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Description

Background of the Invention:

Field of the Invention:

[0001] The present invention relates to centrifugal
compressors in general and in particular to a backlash
adjustment mechanism for a variable pipe diffuser for a
centrifugal compressor.

Background of the Prior Art:

[0002] One of the major problems arising in the use
of centrifugal vapor compressors for applications where
the compressor load varies over a wide range is flow
stabilization through the compressor. The compressor
inlet, impeller and diffuser passages must be sized to
provide for the maximum volumetric flow rate desired.
When there is a low volumetric flow rate through such
a compressor, the flow becomes unstable. As the volu-
metric flow rate is decreased from a stable range, a
range of slightly unstable flow is entered. In this range,
there appears to be a partial reversal of flow in the dif-
fuser passage, creating noises and lowering the com-
pressor efficiency. Below this range, the compressor en-
ters what is known as surge, wherein there are periodic
complete flow reversals in the diffuser passage, de-
stroying the efficiency of the machine and endangering
the integrity of the machine elements. Since a wide
range of volumetric flow rates is desirable in many com-
pressor applications, numerous modifications have
been suggested to improve flow stability at low volumet-
ric flow rates.
[0003] Many schemes have been devised to maintain
high machine efficiencies over a wide operation range.
DE-A-3529281 discloses a device for changing the flow
direction of an airflow entering the suction-side opening
of a compressor. US2,382,913 describes a compressor
having a diffuser with a plurality of diffuser vanes with a
fixed portion and a moveable portion. In U.S. Pat. No.
4,070,123, the entire impeller wheel configuration is var-
ied in response to load changes in an effort to match the
machine performance with the changing load demands.
Adjustable diffuser flow restrictors are also described in
U.S. Pat. No. 3,362,625 which serve to regulate the flow
within the diffuser in an effort to improve stability at low
volumetric flow rates.
[0004] A common technique for maintaining high op-
erating efficiency over a wide flow range in a centrifugal
machine is through use of the variable width diffuser in
conjunction with fixed diffuser guide vanes.
[0005] U.S. Pat. Nos. 2,996,996 and 4,378,194, is-
sued to a common assignee, describe variable width
vaned diffusers wherein the diffuser vanes are securely
affixed, as by bolting to one of the diffuser walls. The
vanes are adapted to pass through openings formed in
the other wall thus permitting the geometry of the diffus-

er to be changed in response to changing load condi-
tions.
[0006] Fixedly mounting the diffuser blades to one of
the diffuser walls presents a number of problems partic-
ularly in regard to the manufacture, maintenance and
operation of the machine. Little space is afforded for se-
curing the vanes in the assembly. Any misalignment of
the vanes will cause the vane to bind or rub against the
opposite wall as it is repositioned. Similarly, if one or
more vanes in the series has to be replaced in the as-
sembly, the entire machine generally has to be taken
apart in order to effect the replacement.
[0007] The efficiency of a compressor could be great-
ly enhanced by varying the outlet geometry of the dif-
fuser. In U.S. Patent number US5,807,071, commonly
assigned, a variable geometry pipe diffuser is disclosed.
A variable geometry pipe diffuser (which may also be
termed a split-ring pipe diffuser) splits the diffuser into
a first, inner ring and a second outer ring. The inner and
outer rings have complementary inlet flow channel sec-
tions formed therein. That is, each inlet flow channel
section of the inner ring has a complementary inlet flow
channel section formed in the outer ring. The inner ring
and outer ring are rotatable respective one another. The
rings are rotated to improve efficiency for varying pres-
sure levels between a fully open position and a partially
closed position. In the partially closed position the mis-
alignment of the exit pipes of the diffuser causes an in-
crease in noise. Rotation of the rings past an optimum
design point results in excessive noise and efficiency
degradation.
[0008] The geometrical tolerances within a centrifugal
compressor are small. At the same time the loads within
the compressor are large and dynamic in nature. In a
split ring pipe diffuser the problem of maintaining toler-
ances in the face of the dynamic loading becomes quite
onerous. There are both axial (thrust) loads and circum-
ferential loads on the ring pair that need to be managed.
The diffuser rings must be able to rotate relative to one
another and at the same time tight control over their rel-
ative position must be maintained in order to ensure
proper alignment of the flow channels and the ultimate
efficiency of the compressor. The cost of maintaining the
necessary tolerances in a split ring diffuser is generally
very high.
[0009] Another problem with split ring diffusers is pre-
mature part wear. Lubricants are generally not used
within the gas flow regions of centrifugal compressors
to preclude contamination of the gases. The dynamic
loads imposed upon the split ring diffuser by the gas flow
exiting the impeller cause wear in the components of the
diffuser to be accelerated by the absence of lubricating
oil.
[0010] The drive system for accurately positioning the
rings relative to one another must, among other things,
be rigid to avoid any fretting of components. Because of
circumferential loading on the rings there is a propensity
for the inner ring to oscillate relative to the outer ring
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which could cause compressor instability, part wear and
could adversely affect efficiency. This causes several
problems that need to be overcome. A drive system is
needed that is capable of preventing the relative move-
ment between the inner and outer rings. A bearing con-
cept is also needed which would allow for the relative
rotation of the two rings and also be capable of with-
standing the circumferential and thrust loads while
maintaining tight geometric tolerances between the
rings. There is also a need to provide a positioning sys-
tem that includes positive minimum and maximum stops
to avoid unnecessary noise and efficiency degradation
as well as simple field retrofit. In addition, there is a need
for the drive and bearing systems have a long operating
life and be easy to install and adjust properly.

Summary of the Invention:

[0011] In accordance with the present invention there
is provided compressor comprising a backlash adjust-
ment mechanism for use in a variable geometry pipe dif-
fuser for a centrifugal compressor, as claimed in claim 1.
[0012] A rack gear is attached to the inner ring of a
variable pipe diffuser in a preferred embodiment of the
present invention. In a preferred embodiment, a pinion
gear is attached to a rotation drive means mounted to
the casing of a centrifugal compressor in meshing ar-
rangement with the rack gear. In a preferred embodi-
ment, the rotational drive means is operated to rotate
the inner ring relative to the outer ring between a position
where the diffuser pipes are fully open and a position
where the diffuser pipes are partially closed. In addition,
in a preferred embodiment, the drive means is capable
of aligning the pipes of the diffuser to a plurality of posi-
tions between the fully open and partially closed posi-
tions. In a preferred embodiment, a travel limiter is also
provided to positively limit the travel of the inner ring at
the fully open and the partially closed positions. The
backlash adjustment mechanism has a housing con-
centric about a first centerline and a bore therethrough
concentric about a second centerline. The pinion gear
is mounted to a drive shaft passing through the bore.
The housing is rotatably mounted to the casing. The
housing of the present invention is rotatably operable
about the second centerline to adjust the backlash be-
tween the rack gear and pinion gear.

Brief Description of the Drawings:

[0013] In the drawings, wherein like numerals are
used to indicate the same elements throughout the
views;

Fig. 1 is a cross-section side view of a compressor
incorporating a backlash mechanism according to
the invention having a variable pipe diffuser;

Fig. 2 is a perspective view of a variable pipe dif-

fuser incorporating a backlash mechanism accord-
ing to the invention;

Figs. 3 and 4 are cross-sectional front views of a
variable pipe diffuser incorporating a backlash
mechanism in accordance with the invention in a
first, fully open, and a second, partially closed po-
sition, respectively;

Fig. 5 is a top view of a compressor having a vari-
able diffuser incorporating a backlash mechanism
of the present invention;

Fig. 6 is a cross-section view of a ring support
mechanism incorporating a backlash mechanism of
the present invention taken substantially along line
6-6 in Fig. 5;

Fig. 7 is a cross-section view of a ring support
mechanism incorporating a backlash mechanism of
the present invention taken substantially along line
7-7 in Fig. 6;

Fig. 8 is a cross-section of a roller assembly incor-
porating a backlash mechanism of the present in-
vention;

Fig. 9 is a cross-section view of an axle incorporat-
ing a backlash mechanism of the present invention;

Fig. 10 is a cross-sectional view of a positioning
drive mechanism incorporating a backlash mecha-
nism of the present invention of detail area 10 in
Fig. 1;

Fig. 11 is a top view of a positioning drive mecha-
nism incorporating a backlash mechanism of the
present invention;

Fig. 12 is a perspective view of a rack gear incor-
porating a backlash mechanism of the present in-
vention.

Fig.13 is a perfomance diagram for a variable pipe
diffuser incorporating a backlash mechanism ac-
cording to the present invention;

Fig. 14 is a performance diagram for a compressor
having inlet guid vanes only;

Fig. 15 is a performance diagram for a compressor
incorporating a backlash mechanism according to
the present invention having a variable pipe diffuser
and inlet guide vanes; and

Fig. 16 is a cross-sectional view of a compressor
having an axial restraint mechanism and incorpo-
rating a backlash mechanism according to the
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present invention.

Detailed Description of the Preferred Embodiments:

[0014] Referring now to Fig 1, there is shown a cen-
trifugal compressor 10 as part of an HVAC system (not
shown) having an impeller 12 for accelerating refriger-
ant vapor to a high velocity, a diffuser 14 for decelerating
the refrigerant to a low velocity while converting kinetic
energy to pressure energy, and a discharge plenum in
the form of a collector 16 to collect the discharge vapor
for subsequent flow to a condenser. Power to the impel-
ler 12 is provided by an electric motor (not shown) which
is hermetically sealed in the other end of the compressor
and which operates to rotate a high speed shaft 19.
[0015] Referring now to the manner in which the re-
frigerant flow occurs in the compressor 10, the refriger-
ant enters the inlet opening 29 of the suction housing
31, passes through the blade ring assembly 32 and the
guide vanes 33, and then enters the compression suc-
tion area 23 which leads to the compression area de-
fined on its inner side by the impeller 12 and on its outer
side by the housing 34. After compression, the refriger-
ant then flows into the diffuser 14, the collector 16 and
the discharge line (not shown).
[0016] A variable geometry pipe diffuser 14 which can
incorporate a backlash adjustment mechanism accord-
ing to the present invention includes a first, inner ring 40
and a second outer ring 42, a ring support mechanism
35, and a positioning drive mechanism 121. Referring
to Figs. 3 and 4 the inner and outer rings have comple-
mentary flow channel sections 44 and 46 formed there-
in. That is, each flow channel section 44 of the inner ring
40 has a complementary channel section 46 formed in
outer ring 42. Inner ring 40 and outer ring 42 are rotat-
able with respect to one another. In a preferred embod-
iment, inner ring 40 rotates circumferentially within a sta-
tionary outer ring 42.
[0017] When one ring is rotated with respect to the
other, the alignment between each pair of complemen-
tary inlet flow channels of the inner and outer rings
changes as seen with reference to Figs. 3 and 4. Rings
40 and 42 are adjustable between a first fully open po-
sition, as illustrated in Fig. 3, wherein complementary
channel sections are aligned and a maximum amount
of fluid passes through inner and outer rings 40 and 42,
and a second, partially closed position, as illustrated in
Fig. 4, wherein complementary channels are misaligned
and flow through the channel sections 44 and 46 is re-
stricted.
[0018] In Fig. 5 a ring support mechanism 35 is shown
The mechanism shown illustrated the use of three such
mechanisms spaced circumferentially equidistant about
the diffuser. Referring now to Figs. 6 and 7 the ring sup-
port mechanism includes an inner bearing slot 41 and
a cutout 43 disposed in inner ring 40, a roller assembly
54, a roller axle assembly 36 and an outer bearing slot
45 disposed in the outer ring. The roller assembly as

shown in Fig. 8 includes a roller 55 having an outer bear-
ing surface 56, and a pair of thrust bearing surfaces 57.
The axle assembly as shown in Figs. 6 - 7 includes an
axle 37 and an axle bolt 39. As seen in Fig. 9 axle 37
includes a hex head 38 and an axle body 47, an axle
body centerline 48, an axle bore 49 and an axle bore
centerline 50. In addition the axle 39 includes a pair of
shoulders 73, 74 concentric with axle bore centerline 50.
[0019] Another problem with split ring diffusers is pre-
mature part wear. Lubricants are generally not used
within the gas flow regions of centrifugal compressors
to preclude contamination of the gases. The dynamic
loads imposed upon the split ring diffuser by the gas flow
exiting the impeller cause wear in the components of the
diffuser to be accelerated by the absence of lubricating
oil. Due to the non-availability of lubricating oils in most
compressors it is usually necessary to take steps to min-
imize friction and fretting wear. Accordingly, in certain
embodiments of the present invention and as described
herein below, component interfaces are hard coated,
parts are manufactured from ultra high molecular weight
plastic materials, the ring assemblies are preloaded and
backlash is eliminated from the gears of the positioning
drive system.
[0020] Referring now to the manner in which the inner
ring is assembled and its movement. The outer ring 42
is stationary with respect to the suction housing and
three sets of ring support mechanisms 35 are installed
into the outer ring by positioning the roller assembly 54
within the bearing slot 45 of the outer ring, passing the
axle through the mounting hole 58 and the roller assem-
bly and then installing the axle bolt 39 through the axle
and loosely threading the axle bolt 39 into threaded
holes 59 in the outer ring. The inner ring 40 is installed
inside of the outer ring with the cutouts 43 of the inner
ring circumferentially aligned with the bearing slot 45
and the roller assemblies 35 and then rotating the inner
ring clockwise as shown in Fig. 7 to position the roller
assemblies within the bearing slot 41. With the inner ring
installed within the outer ring the ring support mecha-
nisms are employed to properly center and position the
inner ring by rotating the axle through the use of a
wrench placed on the hex head 38. The axle body cen-
treline 48, on which the roller 55 is mounted is offset
from axle bore centerline 50, which is concentric with
the shoulders 73, 74, by 0.5mm (.021 inches). The ro-
tation of hex head 38 causes the roller assembly to ro-
tate about the shoulders within the outer ring and causes
the roller assembly to be radially displaced relative to
the outer ring. Once the inner ring is properly centered
within the outer ring the hex head is further rotated to
preload the outer bearing surface 56 of the roller assem-
blies against the inner ring. The axle bolt 39 is then tight-
ened. The preload conditioned is preferred because it
prevents the inner ring from movement due to tangential
and circumferential loads. In an embodiment of the
present invention the roller 55 and the inner ring 40 are
aluminum and both the outer bearing surface 56 and the
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inner bearing slot 41 are hardened to prevent wear. The
roller assemblies restrain movement of the rings in the
axial direction due to thrust loads by positioning the
thrust bearing surfaces 57 within the hardened inner
bearing slot 41 and the relatively soft outer bearing slot
45. The thrust bearing surface 57 of the roller assembly
must allow for the rotation of the inner and outer rings
and at the same time withstand the thrust loads pro-
duced by the compressor. In a preferred embodiment
the thrust bearing surface 57 is manufactured from ultra
high molecular weight plastic having a low coefficient of
friction of 0.16 and a hardness of 64 on the Shore D
scale. The plastic thrust bearing surfaces prevent con-
tact between the hardened roller and the soft outer bear-
ing slot and are utilized to carry the thrust loads of the
compressor and to adjust axial tolerances of the inner
ring. An additional feature of the ring support mecha-
nisms is that with the rings assembled as described
above it is possible pre-assemble the inner and outer
rings and transport them to the compressor for finally
assembly.
[0021] A mechanism for limiting and precluding axial
movement of the inner ring relative to the outer ring is
shown in Fig. 16. There is shown an axial restraint sys-
tem 90 comprising a threaded shaft 91, a threaded
mounting hole 92, a bearing pad 93, a lock nut 94, a hex
head 95, and a recess 96. During assembly of the dif-
fuser the axial restraint mechanism 90 is installed such
that the bearing pad 93 is positioned in the recess 96.
The bearing pad positioned within the recess allows
clearance for the shroud 34 to be mounted to outer ring
42 without accidental contact of the bearing pads with
the inner ring.. Once housing 34 is installed the threaded
shaft 91 is rotated to bring the bearing pad in contact
with the inner ring. With the bearing pad properly posi-
tioned the mechanism is releasably fastened by tighten-
ing lock nut 94. In a preferred mechanism the bearing
pad is manufactured from an ultra high molecular weight
plastic material. A compressor may include six such ax-
ial restraint mechanisms positioned circumferentially
equally spaced about the inner ring.
[0022] A positioning drive mechanism 121 for rotating
inner ring 40 circumferentially within outer ring 42 is de-
scribed with reference Fig. 10. Outer ring 42 has fixedly
attached thereto rack gear 123 which extends radially
outwardly from outer ring 42. In gearing relation with
rack gear 123 is pinion gear 124 which is driven via pin-
ion axle 126 by actuator 128. Actuator 128 is selected
and controlled to effect movement of inner ring 40 in re-
lation to outer ring 42 between a first fully open position
and a second partially closed position and any number
of intermediate positions therebetween. Axle 126 is
housed in a containment housing 130 which hermetical-
ly seals axle 126 from compressor interior 132 and
which prevents leakage of fluid out of compressor 10
through containment housing 130. The tangential and
circumferential loading on the rings by the refrigerant
flow within the diffuser causes the inner ring to have the

propensity to chatter back and forth within the outer ring.
Excess movement or chattering of the inner ring would
cause the rack gear 123 and the pinion gear 124 to fret
and also cause other parts to wear. Preloading the inner
ring via the roller assemblies as discussed herein earlier
prevents movement of the inner ring as well as chatter-
ing under normal operating conditions. In cases of ab-
normal conditions, such as operating in a surge, a sec-
ondary mechanism is needed to prevent motion of the
inner ring. The present invention provides for a drive
mounting system to prohibit adverse movement and
chattering of the inner ring by preventing the backlash
between the rack gear and the pinion gear via adjust-
ment of the relative center positions of the pinion gear
and the rack gear utilizing the axle containment housing
130. The axle housing outer surface 125 is concentric
about housing centerline 127 and housing bore 129 is
concentric about housing bore centreline 131. In an em-
bodiment of the present invention the housing centerline
127 and the housing bore centerline 129 are offset by
1.5mm (.060 inches). Referring to Fig. 11 there is shown
wrench flats 135 and adjustment slots 134 of the posi-
tioning drive mechanism. After installation of the posi-
tioning drive mechanism into the suction housing 31 the
backlash between the rack gear 123 and the pinion gear
124 is removed by rotating the drive positioning mech-
anism by placing a wrench (not shown) across wrench
flats 135. Once minimal backlash is achieved the posi-
tioning drive mechanism is fixed in place by the tighten-
ing of cap screws 133. Once the backlash is eliminated
the tendency for the inner ring to move is discharged
directly by the actuator through the gear system.
[0023] The flow of fluid through diffuser 14 in a second
partially closed position in relation to the fully open po-
sition flow rate is determined by the ratio of the minimum
cross-sectional area of a flow channel of a diffuser in a
partially closed position to the minimum cross-sectional
area of a flow channel (defined by complementary chan-
nel sections 44 and 46) in a fully open position. This min-
imum flow channel area, known as the "throat area" will
generally be determined by the smallest diameter of the
flow passage 52 of the inner ring channel 44 when dif-
fuser 14 is in a fully open position, and will be controlled
by the width 53 at the interface between the inner and
outer rings 40 and 42 when diffuser 14 is in a second
partially closed position. For example, if a diffuser chan-
nel has a minimum area (throat area) of 81mm2 (1/8 sq.
in) in a second partially closed position, and a minimum
area (throat area) of 161mm2 (1/4 sq. in.) in a fully open
position then the volumetric flow rate of fluid through a
diffuser in the partially closed position will be about 50%
of the flow rate as in the fully open position. The flow
rate of fluid through compressor 10 when diffuser 14 is
in a second, partially closed position, will generally be
between about 10% and 100% of the flow rate of fluid
through compressor 10 when diffuser is in the first fully
open position.
[0024] In a second partially closed position (Fig. 4), at
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least about 10% the volume of flow as in the fully open
position should flow through diffuser 14 so as to prevent
excessive thermodynamic heating, excessive noise and
a degradation in the efficiency of the compressor. To this
end, the amount of relative rotation between the two ring
sections should be limited to an amount of rotation nec-
essary to effect a second partially closed position. In oth-
er words, the rings should not be adjustable to complete-
ly close off a flow of fluid therebetween. The degree of
allowable rotation between the two rings is determined
by the desired flow between the rings in a fully closed
position, and the number and volume of inlet flow chan-
nel sections 44, 46 in the ring sections 40 and 42 in re-
lation to the volume of the ring sections 40 and 42.
[0025] Continuing with reference to Fig. 4, R2 defines
the radius of the impeller tip, R3 defines the outside ra-
dius of inner ring 40, and R4 defines the outside radius
of outer ring. By making the thickness, defined by the
Quantity T = R3-R2 of inner ring 40 no larger than is nec-
essary to block a desired portion (e.g. 50% of flow) of
flow through outer ring channels 46, the flow of fluid
through diffuser 14 can be efficiently controlled. Rota-
tion of the inner ring with respect to the outer ring will
reduce the diffuser throat area before any diffusion has
taken place, thus preventing flow acceleration after dif-
fusion. Also, the smaller the inner ring thickness, T, the
smaller the turning angles of the flow through diffuser in
the partially closed position. Both of the above-de-
scribed effects tend to improve compressor efficiency
under part-load operating conditions.
[0026] Referring now to Figs. 5 and 12 a diffuser is
shown having a mechanism to provide positive position-
ing of the inner ring corresponding to a first fully open
position and a second partially closed position. Cavity
137 is machined in outer ring 42 to accommodate rack
gear 123. Rack gear 123 is accurately mounted to inner
ring 40 in a tongue and groove fashion wherein the rack
gear is provided with a circumferential groove 143
adapted to receive tongue section 139 of inner ring 40.
To determine the fully opened position the inner ring is
positioned within the outer ring and the rings are rotated
relative to one another until flow passages 52 are fully
aligned with outer flow channels 46. With the rings in
this position, and the ring support mechanism adjusted
as described herein above, the rack gear is mounted to
the inner ring with gear face 145 in contact with full open
stop 140 of cavity 137. Bolts (not shown) are then in-
stalled through gear mounting holes 142 and securely
and tightened into threaded holes 138 in the inner ring.
The rack gear and the cavity are sized to provide for a
predetermined amount of closure of the pipe diffuser.
For example they may be sized such that difference be-
tween the rack gear angular width and the cavity provide
for a 10% open position. In this example the required
travel of the rack gear is 10 degrees, the rack gear an-
gular width is 35 degrees and the corresponding cavity
angular width is 45 degrees. With the rack gear thusly
positioned a positive stop is created between the rack

gear and the cavity to accurately and repeatably position
the rings at points corresponding to a fully open position
and a partially closed position. The positive stops also
allow for field retrofit of actuator 128 without the need to
adjust the position of the inner and outer rings.
[0027] Operation and use of the compressor as de-
scribed above can be understood with reference to Fig.
5 showing a performance diagram for a compressor
having a variable pipe diffuser integrated therein. The
performance diagram of Fig. 5, includes a plurality of
performance plots 60, 62, 64, 66 and 68, each corre-
sponding do a discreet positioning between inner and
outer ring sections 40 and 42. Each performance plot,
e.g. 60, is characterized by a surge point, e.g. 70, which
is the point of maximum available pressure. Operating
a compressor at a flow rate at or below the surge point
will likely result in a surge condition, as discussed in the
Background of the Invention section herein.
[0028] For purposes of illustration, plot 60 may corre-
spond, for example, to a first, fully open position, plot 62
may correspond to an intermediate 2 degree partially
closed position, plot 64 may correspond to an interme-
diate 4 degree partially closed position, and plot 68 may
correspond to a maximum 8 degree partially closed po-
sition.
[0029] It is seen that adjusting ring sections 40 and
42 toward a closed position has the effect of adjusting
the surge point e.g. 70, 72 in a performance plot for a
compressor toward a lower flow rate. Thus, a surge con-
dition can be avoided during periods of low flow demand
by adjusting diffuser rings 40 and 42 toward a closed
position.
[0030] It is helpful to understanding to compare per-
formance diagram of Fig. 5, for a compressor having a
variable diffuser to the performance diagram shown in
Fig. 6 corresponding to a compressor having adjustable
inlet guide vanes only. In Fig. 6, plots 80, 82, 84, and 86
and 88 correspond to discreet positioning of guide
vanes 33 in increasingly closed positions. It is seen that
closing guide vanes 33, like the closing of diffuser ring
sections 40 and 42 has the effect of lowering the surge
point flow rate. Thus, a surge condition can often be
avoided by adjusting inlet guide vanes 33 toward a
closed position.
[0031] However, it is seen from the performance dia-
gram of Fig. 6 that adjusting guide vanes 33 toward a
closed position has the further effect of lowering the
head pressure available from compressor 10 at the
surge point. Hence, a low flow rate operating condition
requiring a relatively high pressure cannot be satisfied
by adjusting guide vanes 33 alone.
[0032] By contrast, it is seen from the performance di-
agram of Fig. 5 that surge point pressure available from
compressor 10 remains essentially stable when diffuser
rings 40 and 42 are adjusted toward a closed position.
Hence an operating condition requiring a low flow rate
and high compressor pressure can be satisfied by ad-
justing diffuser rings 40 and 42 toward a closed position.
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[0033] An operating condition requiring a low flow rate
and a high pressure ratio relative to the full load operat-
ing pressure ratio (e.g. 90% of full load) is common in
the case where there is a large difference (e.g. about
50° F or more) between the ambient air temperature and
indoor temperature, but occasional light loading in a
building being cooled. In such a situation, a relatively
high compressor pressure ratio (e.g. above about 2.5)
is required by the refrigerant saturation pressures cor-
responding to the condenser, and evaporation temper-
atures, but only a reduced flow rate e.g. 25% of full load
is needed to remove the heat generated within the build-
ing.
[0034] Fig. 7 shows a performance diagram for a com-
pressor having both adjustable guide vanes and a var-
iable pipe diffuser. It is seen that efficiency of a compres-
sor can often be optimized by combining an adjustment
of guide vanes 33 with an adjustment of diffuser rings
40 and 42. With reference to Fig. 7 dash curves 111,
112, 113, 114, 115, and 116 show performance plots for
a compressor having a variable diffuser in a fully open
position for various positioning of inlet guide vanes 33,
while solid curves 101, 102, 103, 104 and 105 show per-
formance plots for a compressor having partially closed
(here, there is about 40% of original flow rate in the
closed position) diffuser rings at various guide vane po-
sitioning. As is well known to those skilled in the art, a
compressor operates at optimum efficiency when oper-
ating at the "knee" (e.g. 81 at Fig. 6) of the performance
plot characterizing performance of the compressor. With
reference to diagram 7, the operating condition requir-
ing, for example, a pressure of about 0.7 maximum, and
a flow rate of about 0.3 maximum would be most effi-
ciently satisfied by a compressor operating in accord-
ance with plot 104, realized by adjusting diffuser rings
40 and 42 to a closed position and by adjusting guide
vanes 33 to a 10 degree position.
[0035] While the present invention has been ex-
plained with reference to a number of specific embodi-
ments, it will be understood that the scope of the present
invention should be determined with reference to the ap-
pended claims.

Claims

1. A centrifugal compressor comprising a backlash
adjustment mechanism having an annular radially
disposed split ring diffuser, the diffuser including an
outer ring (42), an inner ring (40) rotatably mounted
within the outer ring, a rack gear (123) fixedly at-
tached to said inner ring and a pinion gear (124)
operably engaging the rack gear and being at-
tached to a drive shaft (126) for rotation thereof the
backlash adjustment mechanism comprising:

a housing (130) having a cylindrical body posi-
tioned concentrically about a first centerline

(127) and having a bore (129) disposed axially
through the body positioned about a second
centerline (131) offset from said first centerline;
the drive shaft (126) rotatably disposed within
the bore of the housing; and
the housing (130) mounted so as to be selec-
tively rotatable on said first centerline (127) so
as effect an adjustment of the backlash be-
tween the pinion gear (124) and the rack gear
(123).

2. A compressor comprising a backlash adjustment
mechanism as claimed in claim 1 wherein the outer
ring is a stationary member (42), the inner ring is a
movable member (40),

and the drive shaft is rotatably disposed con-
centric with the second centerline (131).

3. The compressor comprising a backlash adjustment
mechanism set forth in claim 1 or 2, wherein the
housing includes an area adapted to engage a
wrench for rotation thereof.

4. The compressor comprising a backlash adjustment
mechanism set forth in any of claims 1 to 3, wherein
the housing includes a fastening means for releas-
ably securing the housing at a selected adjustment
position.

5. The compressor comprising a backlash adjustment
mechanism set forth in claim 4 wherein the fasten-
ing means comprises an annular collar disposed on
said housing and having annular slots formed there-
in to accommodate fasteners passing through said
slots and into an adjacent support structure.

6. The compressor comprising a backlash adjustment
mechanism set forth in claim 4 or 5 wherein the
housing can be rotated over a continuous range of
positions so as to provide for precise position ad-
justments.

7. A compressor comprising a backlash adjustment
mechanism as claimed in any one of claims 2 to 6

wherein the stationary member (42) has a
mounting hole disposed therein; and

the housing (130) is mounted within the
mounting hole and rotatably operable to effect the
adjustment of the backlash between the pinion gear
(124) and the rack gear (123).

8. A compressor comprising a backlash adjustment
mechanism as claimed in any preceding claim fur-
ther having a casing (34), wherein the annular radi-
ally disposed split ring diffuser is disposed within the
casing (34), the outer ring (42) is fixedly attached to
the casing (34),

the casing (34) has a mounting hole disposed

11 12



EP 1 321 679 B1

8

5

10

15

20

25

30

35

40

45

50

55

therein;
the inner ring (40) is movably connected to the

casing (34) such that the pinion gear (124) meshes
with the rack gear (123) to drivably connect them;
and

the housing (130) is mounted within the
mounting hole and rotatably operable to effect the
adjustment of the backlash between the pinion gear
(124) and the rack gear (123).

Patentansprüche

1. Zentrifugalverdichter, aufweisend einen Spielein-
stellmechanismus, mit einem ringförmigen, radial
angeordneten, geteilten Ringdiffusor, wobei der Dif-
fusor einen äußeren Ring (42), einen inneren Ring
(40), der drehbar in dem äußeren Ring angeordnet
ist, eine Zahnstangenzahnung (123), die fest an
dem inneren Ring angebracht ist, und ein Ritzel-
zahnrad (124) aufweist, das arbeitsfähig in die
Zahnstangenzahnung eingreift, und das, um dieses
zu drehen, an einer Antriebswelle (126) angebracht
ist, wobei der Spieleinstellmechanismus aufweist:

eine Aufnahme (130) mit einem zylinderförmi-
gen Körper, der konzentrisch um eine erste Mit-
tellinie (127) positioniert ist, und mit einer Boh-
rung (129), die axial durch den Körper angeord-
net ist und um eine zweite Mittellinie (131) po-
sitioniert ist, die von der ersten Mittellinie ver-
setzt ist;

eine Antriebswelle (126), die drehbar in der
Bohrung der Aufnahme angeordnet ist; und

wobei die Aufnahme (130) derart angeordnet ist,
dass sie selektiv um die erste Mittellinie (127) dreh-
bar ist, um so eine Einstellung des Spiels zwischen
dem Ritzelzahnrad (124) und der Zahnstangenzah-
nung (123) zu bewirken.

2. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach Anspruch 1, wobei der äußere Ring
ein stationäres Element (42) ist, der innere Ring ein
bewegliches Element (40) ist,
und die Antriebswelle konzentrisch mit der zweiten
Mittellinie (131) drehbar angeordnet ist.

3. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach Anspruch 1 oder 2, wobei die Auf-
nahme einen Bereich aufweist, der dazu angepasst
ist, mit einem Schraubenschlüssel zusammenzu-
wirken, um diese zu drehen.

4. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach einem der Ansprüche 1 bis 3, wobei
die Aufnahme eine Befestigungseinrichtung zum

lösbaren Befestigen der Aufnahme bei einer aus-
gewählten Einstellposition aufweist.

5. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach Anspruch 4, wobei die Befestigungs-
einrichtung einen ringförmigen Kragen aufweist, die
an der Aufnahme angeordnet ist und die darin ge-
bildete ringförmige Schlitze aufweist, um Befesti-
gungselemente aufzunehmen, die durch die Schlit-
ze und in eine benachbarte Abstützstruktur gehen.

6. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach Anspruch 4 oder 5, wobei die Auf-
nahme über einen kontinuierlichen Bereich von Po-
sitionen gedreht werden kann, um so präzise Posi-
tionseinstellungen zu schaffen.

7. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach einem der Ansprüche 2 bis 6,
wobei das stationäre Element (42) eine darin ange-
ordnete Befestigungsöffnung aufweist; und
die Aufnahme (130) in der Befestigungsöffnung an-
geordnet ist und drehbar arbeitsfähig ist, um die
Einstellung des Spiels zwischen dem Ritzelzahnrad
(124) und der Zahnstangenzahnung (123) zu bewir-
ken.

8. Verdichter, der einen Spieleinstellmechanismus
aufweist, nach einem der vorangehenden Ansprü-
che, der ferner ein Gehäuse (34) aufweist, wobei
der ringförmige, radial angeordnete, geteilte Ring-
diffusor in dem Gehäuse (34) angeordnet ist, wobei
der äußere Ring (42) fest an dem Gehäuse (34) an-
gebracht ist,
wobei das Gehäuse (34) eine darin angeordnete
Befestigungsöffnung aufweist;
wobei der innere Ring (40) mit dem Gehäuse (34)
derart beweglich verbunden ist, dass das Ritzel-
zahnrad (124) mit der Zahnstangenzahnung (123)
kämmt, um diese antriebsmäßig zu verbinden; und
wobei die Aufnahme (130) in der Befestigungssöff-
nung angeordnet ist und drehbar arbeitsfähig ist,
um die Einstellung des Spiels zwischen dem Ritzel-
zahnrad (124) und der Zahnstangenzahnung (123)
zu bewirken.

Revendications

1. Compresseur centrifuge comprenant un mécanis-
me de réglage de jeu ayant un diffuseur à bague
fendue annulaire disposé de façon radiale, le diffu-
seur comprenant une bague extérieure (42), une
bague intérieure (40) montée de façon rotative à
l'intérieur de la bague extérieure, un engrenage à
crémaillère (123) attaché de façon fixe à ladite ba-
gue intérieure et un engrenage à pignon (124) ve-
nant en prise de façon opérationnelle avec l'engre-
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nage à crémaillère et étant attaché à un arbre d'en-
traînement (126) pour la rotation de celui-ci, le mé-
canisme de réglage de jeu comprenant :

un logement (130) ayant un corps cylindrique
positionné concentriquement autour d'un pre-
mier axe (127) et ayant un alésage (129) dis-
posé de façon axiale à travers le corps position-
né autour d'un second axe (131) décalé par
rapport audit premier axe ;
l'arbre d'entraînement (126) disposé de façon
rotative à l'intérieur de l'alésage du logement ;
et
le logement (130) monté afin d'être rotatif de
façon sélective sur ledit premier axe (127) afin
d'effectuer un réglage du jeu entre l'engrenage
à pignon (124) et l'engrenage à crémaillère
(123).

2. Compresseur comprenant un mécanisme de régla-
ge de jeu selon la revendication 1, dans lequel la
bague extérieure est un élément stationnaire (42),
la bague intérieure est un élément mobile (40),

et l'arbre d'entraînement est disposé de façon
rotative concentrique avec le second axe (131).

3. Compresseur comprenant un mécanisme de régla-
ge de jeu selon la revendication 1 ou 2, dans lequel
le logement comprend une zone adaptée pour venir
en prise avec une clef pour la rotation de celle-ci.

4. Compresseur comprenant un mécanisme de régla-
ge de jeu selon l'une quelconque des revendica-
tions 1 à 3, dans lequel le logement comprend un
moyen de fixation pour fixer de façon détachable le
logement au niveau d'une position de réglage sé-
lectionnée.

5. Compresseur comprenant un mécanisme de régla-
ge de jeu selon la revendication 4, dans lequel le
moyen de fixation comprend un collier annulaire
disposé sur ledit logement et ayant des fentes an-
nulaires formées dans celui-ci pour loger des élé-
ments de fixation passant à travers lesdites fentes
et dans une structure de support adjacente.

6. Compresseur comprenant un mécanisme de régla-
ge de jeu selon la revendication 4 ou 5, dans lequel
le logement peut être tourné sur une plage continue
de positions afin de prévoir des réglages de position
précis.

7. Compresseur comprenant un mécanisme de régla-
ge de jeu selon l'une quelconque des revendica-
tions 2 à 6,

dans lequel l'élément stationnaire (42) a un
trou de montage disposé dans celui-ci ; et

le logement (130) est monté à l'intérieur du

trou de montage et opérationnel de façon rotative
pour effectuer le réglage du jeu entre l'engrenage
à pignon (124) et l'engrenage à crémaillère (123).

8. Compresseur comprenant un mécanisme de régla-
ge de jeu selon l'une quelconque des revendica-
tions précédentes, ayant en outre un carter (34),
dans lequel le diffuseur à bague fendue annulaire
disposé de façon radiale est disposé à l'intérieur du
carter (34), la bague extérieure (42) est attachée de
façon fixe au carter (34),

le carter (34) a un trou de montage disposé
dans celui-ci ;

la bague intérieure (40) est reliée de façon
mobile au carter (34) de sorte que l'engrenage à pi-
gnon (124) s'engrène avec l'engrenage à crémaillè-
re (123) pour les relier de façon entraînable ; et

le logement (130) est monté à l'intérieur du
trou de montage et opérationnel de façon rotative
pour effectuer le réglage du jeu entre l'engrenage
à pignon (124) et l'engrenage à crémaillère (123).
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