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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

�[0001] The invention is related to an abrasive flow ma-
chine and methods for abrasive flow machining as per
the preamble of claims 1, 8 and 11. Examples of such a
machine and methods are disclosed by WO 97/05989 A.

DESCRIPTION OF THE RELATED ART

�[0002] Abrasive flow machining is the process of pol-
ishing or abrading a workpiece by passing a viscous me-
dia having abrasive particles therein under pressure over
the workpiece or through an orifice extending through
the workpiece.
�[0003] Conventional abrasive flow machining process-
es are designed to maintain a constant media extrusion
pressure which often results in significant changes in me-
dia temperature, flow rate and viscosity which adversely
impacts the system capability to accurately predict abra-
sive flow machine (AFM) processing times and, conse-
quently, overall process results.
�[0004] As an example, the media temperature increas-
es as the flow rate of the media increases through an
orifice. When the orifice is subjected to media under a
constant pressure, the flow rate of the media through the
orifice increases as the orifice walls becomes smoother
and the orifice diameter increases. As a result, not only
does the media temperature increase, but such an in-
crease is localized to the media that passes through the
orifice at a higher flow rate. This produces both exces-
sively high temperatures and a non- �uniform temperature
distribution throughout the media. High temperatures
and variations in temperatures throughout the media pre-
vent the media from working in a consistent and effective
fashion. Therefore, an apparatus and method that may
effectively utilize the media while at the same time main-
tain the temperature of the media within a relatively nar-
row temperature band is desired.
�[0005] United States Patent No. 3,634,973, which is
assigned to the assignee of the present invention, dis-
closes a reciprocal machining structure utilizing abrasive
media but operating in a fashion which does not provide
for direct control of the media flow rate through an orifice.
While this apparatus is capable of affective abrasive flow
machining, such machining would be of a higher quality
and the media would last longer if the flow rate were
controlled.
�[0006] A corresponding system and process for pol-
ishing and radiusing a microhole is in particular known
from WO 97/05989 A. A liquid slurry with given rheolog-
ical properties accelerates as it flows through the micro-
hole to abrade the edge of the microhole. When the flow
rate reaches a target flow rate the process stops and the
microhole is properly calibrated. The described system

comprises means to flow the slurry through the microhole
at a constant pressure, means to maintain the pressure
constant as the flow rate of the slurry increases, means
to measure the flow rate of the slurry, and means to stop
the flow of the slurry through the microhole when the flow
rate reaches a value which correlates to the flow rate of
a design liquid.

BRIEF SUMMARY OF THE INVENTION

�[0007] A first embodiment of the subject invention is
directed to an abrasive flow machine having the features
of claim 1.
�[0008] The invention is also directed to a first method
for abrasive flow machining comprising the steps of claim
8 and a second method having the features of claim 11.
�[0009] A first embodiment of the subject invention is
directed to an abrasive flow machine for moving abrasive
media through the orifice of a workpiece comprising a
workpiece holder, wherein the holder is adapted to se-
curely retain the workpiece, and wherein one side of the
holder defines an upstream side and the other side of
the holder defines a downstream side. A first positive
displacement pump positioned on the upstream side and
connected to the upstream side of the holder for forcing
media under a predetermined pressure to the down-
stream side of the holder. A media opposer is positioned
on the downstream side and connected to the down-
stream side of the holder for opposing the flow of the
media to the downstream side, thereby controlling the
media flow rate from the upstream side to the down-
stream side of the holder.
�[0010] Moreover, a media flow rate measurement de-
vice to determine flow rate of media past the holder is
provided. The abrasive flow machine is characterized by
a controller for controlling the media opposer to limit the
media flow to a predetermined flow rate from the up-
stream side to the downstream side of the holder while
the first positive displacement pump maintains the pre-
determined upstream pressure.
�[0011] Another abrasive flow machine for moving
abrasive media through the orifice of a workpiece com-
prises a workpiece holder, wherein the holder is adapted
to securely retain the workpiece, and wherein one side
of the holder defines a first side and the other side of the
holder defines a second side. A first positive displace-
ment pump is positioned on the first side and connected
to the first side of the holder and a second positive dis-
placement pump positioned on the second side and con-
nected to the second side of the holder. In a first mode
the first positive displacement pump forces media from
the first side to the second side of the holder while the
second displacement pump resists flow thereby control-
ling flow to the second side of the holder. In a second
mode the second positive displacement pump forces me-
dia from the second side to the first side of the holder
while the first displacement pump resists flow thereby
controlling flow to the first side of the holder.
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�[0012] A further embodiment of the subject invention
is directed to a method for abrasive flow machining using
an abrasive media through the orifice of a workpiece,
wherein the orifice defines an upstream side and a down-
stream side. The method comprises the steps of moving
media through the orifice from the upstream side to the
downstream side at a predetermined constant pressure
on a first side, monitoring the flow rate and selectively
throttling the flow of media to the downstream side to
control the flow rate of the media passing through the
orifice while maintaining the predetermined constant
pressure on a second side.
�[0013] Described but not separately claimed herewith
is a method for abrasive flow machining using an abrasive
media through the orifice of a workpiece, wherein the
orifice defines a first side and a second side. The method
comprises the steps of moving media through the orifice
from the first side to the second side at a predetermined
constant pressure selectively throttling the flow of media
to the second side to control the flow rate of the media
passing through the orifice while maintaining the prede-
termined constant pressure moving media through the
orifice from the second side to the first side at the prede-
termined constant pressure and selectively throttling the
flow of media to the first side to control the flow rate of
the media passing through the orifice while maintaining
the predetermined constant pressure.
�[0014] A further embodiment of the subject invention
is directed to a method for abrasive flow machining using
an abrasive media through the orifice of a workpiece,
wherein the orifice defines an upstream side and a down-
stream side, comprising the steps of moving media
through the orifice from the upstream side to the down-
stream side at a pressure, monitoring the flow rate of
media through the orifice and adjusting the pressure to
provide a constant flow rate of the media passing through
the orifice.
�[0015] Also described but not separately claimed here-
with is a method for abrasive flow machining using an
abrasive media through the orifice of a workpiece, where-
in the orifice defines a first side and a second side. The
method comprises the steps of moving media through
the orifice from the first side to the second side by apply-
ing pressure at the first side and relieving pressure at the
second side, adjusting the pressure at the first side to
provide a constant flow rate of the media passing from
the first side through the orifice, moving media through
the orifice from the second side to the first side by apply-
ing pressure at the second side and relieving pressure
at the first side, and adjusting the pressure at the second
side to provide a constant flow rate of the media passing
from the second side through the orifice.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0016]

Figure 1 is a simplified sketch illustrating two oppos-

ing positive displacement pumps urging abrasive
media through the orifice of a workpiece;

Figure 2 is a simplified sketch of a single positive
displacement pump displacing media through the or-
ifice of a workpiece and opposing the flow of the me-
dia thereafter;

Figure 3 illustrates opposing positive displacement
pumps for moving media back and forth through an
orifice whereby the drivers of the pumps are linear
actuators;

Figure 4 is a simplified sketch of two opposing pos-
itive displacement pumps and the control systems
which operate them;

Figure 5 is a sketch of an operating system illustrat-
ing two opposing positive displacement pumps and
the associated hardware;

Figure 6 is a simplified sketch of a single positive
displacement pump which provides media through
an orifice whereby the media is released to an open
environment; and

Figure 7 is a perspective view of an in-�line heat ex-
changer that may be used to control the temperature
of the media.

DETAILED DESCRIPTION OF THE INVENTION

�[0017] Generally, the maximum flow rate capability is
given if the downstream side of the orifice is open to the
atmosphere. In particular, a flow rate of less than this
maximum value is obtained by limiting the flow of the
media at the down stream side of the orifice.
�[0018] Directing attention to Fig. 1, a simplified sche-
matic of an abrasive flow machine 10 for moving abrasive
media 15 through the orifice 18 of a workpiece 20 is il-
lustrated. For purposes of this discussion, media will be
discussed as having viscosity in the range between 1 to
50 million centipoise. One example of a relatively high
viscosity media is a visco-�elastic plastic media such as
a semisolid polymer composition. One example of a me-
dia having a lower viscosity is a liquid abrasive slurry that
includes abrasives suspended or slurried in fluid media
such as cutting fluids of honing fluids. The fluid may have
a rheological additive, and finely divided abrasive parti-
cles incorporated therein. The rheological additive cre-
ates a thixotropic slurry. The abrasive flow machine 10,
as an entity on its own, will not include the workpiece 20
having the orifice 18 therein but will include a workpiece
holder 25 which is adapted to securely retain the work-
piece 20 wherein one side 27 of the holder 25 defines an
upstream or first side and the other side 29 of the holder
25 defines a downstream or second side.
�[0019] A first positive displacement pump 35 is posi-
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tioned on the upstream side 27 and connected to the
upstream side 27 of the holder 25 for forcing media 15
under a predetermined pressure through the orifice 18
of the workpiece 20 to the downstream side 29 of the
holder 25.
�[0020] Unencumbered flow of the media through the
orifice 18 is prevented by a media opposer 45 positioned
on the downstream side 29 of the holder 25 for opposing
the flow of the media 15 to the downstream side 29, there-
by controlling the media flow rate from the upstream side
27 to the downstream side 29 of the holder 25.
�[0021] As illustrated in Fig. 1, the first positive displace-
ment pump 35 is comprised of a piston 37 within a cylinder
39, wherein the piston 37 is operable to urge media 15
from the cylinder 39 toward the downstream side 29 of
the holder 25. The piston 37 is moved by a driver 41. As
will be illustrated, the driver 41 for the piston 37 may be
a hydraulic actuator (Fig. 4) or as illustrated in Fig. 3, the
driver 41 may be a linear motor actuator 42 which utilizes
for example, a worm gear 43 which engages a mating
gear 44 on a rod 38 extending from the piston 37. It should
be appreciated that while only two types of drivers have
been mentioned, any number of drivers known to those
skilled in the art of hydraulic machinery may be utilized
for the positive displacement pumps in accordance with
the subject invention.
�[0022] Returning to Fig. 1, one method to control both
the pressure of the media 15 and the flow rate of the
media 15 involves reducing the flow rate through the or-
ifice 18 by restricting the amount of media permitted to
travel to the downstream side 29 of the holder 25. In
particular, a second positive displacement pump 55 may
be utilized as the media opposer 45 to accomplish this.
The second positive displacement pump 55 has a piston
57 within a cylinder 59. The piston 57 is operable to resist
and thereby’ control the media flow to the downstream
side 29 of the holder 25.
�[0023] Other mechanisms are available to act as a me-
dia opposer 45. Directing attention to Fig. 2, an arrange-
ment similar to that in Fig. 1 is presented, however, the
media opposer 45 now takes the form of a relief valve
60. The media 15 flows directly through the relief valve
60 and the release pressure of the relief valve 60 is con-
trolled based upon the desired media flow rate.
�[0024] In a preferred embodiment, the relief valve 60
is a proportional electric relief valve (PER). A control de-
vice monitors the flow rate and decreases a voltage out-
put to the proportional electric relief valve 60 when the
actual flow rate is greater than a target flow rate. This
causes the relief valve 60 to allow less media 15 to pass
through. In the alternative, the voltage output to the valve
60 may be increased which allows more media 15 to pass
through when the actual flow rate is less than a target
flow rate. Other relief valves described herein may oper-
ate in a similar fashion.
�[0025] To accurately determine the media flow rate, a
media flow rate measurement device 65 is utilized. One
such device is illustrated in Fig. 1. When the first positive

displacement pump 35 is comprised of a piston 37 within
a cylinder 39, the piston 37 may have a rod 38. An en-
coder 66 may be used as the flow rate measurement
device 65 to measure the linear motion of the rod 38 to
determine the media flow rate. Knowing the volume with-
in the cylinder 39, and the rate of travel of the piston 37,
which is provided by the encoder 66, the volume flow
rate of the media 15 through the orifice 18 may be used
to determine the media flow rate and in turn the controller
may adjust the media opposer 45 to increase or decrease
the flow rate of the media 15 through the orifice 18.
�[0026] When the media opposer 45 is comprised of
the second positive displacement pump 55, which as pre-
viously discussed has a piston 57 within a cylinder 59,
the piston 57 has a rod 58 and under such circumstances
the media flow measurement device 65 may be an en-
coder 67 that measures the linear motion of the rod 58
to determine the media flow rate. It should be apparent
therefore that the measurement of the media flow rate
may occur at either the upstream side 27 or downstream
side 29 of the holder 25.
�[0027] Encoders 66, 67 may each be either a linear
encoder or a rotary encoder, both of which are well known
to those skilled in the field of measurement equipment.
�[0028] The discussion so far has been limited to flow
of media 15 in a single direction from the upstream side
27 of the holder 25 to the downstream side 29 of the
holder 25. In the abrasive flow machine 10 embodiment
illustrated in Fig. 2, this is the only manner in which the
media 15 may flow through the orifice 18 of the workpiece
20. However, as illustrated in Fig. 1, when the media
opposer 45 is a second positive displacement pump 55,
the roles of the first displacement pump 35 and second
displacement pump 55 may alternate such that in a first
mode the first displacement pump 35 may force media
15 through the orifice 18 while the second positive dis-
placement pump 55 acts as the media opposer 45 to
control the flow rate of the media 15. In a second mode
of operation, the second positive displacement pump 55
may be used to force the media 15 toward the first positive
displacement pump 35 while the first positive displace-
ment pump 35 is used as a media opposer to control flow
in the opposite direction. It is apparent from this descrip-
tion that with these alternating modes media 15 may be
moved back and forth through the orifice 18 in a recipro-
cating fashion.
�[0029] Directing attention once again to Fig. 1, each
of the first positive displacement pump 35 and the second
positive displacement pump 55 are comprised of pistons
37, 57 within cylinders 39, 59 wherein the pistons 37, 57
are moved by drivers 41, 61. Just as before, each driver
41, 61 may be a hydraulic actuator, which will be de-
scribed or in the alternative, may be a linear motor actu-
ator as illustrated in Fig. 3.
�[0030] When the abrasive flow machine 10 is operating
such that media 15 is moved only in a single direction
through the orifice 18 of the workpiece 20, the media 15
is moved through the orifice 18 from the upstream side
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27 to the downstream side 29 at a predetermined con-
stant pressure. The flow of media 15 to the downstream
side 29 is then selectively throttled to control the flow rate
of the media 15 passing through the orifice 18 while at
the same time maintaining the predetermined constant
pressure.
�[0031] In an alternative embodiment when the abra-
sive flow machine 10 is utilized in a reciprocating fashion,
media 15 is moved through the orifice 18 from the up-
stream side 27, which is now referred to as the first side
27, to the downstream side 29, which is now referred to
as the second side 29, at a predetermined constant pres-
sure. The flow of media 15 to the second side 29 is se-
lectively throttled to control the flow rate of the media 15
passing through the orifice 18 while maintaining the pre-
determined constant pressure. Thereafter, the media 15
is moved through the orifice 18 from the second side 29
to the first side 27 at a predetermined constant pressure.
However, the flow of media 15 to the first side 27 is now
selectively throttled to control the flow rate of the media
15 passing through the orifice 18 while maintaining the
predetermined constant pressure. Just as before, the
amount the media selectively throttled is determined by
the media flow rate through the orifice 18, and this is
determined by monitoring the flow rate utilizing one or
both of the linear encoders 66, 67.
�[0032] Fig. 4 illustrates a more comprehensive sche-
matic view of the abrasive flow machine 10, wherein each
positive displacement pumps 35, 55 has a driver 41, 61
and each driver 41, 61 may be a hydraulic actuator.
�[0033] In particular, Fig. 4 includes many elements pre-
viously discussed, and the reference numbers for these
elements will be retained. However, additional details as-
sociated with the driver 41 and the driver 61 in conjunction
with the operation of the abrasive flow machine 10 will
now be discussed.
�[0034] In the single stroke mode, whereby the first pos-
itive displacement pump 35 moves media 15 through the
orifice 18 of the workpiece 20 to the media opposer 45,
which is the second positive displacement pump 55, the
driver 41 acts to force the media 15 through the orifice
18 while the driver 61 acts as a media opposer 45 to
resist and control such flow. Directing attention to the
hydraulic actuator 70 associated with driver 41, a hydrau-
lic pump 72 moves media through a supply line 74 at
which point the hydraulic fluid 76 encounters a poppet
valve 78, which may be a solenoid operated poppet valve
(SOP), which for purposes of our discussion is a valve
which permits full flow or no flow. The hydraulic fluid 76
also encounters a proportional electric relief valve 80,
which as previously mentioned is capable of adjusting its
resistance to flow therethrough. When the hydraulic ac-
tuator 70 is being used as a driver 41, the poppet valve
78 is in the full open position and the relief valve 80 is
completely closed. Therefore, the hydraulic cylinder 82
is pressurized with hydraulic fluid 76 at whatever pres-
sure the pump 72 can provide. This may be a predeter-
mined pressure that remains constant throughout the

stroke of the first positive displacement pump 35. A piston
84 in the hydraulic cylinder 82 is acted upon by the pres-
surized hydraulic fluid 76 such that, through the common
piston rod 38, the piston 37 is advanced against the me-
dia 15, thereby forcing the media 15 through the orifice
18 of the workpiece 20.
�[0035] When the first positive displacement pump 35,
with the hydraulic actuator 70, acts as a driver 41, the
second positive displacement pump 55, with the hydrau-
lic actuator 90, acts as a media opposer 45. In particular,
the hydraulic actuator 90 has similar components to the
hydraulic actuator 70 including a hydraulic pump 92, sup-
ply line 94, and hydraulic fluid 96, wherein the hydraulic
fluid is directed to a poppet valve 98 and a relief valve
100. The hydraulic actuator 90 is further comprised of a
hydraulic cylinder 102 having a piston 104 therein con-
nected to the piston rod 58 of the positive displacement
pump 55. When the driver 41 urges media 15 through
the orifice 18 media 15 is also urged against the piston
57, thereby transferring a force to the piston 104 which
acts against the hydraulic fluid 96 in the hydraulic actuator
90. When the second positive displacement pump 55
acts as a media opposer 45 the poppet valve 98 is com-
pletely closed such that the hydraulic fluid 96 must pass
through the relief valve 100.
�[0036] It should be noted in Fig.�4 that a single pump
utilizing directional valves and a hydraulic fluid reservoir
may be used in lieu of the two pumps 72, 92.
�[0037] The media flow rate through the orifice 18 is
determined by one of the encoders 66, 67 and transmitted
to a controller. Utilizing the media flow rate, and compar-
ing it to a target media flow rate, the voltage in the pro-
portional electric relief valve 100 is adjusted to permit
hydraulic fluid 96 past the relief valve 100 in such a man-
ner that the retraction of the piston 104 is controlled,
thereby controlling the media flow rate. In this manner,
when the first positive displacement pump 35 acts as the
driver 41, the poppet valve 78 associated with the hy-
draulic actuator 70 is fully opened thereby bypassing the
relief valve 80. With respect to the hydraulic actuator 90
of the second positive displacement pump 55, the poppet
valve 78 is fully closed thereby forcing hydraulic fluid 96
through the relief valve 100, which throttles the hydraulic
fluid flow to control the media flow rate.
�[0038] In the second mode the same configuration ex-
ists, but in a reversed arrangement. In particular, when
the second positive displacement pump 55 acts as a driv-
er 61, the first positive displacement pump 35 acts as a
media opposer. In particular, in this configuration the pop-
pet valve 98 is fully opened such that the full pressure
produced upon the hydraulic fluid 96 by the pump 92 is
transferred to the piston 104, which in turn acts upon the
piston 57 through the piston rod 58 and forces the media
15 through the orifice 18 toward the first positive displace-
ment pump 35. Acting as a media opposer, the hydraulic
actuator 70 is configured such that the poppet valve 78
is fully closed thereby forcing the hydraulic fluid 76
through the relief valve 80. The release pressure of the
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relief valve 80 may be electronically controlled by the
controller based upon the media flow rate determined by
one of the encoders 66, 67. In this fashion, the operation
of the abrasive flow machine may be alternated between
the first mode and the second mode to provide a recip-
rocating motion of the media 15 through the orifice 18 of
the workpiece 20.
�[0039] Fig. 5 represents a sketch of the hardware uti-
lized to implement at least one embodiment of the subject
invention described hereto. Just as before, like reference
numerals are repeated. However, some additional ele-
ments are illustrated in this drawing. In particular, there
is a pressure sensor 105 in the form of a pressure trans-
ducer associated with the hydraulic supply line 74 to de-
termine the pressure in that line. Additionally, there is a
pressure sensor 108 associated with supply line 94 to
determine pressure in that line. It should be appreciated
the pressure in the supply lines 74, 94 will be transmitted
to the media 15 by the respective pistons 37, 57. Addi-
tionally, a temperature sensor 110 may be utilized to de-
termine the temperature of the media 15.
�[0040] The pressure of the hydraulic fluid, which trans-
lates into the pressure of the media 15, along with the
linear position of each piston 37, 57 is processed by a
controller 112 which in turn acts to modify the release
pressure of the pressure relief valve 80 for the positive
displacement pump acting as the media opposer.
�[0041] By more closely controlling the flow rate of the
media 15 through the orifice 18, the temperature may be
held within a relatively narrow temperature band in con-
trast to when the flow rate is not controlled. Nevertheless,
it may still be desirable to remove heat from the media
15 during the abrasive flow machining process. For that
reason there may be a cooling collar 115 associated with
the first positive displacement pump cylinder 39 and a
cooling collar 117 associated with the second positive
displacement pump cylinder 59. Each of these cooling
collars 115, 117 may have a plurality of cooling tubes
116, 118 capable of transferring heat from the media 15
when necessary. Under certain circumstances these
cooling collars 115, 117 may also be utilized to heat the
media 15 such as, for example, when the media 15 must
begin the abrasive process at a minimum temperature.
The cooling collars 115, 117 are externally positioned
and do not interfere with the flow of media 15. However,
their effectiveness is limited because heat transfers from
the media 15 to the collars 115, 117 occurs by conduction
through the walls of the cylinders 39, 59.
�[0042] It is possible to introduce an in-�line heat ex-
changer directly within the flow path of the media 15. Fig.
7 illustrates one such heat exchanger 200 having hollow
cooling fins 202 within an internal passageway 205
through which the media 15 flows. Coolant passes
through a coolant inlet 207, enters the hollow fins 202
and exits at the coolant outlet (not shown). Bolts may
extend through peripheral holes 209 in the collar 210 to
secure the heat exchanger 200. The heat exchanger 200
may be attached to one or both cylinders 39, 59 and may

be adjacent to the holder 25. While this heat exchanger
200 provides a greater heat transfer rate with the media
15, it also partially obstructs the flow of media 15 such
that the cylinder size may need to be increased to ac-
commodate a given flow rate.
�[0043] The controller 112 (Fig. 5) may be a program-
mable logic controller such as the Micologics 1200 mod-
el, which is commercially available from the Allen Bradley
Company. Additionally, the proportional electric relief
valve may be type TS 10-26, which is commercially avail-
able from Hydra Force, Inc. Additionally, the poppet
valves may be type SV 10-23 two way normally open
valves commercially available from Hydro Force, Inc.
�[0044] The signals from the encoders 66, 67 are used
by the controller 112 to calculate the actual flow rate of
the media 15. A suitable encoder is the Quadrature type,
which is commercially available from Automation Direct,
Inc. The use of the encoders 66, 67 and the poppet valves
78, 98 and the relief valves 80,100 allow the controller
112 to maintain a desired consistent media flow rate. This
consistent flow rate allows the media to remain within a
narrow temperature band, as measured by the temper-
ature sensor 110, which in turn maintains consistent me-
dia viscosity. By maintaining the media viscosity essen-
tially constant, the controller 112 may more accurately
predict the processing time to achieve the desired ma-
chining of the orifice 18.
�[0045] What has so far been described are drivers 41,
61 which alternately urge media 15 under constant pres-
sure through the orifice 18 of the workpiece 20 while the
flow rate of the media 15 is controlled by the retraction
or resistance of the media opposer 50 which may be a
pressure relief valve or the other driver.
�[0046] It is possible to eliminate the media opposer 45
and still maintain a constant media flow rate. This is ac-
complished by varying the pressure provided by the driv-
er 41 to the media 15. As the abrasive flow machining
process proceeds, given a constant media pressure, the
flow rate of the media 15 through the orifice 18 tends to
increase. Therefore, to maintain the same media flow
rate, it is necessary to decrease the pressure imparted
to the media 15 by the driver 41. This may be accom-
plished in a single direction, or just as before, in a recip-
rocating motion.
�[0047] Directing attention to Fig. 6, in a single direction
media 1 S is moved through the orifice 18 from the up-
stream side 27 to the downstream side 29 at a particular
pressure. Utilizing encoder 66 the flow rate may be mon-
itored and the pressure provided to the media may be
adjusted to provide a constant flow rate of the media 15
passing through the orifice 18. In particular, the encoder
66 may monitor the linear motion of the piston rod 38
associated with piston 37 to determine the flow rate. The
pump 72 delivers hydraulic fluid under pressure to the
hydraulic cylinder 82, where the fluid acts upon the hy-
draulic piston 84. With respect to the arrangement illus-
trated in Fig. 4, it is entirely possible for the downstream
side 29 of the holder 25 to discharge into the atmosphere
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as illustrated in Fig. 6. In the alternative, and again di-
recting attention to Fig. 4, it is possible to coordinate the
motion of piston 37 with that of piston 57 such that the
flow of media 15 applied under pressure at the first side
27 through the orifice 18 is neither hindered nor assisted
by piston 57 but that pressure on the second side 29 side
is relieved. It is also possible to coordinate the motion of
piston 57 with that of piston 37 such that the flow of media
15 applied under pressure at the second side 57 through
the orifice 18 is neither hindered nor assisted by piston
37 but that pressure on the first side 37 is relieved. Such
an arrangement will permit the abrasive flow machine 10
illustrated in Fig. 4 to operate in a reciprocating fashion
whereby in a first mode that the first positive displacement
pump 35 forces the media 15 though the orifice 18 while
the second positive displacement pump 55 is passive,
and in the second mode the second positive displace-
ment pump 55 forces the media 15 through the orifice 18
while the first positive displacement 35 is passive.
�[0048] The invention has been described with refer-
ence to the preferred embodiments. Various modifica-
tions and alterations will occur upon reading and under-
standing the preceding detailed description. It is intended
that the invention be construed as including all such mod-
ifications and alterations insofar as they come within the
scope of the appended claims.

Claims

1. An abrasive flow machine (10) for moving abrasive
media (15) through the orifice (18) of a workpiece
(20) comprising:�

a) a workpiece holder (25), wherein the holder
(25) is adapted to securely retain the workpiece
(20), and wherein one side of the holder (25)
defines an upstream side (27) and the other side
of the holder (25) defines a downstream side
(29);
b) a first positive displacement pump (35) posi-
tioned on the upstream side (27) and connected
to the upstream side (27) of the holder (25) for
forcing media (15) under a predetermined pres-
sure to the downstream side (29) of the holder
(25);
c) a media opposer (45) positioned on the down-
stream side (29) and connected to the down-
stream side (29) of the holder (25) for opposing
the flow of the media (15) to the downstream
side (29);
d) a media flow rate measurement device (65)
to determine flow rate of media (15) past the
holder (25); �
characterized by
e) a controller (112) for controlling the media op-
poser (45) to limit the media flow to a predeter-
mined flow rate from the upstream side (27) to

the downstream side (29) of the holder (25) while
the first positive displacement pump (35) main-
tains the predetermined upstream pressure.

2. The flow machine (10) according to claim 1 charac-
terized in that the first positive displacement pump
(35) is a piston (37) within a cylinder (39), wherein
the piston (37) is operable to urge media (15) from
the cylinder (39) toward the downstream side (29)
of the holder (25) and wherein the piston (37) is
moved by a driver; wherein said driver being prefer-
ably one of a hydraulic actuator (41) and a linear
motor actuator (42).

3. The flow machine (10) according to claim 1 charac-
terized in that the media opposer (45) is a relief
valve (60); particularly a proportional electric relief
valve.

4. The flow machine (10) according to claim 1 charac-
terized in that the media opposer (45) is a second
positive displacement pump (55); wherein said sec-
ond positive displacement pump (55) is preferably a
piston (57) within a cylinder (59) and the piston (57)
is operable to resist and thereby control the media
flow to the downstream side (29) of the holder (25).

5. The flow machine (10) according to claim 1 charac-
terized in that the first positive displacement pump
(35) is composed of a piston (37) within a cylinder
(39), wherein the piston (37) has a rod (38) and
wherein an encoder (66) measures the linear motion
of the rod (38) to determine the media flow rate.

6. The flow machine (10) according to claim 1 charac-
terized in that the media opposer (45) is a second
positive displacement pump (55) composed of a pis-
ton (57) within a cylinder (59), wherein the piston
(57) has a rod (58) and wherein the media flow rate
measurement device (65) is an encoder (67) that
measures the linear motion of the rod (58) to deter-
mine the media flow rate.

7. The flow machine (10) according to claim 1 charac-
terized in that the flow machine (10) further includes
a cooler for the media (15), wherein said cooler being
preferably composed of

- cooling collars (115, 117) around at least one
of the first positive displacement pump cylinder
(39) and the second positive displacement
pump cylinder (59), �
or
- an in- �line heat exchanger (200) adjacent to the
holder (25) in at least one of the first displace-
ment pump cylinder (39) and the second dis-
placement pump cylinder (59).
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8. A method for abrasive flow machining using an abra-
sive media (15) through the orifice (18) of a work-
piece (20), wherein the orifice (18) defines an up-
stream side (27) and a downstream side (29), com-
prising the steps of:�

a) moving media (15) through the orifice (18)
from the upstream side (27) to the downstream
side (29) at a predetermined constant pressure
on the upstream side (27);
b) monitoring the flow rate;�
characterized by
c) selectively throttling the flow of media (15) to
the downstream side (29) to control the flow rate
of the media (15) passing through the orifice (18)
while maintaining the predetermined constant
pressure on the upstream side (27).

9. The method according to claim 8 characterized in
that media (15) is forced through the orifice (18) us-
ing a first positive displacement pump (35) com-
prised of a piston (37) with a piston rod (38) wherein
the piston (37) is within a cylinder (39) and moved
by a driver connected to the piston (37) and wherein
the step monitoring flow rate is accomplished by
monitoring the linear movement of the piston rod
(38).

10. The method according to claim 8 characterized in
that the method further comprises the step of re-
stricting the media flow downstream to control the
media flow rate; wherein the step of throttling is pref-
erably accomplished using either a proportional
electric relief valve (60) or a second positive dis-
placement pump (55) to resist downstream flow of
the media.

11. A method for abrasive flow machining using an abra-
sive media (15) through the orifice (18) of a work-
piece (20), wherein the orifice (18) defines an up-
stream side (27) and a downstream side (29), com-
prising the steps of:�

a) moving media (15) through the orifice (18)
from the upstream side (27) to the downstream
side (29) at a pressure on the upstream side
(27);
b) monitoring the flow rate of media through the
orifice (18)�
characterized by
c) adjusting the pressure on the upstream side
(27) to provide a constant flow rate of the media
(15) passing through the orifice (18).

12. The method according to claim 11 characterized in
that the method further includes the step of moni-
toring the flow rate; in particular wherein the media
(15) is forced through the orifice (18) using a first

positive displacement pump (35) comprised of a pis-
ton (37) with a piston rod (38) wherein the piston (37)
is within a cylinder (39) and moved by a driver con-
nected to the piston (37) and wherein the step mon-
itoring flow rate is accomplished by monitoring the
linear movement of the piston rod (38).

13. The method according to claim 8 or 11 character-
ized in that the method further includes the step of
cooling the media (15).

Patentansprüche

1. Fließläppmaschine (10) zum Bewegen von Schleif-
medien (15) durch die Öffnung (18) eines Werk-
stücks (20) hindurch, umfassend:�

a) einen Werkzeughalter (25), wobei der Halter
(25) dazu angepasst ist, das Werkstück (20) si-
cher zu halten, und wobei eine Seite des Halters
(25) eine stromaufwärtige Seite (27) definiert
und die andere Seite des Halters (25) eine
stromabwärtige Seite (29) definiert;
b) eine erste Verdrängerpumpe (35), die auf der
stromaufwärtigen Seite (27) positioniert ist und
die mit der stromaufwärtigen Seite (27) des Hal-
ters (25) verbunden ist, um das Medium (15) bei
einem vorgegebenen Druck hin zur stromab-
wärtigen Seite (29) des Halters zu zwingen;
c) eine dem Medium entgegenwirkende Vorrich-
tung (45), die auf der stromabwärtigen Seite (29)
des Halters (25) positioniert ist und die mit der
stromabwärtigen Seite (29) des Halters (25) ver-
bunden ist, um dem Fluss des Mediums (15) zur
stromabwärtigen Seite (29) hin entgegenzuwir-
ken;
d) eine Mediumdurchsatz- �Messvorrichtung (65)
zur Bestimmung des Durchsatzes des Mediums
(15), das den Halter (25) durchströmt;�
gekennzeichnet durch
e) eine Kontrollvorrichtung (112) zum Kontrol-
lieren der dem Medium entgegenwirkenden
Vorrichtung (45), damit der Fluss des Mediums
auf einen vorgegebenen Durchsatz von der
stromaufwärtigen Seite (27) aus bis hin zur
stromabwärtigen Seite (29) des Halters (25) be-
grenzt ist, während die erste Verdrängerpumpe
(35) den vorgegebenen stromaufwärts wirken-
den Druck aufrechterhält.

2. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die erste Verdrängerpumpe
(35) ein Kolben (37) in einem Zylinder (39) ist, wobei
der Kolben (39) betrieben werden kann, um das Me-
dium (15) von dem Zylinder (39) aus hin zur strom-
abwärtigen Seite (29) des Halters (25) zu drücken
und wobei der Kolben (37) durch einen Treiber be-
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wegt wird; wobei der Treiber vorzugsweise ein hy-
draulisches Betätigungselement (41) oder ein linea-
res Motorbetätigungselement (42) ist.

3. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die dem Medium entgegen-
wirkende Vorrichtung (45) ein Entlastungsventil (60)
ist; insbesondere ein proportionales elektrisches
Entlastungsventil.

4. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die dem Medium entgegen-
wirkende Vorrichtung (45) eine zweite Verdränger-
pumpe (55) ist; wobei die zweite Verdrängerpumpe
(55) vorzugsweise ein Kolben (57) in einem Zylinder
(59) ist und der Kolben (57) betrieben werden kann,
um zu widerstehen und dabei den Fluss des Medi-
ums zur flussabwärtigen Seite (29) hin des Halters
(25) zu kontrollieren.

5. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die erste Verdrängerpumpe
(35) aus einem Kolben (37) innerhalb eines Zylinders
(39) zusammengesetzt ist, wobei der Kolben (37)
eine Stange (38) aufweist und wobei einen Codierer
(66) die lineare Bewegung der Stange (38) misst,
um den Durchsatz des Mediums zu bestimmen.

6. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die dem Medium entgegen-
wirkende Vorrichtung (45) eine zweite Verdränger-
pumpe (55) ist, die aus einem Kolben (57) innerhalb
eines Zylinders (59) zusammengesetzt ist, wobei der
Kolben (57) eine Stange (58) hat und wobei die Me-
diumdurchsatz- �Messvorrichtung (65) ein Codierer
(67) ist, der die lineare Bewegung der Stange (58)
misst, um den Durchsatz des Mediums zu bestim-
men.

7. Fließläppmaschine (10) nach Anspruch 1, dadurch
gekennzeichnet, dass die Fließläppmaschine (10)
weiterhin eine Kühleinrichtung für das Medium (15)
umfasst, wobei die Kühleinrichtung vorzugsweise
zusammengesetzt ist aus

- Kühlmanschetten (115, 117) um wenigstens
den ersten Verdrängerpumpenzylinder (39) und
den zweiten Verdrängerpumpenzylinder (59)
herum, �
oder
- einem in Reihe angeordneten Wärmetauscher
(200) in Nachbarschaft zum Halter (25) in we-
nigstens dem ersten Verdrängerpumpenzylin-
der (39) und dem zweiten Verdrängerpumpen-
zylinder (59).

8. Verfahren zum maschinellen Bearbeiten durch ei-
nen Schleifstrom, wobei ein Schleifmedium (15)

durch die Öffnung (18) eines Werkstücks (20) hin-
durch eingesetzt wird, wobei die Öffnung (18) eine
stromaufwärtige Seite (27) und eine stromabwärtige
Seite (29) definiert, umfassend folgende Schritte:�

a) Bewegen des Mediums (15) durch die Öff-
nung (18) hindurch von der stromaufwärtigen
Seite (27) aus hin zur stromabwärtigen Seite
(29) bei einem vorgegebenen konstanten Druck
auf der stromaufwärtigen Seite (27);
b) Überwachung des Durchsatzes;�
gekennzeichnet durch
c) selektives Drosseln des Stroms des Mediums
(15) zur stromabwärtigen Seite (29) hin, um den
Durchsatz des Mediums (15) zu kontrollieren,
der durch die Öffnung (18) hindurch strömt,
während der vorgegebene konstante Druck auf
der stromaufwärtigen Seite (27) aufrechterhal-
ten wird.

9. Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, dass das Medium (15) unter Einsatz einer
ersten Verdrängerpumpe (35) durch die Öffnung
(18) gedrängt wird, wobei die Verdrängerpumpe (35)
einen Kolben (37) mit einer Kolbenstange (38) um-
fasst und wobei der Kolben (37) sich innerhalb eines
Zylinders (39) befindet und von einem mit dem Kol-
ben (37) verbundenen Treiber bewegt wird und wo-
bei der Schritt des Überwachens des Durchsatzes
durch das Überwachen der linearen Bewegung der
Kolbenstange (38) durchgeführt wird.

10. Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, dass das Verfahren weiterhin den Schritt
des Einschränkens des stromabwärtigen Medium-
flusses umfasst, damit der Durchsatz des Mediums
kontrolliert wird; wobei der Schritt des Drosselns vor-
zugsweise entweder unter Verwendung eines pro-
portionalen elektrischen Entlastungsventils (60)
oder einer zweiten Verdrängerpumpe (55) durchge-
führt wird, um dem stromabwärtigen Fluss des Me-
diums zu widerstehen.

11. Verfahren zum maschinellen Bearbeiten durch ei-
nen Schleifstrom, wobei ein Schleifmedium (15)
durch die Öffnung (18) eines Werkstücks (20) hin-
durch eingesetzt wird, wobei die Öffnung (18) eine
stromaufwärtige Seite (27) und eine stromabwärtige
Seite (29) definiert, umfassend folgende Schritte:�

a) Bewegen des Mediums (15) durch die Öff-
nung (18) hindurch von der stromaufwärtigen
Seite (27) aus hin zur stromabwärtigen Seite
(29) hin bei einem Druck auf der stromaufwärti-
gen Seite (27);
b) Überwachung des Durchsatzes des Mediums
durch die Öffnung (18) hindurch, �
gekennzeichnet durch
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c) Einstellen des Druckes auf der stromaufwär-
tigen Seite (27), damit ein konstanter durch die
Öffnung (18) hindurch fließender Durchsatz des
Mediums (15) zur Verfügung gestellt wird.

12. Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass das Verfahren weiterhin den Schritt
des Überwachens des Durchsatzes beinhaltet; wo-
bei insbesondere das Medium (15) durch die Öff-
nung (18) hindurchgedrängt wird, wobei eine erste
Verdrängerpumpe (35) eingesetzt wird, die einen
Kolben (37) mit einer Kolbenstange (38) umfasst,
wobei der Kolben (37) sich innerhalb eines Zylinders
(39) befindet und von einem Treiber bewegt wird,
der mit dem Kolben (37) verbunden ist, und wobei
der Schritt des Überwachens des Durchsatzes durch
Überwachen der linearen Bewegung der Kolben-
stange (38) durchgeführt wird.

13. Verfahren nach Anspruch 8 oder 11, dadurch ge-
kennzeichnet, dass das Verfahren weiterhin den
Schritt der Kühlung des Mediums (15) umfasst.

Revendications

1. Machine à flux d’abrasion (10) pour avancer des mi-
lieux abrasifs (15) à travers l’orifice (18) d’une pièce
à usiner (20) comportant :�

a) une retenue de pièce à usiner (25), la retenue
(25) étant adaptée à retenir de manière sûre la
pièce à usiner (20) et dans quel cas un coté de
la retenue (25) définit un coté en amont (27) et
l’autre coté de la retenue (25) définit un coté en
aval (29) ;
b) une première pompe volumétrique (35) qui
est positionnée sur le coté en amont (27) et con-
nectée avec le coté en amont (27) de la retenue
(25) pour forcer le milieu (15) sous une pression
prédéterminée vers le coté en aval (29) de la
retenue (25) ;
c) un dispositif opposant au milieu (45) position-
né sur le coté en aval (29) et connecté au coté
en aval (29) de la retenue (25) pour faire oppo-
sition au flux du milieu (15) vers le coté en aval
(29) ;
d) un dispositif de mesure de débit du milieu (65)
pour déterminer le débit du milieu (15) au pas-
sage de la retenue (25); �
caractérisé par
e) un appareil de contrôle (112) pour contrôler
l’opposant (45) au milieu, afin de limiter le flux
du milieu à un débit prédéterminé depuis le coté
en amont (27) jusqu’au coté en aval (29) de la
retenue (25), tandis que la première pompe vo-
lumétrique (35) maintient la pression en amont
prédéterminée.

2. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  la première pompe vo-
lumétrique (35) est un piston (37) à l’intérieur d’un
cylindre (39), le piston (37) étant opérable pour pres-
ser le milieu (15) depuis le cylindre (39) vers le coté
en aval (29) de la retenue (25) et le piston (37) étant
déplacé par un entraînement, cet entraînement étant
de préférence un actionneur hydraulique (41) ou un
actionneur de moteur linéaire (42).

3. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  l’opposant au milieu (45)
est une soupape de décharge (60), notamment une
soupape de décharge électrique proportionnelle.

4. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  l’opposant au milieu (45)
est une deuxième pompe volumétrique (55), la
deuxième pompe volumétrique (55) étant de préfé-
rence un piston (57) à l’intérieur d’un cylindre (59)
et le piston (57) étant opérable pour résister au flux
du milieu et pour contrôler en même temps le flux
du milieu vers le coté en aval (29) de la retenue (25).

5. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  la première pompe vo-
lumétrique (35) consiste en un piston (37) à l’intérieur
d’un cylindre (39), dans quel cas le piston (37) a une
tige (38) et dans quel cas un encodeur (66) mesure
le mouvement linéaire de la tige (38) pour déterminer
le débit du milieu.

6. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  le dispositif opposant au
milieu (45) est une deuxième pompe volumétrique
(55), consistant en un piston (57) à l’intérieur d’un
cylindre (59), dans quel cas le piston (57) a une tige
(58) et dans quel cas le dispositif de mesure de débit
du milieu (65) est un encodeur (67) qui mesure le
mouvement linéaire de la tige (58) pour déterminer
le débit du milieu.

7. Machine à écoulement (10) selon la revendication
1, caractérisée en ce que  la machine à écoulement
(10) comporte en outre un dispositif de refroidisse-
ment pour le milieu (15), le dispositif de refroidisse-
ment étant constitué de préférence de

- cols refroidisseurs (115, 117) autour d’au
moins un des premiers cylindres (39) de la pom-
pe volumétrique et du deuxième cylindre (59)
de la pompe volumétrique,

ou

- d’un échangeur de chaleur (200) disposé en
ligne, adjacent de la retenue (25) dans au moins
un des cylindres (39) de la première pompe vo-
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lumétrique et du cylindre (59) de la deuxième
pompe volumétrique.

8. Procédé pour l’usinage par flux d’abrasion en utili-
sant un milieu abrasif à travers l’orifice (18) d’une
pièce à usiner (20), l’orifice (18) définissant un coté
en amont (27) et un coté en aval (29), comportant
les étapes suivantes :�

a) déplacement du milieu (15) à travers l’orifice
(18) depuis le coté en amont (27) jusqu’au coté
en aval (29) à une pression constante prédéter-
minée sur le coté en amont (27) ;
b) surveillance du débit ;�
caractérisé par
c) la réduction sélective du flux du milieu (15)
vers le coté en aval (29) pour contrôler le débit
du milieu (15) qui passe à travers l’orifice (18)
en maintenant la pression constante prédéter-
minée sur le coté en amont (27).

9. Procédé selon la revendication 8, caractérisé en
ce que  le milieu (15) est forcé à travers l’orifice (18)
en utilisant une première pompe volumétrique (35),
comportant un piston (37) avec une tige (38) de pis-
ton, dans quel cas le piston (37) se trouve à l’intérieur
d’un cylindre (39) et est déplacé par un entraînement
connecté au piston (37) et dans quel cas l’étape de
surveillance du débit est exécutée en surveillant le
mouvement linéaire de la tige de piston (38).

10. Procédé selon la revendication 8, caractérisé en
ce que  le procédé comporte en outre l’étape de res-
triction du flux de milieu en aval pour contrôler le
débit du milieu, l’étape de réduction étant exécutée
de préférence en utilisant soit une soupape de dé-
charge électrique proportionnelle (60), soit une
deuxième pompe volumétrique (55) pour résister au
flux en aval du milieu.

11. Procédé pour l’usinage par flux d’abrasion, dans le-
quel on utilise un milieu abrasif (15) à travers l’orifice
(18) d’une pièce à usiner (20), l’orifice (18) définis-
sant un coté en amont (27) et un coté en aval (29),
comportant les étapes suivantes: �

a) déplacer le milieu (15) à travers l’orifice (18)
depuis le coté amont (27) jusqu’au coté en aval
(29) à une pression constante prédéterminée
sur le coté en amont (27) ;
b) surveiller le débit du milieu à travers l’orifice
(18), �
caractérisé par
c) l’ajustement de la pression sur le coté en
amont (27) pour mettre à disposition un débit
constant du milieu (15) qui passe à travers l’ori-
fice (18).

12. Procédé selon la revendication 11, caractérisé en
ce que  le procédé inclut en outre l’étape, dans la-
quelle on surveille le débit, le milieu (15) étant no-
tamment forcé à travers l’orifice (18) en utilisant une
première pompe volumétrique (35) qui comporte un
piston (37) avec une tige (38) de piston, dans quel
cas le piston (37) se trouve dans un cylindre (39) et
est déplacé par un entraînement relié au piston (37)
et dans quel cas l’étape de surveillance du débit est
exécutée en surveillant le mouvement linéaire de la
tige (38) de piston.

13. Procédé selon la revendication 8 ou 11, caractérisé
en ce que  le procédé inclut en outre l’étape de re-
froidissement du milieu (15).
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