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_BALANCE PI STON This invention relates generally to centrifu
~tonpressors and, nore particularly, to a met hod and appar at ug?ﬁﬂ)q'##"?
providing a relatively large dianeter |abyrinth seal between 5 a

transm ssi on chanber and a | ow pressure areg in a bal ance piston adjacent
t he - inpeller. In order to counteract the aerodynam c thrust that
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behi nd the inpeller wheel. Because of (M E'T (5%?193112 for 10 lubricating oil

to leak fromthe transm.ssion into this Iowagressure area, it i.s_also
conmon practice t .qlgetng?r}re &eRrrally e cenprifps @?W‘lsﬁ@"lﬁ%ﬂr%mc%‘f:_ ®# and
the transi iR anlapparan33eitbviding 2 ettty 1SS HiREE: hBrinkfseatrienge of
t he present i nvention, describes such a labyrinth seal and a

particul ar madnera transmissierhchamberand b lqvepressure apradis 8 balance giston adjadent thieo  obt ai n
opti mal perfornaqce i n an econom cal manner. The full 15 text of that
patent is hereby ﬁnﬁ%l ‘porated, by reference, into this application.

The passage that is fornmed in the labyrinth seal of U S. Patent 4,997,340
is formed by In ofdef lcoshitérhdt iRGerdineicdhhuét Migwkm?emaﬂﬁpemmat he
outer surface to the radially inner - surface of the’labyrinth seal,
and then dril | i negentrifighlaompressondtis el knowretoremployrachalanesf piston consisting efgal t o

i nter connect t he el Bl Yea6ie) G e AN Wheot] BoSu B RSLABSPREN T OUNd

10  lubricating oil to leak from the transmission into this low pressure area, it is also

common practice to install a Iab)"rintﬁ seal between the balance piston and the
transmission. U. S. Patent 4,997,340, assigned to the assignee of the present
invention, describes such a labyrinth seal and a particular manner in which the seal is
pressurized in order to obtain optimal performance in an economical manner. The full

15  text of that patent is hereby incorporated, by reference, into this application.

The passage that is formed in the labyrinth seal of U. S. Patent 4,997,340 is formed by
first drilling a radially extending passage from the outer surface to the radially inner
surface of the labyrinth seal, and then drilling another passage from the rear face of

" the seal to interconnect the radially extending passage. This method has been found

20  satisfactory for relatively small and medium sized labyrinth seals.

The need has now arisen to install a larger diameter (i.e. in the range of 11 to 12 inch
diameter) labyrinth seal in a centrifugal compressor. The normal method as described
hereinabove can therefore not be used because conventional drilling techniques do not
permit the hole to be positioned accurately enough to consistently intersect with the
25  labyrinth teeth at the desired location. That is, because of the necessarily small
thickness of the seal, the passageway must be of a small diameter. When using a
small diameter drill bit, it tends to bend and wander from the intended path unless the

length is kept relatively short.



20~ satlsfactory for relatively small and nedi um sized | abyrinth seals.
_The need has now arisen to install a larger dianeter (i.e. in the range of

11 to 12 inch di aneter) labyrinth seal in a centrifugal conpressor.
The normal nethod as descri bed her ei nabove can therefore not be used
because conventional drilling techni ques do not permt the hole to be

positioned accurately enough to consistently intersect wwth the 25

| abyrinth teeth at the desired |ocation. That is, because of the
necessarily snall t hi ckness of the seal, the passageway nust be of a
smal | diameter. Wen using a smal | diameter drill bit, it tends to-
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relatively short.

2 It is tAEngsmens fora comfifugel compresser.pr esent i nvention to provide an
I nproved | abyrinth seal arrangenment for a centri fugal conpr essor.
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parts thereof. claims and by the features of the characterizing parts thereof
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5  Briefly, in accordance with one aspect of the invention, a labyrinth seal is formed in
two parts, and then the two parts are assembled together for installation into a

centrifugal compressor.

First, an inner ring is formed with an inner diameter having labyrinth teeth for
receiving tife shaft, and an outer diameter which is sufficiently small so as to permit
10  the forming of a passage in a conventional manner. A second ring is then formed
having an inner diameter substantially equal to the outer diameter of the inner ring,
and having a radially outer portion with a flange containing labyrinth teeth for
engaging a portion of the rear surface of the impeller in a sealing manner. The inner
and outer rings are then assembled into a integral labyrinth seal for installati_on into

15  the compressor.

By another aspect of the invention, the outer ring is interconnected to the inner ring by
way of an interference fit. This is accomplished by heating the outer ring, installing
the inner ring therein, and allowing the outer ring to cool and shrink fit over the inner

ring.

20 Inthe drawings as hereinafter described, a preferred embodiment is depicted;
however, various other modifications and alternate constructions can be made thereto

without departing from the true spirit and scope of the invention.

Figure 1 is a partial longitudinal cross sectional view of a centrifugal compressor

having the labyrinth seal of the present invention incorporated therein;



5 * Briefly, in accordance with one aspect of the invention, a |labyrinth
.seal is formed in two parts, and then the two parts are assenbl ed
“together for installation into a centrifugal conpressor.

First, an inner ring is formed with an inner dianmeter having | abyrinth
teeth for receiving the shaft, and an outer dianeter which is
sufficiently small so as to permit 10 the formng of a passage in a
conventional manner. A second ring is then forned havi ng an i nner

di amet er subst anti t.he out r L nner ring,
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teeth for qu@gmmg@mmngﬁmjon of the rear surface of the inpeller in a
seal i ng manner. The i nner and outer rings are then assenbled into a
integral labyrinth seal for installation into 15 the conpressor. By
anot her aspect of Riguse 3 ipageariviaw, themeef. outer ring is interconnected to the

I nner ring by may of an interference fit. This is acconpllshed by
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depi ct ed; however, various other nodifications and alternate
constructions can ipacesveetianakmanner. The highyspeer shaft @epmowbwmmﬂé’emnze
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| ongi t udi nal cross sec Vicew ore a ‘ten conp ‘essor havi ng
the labyrinth seal of the present invention incorporated therein;

In order to provide a counteraction to the aecrodynamic thrust that is developed by the
impeller 13, a "balance piston" is provided by way of a low pressure cavity 16 behind
10  the impeller wheel 13. A passage (not shown) is provided in the impeller 13 for the
purpose of maintaining the pressure in the cavity 16 at the same low pressure as the
compressor suction pressure. Since the pressure in the transmissici casing (shown
generally by the numeral 17) is higher than in the cavity 16, and especially at part load
operation, a labyrinth seal 18 is provided between the bearing 14 and the impeller 13
15 to seal that area against the flow of oil from the transmission into the balance piston
cavity 16. This concept is well known as is the further concept of pressurizing the
labyrinth seal by exerting a high pressure gas thereon. As described in U. S. Patent
4,997,340, the lat;yrinth seal 18 is preferably pressurized at the motor casing pressure,
which is slightly above the pressure in the transmission casing 17. The pressurizing
20  vapor therefore passes through a line 19, through a passage 21 formed in the flange
member 22 and the journal bearing 14, and finally through the passage 23 formed in
the labyrinth seal 18.

The lal.)yrinth seal 18 is shown in greater detail in Figures 2 and 3 and includes an
inner ring 24 and an outer ring 26. Both rings are preferably made of an aluminum

25 material but may be composed of any other suitable material.

The inner ring comprises an annular body 27 with an axial opening 28 having a

plurality of labyrinth teeth 29 formed therein for sealingly receiving the drive shaft



3= Figure 2 is a longitudinal cross sectional view of the |abyrinth
.seal portion of the present invention; and Figure 3 is a rear
“view t hereof. Referring now to Figure 1, the invention is shown
generally at 10 as installed in a 5 centrifugal conpressor system 11
havi ng a hi gh speed shaft 12 driving an inpeller 13 in a conventional
manner. The high speed shaft 12 is supported, by a journal bearing 14
and anot her journal bearing to the left thereof (not shown). I

n
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shown) is provided in the inpeller 13 fo pur pose of mai ntai.ni ng
the pressure in teonEenlipnal n%nea,tmme %ﬁ@assm 3@@5@9@&&9@ arpps face 33 to a

conpressor suction | e i ng
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and especially 5t qadrtanhuhaB4 to the axiapspening 28, a I abyrinth seal .18 is

provi ded between the bearing 14 and the inpeller 13 15 to seal that area
agai nst the flow of. oil fromthe transmi ssion into the bal ance piston
cavity 16. This c @mcaﬁl@ afghe inner 5g thepxiak opening28 it first fomagd by cogyentional

pressurizing the illin gér%uﬁﬁ%ﬂ%% feﬂ{ r%ﬂ%%%&b&ﬂsﬁp@s%%?ﬁ&%ﬁeﬂﬁ&

t hereon. As descri
' conventional manner. Finally, the labyrinth teeth 29 are formed by a standard

machmmg process.

10 The outer ring 26 has an annular inner surface 36 of substantially the same diameter as
that of the outer annulus 34 of the inner ring 24. On its radially outer portion, an
| axially extending flange 37 projects outwardly and has labyrinth teeth 38 formed on
the radi#lly innér surface thereof for engaging a surface on the impeller as shown in
Figure 1. The outer ring is fabricated first by machining the proper diameter in the

15  annular inner surface 36 and then machining the labyrinth teeth thereon.

After the inner and outer rmgs 24 and 26 have been formed, they are then assembled
by first heating the outer ring 26 inserting the inner ring therein and then allowing the |

| outer ring to cool to create an interference fit between the outer annulus 34 of the

inner rmg 24 and t_h_é annular inner surface 36 of the outer ring 26. As will be seen in

20  Figure 2, when the two rings are aésémi:léd, the outer ring acts to close the radially

outer end of the radial passage 31, thereby providing for the continuous flow of fluid

first through the axial passag;a 32 and then radially inwardly through the radial
‘passage 31 to the labyrinth teeth 29.



4,997, 340, .the labyrinth seal 18 is preferably pressurized at the notor
casi ng pressure, which is slightly above the pressure in the
‘transm ssion casing 17. The pressurizing 20 vapor therefore passes
through a line 19, through a passage 21 forned in the flange—rerber—

22 and the journal bearing 14, and finally through the assa e 2
the labyrinth seal 18. The labyrinth $eal 18 is ﬂlgﬂ
r|

detail in Figures 2 and 3 and includes an i nner
ring 26. Both rings are preferably nmade of an al um num 25 rrat erial but
may be conposed of any other suitable nategigMs The inner ring

conpri ses an annul ar body 27 with an axi al opening 28 having a

plurality of | abyrw%méﬁﬂeg 29 forned therein for sealingly receivi ng t he
drive shaft

t her et hrough. The passage 2 of, the cor%l of the r aIIy
ext endi ng -lipassage 31 aﬁd 3)?? Wl&’(‘fl@'ﬁﬁf’ “Beg‘é@%&( J]"f’ﬁégagz

passages are drj | liggellen, aaoeanng,a&ﬁ&ﬁ@d@bh@ﬁ@ﬁbeﬂﬁﬂﬁﬂfalanwﬁl&oﬁfb&:oﬁfﬁbﬁbttﬁ@ssage
32 extending-froma rear face 33 to a point that intersects with the

radi al passage 331.thrppidoadepfithe ‘Wd%ﬂd@mmthéﬁ%l dnerposed betwaen the balenge pistoamadi| us
34 to the axi aI4 Oﬂﬁ’@ﬁﬁxgm?sg’mn chamber, wherein the labyrinth seal comprises an inner ring and an

5  outer ring, said inner ring being characterized by:

6 an axial opening with radially inwardly extending teeth for sealingly
7  receiving said drive shaft therein,

8 ' a rear face for engaging a surface of the bearing disposed adjacent

9 thereto,

10 a passage formed between said rear face and said axial opening for
11  providing fluid communication therebetween for the purpose of pressurizing the

12 labyrinth seal, and

13 an outer cylindrical surface located radially outwardly from said

14  passage; and

15 . said outer ring comprising: an axial opening for receivingly engaging
16  said outer cylindrical surface of said inner ring,

17 an axially extending flange integrally connected near a radially outer
18 portion of said outer ring, and |
19 said flange having radially extending teeth for sealingly engaging a

20 surface on a rear side of said impeller.

1 2. A labyrinth seal as set forth in claim 1 wherein said inner ring

2  and outer ring are interconnected by way of an interference fit.

1 3. A labyrinth seal as set forth in claim 1 wherein said passage is

2 characterized by a radially extending portion and an axially extending portion.



In=fabrication of the inner ring, the axial opening 28 is first fornmed by a
.conventi onal drilling or boring process. The radi ' 32
“passages are then drilled in a conventional manner. Finall e
| abyrinth teeth 29 are fornmed by a standard mmm!mﬂl\“ﬁf 10
The outer ring 26 has an annul ar inner surface 36n3 MagMy.t he sane
di aneter as that of the outer annulus 34 of the imnér ring 24. Onits
radially outer portion, an axi ally extending flange 37 projects
outwardly and has | abyrinth teeth 38 formed on the radially inner
surface thereof for engaging a surface on the inpeller as shown in

Figure 1. The outer ring is fabricated first by machjni ng t he prrgcﬁer
di anmeter in thé 15 annul ad: i nnérlabyginthsead ageet foih in plaim hiyBerein;sad radialy
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have been fornged, 1 en a e outer
ring 26, inser8i nexteiding radialty inwarglyt herei n and then allow ng the out er
ring to cool to create an interference fit between the outer annul us. 34 of
t he inner ring 24 and the annul ar_ i nner surface 36 of the outer ring

26. As will belseen in 20 3-Fi géymactbod efpnapuiacturing flabyringuseal far axdal plaseraent t he
outer ring actg t ?’?axﬁ %ah@ﬂ : : 4 : di al passage
31, thereby pr gvi 3?%‘9 or Jt? e COlri]tﬂ%ﬂ}}%doaggmpflga\f/’vl'}%féep.?E%&Péorﬁéi‘@ss§:?rSt t hr ough
t he axi al passage citactanted byethe steghiofil | y i nwardl y t hrough the radi al

passage 31 to Ehe abyrint r}o&tﬁggt ahn ixzu?e'r ring with an axial opening having radially inwardly

5  extending teeth for sealingly receiving a rotatable shaft therein, said inner ring having
6  an outer annular surface and rear face for engaging a surface of a bearing to be
7  disposed adjacent thereto;
8 forming a gas passage between said rear face and said axial opening,
9 said passage providing for the flow of a gas to said teeth in said axial opening;
10 forming an outer ring with an axial opening for receiving said inner
11  ring, and a radially outer portion with an axially extending flange with radially
12 extending teeth for sealingly engaging a surface on the rear side of the impeller; and
13 securing said outer annular surface of said inner ring into said outer

14 ring axial opening.

1 6. The method as set forth in claim 5 wherein said securing step is
2 accomplished by heating the outer ring, inserting the inner ring therein, and allowing

the outer ring to cool to thereby create a shrink fit between the two rings.

1 7. The method as set forth in claim 5 wherein said teeth formed on

2 said outer ring are formed so as to extend radially inwardly.



CLAI M5 What is Cainmed is: 1 : 1. In a centrifugal
.conpressor of the type having a drive shaft, an 2 i npel ler, a bearing, a
“transm ssion chanber and a bal ance piston to counteract the 3 t hrust | oad

of the inpeller, a labyrinth seal interposed between the bal ance piston and

4 the transm ssion chanber, wherein the |labyrinth seal conprises an inner

ring and an 5 outer ring, said inner ring being characterized by: 6

an axial opening with radially inwardly extending teeth for sealingly 7

receiving said dri S t ' '

\ R A CENT ! 4
engagi ng a surface o e beari ng di BRPANTEPL _ reto,
a passage fornmed between said r e ] lg-ﬁmpem ng for 11
provi ding fluid conmunication repet se of pressurizing
the 12 |labyrinth seal, and 13 an outer cylindrical surface

| ocated radially outwardly fromsaid 14 passage; and 15
sai d outer ring Boaveriteacepmmadates lahyringihesal whpse diameterisiien Iage o BHBagRhg 16
said outer cylingri . . i.d ! Lo s an
axi al l'y extendi ngéslf; alr‘ljsgf]lgg{:'Jnnt@'g‘glr0 a It%mélg%éﬁgggreaaﬁx{e@l?eaézr ad; B ‘?”f} pgrttff' e‘?‘ ﬁisé
portion of said part®an innegingawithsd Suter diameter is sufficiently sraall sb dslt@pamitithey i ng
radi al |y extendi eeth for sealin en i ng.a, 20 rface,on a rear side
of sai dyi mpel | er _o%n%ng of a passage therein wﬂk%onv 1ao al tgchniques. sIlllle second part is an
5 outer ring which can then be fastened to the inner ring so as to then extend, in
combination, to the radial extent necessary to complete the sealing engagement with
an adjacent element. The outer and inner rings are preferably interconnected by way

of an interference fit.

Figure 2



(I 2. A labyrinth seal as set forth in claiml wherein
said inner ring 2 and outer ring are interconnected by way of an ’
interference fit. 1 3. A labyrinth seal as set forth
in claiml wherein said passage is 2 characterized by a radially
extendi ng portion and an axially extending portion.

6 1 4. A labyrinth seal as set forth in claim1l
wherein said radially 2 extending teeth for sealingly engaging a surface
on the rear side of an inpeller are 3 I ending radially inwardly. 1
5. A nmet hod of manufacturing a | abyrinth seal for axial place t 2
around an axial shaft and behind an-inpeller of a trifugal re r,
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3 “characterized by the steps of: 4 . form ng an inner ring
with an axial opening having radially inwardly 5 extending teeth for
sealingly receiving a rotatable shaft therein, said inner ring having 6

an outer annular surface and rear face for engaging a surface of a bearing
to be 7 di sposed adj acent thereto; 8 form ng a gas
passage between said rear face and said axial opening, 9 sai d passage
providing for the flow of a gas to said teeth in said axial opening; 10
formng an outer ring with an axial opening for receiving said inner 11
ring, and a radially outer portion with & axially extending flange with
radially. 12 extending teeth for sealiggly engagi ng a surface on the rear
side of the inpeller; anf 134 o~ securing safd outer annul ar
surface of said inner g ifMo sayd outey 14 rig axical [ogeni Nge 1

6. The nmethed as set\ flor in Efaim5 Wherein baid gecdrffhg st is 2
acconpl i shed by i in,
and allowi ng 3 Nr-tdve j

bet ween the two . : \= = orth
in claim5 wher et ' SO

as to extend radial®y inwardly. &
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