United States Patent

[19]

(o 3,920,153

Saito (45] Nov. 18, 1975
{54] POWDER SPRAYER 3,338,472 8/1967 Gardner...................... 222/55
. . 31,604,981 91971 Saito...ccooeveveeeiiieee 317/3
{751 Inventor: Shiro Saito, Tokyo, Japan 3743140 1973 Sauerbrey T . 222/63
[73] Assignee: Nikka Kabushiki Kaisha, Tokyo,
Japan Primary Examiner—Raobert B. Reeves
Had- Assistant Examiner—H. Grant Skaggs
(22]  Filed: Dec. 23, 1974 Attorney, Agent, or Firm—Johnson, Dienner, Emrich
[21] Appl. No.: 535,167 & Wagner
[30] Foreign Application Priority Data [57]} ABSTRACT
Oct. 8, 1974 Japan.......coooiinl 49-121536 An elongated powder spray chamber is connected
. ) ) with a powder storage chamber by way of a screw
(52] UlSISC[;l """" 222/14? ! 18/7’_ 118/308; conveyer. The screw conveyer extends through a per-
S11 Int (/ZI 2G. 15 198/37; 222/59; 222/66; 222/4;2 forated pipe disposed within the spray chamber in the
[ 58] F"l l d fSeah """""""" 2 """""""" B67D 5/30 longitudinal direction thereof. Adjacent and opposite
(58] Field o 22?63"“6 ----- < 3265% 55, 56, 59, 6()? to the open end of the pipe is provided a swing plate
/ 1§8 63’7 42’3; 1’ 812—412! 14, 17; to be displaced by powder, fed and accumulated in the
/37, » 118/7, 308, DIG. | spray chamber, the displacement of which is detected
. by a photoelectric detecting means, whereby an elec-
[56] References Cited trical control means controls a driving motor of the
UNITED STATES PATENTS SCrew conveyer.
3,091,368 5/1963 Harleyetal. ........oco.oooo...... 222/63 . \ .
3234913 2/1966 Haenetal. ... . . .. 222/56 4 Claims, 7 Drawing Figures
[ ———=——
oflo ofo joo‘ ¢
0/0/0)
vHrt 58
i L . —
4‘2 Adtlole
3 B
!_,.v t+ 24
83 Lges7 W A6 27 28 ? i to
i e e T2
k1] — AKRT ; 8
3 5 o &5 & 85 B & S o686 8-9- 85 > 134 T 6 sHO
2 s IS -7
Loy L. 40 33 32 7 e i 4
3




Nov. 18, 1975  Sheet 1 of 3 3,920,153

U.S. Patent

ON®DONo

1

Se b

| " 914




U.S. Patent Nov. 18,1975  Sheet20of3 3,920,153

FIG.2 __ |
T 24 /
&= y 2 o I3
N8 17 14 19 B
20 IS 2
16 20 6’ = |

- SV AR A -

nes 7 > s

\ g d}/ o '

U F M o a \
fg=is L]

———— e i} o,

R e

Pt < Bl et

7
29 48q 30 -
N 48a
er— 33 50 50a
38 39
36~ 37



U.S. Patent

=

Nov. 18, 1975

Sheet 3 of 3 3,920,153

.
P

FIG.7
, &y
b 34a] | +34b Y
F ] AT A " o RY-IS
L | 92 L3

57 1‘ ) /RY-I

_______________

e - e — - —

— L. RY-2
T &

_______

RY-3S RY-2S

/ RY-2S

T

.

iy
Rg



3,920,153

1

POWDER SPRAYER
BRIEF SUMMARY OF THE INVENTION

This invention relates to an apparatus for spraying
powder upon the surface of papers and synthetic films
to prevent ink offset on any printed sheet and to elimi-
nate blocking in the processing of synthetic film or rub-
ber sheeting.

In my U.S. Pat. No. 3,604,981, issued Sept. 14, 1971,
I have disclosed a powder sprayer in which powder is
continuously spplied in a spray chamber from a powder
box and superfluous powder not discharged outside of
the spray chamber is circulated and recovered in the
power box. This sprayer has an advantage that a prede-
termined amount of powder is always stored in the
spray chamber. However, since the powder used in the
sprayer usually has a thin coating of synthetic resin for
facilitating separation and slippage among the parti-
cles, the resin coating on the powder tends to fall off
while the powder travels and circulates for a long way
through the spray chamber along the screw conveyer. If
the resin coating on the powder falls off, the powder
would become lumpy and, thereby, clog the circulation
passage of the sprayer.

Accordingly, a main object of the present invention is
to provide a powder sprayer in which a desired amount
of powder is automatically stored and accumulated in a
powder spray chamber without the thin resin thereon
being removed.

Another object of the present invention is to provide
a powder sprayer in which the decrease of powder in a
storage chamber is automatically detected for replen-
ishment.

A further object of the present invention is to provide
a powder sprayer in which detection of accumulated
powder in the spray chamber and the detection of the
decrease of powder in the storage chamber for replen-
ishment are reliably carried out.

In a powder sprayer according to the present inven-
tion, an elongaged powder spray chamber is connected
with a powder storage chamber by way of a screw con-
veyer. The screw conveyer extends through a perfo-
rated pipe to an open end portion thereof, which pipe
is disposed in the spray chamber and extends away
from the powder supply side of the spray chamber. Ad-
jacent and outwardly of the open end of the perforated
pipe there is provided a swinging plate adapted to be
displaced by the powder fed to and accumulaied in the
spray chamber. A predetermined amount of displace-
ment of the swinging plate by rotation thereof is de-
tected by a photoelectric detecting means having a
lamp and a photocell, whereby an electrical control
means actuates a driving motor for the screw conveyer
when a light from the lamp is received by the photocell,
and stops operation of the driving motor when the light
beam is interrupted by the swing plate.

Preferably, the screw conveyer inside of the powder
storage chamber has an enlarged portion in the outer
surface of which an annular groove is formed adjacent
to the front or inner end thereof. A spiral wire consti-
tuting the screw conveyer is wound round the enlarged
portion substantially with the same diameter, so that
the amount of powder carried forward between the an-
nular groove and the spiral wire thereabout is greater
than that carried by the enlarged front end portion and
far greater than that carried by the remaining portion
of the conveyer having a smaller diameter, with the re-
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sult that the speed of movement of the powder carried
forward along the annular groove is decelerated as it
goes to the front or inner end of the enlarged portion
and the screw conveyer portion of smaller diameter
and, therefore, the powder is partially prevented from
advancing forward and is caused to circulate above the
annular groove. Another photoelectric detecting
means comprising a lamp and a photocell is disposed in
the storage chamber above the front end portion of the
annular groove in the screw conveyer for detecting the
amount of powder accumulated in the storage cham-
ber. In such an arrangement, since the powder circu-
lates about the detecting portions of the second photo-
electric detecting means, when the powder in the stor-
age chamber decreases to a level below the detecting
means, there need be no fear that the powder will ad-
here to the detecting surfaces of the lamp and the pho-
tocell and, thereby, reliable detection is insured. Fur-
ther, as a part of the powder in the storage chamber is
thus circulated, no powder bridge is formed above the
screw conveyer in the storage chamber, so that the sup-
ply of powder to the storage chamber is homogeneous.

The aforementioned and other objects and features
of the present invention will become apparent from the
following detailed description of specific embodiments
thereof, when read in conjunction with the accompany-
ing drawings.

DESCRIPTION OF THE DRAWING FIGURES

FIG. 1 is a front view partly in section showing a
power sprayer according to an embodiment of the pres-
ent invention,

FIG. 2 is a fragmentary front view partly in section
showing, on an enlarged scale, the screw conveyer
means in a powder storage chamber of the powder
sprayer of FIG. 1,

FIG. 3 is a side view partly in section showing the
powder storage chamber of FIGS. 1 and 2,

FIG. 4 is a transverse sectional view taken along the
plane of line IV—IV of FIG. 1,

FIG. 5 is a transverse sectional view taken along the
plane of line V—V in FIG. 1,

FIG. 6 is a front sectional view showing an arrange-
ment of photoelectric detecting means disposed in an
end portion of a powder spray chamber, and

FIG. 7 is a diagram showing an electric circuit
adapted to the powder sprayer in FIG. 1,

DETAILED DESCRIPTION OF THE INVENTION

Referring to the powder sprayer as shown particu-
larly in FIGS. 1 and 2 of the drawings, a powder storage
chamber 1 is provided on the right hand end. Below the
powder storage chamber 1 is provided a housing 2 in
which an AC motor 3 is disposed. An output shaft 4 of
the motor 3 is operatively connected to a driving shaft
5 for a screw conveyer 6 by means of pulleys 7, 8 and
9 and belt 10. The driving shaft 5 is rotatably supported
in bearings in a casing 11 fixed to the outer surface of
the powder storage chamber 1 and containing therein
thrust bearings 12 and 13, and extends partially into the
storage chamber 1, as is best shown in FIG. 2.

A generally cylindrical sleeve member 14 is keyed to
the inner free end portion of the driving shaft 5. The cy-
lindrical member 14 has an axial recess 15 extending
through one end portion thereof, through which a flexi-
ble shaft formed of a wire bundle 16 is inserted and se-
cured thereto. The cylindrical member 14 also has a
circumferential recess 17 formed on the outer surface
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thereof, thereby providing the inner and outer end por-
tions 18 and 19 of larger diameter. A wire 20 is heli-
cally coiled around the cylindrical sleeve 14 maintain-
ing a constant diameter, so that small spaces are
formed between the inner circumferential surfaces of
the coiled wire 20 and the outer surface of the circum-
ferential recess 17. Beyond the inner end 18 of the
sleeve 14 the wire 20 continues to be helically coiled
around the wire bundle 16 with the same pitch and di-
ameter as said wire bundle along the entire length
thereof. Thus, the screw conveyer 6 is composed of the
cylindrical member 14, the wire bundle 16 and the
coiled wire 20.

As shown in FIG. 3, partition walls 21, 22 are secured
to the front and back inner surfaces of the storage
chamber 1 and arranged in such a manner that they
converge downwardly toward each other for a prede-
termined distance and then continue downwardly in
parallel relation to form a channel shaped recess 23.
The screw conveyer 6 is disposed in the channel shaped
recess 23.

A photoelectric detecting means 24 comprising a
lamp 2§ and a photocell 26 is secured to the partition
walls 21 and 22, respectively, at the upper portion of
the channel shaped recess 23, as shown in FIG. 3 and
above the inner end portion of the annular recess 17 in
the cylindrical member 14, as shown in FIGS. 1 and 2.

In such an arrangement, after filling the storage
chamber 1 with the powder, when the screw conveyer
6 is rotated in the clockwise direction by the motor 3 in
the arrangement shown in FIG. 3, the powder about the
screw conveyer in the storage chamber 1 advances in
the left hand direction in FIGS. 1 and 2. At this time,
the amount of powder conveyed during each rotation
of the screw conveyer is greatest in the area where the
annular recess 17 is formed round the cylindrical mem-
ber 14 and decreases as it advances to the front or inner
end portion 18 thereof, because of the space which is
provided between the coiled wire 20 and the annular
recess 17. The amount of powder conveyed during
each rotation of the screw conveyer further decreases
as it advances to the conveyer portion composed of the
wire bundle 16 and the coiled wire 20, because the di-
ameter of the coiled wire at that portion is less than that
of the cylindrical member 14. Accordingly, the amount
of powder conveyed along the annular recess 17 of the
cylindrical member 14 decreases as it advances to the
front or inner end portion thereof and to the conveyer
portion of smaller diameter, because the powder
around the latter becomes compacted and forms a so-
called “wall.” It has been noted in such a structure that
the powder conveyed along the annular recess 17 of the
cylindrical member 14 moves upwards at the inner end
portion 18 and circulates in a path substantially as
shown by the arcuate dotted lines ¢ and b, and in the
direction of the arrows associated therewith as shown
in FIG. 2. .

The photoelectric detecting means 24 set forth above
is located in the midst of where the power circulates, so
that when the powder in the storage chamber 1 de-
creases to a level below the photoelectric detecting
means, there will be no powder accumulated or on the
surface thereof interrupt the beam from the lamp 25 to
the photocell 26. Further, due to the circulation of the
powder in the storage chamber 1, the powder therein
will not form a cavity about the screw conveyer, or a
so-called “*bridge,” to prevent the conveyance of the
powder.
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Referring again to FIG. 1, the powder storage cham-
ber 1 is connected to a powder spray chamber 27
through the screw conveyer composes of the wire bun-
dle 16 and the coiled wire 20 and covered with a flexi-
ble pipe 28, one end of which extends partially in the
powder storage chamber 1.

The powder spray chamber 27 has, as shown in FIGS.
1, 4 and 5, an elongated front plate 29 and back plate
30, the ends of both of which are attached to and sup-
ported by plates 31 at the left and right ends thereof re-
spectively. A roller 33, the peripheral surface of which
is roughly formed, is rotatably supported by the plates
31 and 32 and connected to a drive motor 34, The rota-
tion of the roller 33 is detected by a detector 35, which
produces an electric signal through an electric circuit
as shown in FIG. 7 in an abnormal case where the driv-
ing force of the motor 34 is not correctly transmitted as
the rotary movement of the roller 33. This detection
system does not constitute a part of the present inven-
tion, so that detailed explanation shall be omitted here.

The front and back plates 29 and 30 of the spray
chamber 27 are tapered at their lower ends, respec-
tively, on which doctor blades 36 and 37 are fixed by
mounting plates 38 and 39, respectively, in such a man-
ner that the lower end portions of the doctor blades 36
and 37 contact the peripheral surface of the roller 33 as
shown in FIGS. 4 and §.

Disposed closely adjacent to the lower peripheral
surface of the roller 33 is an insulated electric wire 40,
which is supported at both ends thereof by the left and
right side plates 31 and 32 of the spray chamber 27 and
stretched by a compression spring 41 provided in a re-
cess of the right side plate 32 to urge the enlarged right
end of the wire toward the right. Thus, the relationship
between the roller 33 and the insulated wire 40 is the
same along the entire length of the roller 33. The left
end of the insulated wire 40 extends beyond the plate
31 and is connected to a high-tension generating device
42 having a transformer which can change the primary
voltage of 100 volts a.c. to the secondary voltage of 7
kv. The high-tension generating device 42 is further
connected to a control box by a conductive wire, which
shall be referred hereinafter.

At the upper part of the spray chamber 27, there is
provided a narrow compartment 43 (FIG. 4) defined
by an upper plate 44 and front and back walls 45 and
46. The narrow compartment 43 is open at the lower
portion thereof and communicates with the space de-
fined by the front and back plates 29 and 30 and the
left and right side plates 31 and 32 of the powder spray
chamber 27. Preferably, the narrow compartment 43
removably rests upon the front and back plates 29 and
30 of the spray chamber 27 by shoulder portion 47
thereof.

Within the narrow compartment 43 there is provided
a perforated pipe 48 extending near the left side plate
31 of the chamber 27. Perforations 48z of the pipe 48
are provided through the lower circumferential por-
tions and along the length thereof at substantially equal
intervals of about 25 mm. Preferably, the diameter of
the perforations gradually becomes larger as the pipe
48 extends in the narrow compartment 43, The perfo-
rated pipe 48 is fixed in position by a plurality of rubber
packings 49 wedged between the front and back walls
45 and 46 of the narrow compartment 43 at locations
between the performations 48a so they will not be
blocked. The screw conveyer composed of the wire
bundle 16 and the coiled wire 20 extends through the
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perforated pipe 48 along the entire length thereof.

Outwardly of and adjacent to the open end 485 of the
perforated pipe 48 there is provided a swinging plate
§0, the upper end of which passes through an opening
44a cut out of the upper plate 44 of the compartment
43 and is pivotally connected to a shift 51 mounted in
supporting plates 52, which are attached to and extend
upwardly from the front and back walls of the compart-
ment 43. The opening 44a in the upper plate 44 of
compartment 43 is closed by a housing or cover 53, se-
cured in place by bolts 54 threaded to the upper plate
44. Preferably, the swinging plate 50 has a concaved
space 50q facing the open end 48b of the perforated
pipe 48, which space §0a is defined by the inclined
lower and both side edges as will be seen in FIGS. 5 and
6. In place of forming such a space 50a, however, it will
be sufficient if only the lower edge portion of the swing-
ing plate 50 is inclined toward the open end 48b of the
perforted pipe 48 to form an angle of 130-150 degrees
as will be seen in the sectional view in FIG. 5. The
swinging plate 50 has a fin 55 at the back thereof or left
side thereof as seen in FIG. 6.

Detecting means including lamp 56 and a photocell
§7 are attached tothe upper part of the narrow com-
partment 43 through the front and rear walls 46 and 45
thereof, respectively, in such a manner that when the
swinging plate 50 is displaced, a predetermined
amount, by rotation about the shaft 51, the light beam
extending between the lamp 56 and the photocell 57 is
interrupted by the fin 55 mounted on the swing plate
50.

With the arrangement of the powder spray chamber
27 set forth above, the powder carried in the perforated
pipe 48 from the powder storage chamber 1, by the
screw conveyer, falls through the perforations 48a in
the pipe 48 and through the open end 485 thereof and
is accumulated in the space directly above the roller
33. The powder attached on or caught by the rough
surface of the roller 33 comes outside of the chamber
27 by rotation of the roller and is blown down by *‘ion-
wind” generated by means of corona discharge of the
high-tension insulated wire 40. Thus, the powder is
sprayed on a sheet material such as a printed paper
(not shown) below the spray chamber 27. However,
the amount of powder conveyed in the spray chamber
27 is greater than that sprayed outside of the chamber,
so that the amount of powder accumulated in the space
above the roller 33 gradually increases. While the pow-
der is fed in the spray chamber 27 by the conveyer, the
powder discharged from the open end 48b of the perfo-
rated pipe 48 is partially displacing the swinging plate
50 about the shaft 51 by the force produced by the dis-
charge, and when the powder in the spray chamber is
accumulated to a predetermined level where the perfo-
rations 484 in the pipe 48 are substantially closed, most
of the powder is discharged through the open end 486
thereof and rapidly accumulated about it, with the re-
sult that the swinging plate 50 is rapidly displaced to a
position shown by the dot-dash lines in FIG. 6 where
the fin 55 of the swinging plate 50 intersects the
straight line between the lamp 56 and the photocell §7.
While the present powder sprayer is in operation, the
lamp 56 emits light continuously. The present powder
sprayer is so constructed that, when the light from the
lamp 56 is received by the photocell 57, the driving
motor 3 for the powder conveyer is operated and when
the light beam from the lamp 56 is interrupted, the
driving motor 3 stops operating. Thus, as will be appar-

20

25

30

3

Lh

40

45

50

55

60

65

6

ent from the disclosure hereinabove, when the powder
accumulated in the spray chamber 27 displaces the
swing plate 50 to the position shown by the dot-dash
line in FIG. 6, an electric signal is produced to stop the
operation of the driving motor 3 of the conveyer screw.
Thus, the amount of powder stored in the powder spray
chamber 27 is kept to almost constant.

Reference is now made to FIG. 7 showing an electric
circuit for controlling the driving motor 3 of the screw
conveyer of the powder, which is arranged in a control
box 58.

While the light beam from the lamp 56 in the powder
spray chamber 27 is received by the photocell §7, a
relay RY-1 is operated to close its contact RY-18, so
that the screw driving motor 3 is actuated to operate
the screw conveyer. On the other hand, when the light
from the lamp 56 to the photocell 57 is interrupted, the
relay RY-1 is deenergized to open the contact RY-18,
so that the screw driving motor 3 stops operating. Thus,
when the swinging plate 50 is displaced by the powder
accumulated in the spray chamber 27 and interrupts
the light beam from the lamp 56 to the photocell, the
screw driving motor 3 stops. Otherwise, the driving
motor 3 is operated to feed the powder in the spray
chamber by the screw conveyer, so that automatic con-
trol of the driving of the screw conveyer is effected in
the present powder sprayer.

Referring now to operation of the photoelectric de-
tecting means 24 provided in the powder storage cham-
ber 1, when the light from the lamp 25 is received by
the photocell 26, a relay RY-2 is actuated to close its
contact RY-2S. When the contact RY-2S is closed, an
alarm light L-1 in the control box 58 is put on. At the
same time, another relay RY-3 is actuated to close its
contact RY-3S, so that an alarm buzzer Bz is actuated
to notice the lack of power in the storage chamber 1.
As is apparent from the disclosure set forth above, the
detecting means 24 is the storage chamber is actuated
only when the powder therein is decreased to a level
below the line between the lamp 2§ and the photocell
26.

In FIG. 7, reference numerals 342 and 345 designate
armature and field, respectively, of the motor 34 for
driving the roller 33.

As will be apparent from the disclosure set forth
above, according to the present powder sprayer, the
powder is automatically accumulated in the spray
chamber to a high level by the screw conveyer which is
operated by the detecting means in the spray chamber.
The powder accumulated in the spray chamber is
sprayed outside thereof and not recovered as in the
case of the aforementioned U.S. Pat. 3,604,981, so that
the thin resin coating on the powder will not be re-
moved. As the detecting means in the spray chamber is
operated by the swinging plate, there need be no fear
that the detecting portion will be covered by the pow-
der and reduce the efficiency thereof. Further, since
the detecting means in the spray chamber is located ad-
jacent to the end portion where the screw conveyer ter-
minates, the powder is accumulated in the spray cham-
ber to a sufficiently high level. Moreover, since the
photoelectric detecting means, comprising a lamp and
a photocell, is employed for producing an electrical sig-
nal to control the screw conveyer driving motor, even a
slight displacement of the swinging plate will achieve
the desired result because the physical force created by
movement of the swinging plate would not be sufficient
to actuate a push-type switch.
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In the preferred form of the invention, another dc-
tecting means is provided in the powder storage cham-
ber where the powder circulates while being fed, the
detection of the amount of powder in the storage cham-
ber is accurately performed.

Although the present invention has been described
with reference to preferred embodiments thereof, mod-
ifications and alterations may be made within the spirit
of the present invention.

I claim:

1. A powder sprayer comprising:

a powder storage chamber for storing powder coated

with a synthetic resin,

an elongated powder spray chamber for spraying the
powder on a material placed therebelow,

a screw conveyer for feeding said powder in said stor-
age chamber to said spray chamber,

a motor for driving said screw conveyer,

a perforated pipe disposed within said spray chamber
through which said screw conveyer extends to an
open end portion thereof,

a swinging plate provided adjacent and outwardly of
the open end of said perforated pipe, said swinging
plate being adapted to be displaced by powder fed
through and accumulated in said spray chamber,

photoelectric detecting means having a lamp and a
photocell disposed adjacent to said swinging plate,
the light beam from said lamp directed to said pho-
tocell being adapted to be interrupted by the dis-
placement of said swinging plate, and thereby pro-
duce an electric signal, and
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8
electrical control means for actuating said screw con-
veyer driving motor when said light beam from said
lamp is received by said photocell and for stopping
said driving motor in response to the signal pro-
duced when said light beam is interrupted by said
swinging plate.

2. A powder sprayer as claimed in claim 1, wherein
said screw conveyer inside of said powder storage
chamber has an enlarged portion around which an an-
nular groove is formed on the outer surface thereof ad-
jacent to one end thereof, a wire helically wound
around said enlarged portion, winding said annular
groove therein, and maintaining a substantially con-
stant diameter throughout the length thereof, said wire
constituting the screw of said conveyer, and a second
photoelectric detecting means in said storage chamber
having a lamp and a photocell and disposed above the
front end of said annular groove, and means for pro-
ducing an electrical signal when a light beam from said
lamp of said second detecting means is received by said
photocell associated therewith.

3. A powder sprayer as claim in claim 1, wherein said
swinging plate has a fin connected to the back thereof
substantially at right angles therewith, adapted to inter-
rupt the beam from the lamp of said electrical control
means when said swinging plate is rotated away from
the open end of said pipe.

4. A powder sprayer as claimed in claim 3, wherein
the lower end portion of said swinging plate is inclined
toward the open end of said perforated pipe to form an

angle of about 130°-150° with the plane of said plate.
* * * * *



