
-1- DESCRIPTION Pivot Hinge Mechanism and Imaging
Device  Technical Field The present invention relates
to a pivot hinge mechanism for supporting a main
body and pivotable unit pivotably in relation to each
other and an imaging device  using such a pivot hinge
mechanism to install a grip unit to the main body to
be  pivotable in relation to the latter. This
application claims the priority of the Japanese
Patent Application No.  2004-016276 and No.
2004-016279 filed in the Japanese Patent Office on
January 23,  2004, the entireties of which are
incorporated by reference herein. Background Art The
imaging devices such as a digital still camera,
digital video camera, etc. are  designed more compact
with all the functions being integrated in the body
of the  devices. Since shooting is made with the
imaging device itself being held, a shape of  the
imaging device will make it difficult to hold the
imaging device or a shooting  position or angle will
make it difficult to make the shooting from a stable
angle. On this account, it has been proposed to
install the grip unit to be held by the  user
pivotably to the lateral side of the main body with a
pivot hinge mechanism so  that the angular position
of the grip unit in relation to the main body can
arbitrarily be -2- 



changed correspondingly to a shooting position or
angle. Note that between the main body and grip unit,
a harness (wiring) is routed  through an opening
formed in the pivot hinge mechanism. There has been
proposed  a pivot hinge mechanism of this type
constructed as shown in FIG. 16. As shown,  the pivot
hinge mechanism, generally indicated with a reference
numeral 200,  includes a stationary plate 201 fixed
to a main body, rotating plate 202 fixed to a grip
unit and a spindle 203 that supports the rotating
plate 202 rotatably in relation to the  stationary
plate 201. The stationary and rotating plates 201 and
202 have formed  therein openings 205 and 206,
respectively, through which there is penetrated a
harness 204 routed between the main body and grip
unit. The harness 204 is formed from a long flexible
printed circuit board (FPC)  having a predetermined
width. It has an excess portion 204a of such a
sufficient  length greater than a minimum necessary
length for the routing that the harness 204  can
follow up the pivoting of the grip unit and the
harness can easily be routed  between the main body
and grip unit. As shown in FIG. 17, the harness 204
is folded  back with the excess portion 204a being
laid between the stationary and rotating  plates 201
and 202, while being routed at one-end side thereof
through the opening  205 in the stationary plate 201
to the main body and at the other-end side thereof
through the opening 206 in the rotating plate 202 to
the grip unit. In the above conventional pivot hinge
mechanism 200, since the folded-back  width of the
harness 204 depends upon a gap S formed between the
stationary and 



-3- rotating plates 201 and 202, it should be smaller
when the gap S is reduced for a  reduced thickness of
the entire pivot hinge mechanism 200. However, the
reduction  of the folded-back width will result in a
reduced bending resistance and reduced  degree of
freedom of routing of the flexible printed circuit
board. Especially, in case  a double-side flexible
printed circuit board is used as the harness, the
larger number of  wires therein will lead to an
increased hardness of the harness itself as compared
with  the one-side flexible printed circuit board. In
this case, when the excess portion 204a  of the
harness 204 lacking the bending resistance is folded
back at the narrow gap S  between the stationary and
rotating plates 201 and 202, the harness 200 cannot
follow  up the rotation of the rotating plate 202 in
relation to the stationary plate 201 with the  result
that the harness 204 will be broken along the folding
line and the flexible  printed circuit board itself
will be broken. Also, in the imaging device having a
pivotable grip unit, the grip unit should be  held
stably in an arbitrary angular position in relation
to the main body. On this  account, it has been
proposed to provide a friction mechanism that will
give a friction  to between the main body and grip
unit. However, such a friction mechanism will  cause
the imaging device to be larger in size and also will
interfere with the harness  routed between the main
body and grip unit. Disclosure of the Invention
Embodiments of the present invention overcome the
above-mentioned  drawbacks of the related art. 



-4- Embodiments of the present invention provide a
pivot hinge mechanism permitting to maintain the
degree of freedom of the harness routed between a
main  body and pivotable unit and facilitate the
routing of the harness. Embodiments of the present
invention provide a pivot hinge mechanism that can
support the pivotable unit pivotably in relation to a
main body and hold the pivotable  unit appropriately
and stably in an arbitrary angular position in
relation to the main  body. Embodiments of the
present invention provide an imaging device designed
more  compact and in which the degree of freedom of
the harness routed between a main  body and grip unit
is maintained to prevent the harness from being
broken or  discontinued. Embodiments of the present
invention provide an imaging device in which the.
grip unit can be held appropriately and stable in an
arbitrary angular position in  relation to a main
body. -5- In accordance with an aspect of the present
invention, there is provided a pivot hinge mechanism
supporting a main body and pivotable unit pivotably
in relation to  each other, the pivot hinge mechanism
comprising: a stationary plate installed to one  of
the main body and pivotable unit; rotating plates
installed to the other of the main  body and
pivotable unit; and a spindle supporting the rotating
plates rotatably in  



relation to the stationary plate, the stationary and
rotating plates having formed therein  openings
through which a harness routed between the main body
and rotating portion  is penetrated; and the openings
in the stationary plate and those in the rotating
plates  being are formed for at least a part thereof
to overlap each other in an angular range in  which
the pivotable unit is pivoted in relation to the main
body, wherein the openings  in the stationary plate
and the rotating plates are formed outside the
spindle . The above pivot hinge mechanism according
to an embodiment of the present  invention may
further include a first friction mechanism and second
friction  mechanism, which give friction to between
the rotating and stationary plates at the  inner and
outer walls thereof. In accordance with another
aspect of the present invention, there is provided an
imaging device, comprising: a main body having
provided therein an imaging unit to  capture an image
of an object; a grip unit having provided therein a
recording unit to  record the image captured by the
imaging unit and installed pivotably to one side of
the main body; and a pivot hinge mechanism supporting
the main body and pivotable  unit pivotably in
relation to each other, the pivot hinge mechanism
including a  stationary plate installed to one of the
main body and pivotable unit, rotating plates
installed to the other of the main body and pivotable
unit, and a spindle supporting the -5a  rotating
plates rotatably in relation to the stationary plate,
the stationary and rotating  plates having formed
therein openings through which a harness routed
between the  



main body and rotating portion is penetrated, and the
openings in the stationary plate  and those in the
rotating plates being are formed for at least a part
thereof to overlap  each other in an angular range in
which the pivotable unit is pivoted in relation to
the  main body, wherein the openings in the
stationary plate and the rotating plates are  formed
outside the spindle. The above imaging device
according to an embodiment of the present invention
may further include a first friction mechanism and
second friction mechanism, which  give friction to
-6- between the rotating and stationary plates at the
inner and outer walls thereof. Since he openings in
the stationary and rotating plates are formed for at
least a  part thereof to overlap each other in a
range of angle in which the pivotable unit is
pivoted in relation to the main body, the pivot hinge
mechanism according to the  present invention permits
to bend the harness routed between the main body and
pivotable unit gently between the openings formed in
the stationary and rotating plates  to overlap each
other. Further, the first and second fiction
mechanisms to give friction to the inner and  outer
walls between the rotating and stationary plates
contribute to appropriate and  stable holding of the
pivotable unit at an arbitrary angle in relation to
the main body. In the imaging device provided with
the above pivot hinge mechanism, the  degree of
freedom of the harness routed between the main body
and grip unit can be  



maintained and the harness can easily be routed.
Also, the imaging device can  designed more compact,
and the harness can be prevented from being caught,
broken  or discontinued when the grip unit is pivoted
in relation to the main body. Especially,  a
double-side flexible printed circuit board is usable
very effectively as the harness  because the larger
number of wires therein will lead to an increased
hardness of the  harness itself as compared with the
one-side flexible printed circuit board. The
foregoing and other features, aspects and advantages
of the present  invention will be come apparent from
the following detailed description of the present
invention when taken in conjunction with the
accompanying drawings. -7- Brief Description of the
Drawings FIG 1 is a perspective view, from the front
side, of a digital video camera  according to the
present invention. FIG. 2 is also a perspective view,
from the rear side, of the digital video camera.  FIG
3 is a perspective view of the digital video camera
with the display panel  being opened. FIG. 4 is a
perspective view of the digital video camera with the
grip unit being  pivoted. FIG 5 is a perspective view
of the digital video camera with the grip unit being
opened. FIG 6 is a perspective view of the
substantial portion of the digital video camera  



with a battery unit being housed. FIG 7 is a
perspective view of the digital video camera with the
connecting cord  being plugged in the connector. FIG
8 is an exploded perspective view of the pivot hinge
mechanism according  to the present invention. FIG 9
is also an exploded perspective view of the
substantial portion of the pivot  hinge mechanism.
FIG 10 is a sectional view of the substantial portion
of the pivot hinge  mechanism. FIG 11 is a schematic
perspective view of the pivot hinge mechanism. -8-
FIG. 12 is a schematic plan view of the pivot hinge
mechanism.  FIG 13 is a schematic sectional view of
the pivot hinge mechanism.  FIG 14 is a plan view of
the flexible printed circuit board. FIG 15 is a
perspective view of the substantial portion of the
flexible printed  circuit board being bent. FIG 16 is
a perspective view of the conventional pivot hinge
mechanism.  FIG 17 is a sectional view of the
conventional pivot hinge mechanism.  Best Mode for
Carrying Out the Invention The present invention will
be explained in detail herebelow concerning the pivot
hinge mechanism and imaging device with reference to
the accompanying drawings.  



The imaging device according to the present invention
is, for example, a combination of a camera and
digital video tape recorder (will be referred to as
"digital  video camera" hereunder) shown in FIGS. 1
and 2. The digital video camera is  generally
indicated with a reference numeral 1. As shown, the
digital video camera  1 includes a main body 2, a
display panel 3 so installed to one side of the main
body 2  that it can be closed and opened, and a grip
unit 4 installed pivotably to the other side  of the
main body 2, opposite to the display panel 3. The
main body 2 includes an imaging unit to capture an
image of an object. It  has a protruding lens unit 5
mounted at the front of the main body 2 and whose
imaging lens 5a is exposed to outside. Also, on the
top of the main body 2, there is  provided a flash
unit 6 that can be popped up and illuminate a flash
lamp in shooting ff -9- at night or in a dark place.
On the top of the main body 2, there is also provided
at  the back of the flash unit 6 a stereo microphone
7 to record a voice and sound. Further, various
control buttons and switches are provided in
appropriate places on the  main body 2. Note that the
main body 2 has built therein a lens barrel
incorporating an  imaging optical system including
the imaging lens 5a and image pickup devices to
capture an image of the object, formed by the lens
barrel, such as a CCD  (charge-coupled device), CMOS
(complementary metal-oxide semiconductor device)  



or the like. In the imaging unit, an image acquired
through the imaging lens 5a is  converted by the
image pickup device into an electric data and the
electric data is  supplied as image data to a
recorder/reproducer, display unit, etc. which will be
described in detail later. At the upper portion of
the rear side of the main body 2, there is provided a
viewfinder (EVF: electronic viewfinder) 8 having an
eyecup 8a. The viewfinder 8 is  a display unit at the
main body side and displays an image captured by the
aforementioned imaging unit. The user can view the
image displayed on an internal  liquid crystal
display (LCD) through the eyecup 8a. As shown in
FIGS. 2 and 6, at the lower portion of the rear side
of the main body  2, there are provided a battery
insertion opening 10 through which a battery 9 is
inserted or removed, battery housing 11 to
accommodate the battery 9 inserted  through the
battery insertion opening 10, and a lid 12 to close
the battery insertion -10- opening 10. In this
digital video camera 1, the battery 9 can be housed
inside the  may body 2. As shown in FIGS. 3, 6 and 7,
a coupling 13 is provided between the main body  2
and grip unit 4 and a connector cover 14 is so
installed to the rear side of the  coupling 13 that
it can be closed and opened. Inside the connector
cover 14, there  are provided a connector block 15
including a headphone output terminal and  microphone
input terminal to which, for example, a headphone and
microphone are to  



be connected, video/audio input and output terminals
for input/output of video and  audio signals from/to
any other electronic apparatus such as a personal
computer,  power receptacle for connection to an
external power source (AC adapter), etc.  Therefore,
a plug 16a of a connecting cord 16 is to be so
connected from outside to  the connector block 15
provided at the back of the coupling 13 that the plug
16a will  be nearly parallel to the optical axis of
the imaging lens 5a. As shown in FIGS. 2 and 3, the
display panel 3 is installed pivotably to the main
body 2 with a biaxial pivot hinge mechanism 17. The
hinge mechanism 17 supports  the display panel 3
pivotably in an angular range of about 90 deg. in the
opening/closing direction as indicated with an arrow
A in FIG. 3 in relation to the  main body 2 and also
in an angular range of about 270 deg. about an axis
perpendicular to the opening/closing direction as
indicated with an arrow B in FIG. 3.  Thus, the
display panel 3 can be turned around while being
closed or opened in  relation to the main body 2.
Also, being closed in relation to the main body 2,
the -11- display panel 3 can be accommodated in a
display panel receiver 18 formed in one  lateral side
of the main body 2. Further, on one main side of the
display panel 3, there is provided a liquid crystal
display (LCD) panel 19 that displays an image
captured by the aforementioned  imaging unit. The LCD
panel 19 is used as a display unit at the display
panel side. In this digital  



video camera 1, an image captured through the imaging
lens 5a can be displayed on  the LCD panel 19 as well
as on the viewfinder 8. It should be noted that a
touch  panel is provided on the front surface of the
LCD panel 19, By pressing the touch  panel with a
finger while viewing an image displayed on the LCD
panel 19, the user  can operate the digital video
camera 1 in various manners. As shown in FIGS. 2, 4
and 7, the grip unit 4 is to be held by the user of
the  digital video camera 1. It is installed
pivotably to the coupling 13 of the main body 2  with
a pivot hinge mechanism 20. The pivot hinge mechanism
20 supports the grip  unit 4 to the main body 2 to be
pivotable in an angular range of about 90 deg. about
an  axis perpendicular to the optical axis indicated
with an arrow C in FIG 4. Therefore,  in the digital
video camera 1, the grip unit 4 can continuously be
changed in direction  relative to the main body 2
correspondingly to a position, angle, etc. of
shooting. Note that in appropriate places on the grip
unit 4, there are provided a shutter  button 21 a,
zoom lever 21b, etc. operable by the user for
operating the digital video  camera 1 in various
manners while holding the grip unit 4. Also, to the
lateral side -12- of the grip unit 4, there is
secured a grip belt 22 that will immobilize the
user's hand  holding the grip unit 4. Also, the grip
unit 4 has installed thereto a lid 23 that forms a
part of the body of  the grip unit 4 as shown in FIG.
5. The lid 23 can be closed and opened. Inside the
lid 23, there is provided a mechanical deck 25 in
which a tape cassette 24 is to be set.  



It should be noted that the mechanical deck 25 is a
recording/reproducing unit to  record a video signal,
audio signal or the like supplied from the imaging
unit and  sound recording unit or reproducing a video
signal, audio signal or the like recorded  on a tape
cassette. The mechanical deck 25 includes a rotating
head unit to record or  reproduce a signal to or from
a magnetic tape in the tape cassette 24 set in the
mechanical deck 25, a tape feeding mechanism to drive
the magnetic tape at a  constant velocity while
pinching, between a pinch roller and capstan, the
magnetic  tape guided by a plurality of guide
rollers, etc. With the digital video camera 1
constructed as above, the user can pickup a  moving
picture, still picture or the like while viewing an
object through the viewfinder  8 located at the rear
side of the main body 2 or viewing the LCD panel 19
of the  display panel 3 while holding the grip unit
4. For example, by changing the direction of the
display panel 3 in relation to the  main body 2 of
the digital video camera 1, the user can pick up an
image of himself or  herself while viewing the LCD
panel 19. Further, by changing the direction of the
grip unit 4 of the digital video camera 1 6  x -13-
in relation to the main body 2 correspondingly to a
shooting position or angle, the user  can hold the
grip unit 4 more easily and can thus make a shooting
at a stable angle.  



Especially, the grip unit 4 turned to a position of
90 deg. as shown in FIG 4 from a  position of zero
angle as shown in FIG 1 will has such a positional
relation with the  main body 2 that the digital video
camera 1 can function as a single-lens reflex
camera, which will facilitate the user to pick up a
still picture. Also, the digital video camera 1
includes the connector block 15 whose external
terminal is inserted into the coupling 13 that
couples the main body 2 and grip unit 4  with each
other as shown in FIG 6. So, it is possible to
prevent the plug 16a inserted  into the connector
block 15 and connecting cord 16 extending from the
plug 16a from  interfering with the grip unit 4 being
pivoted in relation to the main body 2. This  feature
will further improve the usability of the digital
video camera 1. Next, the pivot hinge mechanism 20
according to the present invention, to  support the
aforementioned main body 2 and grip unit 4 pivotably
in relation to each  other, will be explained. As
shown in FIGS. 8, 9 and 10, the pivot hinge mechanism
20 includes a  stationary plate 31 to be installed to
the grip unit 4 and a pair of rotating plates 32 and
33 to be installed to the main body 2. With the pair
of rotating plates 32 and 33  being supported
rotatably about a spindle 34 installed to the
stationary plate 31, the  pivot hinge mechanism 20
can support the main body 2 and grip unit 4 pivotably
in  relation to each other. -14- More particularly,
the stationary plate 31 is formed from a nearly
square metal 



sheet to have a bend 35 along one side thereof. The
bend 35 has a right angle in  relation to the main
side of the stationary plate 31. The stationary plate
31 is  installed to the grip unit 4 with the bend 35
being screwed to the lateral side of he  mechanical
deck 25. Also, the stationary plate 31 has formed
nearly in the center thereof a spindle  hole 36
through which a spindle 34 is penetrated and around
which a pair of  positioning pins 37 that prevents
rotation of the spindle 34 is formed to project from
the main side of the stationary plate 31. The spindle
34 has provided at the base end  thereof a flange 38
projected in a direction in which the diameter is
larger. The  flange 38 has formed therein a pair of
positioning concavities 39 in which the pair of
positioning pins 37 is to be engaged, respectively.
Being penetrated through the  spindle hole 36 and
with the pair of positioning pins 37 being engaged in
the pair of  positioning concavities 39,
respectively, the spindle 34 is positioned in
relation, and  fixed, to the stationary plate 31. The
spindle 34 includes a first portion 34a nearly  equal
in diameter to the spindle hole 36, second portion
34b smaller in diameter than  the first spindle
portion 34a, and a third portion 34c smaller in
diameter than the  second spindle portion 34b. The
stationary plate 31 has formed therein a first
opening 40 through which a  harness 66 which will be
explained in detail later is to be penetrated. The
first  opening 40 is formed to have a nearly circular
shape sufficiently wide for penetration -15- 



of the harness 66 and extending divergently in an
angular range of approximately 90  deg. about the
spindle 34 penetrated through the spindle hole 36.
Also, the stationary plate 31 has formed thereon a
projecting stopper 41 to limit  the angular range in
which the grip unit 4 is pivoted in relation to the
main body 2.  The projecting stopper 41 is formed by
punching the stationary plate 31 to project  from the
other main side of the stationary plate 31. The
rotating plates 32 and 33 in pair are formed from a
generally square metal  sheet and have formed in the
center thereof spindle holes 42 and 43 nearly equal
in  diameter to the second portion 34b of the spindle
34. That is, the pair of rotating  plates 32 and 33
is pivotably supported on the spindle 34 with the
second spindle  portion 34b being penetrated through
the spindle holes 42 and 43. Also, the spindle  34
has installed to the free end thereof a nearly
cylindrical keep plate 44 that prevents  the pair of
rotating plates 32 and 33 from being disengaged. The
keep plate 44 has a  hexagonal hole 44a formed in the
center thereof. Press-fitted in the hexagonal hole
44a, the third portion 34c of the spindle 34 is fixed
to the fee end of the spindle 34. The pair of
rotating plates 32 and 33 has the central portion
thereof supported  rotatably on the spindle 34 and
are positioned for their periphery to catch a
peripheral  annular plate 45. The peripheral annular
plate 45 is formed from a metal sheet  including a
circular ring portion 46 caught between the rotating
plates 32 and 33 in  pair and a flange portion 47
projecting from the periphery of the ring portion 46
toward the stationary plate 31 and in a direction in
which the diameter is larger. Also, 



-16- the flange portion 47 has formed therein a
plurality of through-holes 49 through which  screws
48 are penetrated. On the other hand, the stationary
plate 31 has formed  therein screw holes 50
corresponding to the plurality of through-holes 49.
The  peripheral annular plate 45 is installed to the
stationary plate 31 with the screws 48  being driven
into the screw holes 50 in the stationary plate 31
through the  through-holes 49 in the flange portion
47. Of the pair of rotating plates 32 and 33, the
first one (32) disposed inside the  peripheral
annular plate 45 has formed therein a plurality of
through-holes 52 through  which screws 51 are to be
penetrated. The second rotating plate 33 disposed
outside  the peripheral annular plate 45 has formed
therein screw holes 53 corresponding to the
plurality of through-holes 52. With the screws 51
penetrated through the  through-holes 52 in the first
rotating plate 32 being driven into the screw holes
53 in  the second rotating plate 33 through inside
the ring portion 46 of the peripheral  annular plate
45, the pair of rotating plates 32 and 33 is
installed integrally while  holding tight the ring
portion 46 of the peripheral annular plate 45 between
them. It  should be noted that the second rotating
plate 33 is installed by screwing to the main  body
2. The pair of rotating plates 32 and 33 has formed
therein a second opening 54  through the harness 66
is to be penetrated. The second opening 54 is formed
to have  a generally circular shape sufficiently wide
for penetration of the harness 66 and  



extending divergently in an angular range of
approximately 45 + a deg. about the -17- spindle 34.
The angle a is an overlap angle which will be
explained in detail later. Of the pair of rotating
plats 32 and 33, the second one (33) has formed
thereon a  pair of limiting pieces 55a and 55b that
abut the projecting stopper 41 of the stationary
plate 31. The limiting pieces 55a and 55b in pair are
disposed to form an angle of  approximately 90 deg.
about the spindle 34. The second rotating plate 33 is
punched  to bend toward the main side opposite to the
first rotating plate 32. On the other  hand, the
first rotating plate 32 has formed therein a pair of
openings 56a and 56b  through which the pair of
limiting pieces 55a and 55b is to be penetrated. In
this pivot hinge mechanism 20, when the pair of
rotating plates 32 and 33 has  been rotated about the
spindle 34 in one direction relative to the
stationary plate 31,  one of the limiting pieces
(55a) abuts one end of the projecting stopper 41.
When  the pair of rotating plates 32 and 33 has been
rotated about the spindle 34 in the other  direction
relative to the stationary plate 31, the other
limiting piece 55b will abut the  other end of the
projecting stopper 41. Thus, the angular range in
which the grip unit  4 is pivoted in relation to the
main body 2 is limited to about 90 deg. The pivot
hinge mechanism 20 further includes first and second
friction  mechanisms 57 and 58 to stably hold the
grip unit 4 in relation to the main body 2 in a
position of an arbitrary angle in which the grip unit
4 is pivoted in relation to the main  unit 2. 



The first friction mechanism 57 includes a leaf
spring 59, pressing plate 60 and  friction plate 61,
disposed with the spindle 34 being penetrated, to
generate friction at -ls- the inner periphery between
the stationary plate 31 and first rotating plate 32.
The leaf spring 59 is formed from a nearly circular
metal sheet and has formed in  the center thereof a
through-hole 59a nearly equal in diameter to the
first portion 34a  of the spindle 34. It has a
thickness-directional section having a nearly
countersink  shape. Namely, it is a so-called spring
washer. The pressing plate 60 is formed from a nearly
circular metal sheet nearly equal in  diameter to the
leaf spring 59, and has formed in the center thereof
a through-hole 60a  nearly equal in diameter to the
second portion 34b of the spindle 34. Also, the
pressing plate 60 has formed on the periphery thereof
a positioning piece 60b that  prevents rotation of
the pressing plate 60. The positioning piece 60b is
bent at right  angle in relation to the main side of
the pressing plate 60. The stationary plate 31 has
provided therein a concavity 62 formed by cutting a
part of the inner  circumference of the spindle hole
36. With the second portion 34b of the spindle 34
being penetrated through the through-hole 60a and
positioning piece 60b being  engaged in the concavity
62 in the stationary plate 31, the pressing plate 60
is  positioned in relation, and fixed, to the
stationary plate 31 while catching the leaf  spring
59 between itself and stationary plate 31. The
friction plate 61 is formed from a nearly circular
high friction sheet material  



nearly equal in diameter to the pressing plate 60,
and has formed in the center thereof  a through-hole
61 a nearly equal in diameter to the second portion
34b of the spindle  34. The friction plate 61 is
disposed being caught between the first rotating
plate 32 -19- and pressing plate 60 with the second
portion 34b of the spindle 34 being penetrated
through the through-hole 61 a. Therefore, in the
first friction mechanism 57, the leaf spring 59
compressed  between the stationary plate 31 and first
rotating plate 32 presses the pressing plate 60,  and
the pressing plate 60 thus pressed will be forced to
the friction plate 61, whereby  an appropriate
friction can be generated. In order to generate a
friction outside between the stationary plate 31 and
first  rotating plate 32, the second friction
mechanism 58 includes a leaf spring 63 disposed
being compressed along with the ring portion 46 of
the peripheral annular plate 45  between the
stationary plate 31 and periphery of the first
rotating plate 32. The leaf spring 63 is formed from
a nearly annular metal sheet nearly equal in
diameter to the ring portion 46 of the peripheral
annular plate 45, and waved as a  whole in the
direction of thickness. Also, in a position where the
periphery of the  lead spring 63 is generally
bisected, there is formed a pair of positioning
pieces 64  that prevents rotation of the leaf spring
63. Each of the positioning piece 64 is bent  at
right angle toward the main side of the leaf spring
63. The stationary plate 31 has  formed therein a
pair of positioning holes 65 in which the pair of
positioning pieces  



64 is engaged. Being caught between the stationary
plate 31 and first rotating plate  32 and with the
pair of positioning pieces 64 being engaged in the
pair of positioning  holes 65, the leaf spring 63 is
positioned in relation, and fixed, to the stationary
plate  31. r _ -20- In the second friction mechanism
58, the leaf spring 63 compressed between the
stationary plate 31 and periphery of the first
rotating plate 32 presses the first rotating  plate
32 which is thus forced at the periphery thereof to
the ring portion 46 of the  peripheral annular plate
45, whereby an appropriate friction can be generated.
In the pivot hinge mechanism 20, there are provided
the first and second friction  mechanisms 57 and 58
to support the main body 2 and grip unit 4 pivotably
in relation  to each other and give a friction to
inside and outside between the stationary plate 31
and first rotating plate 32. Thus, the grip unit 4
can be held appropriately and stably  in an arbitrary
angular position in relation to the main body 2. Also
in the pivot hinge mechanism 20, even in case the
first and second friction  mechanisms 57 and 58 are
provided, the harness 66 can easily be routed between
the  main body 2 and grip unit 4 through the first
and second openings 40 and 54 and the  friction
mechanisms will not interfere with the routing of the
harness 66 between the  main body 2 and grip unit 4.
Further, a detent mechanism provided, if any, in the
pivot hinge mechanism 20 to  



give a detent when the grip unit 4 is pivoted will
assure to keep the friction constant  without any
influence on forcing of the inner leaf spring 59 and
outer leaf spring 63. Therefore, the entire digital
video camera 1 including such a pivot hinge
mechanism 20 can be designed more compact and the
grip unit 4 can be held  appropriately and stably in
an arbitrary angular position in relation to the main
unit 2. As shown in FIG 11, in the digital video
camera 1, the harness 66 for electrical -21-
connection between the main body 2 and grip unit 4 is
routed between inside the main  body and 2 and inside
the grip unit 4 through the first and second openings
40 and 54  in the pivot hinge mechanism 20. The first
and second openings 40 ad 54 are formed to overlap
each other at least  partially in an angular range
(90 deg. herein) in which the grip unit 4 is pivoted
in  relation to the main body 2 as shown in FIGS. 12
and 13. In this case, the harness 66 routed between
the main body 2 and grip unit 4 can  be gently folded
back between the first and second openings 40 and 54
overlapping  each other at least partially (will be
referred to as "overlapping zone 67" hereunder),  and
can easily be routed through the overlapping zone 67.
More particularly, the harness 66 is a long flexible
printed circuit board (will be  referred to as "FPC
66" hereunder) formed to have a predetermined width)
as shown  in FIG. 14. It includes an intermediate
portion 66a bent in the main side to follow up  the
pivoting of the grip unit 4. As shown in FIG 15, the
FPC 66 is folded back at the  



bent portion 66a between the first and second
openings 40 and 54 overlapping each  other, and the
bent portion 66a has a curvature radius nearly equal
that, about the  spindle 34, of the first and second
openings 40 and 54. As shown in FIGS. 11, 12 and 13,
the FPC 66 has the bent portion 66a gently  folded
back in a nearly U shape through the overlapping zone
67 between the first and  second openings 40 and 54,
and is routed at one end thereof to the main body 2
through the second opening 54 and at the other end
thereof to the grip unit 4 through -22- the first
opening 40. The FPC 66 folded back in the overlapping
zone 67 will follow up the rotation of  the pair of
rotating plates 32 and 33 in relation to the
stationary plate 31 and have the  bent portion 66a
thereof shifted within the overlapping zone 67. At
this time, the angle through which the folded-back
position of the FPC 66  shown in FIG 15 is a half of
an angle 0 in which the pair of rotating plates 32
and 33  is rotated in relation to the stationary
plate 31 shown in FIG. 11. Therefore, to define  the
overlapping zone 67 between the first and second
openings 40 and 54, at least the  angular range
between the first and second openings 40 and 54
should be larger than a  half of the maximum angle
(0m) in which the grip unit 4 is pivoted in relation
to the  main body 2. More specifically, to facilitate
routing of a connector 68 installed to the FPC 66
after assembling the pivot hinge mechanism 20, the
angular range of the first opening  



40 is equal to the angular range Pm (about 90 deg,)
in which the grip unit 4 is pivoted  in relation to
the main body 2, as shown in FIG 12. Also, in the
first opening 40, a  first guard member 69 to protect
the FPC 66 is disposed through inside the ring
portion 46 of the peripheral annular plate 45 and
between the stationary plate 31 and  first rotating
plate 32. On the other hand, the angular range of the
second opening 54 is 45 deg. + a deg.  which is a sum
of a half ((3m/2) of the maximum angle in which the
grip unit 4 is  pivoted in relation to the main body
2 and an overlapping angle (a) at which at least a
-23- part of the second opening 54 overlaps the first
opening 40. Also in the second  opening 54, a second
guard member 70 to protect the hardness is disposed
between  the pair of rotating plates 32 and 33. The
first and second openings 40 and 54 partially overlap
each other to define  the overlapping zone 67 between
one end 40a of the first opening 40 and other end
54b of the second opening 54 or between other end 40b
of the first opening 40 and  one end 54a of the
second opening 54 in an angular range in which the
pair of rotating  plates 32 and 33 is rotated in
relation to the stationary plate 31. As above, since
in the pivot hinge mechanism 20, the overlapping zone
67 in  which the first and second openings 40 and 54
overlap each other is defined in an  angular range in
which the grip unit 4 is pivoted in relation to the
main body 2, the  harness 66 routed between the main
body 2 and grip unit 4 can gently be folded back  



in the overlapping zone 67 and it can easily be
routed through the overlapping zone  67. Also, since
in the pivot hinge mechanism 20, the folded-back
width of the  harness 66 is not influenced by the gap
S defined between the stationary plate 31 and  first
rotating plate 32, the mechanism itself can be
thinned more by narrowing the gap  S. The entire
digital video camera 1 including such a pivot hinge
mechanism 20 can  be designed more compact with
maintaining the degree of freedom of the harness 66
routed between the main body 2 and grip unit 4. Also,
it is possible to prevent the s -24- harness 66 from
being caught, broken or discontinued when the grip
unit 4 is pivoted  in relation to the main body 2.
Especially in case a double-side flexible printed
circuit is used as the harness 66, since it is
inferior in bending resistance to the  single-side
flexible printed circuit board because the number of
wires is smaller, it is  very advantageous, In the
digital video camera 1, since the harness 66 can be
routed  after assembling the pivot hinge mechanism
20, the manufacturing costs can be  reduced. In the
aforementioned digital video camera 1, the stationary
plate 31 is installed  to the grip unit 4 while the
pair of rotating plates 32 and 33 is installed to the
main  body 2. Reversely, however, the stationary
plate 31 maybe installed to the main  



body 2 while the pair of rotating plates 32 and 33
may be installed to the grip unit 4. Also, the
harness 66 may be formed from a halogen-free harness
(electric wire)  in order to reduce the environmental
loading substance instead of the aforementioned  FPC.
The halogen free harness is harder than conventional
one, and so it is very  advantageous. In the
foregoing, the present invention has been described
in detail concerning  certain preferred embodiments
thereof as examples with reference to the
accompanying drawings. However, it should be
understood by those ordinarily  skilled in the art
that the present invention is not limited to the
embodiments but can  be modified in various manners,
constructed alternatively or embodied in various
other forms without departing from the scope and
spirit thereof as set forth and -25- defined in the
appended claims. Industrial Applicability As having
been described in the foregoing, the pivot hinge
mechanism according  to the present invention is
applicable not only in an imaging device such as
digital  video camera, digital still camera but also
in an electronic apparatus in which a  pivotable unit
is pivotable in relation to a main body of the
apparatus. 26  CLAIMS 1. A pivot hinge mechanism
supporting a main body and pivotable unit pivotably  



in relation to each other, the pivot hinge mechanism
comprising: 5 a stationary plate installed to one of
the main body and pivotable unit;  rotating plates
installed to the other of the main body and pivotable
unit; and a spindle supporting the rotating plates
rotatably in relation to the stationary  plate, the
stationary and rotating plates having formed therein
openings through  10 which a harness routed between
the main body and rotating portion is penetrated; and
the openings in the stationary plate and the rotating
plates are formed for at least a part thereof to
overlap each other in an angular range in which the
pivotable  unit is pivoted in relation to the main
body, wherein the openings in the stationary  plate
and the rotating plates are formed outside the
spindle . 15 2. The pivot hinge mechanism according
to claim 1, wherein the opening in the  stationary
plate and those in the rotating plates are formed to
have a nearly circular  shape having a predetermined
width and extending divergently in a predetermined an
angular range about the spindle. 20 3. The pivot
hinge mechanism according to claim 2, wherein the
angular range of  the openings in the stationary and
moving plates is larger than a half of a maximum
angle through which the pivotable unit is pivoted in
relation to the main body and  smaller than the
maximum angle. 



25 -27- 4. The pivot hinge mechanism according to
claim 1, wherein the harness is a  flexible printed
circuit board and can be folded back between the
openings in the  stationary-and moving plates in
which the folded-back portions of the flexible
printed  circuit board overlap each other. 5. The
pivot hinge mechanism according to claim 1, further
comprising a first  friction mechanism and second
friction mechanism, which give friction to between
the  rotating and stationary plates at the inner and
outer walls thereof. 6. The pivot hinge mechanism
according to claim 5, wherein the first friction
mechanism includes a leaf spring, pressing plate and
friction plate, disposed with the  spindle being
penetrated between the stationary plate and rotating
plates, the leaf spring compressed between the
stationary and rotating plates forcing the  pressing
plate which will thus be pressed to the friction
plate to generate friction. 7. The pivot hinge
mechanism according to claim 5, wherein the second
friction  mechanism includes: a peripheral annular
plate including a ring portion being in sliding
contact with  the main side of the periphery of the
rotating plate, opposite to the stationary plate,
and a flange portion projecting from the periphery of
the ring portion toward the  stationary plate and in
a direction in which the diameter is larger and which
is  installed to the stationary plate; and 



a leaf spring fixed to the stationary plate and
disposed being compressed  between the stationary
plate and periphery of the rotating plate, 28  the
leaf spring compressed between the stationary plate
and periphery of the rotating plate pressing the
rotating plate whose periphery will thus be forced to
the  ring portion of the peripheral annular plate to
generate friction. 5 8. The pivot hinge mechanism
according to claim 7, wherein the second friction
mechanism includes a second rotating plate supported
rotatably on the spindle while  catching the ring
portion between itself and rotating plate and which
is installed  integrally to the rotating plate
through inside the ring portion. 10 9. An imaging
device, comprising: a main body having provided
therein an imaging unit to capture an image of an
object; a grip unit having provided therein a
recording unit to record the image captured  15 by
the imaging unit and installed pivotably to one side
of the main body; and a pivot hinge mechanism
supporting the main body and pivotable unit pivotably
in relation to each other, the pivot hinge mechanism
including a stationary plate installed to one of the
main body and pivotable unit, rotating plates
installed to the other of the main body  



20 and pivotable unit, and a spindle supporting the
rotating plates rotatably in relation to  the
stationary plate, the stationary and rotating plates
having formed therein openings through which  a
harness routed between the main body and rotating
portion is penetrated, and the  openings in the
stationary plate and the rotating plates are formed
for at 25 29  least a part thereof to overlap each
other in an angular range in which the pivotable
unit is pivoted in relation to the main body, wherein
the openings in the stationary  plate and the
rotating plates are formed outside the spindle. 5 10.
The imaging device according to claim 9, wherein the
opening in the stationary  plate and those in the
rotating plates are formed to have a nearly circular
shape having  a predetermined width and extending
divergently in a predetermined an angular range
about the spindle. 10 11. The imaging device
according to claim 10, wherein the angular range of
the  openings in the stationary and moving plates is
larger than a half of a maximum angle  through which
the pivotable unit is pivoted in relation to the main
body and smaller  than the maximum angle. 12. The
imaging device according to claim 9, wherein the
harness is a flexible  15 printed circuit board and
can be folded back between the openings in the
stationary  



and moving plates in which the folded-back portions
of the flexible printed circuit  board overlap each
other. 13. The imaging device according to claim 12,
wherein the flexible printed circuit  board has a
portion bent in plane with a predetermined curvature
and is folded back  20 between the openings in the
stationary and rotating plates where the bent
portions  overlap each other. 14. The imaging device
according to 13, wherein the curvature radius of the
bent  portion is nearly equal to that, about the
spindle, of the openings in the stationary and
rotating plates. 25 -30- 15. The imaging device
according to claim 12, wherein the harness is a
double-side  printed circuit board. 16. The imaging
device according to claim 9, further comprising a
first friction  mechanism and second friction
mechanism, which give friction to between the
rotating and stationary plates at the inner and outer
walls thereof. 17. The imaging device according to
claim 16, wherein the first friction mechanism
includes a leaf spring, pressing plate and friction
plate, disposed with the spindle  being penetrated
between the stationary plate and rotating plates, the
leaf spring compressed between the stationary and
rotating plates forcing the  pressing plate which
will thus be pressed to the friction plate to
generate friction. 



18. The pivot hinge mechanism according to claim 16,
wherein the second friction  mechanism includes: a
peripheral annular plate including a ring portion
being in sliding contact with  the main side of the
periphery of the rotating plate, opposite to the
stationary plate,  and a flange portion projecting
from the periphery of the ring portion toward the
stationary plate and in a direction in which the
diameter is larger and which is  installed to the
stationary plate; and a leaf spring fixed to the
stationary plate and disposed being compressed
between the stationary plate and periphery of the
rotating plate, the leaf spring compressed between
the stationary plate and periphery of the  rotating
plate pressing the rotating plate whose periphery
will thus be forced to the -31- ring portion of the
peripheral annular plate to generate friction. 19.
The imaging device according to claim 18, wherein the
second friction  mechanism includes a second rotating
plate supported rotatably on the spindle while
catching the ring portion between itself and rotating
plate and which is installed  integrally to the
rotating plate through inside the ring portion. 


