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STRENGTH-ENHANCINGAPPARATUS FOR 
METAL PART 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a strength-enhancing 
apparatus for a metal part for enhancing the Surface strength 
of the metal part. 

2. Description of the Related Art 
In general, the gear repeatedly receives the load when it is 

used. Therefore, it is necessary to enhance the fatigue 
strength of the gear Surface. For this purpose, the shot peen 
ing has been hitherto widely performed to give the compres 
sive residual stress, for example, by allowing steel balls to 
make collision against the gear Surface. 

However, the shot peening is inconvenient in that the gear 
Surface becomes rough, and the Surface roughness is 
deteriorated, because the steel balls are used as the shot 
material in the shot peening. In view of this point, as dis 
closed in Japanese Patent Publication No. 5-21711, a 
strength-enhancing method for the metal Surface is known, 
in which a metal formed product is subjected to surface 
hardening, followed by grinding for the metal Surface, and 
then glass beads having a grain diameter of 0.2 mm to 0.6 
mm are impelled or projected thereagainst. Accordingly, it is 
intended to prevent the metal Surface from being rough so 
that the fatigue strength is improved. 

However, the conventional technique described above 
involves the following problems. That is, the given compres 
sive residual stress is lowered, and it is impossible to 
improve and increase the fatigue strength up to a desired 
value. Further, the directivity of the projected glass beads is 
poor. Therefore, the glass beads are scattered in various 
directions, and consequently the efficiency is extremely low 
ered. 
The present applicant has suggested a strength-enhancing 

apparatus for a gear which makes it possible to give a suffi 
cient compressive residual stress and obtain a smooth Sur 
face over an area ranging from the tooth Surface to the tooth 
root. A patent application has been filed therefor (see Japa 
nese Laid-Open Patent Publication No. 9-248761). In this 
prior art, there are provided a gear-holding mechanism for 
positioning and holding, in a chamber, a gear after being 
Subjected to a heat treatment, an impelling mechanism for 
impelling or projecting a spouting stream of glass beads and 
liquid from a nozzle toward a gear Surface, a liquid Supply 
mechanism for Supplying the liquid to the impelling mecha 
nism under a pressure, and a glass bead Supply mechanism 
for Successively feeding a predetermined amount of the glass 
beads to the impelling mechanism. Accordingly, the glass 
beads correctly collide against the gear Surface while main 
taining the directivity. A desired compressive residual stress 
is given to the gear Surface. Further, a Smooth Surface is 
obtained over an area ranging from the tooth Surface to the 
tooth root of the gear Surface as the glass beads are crushed. 

The glass beads collide against the gear Surface as the 
metal Surface, and they are crushed. Therefore, the glass 
bead dust (hereinafter referred to as “powder flow dust’ as 
well) in a micron order floats in the processing chamber. 
However, the gear, which is subjected to the treatment, is 
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2 
rotated at a high speed while being installed to a spindle. 
Therefore, the following problems occur. That is, the minute 
powder flow dust tends to adhere to the spindle rotating at 
the high speed. The spindle Suffers an inconvenience such as 
rotation defect. 

In view of the above, a structure is usually known and 
used, in which water is jetted or spouted toward the portion 
at which the powder flow dust causes adhesion and accumu 
lation in the processing chamber so that the powder flow dust 
is removed therefrom. However, the mist containing the 
powder flow dust floats in the processing chamber. Such a 
structure fails to effectively remove the mist. Therefore, a 
problem is pointed out in that it is impossible to reliably 
dissolve the adhesion and accumulation of the powder flow 
dust. 

Further, the powder flow dust as described above tends to 
leak from the processing chamber to the outside, because the 
dust is extremely minute. Various problems arise, for 
example, concerning the maintenance of the apparatus and 
the environment around the apparatus. Furthermore, a large 
noise is generated when the spouting stream of the glass 
beads and the liquid is projected onto the metal Surface. A 
problem is also pointed out concerning the noise control. 

In the gear-holding mechanism described above, the gear 
is installed to the spindle provided for the spindle unit. The 
gear is rotated integrally with the spindle. However, in the 
case of Such a structure, it is feared that any deflection occurs 
in the gear during the rotation, for example, when a lengthy 
gear Such as a counter shaft is used. Therefore, the following 
problem is pointed out. That is, it is impossible to correctly 
project the spouting stream of the glass beads and the liquid 
toward the gear Surface, and it is difficult to apply the highly 
accurate strength-enhancing treatment to the gear. 
On the other hand, the present applicant has suggested a 

strength-enhancing apparatus for a gear which makes it pos 
sible to give a sufficient compressive residual stress and 
obtain a Smooth Surface over an area ranging from the tooth 
surface to the tooth root, and which makes it possible to 
reliably remove the minute glass bead dust. A patent applica 
tion has been filed therefor (see Japanese Laid-Open Patent 
Publication No. 9-248765). 

In this prior art, there are provided an impelling mecha 
nism for impelling or projecting, in a chamber, a spouting 
stream of glass beads and liquid from a nozzle toward a gear 
Surface after being Subjected to a heat treatment, and a 
recovery mechanism for Sucking and recovering powder 
flow dust generated from the glass beads crushed on the gear 
Surface. The recovery mechanism includes a Suction port 
which faces the inside of the chamber and which is arranged 
in the vicinity of the gear. Accordingly, the glass beads cor 
rectly collide against the gear Surface while maintaining the 
directivity. A desired compressive residual stress is given to 
the gear surface. Further, the minute powder flow dust, 
which is generated as the glass beads are crushed, is reliably 
Sucked and recovered from the Suction port. 
The recovery mechanism described above is used such 

that the mist containing the powder flow dust floating in the 
chamber is sucked and discarded. However, when the 
strength-enhancing treatment is continuously performed for 
the gear, the amount of discarded drainage arrives at a con 
siderable amount. For this reason, it is difficult to reliably 
remove the powder flow dust from the inside of the chamber. 
Further, the powder flow dust, which is contained in the 
drainage, can be used to produce the glass beads. On the 
other hand, the liquid can be recycled as the washing water 
to be used in the chamber. 
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SUMMARY OF THE INVENTION 

A general object of the present invention is to provide a 
strength-enhancing apparatus for a metal part, which makes 
it possible to reliably recover the mist containing the powder 
flow dust floating in the chamber, and effectively avoid adhe 
sion and accumulation of the powder flow dust. 
A principal object of the present invention is to provide a 

strength-enhancing apparatus for a metal part, which is 
excellent in noise control performance and operability in 
which the mist containing the powder flow dust floating in 
the chamber does not leak to the outside. 

Another principal object of the present invention is to pro 
vide a strength-enhancing apparatus for a metal part, which 
makes it possible to reliably hold various types of metal 
parts having different shaft lengths, and accurately apply the 
strength-enhancing treatment to the metal part. 

Still another principal object of the present invention is to 
provide a strength-enhancing apparatus for a metal part, 
which makes it possible to economically and efficiently pro 
cess the drainage containing the powder flow dust generated 
when glass beads are crushed, in order to effectively utilize 
the resource of this type. 

Still another principle object of the present invention is to 
provide a strength-enhancing apparatus for a metal part, 
which makes it possible to efficiently and reliably process 
the drainage containing the powder flow dust generated 
when glass beads are crushed. 

The above and other objects, features, and advantages of 
the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment 
of the present invention is shown by way of illustrative 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic perspective view illustrating a 
strength-enhancing apparatus for a gear according to a first 
embodiment of the present invention; 

FIG. 2 shows front view illustrating the strength 
enhancing apparatus; 

FIG. 3 shows magnified sectional front view illustrating 
upper portion of the strength-enhancing apparatus; 

FIG. 4 shows perspective view illustrating a metal part 
holding mechanism; 

FIG. 5 shows a longitudinal sectional view illustrating the 
side of a spindle unit for constructing the metal part-holding 
mechanism; 

FIG. 6 shows a longitudinal sectional view illustrating the 
side of a Support means for constructing the metal part 
holding mechanism; 

FIG. 7 shows sectional view illustrating a position 
adjusting mean or constructing the metal part-holding 
mechanism; 

FIG. 8 shows a schematic perspective view illustrating a 
door structure shown in FIG. 1; 

FIG. 9 shows a partially exploded perspective view illus 
trating the door structure; 

FIG. 10 shows a longitudinal sectional side view illustrat 
ing the door structure; 

FIG. 11 illustrates an engaging means for constructing the 
door structure; 

FIG. 12 shows a partial perspective view illustrating a 
recovery mechanism for constructing the strength 
enhancing apparatus; 
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4 
FIG. 13 shows another partial front view illustrating the 

recovery mechanism shown in FIG. 12; 
FIG. 14 shows another partial perspective view illustrat 

ing recovery mechanism; 
FIG. 15 shows a partial exploded schematic perspective 

view illustrating classifying mechanism for constructing the 
strength-enhancing apparatus; 

FIG. 16 shows a plan view illustrating the classifying 
mechanism; 

FIG. 17 illustrates the operation of a switching discharge 
means for constructing the classifying mechanism; 

FIG. 18 illustrates a fluid circuit of the strength-enhancing 
apparatus; 
FIG 19 shows a time chart illustrating the operation of the 

classifying mechanism; 
FIG. 20 shows another partial front view illustrating a 

state in which a liquid-spouting means for constructing the 
recovery mechanism is installed to a wall; 

FIG. 21 shows a perspective view illustrating a state in 
which the door structure is open; 

FIG. 22 illustrates the operation of the engaging means 
and a release means; 

FIG. 23 illustrates an arrangement in which a short gear is 
held by the metal part-holding mechanism; 

FIG. 24 shows a schematic perspective view illustrating a 
strength-enhancing apparatus according to a second embodi 
ment of the present invention; 

FIG. 25 shows a front view illustrating the strength 
enhancing apparatus; 

FIG. 26 shows a magnified partial sectional front view 
illustrating an upper portion of the strength-enhancing appa 
ratus; 

FIG. 27 shows a partial perspective view illustrating a 
recovery mechanism for constructing the strength 
enhancing apparatus; 

FIG. 28 shows another partial perspective view illustrat 
ing the recovery mechanism; 

FIG. 29 illustrates a circuit of the strength-enhancing 
apparatus; 

FIG. 30 shows a front view illustrating a recovery mecha 
nism for constructing a strength-enhancing apparatus 
according to a third embodiment of the present invention; 

FIG. 31 shows a partial perspective view illustrating the 
recovery mechanism shown in FIG.30; 

FIG. 32 shows a front view illustrating a recovery mecha 
nism for constructing a strength-enhancing apparatus 
according to a fourth embodiment of the present invention; 
and 

FIG. 33 shows a partial perspective view illustrating the 
recovery mechanism shown in FIG. 32. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a schematic perspective view illustrating a 
strength-enhancing apparatus 10 for a metal part according 
to a first embodiment of the present invention. FIG. 2 shows 
a front view illustrating the strength-enhancing apparatus 
10. FIG. 3 shows a magnified sectional front view illustrat 
ing an upper portion of the strength-enhancing apparatus 10. 
The strength-enhancing apparatus 10 comprises a metal 

part-holding mechanism 16 for holding a metal part to be 
processed, for example, a gear 12 so that the gear 12 is 
positioned and held in a chamber (processing chamber) 14a 
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in a casing 14, a projecting mechanism 24 for projecting a 
spouting stream 22 of liquid Such as water 18 and glass 
beads 20 toward the gear 12, a recovery mechanism 26 for 
Sucking powder flow dust 20a generated from the glass 
beads 20 crushed on the surface of the gear 12 so that the 
powder flow dust 20a is recovered together with drainage, 
and a classifying mechanism 28 for classifying the recov 
ered drainage into the water 18 and the powder flow dust 
20a. 

As shown in FIG. 4, the metal part-holding mechanism 16 
includes a spindle unit 32 which is provided with a driving 
rotary section 30 for making rotation while Supporting a first 
end of the gear 12, a support means 36 which is provided 
with a driven rotary section 34 that is rotatable while Sup 
porting a second end of the gear 12, and a cylinder 38 for 
pressing the driven rotary section 34 toward the second end 
of the gear 12 so that the gear 12 is interposed by the driven 
rotary section 34 and the driving rotary section 30. 
As shown in FIG. 5, a rotary shaft 40a of a servo motor 40 

for constructing the spindle unit 32 is coupled via a coupling 
42 to a driving shaft 44 for constructing the driving rotary 
section 30. The driving shaft 44 is rotatably supported by a 
cylinder 48 by the aid of a bearing 46. The cylinder 48 is 
fastened by Screws to the casing 14. A first Support member 
50, which has a Substantially columnar configuration pro 
vided with a tapered portion, is arranged movably back and 
forth via a spring 51 at the forward end of the driving shaft 
44. An air passage 52 for avoiding invasion of the powder 
flow dust is formed integrally to penetrate through the first 
support member 50 and the driving shaft 44. A first end of 
the air passage 52 is connected to an unillustrated air blower, 
while a second end of the air passage 52 is open to the 
outside at the forward end of the first support member 50. 
As shown in FIG. 6, the support means 36 and the cylinder 

38 can be subjected to positional adjustment in the axial 
direction of the gear 12 (direction indicated by the arrow A) 
by the aid of a position-adjusting means 54. The position 
adjusting means 54 includes a Substantially cylindrical guide 
member 56 which is fastened by screws to the casing 14, a 
sleeve member 58 which is fitted movably back and forth to 
the inside of the guide member 56 for installing the support 
member 36 and the cylinder 38 thereto, and a movement 
means 60 for moving the sleeve member 58 back and forth in 
the axial direction (direction indicated by the arrow A). 
A screw shaft 64 is coupled to a handle 62 for constructing 

the movement means 60. The screw shaft 64 is supported by 
an attachment base 68 by the aid of a bearing 66. The attach 
ment base 68 is fixed to the outer wall of the casing 14. A nut 
member 70 is externally installed to the screw shaft 64. A 
first end of the sleeve member 58 is fixed to the nut member 
70. The cylinder 38 is installed to the first end of the sleeve 
member 58 by the aid of an attachment member 72. A slide 
rod 73 is coaxially coupled to a rod 71 which extends in the 
direction of the arrow A from the cylinder 38. 
As shown in FIG. 7, a columnar holding member 74 for 

constructing the Support means 36 is coupled to the forward 
end of the slide rod 73. The holding member 74 is supported 
movably back and forth in the sleeve member 58. A driven 
shaft 76 for constructing the driven rotary section 34 is rotat 
ably supported at the forward end of the holding member 74 
by the aid of a bearing 78. A substantially columnar second 
support member 80, which is provided with a tapered 
portion, is disposed at the forward end of the driven shaft 76. 
An air passage 82 for avoiding invasion of the powder flow 
dust is formed ranging over the holding member 74, the 
driven shaft 76, and the second support member 80. The air 
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6 
passage 82 is connected to the unillustrated air blower. An 
air discharge passage 84 is provided in the holding member 
74 to avoid invasion of the powder flow dust 20a or the like, 
for example, into the bearing 78. 
As shown in FIGS. 2 and 3, the projecting mechanism 24 

includes a robot 100 which is arranged at the outside of the 
casing 14. An arm section 102 for constructing the robot 100 
is arranged in the chamber 14a in the casing 14 in a state of 
being protected by a bellows member 103. A nozzle 104 is 
installed to the forward end of the arm section 102. A mixing 
chamber 106 for mixing the water 18 and the glass beads 20 
is coupled to an upper portion of the nozzle 104. The water 
18 and the glass beads 20 are supplied from an unillustrated 
water Supply source and a hopper coupled via tube passages 
108, 110 respectively (see FIG. 3). 
The casing 14 is provided with a door structure 120 for 

opening/closing the opening 14b of the chamber 14.a for 
attaching/detaching the metal part. As shown in FIGS. 8 to 
10, the door structure 120 includes an inner slide door 122 
which is arranged on the side of the opening 14b, an outer 
slide door 124 which is arranged at the outside of the inner 
slide door 122, a driving means 126 for automatically mov 
ing the inner slide door 122 back and forth in the opening/ 
closing direction, and a pressing means 132 for allowing the 
inner side surface 128 of the inner slide door 122 to make 
tight contact with the outer wall 130 of the casing 14 for 
forming the chamber 14a when the inner slide door 122 is 
closed by the aid of the driving means 126. 
The inner slide door 122 includes a frame 136 which is 

installed with a window glass 124. The frame 136 is attached 
to an attachment plate 138. Support rollers 140a, 140b which 
are rotatable about the horizontal axes, and upper rollers 
142a, 142b which are rotatable about the vertical axes are 
provided on the upper side of the attachment plate 138. On 
the other hand, lower rollers 144a, 144b which are rotatable 
about the vertical axes are installed on the lower side of the 
attachment plate 138. 
An upper guide 146 and a lower guide 148, which extend 

in the horizontal direction in parallel to one another, are 
provided on the inclined outer surface 14e of the casing 14. 
The upper rollers 142a, 142b and the lower rollers 144a, 
144b contact with the upper guide 146 and the lower guide 
148 to make rotation thereon. The support rollers 140a, 140b 
rotatably contact with the upper Surface of the upper guide 
146. 

The driving means 126 includes a cylinder 152 with its 
first end which is supported by the upper guide 146 in a 
swingable manner. The attachment plate 138 is fixed via a 
coupling member 156 to a rod 154 extending from the cylin 
der 152. The pressing means 132 includes upper rollers 
142a, 142b and lower rollers 144a, 144b as cam followers 
which are installed to the attachment plate 138, and upper 
plates (cam members) 158a, 158b and lower plates (cam 
members) 160a, 160b which are fixed on the side of the 
casing 14 for making contact therewith to retract the inner 
slide door 122 toward the opening 14b. The casing 14 is 
provided with an elastic member as the outer wall 130 for 
Surrounding the opening 14b to make tight contact with the 
inner surface 128 of the inner slide door 122. 

An outer upper guide 162 and an outer lower guide 164 
are provided on the upper guide 146 and the lower guide 148 
respectively. The outer slide door 124 is provided with a 
frame 168 which is installed with a window glass 166. Upper 
rollers 170a, 170b for making contact with the outer upper 
guide 162 to make rotation about the horizontal axes, and 
lower rollers 172a, 172b for making contact with the outer 
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lower guide 164 to make rotation about the vertical axes are 
provided on the inner surface side of the frame 168. 
A hand section 174 for being directly gripped by an opera 

tor is provided on the outer surface side of the outer slide 
door 124. A dog plate 176 is fixed to an upper portion on the 
inner side surface of the outer slide door 124. The dog plate 
176 ON/OFF operates switches 178a to 178c which are pro 
vided on the support guide 150. Thus, the positions of the 
outer slide door 124, i.e., the closed position, the intermedi 
ate movement position, and the open position are automati 
cally detected. 
The inner slide door 122 and the outer slide door 124 are 

provided with an engaging means 180 for engaging the outer 
slide door 124 with the inner slide door 122 to move the 
outer slide door 124 in the opening direction when the driv 
ing means 126 is used to move the inner slide door 122 in the 
opening direction (direction indicated by the arrow A). A 
release means 182 is provided at the open position of the 
inner slide door 122, for releasing the engagement between 
the outer slide door 124 and the inner slide door 122 effected 
by the engaging means 180. 
As shown in FIGS. 9 and 11, the engaging means 180 

includes a pawl member 186 which is swingable about a 
support point 184 on the attachment plate 138. The pawl 
member 186 is stretched outwardly by the aid of a spring 
188. A projection member 190, which is engageable with the 
pawl member 186, is fixed to the outer slide door 124. As 
shown in FIG. 9, the release means 182 is arranged corre 
sponding to an expansion 192 of the pawl member 186. The 
release means 182 includes a pressing bolt 194 for separat 
ing the pawl member 186 from the projection member 190 in 
a state in which the inner slide door 122 is arranged at the 
open position. 
A liquid-spouting means 200 for constructing the recov 

ery mechanism 26 is arranged in the chamber 14a. As shown 
in FIGS. 12 and 13, the liquid-spouting means 200 is 
arranged on the side of the ceiling 14c of the casing 14. The 
liquid-spouting means 200 is provided with four water 
spouting nozzles 202a to 202d for spouting a liquid, for 
example, the water 18 over wide angles in the chamber 14a. 
Each of the water-spouting nozzles 202a to 202d is designed 
for the spouting angle and the direction to make it possible to 
effect the showering for the whole interior of the chamber 
14a. 

The bottom 14d of the casing 14 is formed to be inclined 
toward a certain corner (see FIG. 3). A water pipe 204 is 
arranged in the close vicinity of the bottom 14d. As shown in 
FIG. 12, the water pipe 204 is provided with a water 
spouting nozzle 206 for spouting the water 18 over a wide 
angle to wash the lower surface side of the arm section 102 
of the robot 100, and nozzles 208a to 208f for washing to the 
gear. 
As shown in FIGS. 3 and 14, the recovery mechanism 26 

includes a suction port 210 which is provided at an upper 
portion on one side of the casing 14. A negative pressure 
generating section 212 is coupled to the Suction port 210. 
The negative pressure-generating section 212 is provided 

at its side portion with a compressed air Supply port 214 to 
function Such that the interior of the negative pressure 
generating section 212 is in a state of being at a negative 
pressure in accordance with the blowing action of the com 
pressed air introduced from the compressed air Supply port 
214. A casing 218 for constructing a showering chamber 216 
is connected to the negative pressure-generating section 212. 
A liquid-spouting means 220 is installed in the casing 218. 
The showering is effected in the chamber 216 by using the 
water 18 spouted from the liquid-spouting means 220. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
A tube 222 is connected to the casing 218. The tube 222 is 

connected to a joint tube 224 which is connected corre 
sponding to the lowermost position of the bottom 14d of the 
casing 14. The joint tube 224 is connected via tubes 226, 228 
to a centrifugal separator 300 for constructing the classifying 
mechanism 28. An air tube 230, which is disposed vertically 
upwardly, is coupled between the tubes 226, 228. An air 
introducing tube 232, which is disposed on the side opposite 
to the suction port 210 and which is positioned on the lower 
side, is connected to the casing 14 (see FIG. 3). 
The classifying mechanism 28 is arranged under the cas 

ing 14. As shown in FIG. 15, the centrifugal separator 300 
for constructing the classifying mechanism 28 is provided 
with a sludge discharge port 302 for discharging the powder 
flow dust 20a as the separated Solid content, and a liquid 
discharge port 304 for discharging the water 18 as the sepa 
rated liquid. A sludge recovery box 306 is arranged under the 
sludge discharge port 302. On the other hand, a first tank 310 
and a second tank 312 are selectively coupled to the liquid 
discharge port 304 via a switching discharge means 308. 
As shown in FIGS. 15 and 16, the first tank 310 is 

designed to have a relatively large capacity, and it is a tank 
for storing the water 18 from which the powder flow dust 
20a is completely removed. The second tank 312 is a tank 
for storing the water 18 containing the powder flow dust 20a 
in a mixed manner, and it is designed to have a capacity 
smaller than that of the first tank 310. 
As shown in FIGS. 15 to 17, the switching discharge 

means 308 includes a cylinder 316 which is provided over 
the first tank 310 by the aid of an attachment plate 314. A 
first receiving member 320 and a second receiving member 
322 are coupled to a rod 318 which extends in the horizontal 
direction from the cylinder 316. The first and second receiv 
ing members 320,322 are supported movably back and forth 
by the aid of a pair of guides 324 provided on the attachment 
plate 314. 
A first end of a first drainage tube 326 is connected to the 

first receiving member 320. A second end of the first drain 
age tube 326 is arranged in the second tank 312. A first end 
of the second drainage tube 328 is connected to the second 
receiving member 322. A second end of the second drainage 
tube 328 extends vertically downwardly, and it is arranged in 
a receiving tank 330 disposed in the first tank 310. The first 
and second receiving members 320, 322 are selectively 
arranged at the position corresponding to the liquid drainage 
port 304 in accordance with the action of the cylinder 316. A 
discharge tube 322, which is connected to the upper end side 
of the sludge recovery body 306, is arranged for the second 
tank 312. 

As shown in FIG. 18, a level sensor 334 is provided in the 
first tank 310. The water level in the first tank 310 is detected 
at four positions, i.e., the upper limit position, the discharge 
start position, the discharged stop position, and the lower 
limit position. A first pump 336 and a second pump 338 are 
arranged for the first tank 310. The first pump 336 consti 
tutes a Supply mechanism 342 for Supplying the water 18 in 
the first tank 310 via a water passage 340 to the liquid 
spouting means 200 in the casing 14. The second pump 338 
functions to discharge the water 18 in the first tank 310 to the 
outside. 

Explanation will be made below for the operation of the 
strength-enhancing apparatus 10 constructed as described 
above. 
At first, the carburizing treatment is applied to the gear 12 

having been Subjected to the toothed wheel cutting by means 
of the cutting machining. The gear 12 after the carburizing 
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treatment is arranged between the driving rotary section 30 
and the driven rotary section 34 which constitute the metal 
part-holding mechanism 16. The driven rotary section 34 is 
moved toward the gear 12 (in the direction indicated by the 
arrow A1) in accordance with the driving action of the cylin 
der 38 (see FIG. 4). Accordingly, the gear 12 is pressed and 
interposed at its both ends by the driving rotary section 30 
and the driven rotary section 34. 

Subsequently, the door structure 120 as a double door is 
closed, and the opening 14b of the casing 14 is closed. In this 
state, the servo motor 38, which constitutes the spindle unit 
32, is driven to rotate the gear 12 (see FIG. 3). Accordingly, 
as shown in FIG. 5, the driving shaft 44 is rotated, which is 
coupled via the coupling 42 to the rotary shaft 40a of the 
servo motor 40 to integrally rotate and drive the first support 
member 50 which is provided at the forward end of the 
driving shaft 44 and the gear 12 which is supported at its first 
end by the first support member 50. The second end of the 
gear 12 is supported by the second support member 80 
which constitutes the driven rotary section 34. The second 
support mechanism 80 is rotated integrally with the driven 
shaft 76 by the aid of the bearing 78 with respect to the 
holding member 74 (see FIG. 7). 

During this process, as shown in FIG. 3, the water 18 and 
the glass beads 20 are fed under the pressure via the respec 
tive tube passages 108, 110 to the mixing chamber 106 in 
accordance with the action of an unillustrated high pressure 
pump which constitutes the projecting mechanism 24. 
Accordingly, the spouting stream 22 of the water 18 and the 
glass beads 20 is projected while maintaining the directivity 
from the nozzle 104 to the gear 12. 

Further, the nozzle 104 is moved in the predetermined 
direction, i.e., in the axial direction of the gear 12 by the aid 
of the arm section 102 which constitutes the robot 100. The 
compressive residual stress is applied by the glass beads 20 
to the entire tooth surface of the gear 12. Simultaneously, the 
glass beads 20 are crushed. The powder flow dust 20a, which 
is generated as the glass beads 20 are crushed, floats in the 
casing 14. The liquid-spouting means 200 and the negative 
pressure-generating section 212, which constitute the recov 
ery mechanism 26, are operated. 
The liquid-spouting means 200 is operated as follows. 

That is, as shown in FIGS. 12 and 13, the water 18 is spouted 
into the chamber 14a in the casing 14 by the aid of the 
respective water-spouting nozzles 202a to 202d. The powder 
flow dust 20a which floats in the chamber 14a and the pow 
der flow dust 20a which adheres to the arm section 102 of the 
rotor 100 are forcibly discharged toward the bottom 14d of 
the casing 14. The water 18 is spouted from the water 
spouting nozzle 206 installed to the water pipe 204. The 
water 18 is used to wash the lower side of the arm section 
102. The water 18 spouted from the respective nozzles 208a 
to 208f is used to perform the washing operation for the gear 
12. 

The drainage containing the powder flow dust 20a, which 
is generated during the washing operation effected by the 
liquid-spouting means 200, flows along the inclination of the 
bottom 14d. As shown in FIGS. 3 and 14, the drainage is fed 
via the joint tube 224 coupled to the casing 14 through the 
tubes 226, 228 to the centrifugal separator 300 which consti 
tutes the classifying mechanism 28. 
On the other hand, when the compressed air is introduced 

from the compressed air Supply port 214 by operating the 
negative pressure-generating section 212, then the negative 
pressure is generated at the Suction port 210, and the powder 
flow dust 20a, which floats in the chamber 14a of the casing 
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10 
14, is sucked from the suction port 210 to the chamber 216 to 
be decelerated. The showering is effected in the chamber 
216 by the aid of the liquid-spouting means 220 arranged in 
the casing 218. The drainage containing the powder flow 
dust 20a is introduced from the tube 222 via the joint tube 
224 and the tubes 226, 228 into the centrifugal separator 
300. On the other hand, the compressed air is discharged to 
the outside from the air tube 230. The external air is intro 
duced from the air-introducing tube 232 into the chamber 
14a. 

In the centrifugal separator 300, the switching discharge 
means 308 is operated in accordance with a time chart 
shown in FIG. 19. That is, the centrifugal separator 300 does 
not arrive at a predetermined number of revolution immedi 
ately after the start of the operation. Therefore, a period 
exists, in which the powder flow dust 20a and the water 18 
cannot be completely separated from the drainage. 
Accordingly, the first receiving member 320, which consti 
tutes the switching discharge means 308, is previously 
arranged corresponding to the liquid discharge port 304 of 
the centrifugal separator 300 (see solid lines shown in FIG. 
17). 

Therefore, the powder flow dust 20a as the solid content is 
discharged to the sludge recovery box 306 from the sludge 
discharge port 302 of the centrifugal separator 300. On the 
other hand, the water 18 containing the powder flow dust 20a 
is discharged from the liquid discharge port 304 to the first 
drainage tube 326 which is connected to the first receiving 
member 320. The water 18 is introduced from the first drain 
age tube 326 to the second tank 312. 

Subsequently, the centrifugal separator supply pump (not 
shown) is operated. After passage of a predetermined period 
of time from the start of the operation of the centrifugal 
separator 300, the cylinder 316, which constitutes the 
Switching discharge means 308, is operated. Accordingly, as 
shown in FIGS. 15 and 16, the first and second receiving 
members 320, 322 are integrally moved in the direction of 
the arrow A by the aid of the rod 318. The second receiving 
member 322 is arranged corresponding to the liquid dis 
charge port 304 of the centrifugal separator 300 (see two-dot 
chain lines shown in FIG. 17). Therefore, the water 18, 
which is discharged from the centrifugal separator 300, is 
once discharged to the receiving tank 300 via the second 
drainage tube 328 connected to the second receiving mem 
ber 322. After that, the water 18 is stored in the first tank 310 
which accommodates the receiving tank 330. 

In the first tank 310, the level sensor 334 is used to detect 
the water level of the water 18 stored in the first tank 310. 
The first pump 336 and the second pump 338 are selectively 
operated, if necessary. As shown in FIG. 18, when the first 
pump 336 for constructing the supply mechanism 342 is 
operated, the water 18 in the first tank 310 is fed via the 
water passage 340 to the liquid-spouting means 200 which 
constitutes the recovery mechanism 26. Accordingly, the 
water 18 is spouted into the chamber 14a, and it is used for 
the washing operation for the gear 12 and the arm section 
102 and for the recovery operation for the powder flow dust 
20a floating in the chamber 14a. When the second pump 338 
is operated, the water 18 in the first tank 310 is discharged to 
the outside. 

Subsequently, when the operation of the centrifugal sepa 
rator 300 is stopped, the switching discharge means 308 is 
operated on the basis of the stop signal of the unillustrated 
centrifugal separator Supply pump. The first receiving mem 
ber 320 is arranged corresponding to the liquid discharge 
port 304. After that, the stop operation for the centrifugal 
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separator 300 is performed. During the stop operation for the 
centrifugal separator 300, it is impossible to reliably remove 
the powder flow dust 20a from the drainage due to the 
decrease in number of revolution. The water 18 containing 
the powder flow dust 20a is discharged toward the second 
tank 312. Accordingly, only the water 18, from which the 
powder flow dust 20a is completely removed, is always 
stored in the first tank 310. 

After the door structure 120 is opened upon the comple 
tion of the strength-enhancing treatment for the gear in the 
chamber 14a, the cylinder 38, which constitutes the metal 
part-holding mechanism 16, is operated. As shown in FIG. 6. 
the slide rod 73 is coupled to the rod 71 of the cylinder 38. 
When the slide rod 73 is moved in the direction indicated by 
the arrow A2, then the driven rotary section 34 is moved in 
the direction indicated by the arrow A2 integrally with the 
holding member 74, and it is disengaged from the end of the 
gear 12 (see FIG. 7). 

Accordingly, the gear 12 is removed from the space 
between the driving rotary section 30 and the driven rotary 
section 34. A new gear 12 is arranged between the driving 
rotary section 30 and the driven rotary section 34. Further, 
the cylinder 38 is operated, and the both ends of the new gear 
12 are pressed and interposed by the driving rotary section 
30 and the driven rotary section 34. 

In the first embodiment, when the strength-enhancing 
treatment is applied to the gear 12 by the aid of the project 
ing mechanism 24 in the chamber 14a, the liquid-spouting 
means 200, which constitutes the recovery mechanism 26, is 
operated. Accordingly, the showering is effected for the 
whole interior of the chamber 14a in the casing 14 by the aid 
of the respective water-spouting nozzles 202a to 202d. The 
water 18 is effectively spouted toward the powder flow dust 
20a floating in the chamber 14a and the powder flow dust 
20a adhering to the arm section 102 of the robot 100. 20 
Accordingly, the powder flow dust 20a floating in the cham 
ber 14a and the powder flow dust 20a adhering to the arm 
section 102 are mixed with the drainage, and they are dis 
charged forcibly and reliably toward the bottom 14d of the 
casing 14. Therefore, when the double door 120 is opened, it 
is possible to reliably avoid the leakage of the powder flow 
dust 20a from the opening 14b to the outside. 

Further, in the first embodiment, when the strength 
enhancing treatment is applied to the gear 12 by the aid of 
the projecting mechanism 24 in the chamber 14a, the powder 
flow dust 20a, which is generated when the glass beads 20 
are crushed, is recovered together with the drainage by the 
aid of the recovery mechanism 26. After that, the classifying 
mechanism 28 is used to classify the drainage into the water 
18 and the powder flow dust 20a. 

Accordingly, when the classified powder flow dust 20a is 
introduced into the sludge recovery box 306, the powder to 
flow dust 20a can be easily used, for example, for the opera 
tion for producing the glass beads 20. On the other hand, the 
water 18, which is separated from the drainage, is stored in 
the first tank 310, and then it is supplied to the recovery 
mechanism 26 in accordance with the action of the supply 
mechanism 342 provided with the first pump 336. Thus, the 
water 18 is recycled, for example, as washing water. Thus, 
an effect is obtained in that the resource can be effectively 
utilized with ease by using the simple system. 

In the first embodiment, the classifying mechanism 28 
includes the first tank 310 for storing the water 18 from 
which the powder flow dust 20a is removed, and the second 
tank 312 for storing the water 18 containing the powder flow 
dust 20a in the mixed manner. The switching discharge 
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means 308 is provided in order that the impure liquid (water 
18 mixed with the powder flow dust 20a), which tends to be 
generated upon the start and the stop of the centrifugal sepa 
rator 300, is discharged to the second tank 312. 

Therefore, only the water 18, from which the powder flow 
dust 20a is completely removed, is always stored in the first 
tank 310. The water 18 in the first tank 310 can be main 
tained to be clean. Accordingly, it is advantageous that when 
the water 18 in the first tank 310 is supplied, for example, to 
the recovery mechanism 26, it is possible to effectively per 
form various operations, for example, the operation for 
recovering the mist, based on the use of the it water 18 free 
from impurities. 

In the first embodiment, the respective water-spouting 
nozzles 202a to 202d, which constitute the liquid-spouting 
means 200, are installed to the ceiling 14c of the casing 14. 
However, as shown in FIG. 20, it is also preferable that the 
respective water-spouting nozzles 202a to 202d are arranged 
on the walls 14e, 14f of the casing 14 in place of the forego 
ing arrangement or in addition to the foregoing arrangement. 

Further, in the first embodiment, the door structure 120 is 
provided with the inner slide door 122 and the outer slide 
door 124. The pressing means 132 is used to allow the inner 
side surface 128 of the inner slide door 122 to make tight 
contact with the outer wall 130 of the casing 14 for forming 
the chamber 14a. Accordingly, the mist, which contains the 
powder flow dust 20a generated when the spouting stream 
22 is projected onto the gear 12 by the aid of the projecting 
mechanism 24 in the chamber 14a of the casing 14, does not 
leak to the outside from the opening 14b. Therefore, it is 
possible to reliably avoid any occurrence of problems 
concerning, for example, the maintenance of the strength 
enhancing apparatus 10 and the surrounding environment. 

In the chamber 14a, the noise is considerably large when 
the glass beads 20 are projected onto the surface of the gear 
12. However, in the first embodiment, the opening 14b is 
closed by the double door, i.e., the inner slide door 122 and 
the outer slide door 124. Therefore, an effect is obtained in 
that it is possible to effectively ensure the noise control per 
formance. 
The following operation is performed when the gear 12 

applied with the strength-containing treatment in the cham 
ber 14a is taken out, and a new gear 12 is arranged in the 
chamber 14a. At first, when the cylinder 152 of the driving 
means 126 is operated, and the rod 154 is displaced in the 
direction of the arrow A, then the attachment plate 138. 
which is coupled to the rod 154 by the aid of the coupling 
member 156, is moved in the direction of the arrow A inte 
grally with the inner slide door 122 in accordance with the 
rolling action of the support rollers 140a, 140b, the upper 
rollers 142a, 142b, and the lower rollers 144a, 144b. 

In this arrangement, the outer slide door 124 is held on the 
attachment plate 138 by the aid of the projection member 
190 and the pawl member 186 of the engaging means 180. 
The inner slide door 122 and the outer slide door 124 are 
moved integrally in the direction of the arrow A by the aid of 
the driving means 126. Accordingly, the opening 14b of the 
casing 14 is opened to the outside, while the inner slide door 
122 and the outer slide door 124 are arranged at the open 
position (see FIG. 21). 

It is noted that the pressing bolt 194 of the release means 
182 is provided at the open position. The expansion 192 of 
the pawl member 186 for constructing the engaging means 
180 is pressed by the pressing bolt 194. Therefore, as shown 
in FIG. 22, the pawl member 186 makes swinging move 
ment in the direction to make separation from the projection 
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member 190 against the elastic force of the spring 188. Thus, 
the engagement state of the pawl member 186 and the pro 
jection member 190 is released. The gear 12 in the chamber 
14a is removed from the metal part-holding mechanism 16 
through the opening 14b. After that, a new gear 12 is set to 
the metal part-holding mechanism 16. 

Subsequently, when the inner slide door 122 and the outer 
slide door 124 are closed, then an operator grips the hand 
section 174 of the outer slide door 124, and the outer slide 
door 124 is moved toward the opening 14b (in the direction 
indicated by the arrow B). Accordingly, the dog plate 176, 
which is fixed to the outer slide door 124, effects the 
ON/OFF operation for the switches 178a to 178c. The driv 
ing means 126 is operated on the basis of the resulting 
signal, and the inner slide door 122 is automatically moved 
from the open position toward the closed position. 
When the inner slide door 122 approaches the side of the 

opening 14b, then the upper rollers 142a, 142b and the lower 
rollers 144a, 144b, which constitute the pressing means 132, 
contact with the upper plates 158a, 158b and the lower plates 
160a, 160b, and the inner slide door 122 is retracted toward 
the casing 14. Accordingly, the inner side surface 128 of the 
inner slide door 122 makes tight contact with the outer wall 
130 of the casing 14. 
As described above, in the first embodiment, the opening/ 

closing operation is simplified all at once for the inner slide 
door 122 and the outer slide door 124 which constitute the 
double door. Thus, an effect is obtained in that the operabil 
ity of the door structure 120 is greatly improved because of 
the following reason. That is, it is sufficient for the operator 
to manually operate only the outer slide door 124. 

In the first embodiment, the first end of the gear 12 is 
supported by the driving rotary section 30 which constitutes 
the spindle unit 32. The second end of the gear 12 is sup 
ported by the driven rotary section 34 which constitutes the 
support means 36. The servo motor 40 of the spindle unit 32 
is driven in the state in which the gear 12 is pressed and 
interposed by the driven rotary section 34 and the driving 
rotary section 30 by the aid of the cylinder 38. 

Accordingly, the gear 12 is rotated and driven while being 
tightly pressed and held at its both ends by the driving rotary 
section 30 and the driven rotary section 34, Therefore, espe 
cially when a lengthy gear 12 Such as a counter shaft is used, 
it is possible to reliably prevent the gear 12 from deflection 
during the rotation. Accordingly, it is possible to rotate the 
gear 12 highly accurately. An effect is obtained in that the 
appropriate compressive residual stress can be reliably given 
to the entire tooth surface of the gear 12 by the aid of the 
projecting mechanism 24. 

Further, the both ends of the gear 12 are interposed by 
using the first and second support members 50, 80 of the 
driving rotary section 30 and the driven rotary section 34. 
Therefore, it is advantageous that the production cost is 
greatly reduced, for example, as compared with those based 
on the use of a collet chuck. 
When the strength-enhancing treatment is applied to a 

short gear 12a as shown in FIG. 23 in place of the lengthy 
gear 12 Such as a counter shaft, the position-adjusting means 
54 of the metal part-holding mechanism 16 is operated. That 
is, as shown in FIG. 6, when an operator grips the handle 62 
to rotate it, then the screw shaft 64 coupled to the handle 62 
is rotated, and the sleeve member 58 is moved in the direc 
tion indicated by the arrow A1 integrally with the nut mem 
ber 70 externally fitted to the screw shaft 64. 

The support means 36 and the cylinder 38 are installed to 
the sleeve member 58. As the sleeve member 58 is moved in 
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the direction of the arrow A1, the positions of the support 
means 36 and the cylinder 38 are adjusted in the direction of 
the arrow A1. After the support means 36 is positioned cor 
responding to the shaft length of the short gear 12a, the 
strength-enhancing treatment is applied to the gear 12a in 
the same manner as described above. 

In this way, in the first embodiment, the position of the 
support means 36 is previously set by the aid of the position 
adjusting means 54 corresponding to the various gears 12, 
12a having different lengths. Accordingly, the stroke amount 
of the driven rotary section 34 brought about by the cylinder 
308 does not differ depending on the lengthy gear 12 and the 
short gear 12a. An effect is obtained in that the minimum 
stroke amount is used to efficiently perform the attachment/ 
detachment operation for the gear 12, 12a in a short period of 
time. Further, the position-adjusting means 54 is based on 
the simple arrangement provided with the handle 62 which is 
rotated by the manual operation. It is possible to easily sim 
plify the entire structure of the metal part-holding mecha 
nism 16. 

FIG. 24 shows a schematic perspective view illustrating a 
strength-enhancing apparatus 410 according to a second 
embodiment of the present invention. FIG. 25 shows a front 
view illustrating the strength-enhancing apparatus 410. FIG. 
26 shows a magnified partial sectional front view illustrating 
an upper portion of the strength-enhancing apparatus 410. 
The strength-enhancing apparatus 410 comprises a metal 

part-holding mechanism 416 for holding a metal part 412 
(shown in the drawing as having a gear shape) to be 
processed, for example, a gear, a connecting rod, or a crank 
shaft so that the metal part 412 is positioned and held in a 
processing chamber 414a in a casing 414, a projecting 
mechanism 424 for projecting a spouting stream 422 of liq 
uid such as water 418 and glass beads 420 toward the metal 
part 412, a recovery mechanism 426 for recovering powder 
flow dust 420a generated from the glass beads 420 crushed 
on the Surface of the metal part 412, together with drainage, 
a classifying mechanism 428 for classifying the recovered 
drainage into the water 418 and the powder flow dust 420a, 
and a powder flow dust-accommodating unit 431 for storing 
the classified powder flow dust 420a. 
The metal part-holding mechanism 416 includes a spindle 

unit 432 which is provided with a driving section 430 for 
making contact with a first end of the metal part 412, and a 
support means 436 which is provided with a rotary section 
434 for supporting a second end of the metal part 412. The 
spindle unit 432 is provided with a servo motor (not shown) 
for rotating and driving the driving unit 430. On the other 
hand, the support means 436 includes a cylinder 440 for 
moving the rotary section 434 back and forth in the axial 
direction. The support means 436 is adjustable for its posi 
tion in the axial direction by the aid of a position-adjusting 
means 442. As shown in FIG. 24, the position-adjusting 
means 442 includes a manual handle 444. The position of the 
Support means 436 is changed by rotating and operating the 
manual handle 444. 
The projecting mechanism 424 includes a robot 500 

which is arranged at the outside of the casing 414. An arm 
section 502 for constructing the robot 500 is arranged in the 
processing chamber 414a in the casing 414 in a state of 
being protected by a bellows member 503. A nozzle 504 is 
installed to the forward end of the arm section 502. A mixing 
chamber 506 for mixing the water 418 and the glass beads 
420 is coupled to an upper portion of the nozzle 504. The 
water 418 and the glass beads 420 are supplied from the 
unillustrated water Supply source and a hopper coupled via 
tube passages 508, 510 respectively (see FIG. 26). 
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The casing 414 is provided with an opening 414b for 
opening the processing chamber 414a to the outside. The 
opening 414b is opened and closed by the aid of a door 
structure 520 as a double door (see FIG. 24). A liquid 
spouting means 530 for constructing the recovery mecha 
nism 426 is arranged in the processing chamber 414a. As 
shown in FIG. 27, the liquid-spouting means 530 is arranged 
on the side of the ceiling 414c of the casing 414. The liquid 
spouting means 530 is provided with four water-spouting 
nozzles 532a to 532d for spouting a liquid, for example, the 
water 418 over wide angles in the processing chamber 414a. 
Each of the water-spouting nozzles 532a to 532d is designed 
for the spouting angle and the direction so that the water 418 
may be spouted over the whole interior of the processing 
chamber 414a. 

The bottom 414d of the casing 414 is formed to be 
inclined toward a certain corner (see FIG. 26). A water 5 
pipe 534 is arranged in the close vicinity of the bottom 414d. 
As shown in FIG. 27, the water pipe 534 is provided with a 
water-spouting nozzle 536 for spouting the water 418 over a 
wide angle to wash the lower surface side of the arm section 
502 of the robot 500, the nozzles 538a to 538f for washing 
the metal part. 
As shown in FIG. 26, an external air inflow port 540, 

through which the external air can be introduced into the 
processing chamber 414a, is provided at an upper portion of 
the side 414e of the casing 414. On the other hand, a suction 
port 542, which is open to the processing chamber 414a, is 
formed at a lower portion of the side 414e. A tube member 
544 is coupled to the lower portion of the side 414e of the 
casing 414. A discharge passage 546 in the tube member 544 
communicates with the suction port 542. A first chamber 
548, which communicates via the discharge passage 546 
with the suction port 542, is arranged on the tube member 
544. A blower (suction means) 552 is coupled to the first 
chamber 548 via a second chamber 550. 

As shown in FIGS. 26 and 28, the lower end of a first 
casing 554 for constructing the first chamber 548 is coupled 
to the tube member 544. A liquid-spouting means 556 is 
installed in the first casing 554. The water 418 is spouted 
from the liquid-spouting means 556. Thus, the showering is 
effected in the first chamber 548. A first end of a first tube 
558 is connected to an upper portion of the first casing 554. 
A second end of the first tube 558 is fixed at a lower end side 
portion of a second casing 560 for constructing the second 
chamber 550. 

A piping tube 562, which is provided at the lower end of 
the second casing 560, is coupled to the side of the first 
casing 554 in the close vicinity of the liquid-spouting means 
556. On the other hand, a second tube 564, which is con 
nected to an upper end side portion of the second casing 560, 
is coupled to the blower 552. A piping tube 568 is coupled to 
the tube member 544 and an upper portion of a discharge 
tube 566 provided for the blower 552. 
A third casing 572, which is disposed between the pro 

cessing chamber 414a and the first chamber 548 for con 
structing a third chamber 570, is coupled to the tube member 
544. The third casing 572 has its lower end opening diameter 
which is formed to be smaller than the lower end opening 
diameter of the first casing 554 (see FIG. 26). The third 
casing 572 is installed with a liquid-spouting means 574 
which is disposed therein at a relatively upper position. The 
showering is effected in the third chamber 570 by using the 
water 418 spouted from the liquid-spouting means 574. Both 
ends of a third tube 576 are connected to an upper portion of 
the third casing 572 and a lower end side portion of the 
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second casing 560. A first end of a fourth tube 
(communication passage) 578 is coupled to the lower side of 
the third casing 572. A second end of the fourth tube 578 is 
coupled to the powder flow dust-accommodating unit 431. 
A centrifugal separator 580 for constructing the classify 

ing mechanism 428 is connected via a tube 579 to a lower 
end portion on the downstream side of the tube member 544. 
The classifying mechanism 428 is arranged under the casing 
414. As shown in FIG. 25, the centrifugal separator 580 for 
constructing the classifying mechanism 428 is provided with 
a sludge discharge port 582 for discharging the powder flow 
dust 420a as the separated Solid content, and a liquid dis 
charge port 584 for discharging the water 418 as the sepa 
rated liquid. A sludge recovery box 586 for constructing the 
powder flow dust-accommodating unit 431 is arranged 
under the sludge discharge port 582. On the other hand, a 
first tank (clean tank) 590 and a second tank (dirty tank) 592 
are selectively coupled via a Switching discharging means 
588 to the liquid discharge port 584. 
The fourth tube 578 is connected to an upper portion of 

the sludge recovery box 586. The sludge recovery box 586 
communicates with the third chamber 570. The first tank 590 
is a tank for storing the water 418 from which the powder 
flow dust 420a is completely removed, and it is designed to 
have a relatively large capacity. The second tank 592 is a 
tank for storing the water 418 containing the powder flow 
dust 420a in a mixed manner, and it is designed to have a 
capacity smaller than that of the first tank 590. 
As shown in FIG. 29, a level sensor 594 is provided in the 

first tank 590. The water level in the first tank 590 is detected 
at four positions, i.e., the upper limit position, the discharge 
start position, the discharge stop position, and the lower limit 
position. A first pump 596 and a second pump 598 are 
arranged for the first tank 590. The first pump 596 supplies 
the water 418 in the first tank 590 via a water passage 600 to 
the liquid-spouting means 530 in the casing 414. The second 
pump 598 functions to discharge the water 418 in the first 
tank 590 to the outside. A third pump 602 is arranged for the 
second tank 592. The third pump 602 communicates with 
the drainage inlet side of the centrifugal separator 580 via a 
pumping tube 604. 

Explanation will be made below for the operation of the 
strength-enhancing apparatus 410 constructed as described 
above. 

At first, the first end of the metal part 412 is held by the 
driving section 430 of the spindle unit 432 which constitutes 
the metal part-holding mechanism 416. In this state, the 
rotary section 434 of the support means 436 is displaced 
toward the metal part 412 in accordance with the action of 
the cylinder 440 to support the second end of the metal part 
412. The door structure 520 is closed, and the opening 414b 
of the casing 414 is closed. In this state, the servo motor (not 
shown), which constitutes the spindle unit 432, is driven to 
rotate the metal part 412 (see FIG. 26). 

During this process, the water 418 and the glass beads 420 
are fed under the pressure via the respective tube passages 
508, 510 to the mixing chamber 506 in accordance with the 
action of an unillustrated high pressure pump which consti 
tutes the projecting mechanism 424. Accordingly, the spout 
ing stream 422 of the water 418 and the glass beads 420 is 
projected while maintaining the directivity from the nozzle 
504 toward the metal part 412. 

Further, the nozzle 504 is moved in the predetermined 
direction, i.e., in the axial direction of the metal part 412 by 
the aid of the arm section 502 which constitutes the robot 
500. The compressive residual stress is given by the glass 
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beads 420 to the entire outer circumferential surface of the 
metal part 412. Simultaneously, the glass beads 420 are 
crushed. The powder flow dust 420a, which is generated 
when the glass beads 420 are crushed, floats in the casing 
414. The liquid-spouting means 530 and the blower 552, 
which constitute the recovery mechanism 426, are operated. 

The liquid-spouting means 530 is operated as follows. 
That is, as shown in FIG. 27, the water 418 is spouted into 
the processing chamber 414a in the casing 414 by the aid of 
the respective water-spouting nozzles 532a to 532d. The 
powder flow dust 420a which floats in the processing cham 
ber 414a and the powder flow dust 420a which adheres to the 
arm section 502 of the robot 500 are forcibly discharged 
toward the bottom 414d of the casing 414. The water 418 is 
spouted from the water-spouting nozzle 536 installed to the 
water pipe 534. The water 418 is used to wash the lower side 
of the arm section 502. The water 418 spouted from the 
respective nozzles 538a to 538f is used to perform the wash 
ing operation for the metal part 412. 
The drainage containing the powder flow dust 420a, 

which is generated during the washing process effected by 
the liquid-spouting means 530, flows along the inclination of 
the bottom 414d. As shown in FIGS. 26 and 28, the drainage 
is fed via the tube 579 from the discharge passage 546 of the 
tube member 544 coupled to the casing 414 to the centrifu 
gal separator 580 which constitutes the classifying mecha 
nism 428. 

On the other hand, when the blower 552 is operated, the 
Suction is exerted on the atmosphere in the second chamber 
550 which communicates with the blower 552 via the second 
tube 564. Further, the suction is exerted on the atmospheres 
in the first and third chambers 548,570 which communicate 
with the second chamber 550 via the first and third tubes 
558, 576. Accordingly, the negative pressure is generated at 
the suction port 542 via the discharge passage 546. The mist, 
which contains the powder flow dust 420a floating in the 
processing chamber 414a in the casing 414, is Sucked from 
the suction port 542 via the discharge passage 546 to the first 
and third chambers 548,570, and it is decelerated. 

In this embodiment, the lower end opening diameter of 
the first casing 554 is designed to be larger than the lower 
end opening diameter of the third casing 572. The powder 
flow dust 420a floating in the processing chamber 414a is 
dominantly sucked to the first chamber 548. In the first 
chamber 548, the showering is effected by the aid of the 
liquid-spouting means 556 arranged in the first casing 554. 
The drainage containing the powder flow dust 420a is fed to 
the centrifugal separator 580 via the discharge passage 546 
and the tube 579. Similarly, in the third chamber 570, the 
showering is effected by using the water 418 spouted from 
the liquid-spouting means 574. The drainage containing the 
powder flow dust 420a is introduced into the centrifugal 
separator 580. 
The air in the first and third chambers 548,570 is sucked 

via the first and third tubes 558,576 to the second chamber 
550, and it is decelerated. The air is further sucked from the 
second tube 564 to the blower 552, and it is discharged to the 
outside from the discharge tube 566. During this process, the 
water content generated in the second chamber 550 and the 
remaining powder flow dust 420a are introduced via the pip 
ing tube 562 into the first chamber 548, and they are dis 
charged to the discharge passage 546 in accordance with the 
showering effected by the liquid-spouting means 556. The 
water content generated in the discharge tube 566 is intro 
duced via the piping tube 568 into the discharge passage 
546. 
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When the suction is effected from the suction port 542 in 

the processing chamber 414a, the external air can be intro 
duced into the processing chamber 414a through the exterior 
air inflow port 540. Accordingly, the atmosphere in the pro 
cessing chamber 414a can be effectively prevented from 
being in an excessive negative pressure state. 
The centrifugal separator 580 does not arrive at a predeter 

mined number of revolution immediately after the start of 
the operation. Therefore, a period exists, in which the pow 
der flow dust 420a and the water 418 cannot be completely 
separated from the drainage. Accordingly, as shown in FIG. 
29, the powder flow dust 420a as the solid content is dis 
charged from the sludge discharge port 582 of the centrifu 
gal separator 580 to the sludge recovery box 586. On the 
other hand, the water 418 containing the powder flow dust 
420a is introduced via the switching discharge means 588 
from the liquid discharge port 584 into the second tank 592. 

Subsequently, the centrifugal separator Supply pump (not 
shown) is operated. The switching discharge means 588 is 
operated after passage of a predetermined period of time 
from the start of the operation of the centrifugal separator 
580. Therefore, the water 418, which is discharged from the 
centrifugal separator 580, is stored in the first tank 590. In 
the first tank 590, the level sensor 594 is used to detect the 
water level of the water 418 stored in the first tank 590. The 
first pump 596 and the second pump 598 are selectively 
operated, if necessary. 
When the first pump 596 is operated, the water 418 in the 

first tank 590 is fed via the water passage 600 to the liquid 
spouting means 530 which constitutes the recovery mecha 
nism 426. Accordingly, the water 418 is spouted into the 
processing chamber 414a to perform the washing operation 
for the metal part 412 and the arm section 502 and for the 
recovery operation for the powder flow dust 420a floating in 
the processing chamber 414a. When the second pump 598 is 
operated, the water 418 in the first tank 590 is discharged to 
the outside. 

On the other hand, the powder flow dust 420a, which is 
discharged from the centrifugal separator 580, is discharged 
to the sludge recovery box 586 which is arranged corre 
sponding to the sludge discharge port 582. In this 
arrangement, as shown in FIG. 28, the fourth tube 578 is 
connected to the upper portion of the sludge recovery box 
586. The powder flow dust 420a, which floats in the sludge 
recovery box 586, is sucked via the fourth tube 578 to the 
third chamber 570. In the third chamber 570, the liquid 
spouting means 574 is provided so that it is disposed at the 
position higher than that of the connected portion of the 
fourth tube 578. The powder flow dust 420a is discharged to 
the discharge passage 546 by the aid of the water 418 
spouted from the liquid-spouting means 574. 

In the second embodiment, the first and third chambers 
548,570 communicate with the lower side of the processing 
chamber 414a via the discharge passage 546. The second 
chamber 550 communicates with the first and third cham 
bers 548,570 via the first and third tubes 558, 576. The 
blower 552 communicates with the second chamber 550 via 
the second tube 564. 

Accordingly, when the blower 552 is operated, then the 
mist containing the powder flow dust 420a floating in the 
processing chamber 414a is Smoothly introduced into the 
first and third chambers 548, 570 through the suction port 
542 and the discharge passage 546, and it is decelerated. The 
showering is effected by using the water 418 spouted from 
the liquid-spouting means 556, 574. Thus, the drainage con 
taining the powder flow dust 420a is introduced from the 
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discharge passage 546 and the tube 579 into the centrifugal 
separator 580. Further, the powder flow dust 420a introduced 
into the second chamber 550 is decelerated in the second 
chamber 550. Thus, the powder flow dust 420a is returned 
together with the water content via the piping tube 562 to the 
first chamber 548, and it is discharged to the discharge pas 
sage 546 by means of the showering. 

Accordingly, the following effect is obtained. That is, the 
powder flow dust 420a, which floats in the processing cham 
ber 414a, can be sucked and recovered reliably and effi 
ciently. The powder flow dust 420a does not adhere to the 
metal part-holding mechanism 416. The strength-enhancing 
treatment for the metal part 412 is continuously performed 
efficiently. In this arrangement, the suction port 542 is pro 
vided on the lower side of the processing chamber 414a. 
Therefore, the powder flow dust 420a, which tends to float, 
can be smoothly and reliably sucked and recovered on the 
lower side by the aid of the own weight and the showering in 
the processing chamber 414a. 

Further, in the second embodiment, the third chamber 570 
communicates with the sludge recovery box 586 via the 
fourth tube 578. The powder flow dust 420a, which floats in 
the sludge recovery box 586, is forcibly sucked and dis 
charged to the third chamber 570 in accordance with the 
sucking action of the blower 552. Therefore, an effect is 
obtained in that the simple system can be used to reliably 
avoid the counter flow of the powder flow dust 420a floating 
in the sludge recovery box 586 from the sludge discharge 
port 582 to the centrifugal separator 580. 

FIG. 30 shows a schematic front view illustrating a recov 
ery mechanism 612 for constructing a strength-enhancing 
apparatus 610 according to a third embodiment of the 
present invention. FIG. 31 shows a perspective view illus 
trating important parts of the recovery mechanism 612. The 
same constitutive components as those of the strength 
enhancing apparatus 410 according to the second embodi 
ment are designated by the same reference numerals, 
detailed explanation of which will be omitted. 

In the third embodiment, only the first casing 554 for 
constructing the first chamber 548 is connected to the dis 
charge passage 546. The third chamber 570, which is used in 
the second embodiment described above, is not used. 
Therefore, when the blower 552 is operated in the strength 
enhancing apparatus 610, the atmosphere in the processing 
chamber 414a is sucked from the suction port 542 via the 
first and second chambers 548, 550. The powder flow dust 
420a, which floats in the processing chamber 414a, is sucked 
via the suction port 542 and the discharge passage 546 into 
the first chamber 548, and it is decelerated. 

In the first chamber 548, the drainage containing the pow 
der flow dust 420a is discharged to the discharge passage 
546 by the aid of the showering effected by the liquid 
spouting means 556. On the other hand, the remaining pow 
der flow dust 420a is sucked to the second chamber 550, and 
it is decelerated. The powder flow dust 420a is returned from 
the piping tube 562 to the first chamber 548. After that, the 
powder flow dust 420a is discharged to the discharge pas 
sage 546 by the aid of the showering. Accordingly, an effect 
equivalent to that obtained in the second embodiment can be 
obtained, for example, in that the powder flow dust 420a 
floating in the processing chamber 414a can be reliably 
recovered by using the simple system. 

FIG. 32 shows a schematic front view illustrating a recov 
ery mechanism 622 for constructing a strength-enhancing 
apparatus 620 according to a fourth embodiment of the 
present invention. FIG.33 shows a perspective view ilustrat 
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ing important parts of the recovery mechanism 622. The 
same constitutive components as those of the strength 
enhancing apparatus 410 according to the second embodi 
ment are designated by the same reference numerals. 
detailed explanation of which will be omitted. 

It the fourth embodiment, only the first casing 554 for 
constructing the first chamber 548 is connected to the dis 
charge passage 546 in the same manner as in the third 
embodiment. The first casing 554 communicates with the 
sludge recovery box 586 via the fourth tube 578. 

Accordingly, when the blower 552 is operated in the 
strength-enhancing apparatus 620, the atmosphere in the 
processing chamber 414a is sucked from the suction port 
542 via the first and second chambers 548,550. The powder 
flow dust 420a, which floats in the processing chamber 414a, 
is sucked via the suction port 542 and the discharge passage 
546 into the first chamber 548, and it is decelerated. Further, 
the sludge recovery box 586 communicates with the first 
chamber 548 via the fourth tube 578. The powder flow dust 
420a, which floats in the sludge recovery box 586, is forcibly 
sucked into the first chamber 548 via the fourth tube 578. 

In the second to fourth embodiments of the present 
invention, the second chamber 550 is used. However, the 
blower 552 may be allowed to make direct communication 
with the first chamber 548 and/or the third chamber 570 
without using the second chamber 550. 

According to the strength-enhancing apparatus for the 
metal part concerning the present invention, the showering is 
performed for the whole interior of the processing chamber 
from the liquid-spouting means arranged at the wall and/or 
the ceiling in the processing chamber. Therefore, the liquid 
is spouted toward the powder flow dust floating in the pro 
cessing chamber. The powder flow dust is mixed with the 
drainage, and it is reliably recovered. Accordingly, it is pos 
sible to effectively avoid the adhesion and the accumulation 
of the powder flow dust. Further, it is possible to avoid the 
leakage of the powder flow dust to the outside which would 
be otherwise caused when the door is opened/closed. 
The present invention is provided with the classifying 

mechanism for classifying the drainage into the liquid and 
the powder flow dust after recovering the drainage contain 
ing the powder flow dust generated when the glass beads are 
crushed. Therefore, the drainage can be classified into the 
liquid and the powder flow dust easily and reliably to be 
recycled. Thus, it is easy to effectively utilize the resources. 

In the present invention, the door structure, which is used 
to open/close the opening of the processing chamber for 
attaching/detaching the gear, is constructed by the double 
door composed of the inner slide door and the outer slide 
door. The inner side surface of the inner slide door is allowed 
to make tight contact with the outer wall of the casing which 
forms the processing chamber. Accordingly, it is possible to 
reliably avoid the leakage of the mist floating in the process 
ing chamber to the outside, and it is possible to dissolve the 
problems concerning the maintenance and the environment. 
Further, the noise control performance is greatly improved 
owing to the double door structure. It is possible to effec 
tively avoid the influence of the noise generated in the pro 
cessing chamber. 

Further, in the present invention, the both ends of the 
metal part are supported by the driving rotary section and the 
driven rotary section. The driven rotary section is pressed 
toward the metal part by the aid of the cylinder. The metal 
part is pressed and interposed by the driven rotary section 
and the driving rotary section. In this state, the spindle unit is 
operated, and the metal part is rotated. Accordingly, the 
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metal part is tightly pressed and interposed at its both ends. 
Therefore, no deflection occurs in the metal part during the 
rotation. Thus, the high quality strength-enhancing treat 
ment is performed reliably and efficiently. 

In the present invention, the chamber is provided while 
making communication with the Suction port which is open 
on the lower side of the processing chamber. The powder 
flow dust floating on the lower side in the processing cham 
ber is sucked into the chamber in accordance with the action 
of the suction means. The powder flow dust is recovered by 
the aid of the liquid spouted from the fluid-spouting means. 
Accordingly, the powder flow dust floating in the processing 
chamber can be recovered reliably and efficiently by using 
the simple system. The bad influence of the powder flow 
dust on the strength-enhancing treatment can be avoided as 
less as possible. Therefore, the strength-enhancing treatment 
for the metal part is continuously performed highly accu 
rately. 

Further, in the present invention, the drainage containing 
the powder flow dust generated in the processing chamber is 
classified by the classifying mechanism into the powder flow 
dust and the liquid. After that, the classified powder flow 
dust is stored in the powder flow dust-accommodating unit. 
The powder flow dust floating in the powder flow dust 
accommodating unit is forcibly Sucked into the chamber via 
the communication passage. Accordingly, it is possible to 
reliably avoid any invasion of the powder flow dust floating 
in the powder flow dust-accommodating unit into the classi 
fying mechanism. Further, it is possible to recover the pow 
der flow dust floating in the processing chamber reliably and 
efficiently. 
What is claimed is: 
1. A strength-enhancing apparatus for a metal part for 

enhancing strength of a Surface of said metal part, compris 
1ng: 

a metal part-holding mechanism for positioning and hold 
ing said metal part in a processing chamber, 

a projecting mechanism for projecting a spouting stream 
of glass beads and liquid from a nozzle toward said 
Surface of said metal part; and 

a recovery mechanism for recovering powder flow dust 
generated from said glass beads crushed on said Surface 
of said metal part, wherein: 
said recovery mechanism includes a liquid-spouting 
means arranged on at least at One of a wall and a 
ceiling of said processing chamber, for effecting 
showering in the whole interior of said processing 
chamber so that said liquid is spouted toward said 
powder flow dust floating in said processing cham 
ber. 

2. The strength-enhancing apparatus for said metal part 
according to claim 1, wherein said liquid-spouting means 
includes a plurality of water-spouting nozzles. 

3. The strength-enhancing apparatus for said metal part 
according to claim 1, further comprising a classifying 
mechanism arranged on a downstream side of said recovery 
mechanism, for classifying said powder flow dust and said 
liquid from drainage containing said powder flow dust and 
said liquid in a mixed manner. 

4. The strength-enhancing apparatus for said metal part 
according to claim 1, further comprising: 

a door structure for opening/closing an opening of said 
processing chamber for attaching/detaching said metal 
part, wherein said door structure includes: 
an inner slide door arranged on a side of said opening; 
an outer slide door arranged at the outside of said inner 

slide door; 
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a driving means for automatically moving said inner 

slide door back and forth in an opening or closing 
direction; and 

a pressing means for allowing an inner side Surface of 
said inner slide door to make tight contact with an 
outer wall of a casing for forming said processing 
chamber when said inner slide door is closed by the 
aid of said driving means. 

5. The strength-enhancing apparatus for said metal part 
according to claim 4, further comprising: 

an engaging means for engaging said outer slide door with 
said inner slide door to move said outer slide door in 
said opening direction when said inner slide door is 
moved in said opening direction by the aid of said driv 
ing means; and 

a release means for releasing engagement between said 
outer slide door and said inner slide door effected by 
said engaging means in a state in which said outer slide 
door is arranged at an open position. 

6. The strength-enhancing apparatus for said metal part 
according to claim 4, wherein said pressing means includes: 

to a cam follower provided on said inner slide door; and 
a cam member provided on said casing, for making con 

tact with said cam follower to retract said inner slide 
door toward said opening. 

7. The strength-enhancing apparatus for said metal part 
according to claim 1, wherein said metal part-holding 
mechanism includes: 

a spindle unit provided with a driving rotary section for 
making rotation while Supporting a first end of said 
metal part; 

a Support means provided with a driven rotary section 
which is movable while Supporting a second end of said 
metal part; and 

a cylinder for pressing said driven rotary section toward 
said second end of said metal part to interpose said 
metal part by using said driven rotary section and said 
driving rotary section. 

8. The strength-enhancing apparatus for said metal part 
according to claim 7, further comprising: 

a position-adjusting means capable of adjusting positions 
of said Support means and said cylinder in an integrated 
manner in an axial direction of said metal part, wherein 
said position-adjusting means includes: 
a guide member arranged in said processing chamber; 
a sleeve member slidably inserted into the inside of said 

guide member, for installing said Support means and 
said cylinder thereto; and 

a movement means for moving said sleeve member 
back and forth in said axial direction. 

9. The strength-enhancing apparatus for a metal part for 
enhancing strength of a Surface of said metal part, compris 
ing: 

a metal part-holding mechanism for positioning and hold 
ing said metal part in a processing chamber, 

a projecting mechanism for projecting a spouting stream 
of glass beads and liquid from a nozzle toward said 
Surface of said metal part; 

a recovery mechanism for recovering powder flow dust 
generated from said glass beads crushed on said Surface 
of said metal part together with drainage; and 

a classifying mechanism for classifying said recovered 
drainage into said liquid and said powder flow dust. 

10. The strength-enhancing apparatus for said metal part 
according to claim 9, wherein said classifying mechanism 
includes: 
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first and second tanks for storing said classified liquid; 
and 

a Switching discharge means for selectively discharging 
said classified liquid to said first tank and said second 
tank. 

11. The strength-enhancing apparatus for said metal part 
according to claim 10, wherein one of said first and second 
tanks is a tank for storing said liquid from which said powder 
flow dust is removed, and the other is a tank for storing 
impure liquid containing said powder flow dust in a mixed 
a. 

12. The strength-enhancing apparatus for said metal part 
according to claim 11, further comprising a Supply mecha 
nism for Supplying said liquid in said liquid-storing tank to 
said recovery mechanism. 

13. The strength-enhancing apparatus for said metal part 
according to claim 9, further comprising: 

a door structure for opening/closing an opening of said 
processing chamber for attaching/detaching said metal 
part, wherein said door structure includes: 
an inner slide door arranged on a side of said opening; 
an outer slide door arranged at the outside of said inner 

slide door; 
a driving means for automatically moving said inner 

slide door back and forth in an opening or closing 
direction; and 

a pressing means for allowing an inner side Surface of 
said inner slide door to make tight contact with an 
outer wall of a casing for forming said processing 
chamber when said inner slide door is closed by the 
aid of said driving means. 

14. The strength-enhancing apparatus for said metal part 
according to claim 13, further comprising: 

an engaging means for engaging said outer slide door with 
said inner slide door to move said outer slide door in 
said opening direction when said inner slide door is 
moved in said opening direction by the aid of said driv 
ing means; and 

a release means for releasing engagement between said 
outer slide door and said inner slide door effected by 
said engaging means in a state in which said outer slide 
door is arranged at an open position. 

15. The strength-enhancing apparatus for said metal part 
according to claim 13, wherein said pressing means 
includes: 

a cam follower provided on said inner slide door, and 
a cam member provided on said casing, for making con 

tact with said cam follower to retract said inner slide 
door toward said opening. 

16. The strength-enhancing apparatus for said metal part 
according to claim 9, wherein said metal part-holding 
mechanism includes: 

a spindle unit provided with a driving rotary section for 
making rotation while Supporting a first end of said 
metal part; 

a Support means provided with a driven rotary section 
which is movable while Supporting a second end of said 
metal part; and 

a cylinder for pressing said driven rotary section toward 
said second end of said metal part to interpose said 
metal part by using said driven rotary section and said 
driving rotary section. 

17. The strength-enhancing apparatus for said metal part 
according to claim 16, further comprising: 

a position-adjusting means capable of adjusting positions 
of said Support means and said cylinder in an integrated 
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manner in an axial direction of said metal part, wherein 
said position-adjusting means includes: 
a guide member arranged in said processing chamber; 
a sleeve member slidably inserted into the inside of said 

guide member, for installing said Support means and 
said cylinder thereto; and 

a movement means for moving said sleeve member back 
and forth in said axial direction. 

18. A strength-enhancing apparatus for a metal part for 
enhancing strength of a Surface of said metal part, compris 
ing: 

a metal part-holding mechanism for positioning and hold 
ing said metal part in a processing chamber, 

a projecting mechanism for projecting a spouting stream 
of glass beads and liquid from a nozzle toward said 
Surface of said metal part; and 

a recovery mechanism for recovering powder flow dust 
generated from said glass beads crushed on said Surface 
of said metal part together with drainage, wherein said 
recovery mechanism includes: 
an external air inflow port capable of introducing exter 

nal air into said processing chamber; 
a Suction port which is open on a lower side in said 

processing chamber, 
a chamber arranged in a discharge passage formed in 

communication with said Suction port; 
a Suction means communicating with said chamber, for 

Sucking said powder flow dust in said processing cham 
ber from said Suction port into said chamber; and 
a liquid-spouting means for spouting said liquid toward 

said powder flow dust introduced into said chamber. 
19. The strength-enhancing apparatus for said metal part 

according to claim 18, wherein a classifying mechanism for 
classifying said recovered drainage into said liquid and said 
powder flow dust is arranged on a downstream side of said 
recovery mechanism. 

20. The strength-enhancing apparatus for said metal part 
according to claim 18, wherein said chamber includes: 

a first chamber communicating with said discharge 
passage, for accommodating said liquid-spouting 
means; and 

a second chamber communicating with a downstream side 
of said first chamber and communicating with said Suc 
tion means. 

21. The strength-enhancing apparatus for said metal part 
according to claim 20, wherein a classifying mechanism for 
classifying said recovered drainage into said liquid and said 
powder flow dust is arranged on a downstream side of said 
recovery mechanism. 

22. A strength-enhancing apparatus for a metal part for 
enhancing strength of a Surface of said metal part, compris 
ing: 

a metal part-holding mechanism for positioning and hold 
ing said metal part in a processing chamber, 

a projecting mechanism for projecting a spouting stream 
of glass beads and liquid from a nozzle toward said 
Surface of said metal part; 

a recovery mechanism for recovering powder flow dust 
generated from said glass beads crushed on said Surface 
of said metal part together with drainage; 

a classifying mechanism arranged on a downstream side 
of said recovery mechanism, for classifying said recov 
ered drainage into said powder flow dust and said liq 
uid; and 

a powder flow dust-accommodating unit for storing said 
powder flow dust, wherein said recovery mechanism 
includes: 
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an external air inflow port capable of introducing exter 
nal air into said processing chamber; 

a Suction port which is open in said processing cham 
ber; 

a chamber arranged in a discharge passage formed in 
communication with said Suction port; 

a communication passage for making communication 
between said powder flow dust-accommodating unit 
and said chamber, 

a Suction means communicating with said chamber, for 
Sucking said powder flow dust floating in said pro 
cessing chamber and said powder flow dust 
accommodating unit into said chamber, and 

a liquid-spouting means for spouting said liquid toward 
said powder flow dust introduced into said chamber. 

23. The strength-enhancing apparatus for said metal part 
according to claim 22, wherein said chamber includes: 

a first chamber communicating with said discharge pas 
Sage and said communication passage, for accommo 
dating said liquid-spouting means; and 

a second chamber communicating with a downstream side 
of said first chamber and communicating with said Suc 
tion means. 

24. The strength-enhancing apparatus for said metal part 
according to claim 22, wherein said chamber includes: 

a first chamber communicating with said discharge 
passage, for accommodating said liquid-spouting 
means; and 

a second chamber communicating with a downstream side 
of said first chamber and communicating with said Suc 
tion means; and 

a third chamber communicating with upstream sides of 
said first and second chambers, for accommodating 
said liquid-spouting means, while communicating with 
said discharge passage and said communication pas 
Sage. 

25. A strength-enhancing apparatus for a metal part for 
enhancing strength of a Surface of said metal part, compris 
ing: 

a door structure for opening/closing an opening of said 
processing chamber for attaching/detaching said metal 
part, wherein said door structure includes: 
an inner slide door arranged on a side of said opening; 

an outer slide door arranged at the outside of said 
inner slide door; 

a driving means for automatically moving said inner 
slide door back and forth in an opening or closing 
direction; and 

a pressing means for allowing an inner side Surface of 
said inner slide door to make tight contact with an 
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outer wall of a casing for forming said processing 
chamber when said inner slide door is closed by the 
aid of said driving means. 

26. The strength-enhancing apparatus for said metal part 
according to claim 25, further comprising: 

an engaging means for engaging said outer slide door with 
said inner slide door to move said outer slide door in 
said opening direction when said inner slide door is 
moved in said opening direction by the aid of said driv 
ing means; and 

a release means for releasing engagement between said 
outer slide door and said inner slide door effected by 
said engaging means in a state in which said outer slide 
door is arranged at an open position. 

27. The strength-enhancing apparatus for said metal part 
according to claim 25, wherein said pressing means 
includes: 

a cam follower provided on said inner slide door, and 
a cam member provided on said casing, for making con 

tact with said cam follower to retract said inner slide 
door toward said opening. 

28. A strength-enhancing apparatus for a metal part for 
enhancing strength of a Surface and said metal part, compris 
ing: 

a metal part-holding mechanism for positioning and hold 
ing said metal part in a processing chamber, wherein 
said metal part-holding mechanism includes: 
a spindle unit provided with a driving rotary section for 
making rotation while Supporting a first end of said 
metal part; 

a Support means provided with a driven rotary section 
which is movable while supporting a second end of 
said metal part; and 

a cylinder for pressing said driven rotary section toward 
said second end of said metal part to interpose said 
metal part by using said driven rotary section and 
said driving rotary section. 

29. The strength-enhancing apparatus for said metal part 
according to claim 28, further comprising: 

a position-adjusting means capable of adjusting positions 
of said Support means and said cylinder in an integrated 
manner in an axial direction of said metal part, wherein 
said position-adjusting means includes: 
a guide member arranged in said processing chamber; 
a sleeve member slidably inserted into the inside of said 

guide member, for installing said Support means and 
said cylinder thereto; and 

a movement means for moving said sleeve member 
back and forth in said axial direction. 


