention; 
FIG. 17 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 18 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 19 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 20 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 21 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 22 is a cubic diagram used to explain re?ecting ele 

ments in this invention; 
FIG. 23 is a radar chart of retrore?ective coef?cients of the 

retrore?ective article in Embodiment 1 of the invention; 
FIG. 24 is a radar chart of retrore?ective coef?cients of the 

retrore?ective article in Embodiment 2 of the invention; 
FIG. 25 is a radar chart of retrore?ective coef?cients of the 

retrore?ective article in Embodiment 3 of the invention; 
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FIG. 26 is a radar chart of retrore?ective coef?cients of the 

retrore?ective article in Embodiment 4 of the invention; 
FIG. 27 is a radar chart of retrore?ective coef?cients of the 

retrore?ective article in Comparative Example 1 of the inven 
tion; 

FIG. 28 is a radar chart of retrore?ective coef?cients of the 
retrore?ective article in Comparative Example 2 of the inven 
tion; and, 

FIG. 29 is a radar chart of retrore?ective coef?cients of the 
retrore?ective article in Comparative Example 3 of the inven 
tion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Preferred modes of multidirectional retrore?ective articles 
of the invention are explained, citing the draWings. 

FIG. 1 shoWs a plane vieW and cross-sectional vieW of 
triangular-pyramidal cube-corner retrore?ective elements 
(A-B-C and A-B-C') of the prior art. These triangular-pyra 
midal cube-corner retrore?ective elements are tWo elements 
With left-right symmetry, formed in closest-packing mode 
With one common base edge (A-B). 

In general, the optical axis of an element is inclined for the 
purpose of improving the entrance angle characteristics; the 
tWo optical axes of an element pair are inclined so as to be 
directed in opposite directions by the same angle. HoWever, 
the optical axes are inclined only in the plane perpendicular to 
the common base edge (A-B), and are not inclined in the plane 
parallel to the common base edge (A-B), so that there is the 
problem that the entrance angle characteristics are not 
improved for this direction. 
On the other hand, regions are partitioned and combined 

such that the directions of triangular-pyramidal cube corners 
Which form a pair in the element group shoWn in FIG. 2 are 
mutually perpendicular. This combination of element groups 
averages the performance for azimuth angles of 00 and 90°, so 
that the rotation angle characteristics can be improved; but at 
azimuth angles other than 0° and 90°, ?uctuations in re?ec 
tion performance remain. At the 45 ° azimuth angle in particu 
lar, the improvement in re?ection performance, and in par 
ticular in entrance angle characteristics, is unsatisfactory. 

Examples of such element forms include US. Pat. No. 
5,022,739, US. Pat. No. 5,132,841, and US. Pat. No. 5,175, 
645, by Bennett et al; US. Pat. No. 6,036,322, by Nilsen et al; 
US. Pat. No. 5,706,132 and US. Pat. No. 5,936,770, by 
Nestegard et al; and US. Pat. No. 5,898,523, by Smith; in all 
these cases, improvement of rotation angle characteristics is 
inadequate. 

FIG. 3 shoWs a plane vieW and cross-sectional vieW of a 
multidirectional element, formed such that ?ve unit elements 
in this invention each have tWo base edges (A1-B, A2-B, 
A3 -B, A4-B, and A5-B) and one vertex (B) in common. The 
arroWs shoWn in FIG. 3 indicate the directions of inclination 
of the optical axes of elements; because of uniform dispersion 
in ?ve directions, excellent rotation angle characteristics can 
be obtained. Further, the inclination angle of the optical axes 
is 11.333°, and directions are inclined toWard the outer-pe 
riphery base edges, so that entrance angle characteristics are 
also improved. 

FIG. 4 is a plane vieW of a retrore?ective article of this 
invention, in Which many of the pentagonal multidirectional 
elements shoWn in FIG. 3 are arranged. Elements having a 
triangular-pyramidal shape are formed betWeen the multidi 
rectional elements; these triangular-pyramidal shapes do not 
form cube-corner elements, and so do not contribute to ret 
rore?ection. The element group Which forms the multidirec 
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tional retrore?ective article shown in FIG. 4 is formed by 
V-shape groove groups having a continuous bent-line shape 
bottom portion locus. 

FIG. 5 shoWs a plane vieW and cross-sectional vieW of a 
multidirectional element, formed such that seven unit ele 
ments of this invention have tWo base edges (Al-B, A2-B, 
A3-B, A4-B, AS-B, A6-B, A7-B) and one vertex (B) in com 
mon. The optical axes of the unit elements shoWn in FIG. 5 are 
inclined, and the directions are dispersed uniformly in seven 
directions, so that excellent rotation angle characteristics can 
be obtained. Further, the inclination angle of the optical axes 
is 6.476°, inclined in the direction of the common vertex (B), 
so that entrance angle characteristics are also improved. 

FIG. 6 shoWs a plane vieW and cross-sectional vieW of a 
multidirectional element, formed from eight unit elements of 
this invention having tWo base edges (Al-B, A2-B, A3-B, 
A4-B, AS-B, A6-B, A7-B, A8-B) and one vertex (B) in com 
mon. The arroWs shoWn in FIG. 6 indicate the direction of 
inclination of the optical axes of the elements; because the 
directions are dispersed uniformly in eight directions, excel 
lent rotation angle characteristics are obtained. Further, the 
angle of inclination of the optical axes is l0.790°, and incli 
nation is in the direction of the common vertex (B), so that the 
entrance angle characteristics are also improved. 

FIG. 7 shoWs a plane vieW of a retrore?ective article of this 
invention, in Which many of the octagonal multidirectional 
elements shoWn in FIG. 6 are arranged. Elements having a 
triangular-pyramidal shape are formed betWeen the multidi 
rectional elements, but because triangular-pyramidal cube 
corner elements are not formed, these do not contribute to 
retrore?ection. The element group forming the multidirec 
tional retrore?ective article shoWn in FIG. 7 is formed by 
V-shape grooves having the base portion locus of a continu 
ous bent line shape. Octagonal multidirectional elements 
With a smaller shape are formed betWeen the octagonal mul 
tidirectional elements, so that the packing density of the ele 
ment group is raised, and the retrore?ective ef?ciency is 
increased. Further, the observation angle characteristics of 
the small multidirectional elements are improved through a 
large diffraction effect. 

FIG. 8 shoWs a plane vieW of a retrore?ective article of this 
invention, in Which numerous decagonal multidirectional ele 
ments are arranged. BetWeen the multidirectional elements, 
elements With a triangular-pyramidal shape, With one vertex 
cut aWay, are formed, but these do not form triangular-pyra 
midal cube-corner elements, and so do not contribute to ret 
rore?ection. The element group forming the multidirectional 
retrore?ective article shoWn in FIG. 8 are formed by a 
V-shape groove pattern having a base portion locus With a 
continuous bent-line shape. 

FIG. 9 shoWs a plane vieW and cross-sectional vieW of a 
multidirectional element, formed from ?ve unit elements of 
this invention having tWo base edges (Al-B, A2-B, A3-B, 
A4-B, AS-B) and one vertex (B) in common, the outer-pe 
riphery base edges of Which are formed more shalloWly than 
the common base edges (Al-B, A2-B, A3-B, A4-B, AS-B), 
and portions of the outer-periphery base edges of Which are 
cut aWay by common base edges. For this reason, elements 
are formed such that the areas of the three re?ecting side faces 
of the unit elements are equal, and the retrore?ective e?i 
ciency is raised. 

The optical axes of the unit elements forming the multidi 
rectional element shoWn in FIG. 9 are dispersed uniformly in 
?ve directions, so that excellent rotation angle characteristics 
can be obtained. Further, the optical axis inclination angle is 
ll.333°, and inclination is in the directions of the outer 
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10 
periphery base edges (Al-A2, A2-A3, A3-A4, and A5-A1), 
so that entrance angle characteristics are also improved. 

FIG. 10 shoWs a plane vieW of a retrore?ective article of 
this invention, in Which many of the shalloW-groove type 
pentagonal multidirectional elements such as shoWn in FIG. 9 
are arranged. Elements having a triangular-pyramidal shape 
are formed betWeen the multidirectional elements, but these 
triangular-pyramidal shapes do not form cube-corner ele 
ments, and so do not contribute to retrore?ection. The ele 
ment group forming the multidirectional retrore?ective 
article shoWn in FIG. 10 is formed by aV-shape groove group 
having a base portion locus With a continuous bent-line shape. 

FIG. 11 shoWs a plane vieW and cross-sectional vieW of a 
multidirectional element, formed such that eight unit ele 
ments have in common tWo base edges (A1-B,A2-B,A3-B, 
A4-B, AS-B, A6-B, A7-B, A8-B) and one vertex (B); the 
outer-periphery base edges (Al-A2, A2-A3, A3 -A4, A4-A5, 
A5-A6, A6-A7, A7-A8, and A8-A1) are formed so as to be 
deeper than the common base edges (Al-B, A2-B, A3-B, 
A4-B, AS-B, A6-B, A7-B, A8-B). Hence the unit elements are 
formed such that the areas of the three re?ecting side faces of 
the unit elements are equal, and the retrore?ective ef?ciency 
is raised. 

Because the optical axes of the unit elements forming the 
multidirectional element shoWn in FIG. 11 are dispersed uni 
formly in eight directions, excellent rotation angle character 
istics can be obtained. Further, because the optical axis incli 
nation angle is l0.790°, and inclination is in the direction of 
the common vertex (B), the entrance angle characteristics are 
also improved. 

Because the optical axes of the unit elements forming the 
multidirectional element shoWn in FIG. 12 are dispersed uni 
formly in 12 directions, excellent rotation angle characteris 
tics can be obtained. And, the optical axis inclination angle is 
l9.720°, and inclination is in the directions of the outer 
periphery base edges (Al-A2, A2-A3, A4-A5, A5-A6, 
A6-A7,A7-A8, A8-A9, A9-A10, A10-A11,A11-A12,A12 
A1), the entrance angle characteristics are also improved. 

FIG. 13 shoWs a multidirectional element in Which ten unit 
elements are combined. In this multidirectional element, 
V-shape grooves forming common base edges are cut by 
means of one V-shape subgroove parallel to the V-shape 
grooves forming the outer-periphery base edges, and having 
an angle substantially equal to the angle of the V-shape 
grooves; unit elements are formed by cube-corner retrore?ec 
tive elements the base face of Which is square in shape and 
triangular-pyramidal cube-corner retrore?ective elements. 
An element in Which such a subgroove is formed has higher 
retrore?ective ef?ciency, and so is particularly preferable. 

FIG. 14, FIG. 15, and FIG. 16 are diagrams used to explain 
a method of forming multidirectional elements in a retrore 
?ective article of this invention. 

FIG. 14 shoWs only the locus of the base portions of 
grooves, the cross-section of Which is a V-shape, Which form 
pentagonal multidirectional elements shoWn in FIG. 4. The 
locus of these grooves forms a pattern in Which continuous 
bent lines are repeated. 

FIG. 15 shoWs, as L1, L2, and L3, the loci of grooves 
forming the outer-periphery base edges, among the loci of the 
V-shape grooves shoWn in FIG. 14. The angle of the V 
grooves of these three types of base portion loci are all the 
same angle. 

FIG. 16 shoWs, as L4, L5 and L6, the loci of grooves 
forming common base edges, among the loci of the V-shape 
grooves shoWn in FIG. 14. The angle of theV grooves of these 
three types of base portion loci are all the same angle. 










































































