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DESCR P VE MO IS4 TEE | NVENTI ON VECHANI CAL SHAFT SEAL crte Rt e
TO RELATED APPLI CATI ONS: NONE 5 BACKGROUND COF THE
LNVENTI ON Thi s invention generally relates to mechanical sealing
assenblies. In particular, the invention relates to a nechanical seal
assenbly for use on a rotating shaft, and designed to provide strong
sealing capabilities with | ow mai ntenance and | ong wear- 10 life.
Mechani cal pestrESsed tEmor weEl TiwewrTon:t hasthfivdcat. suxitdssng ot her
rotating equi pnment, and the difficulties and challenges of a strong, |ow
mai nt enance seal construction are also well known. In the usual
application, the mechanical seal is 15 subj ect to substantial friction
wear, thermal JdeIRCSAIREFERENZRITCORENATED. APPLICAYIONSON, NORE hani cal seal
assenblies are often called upon to provide a vapor or pressure seal such
as, for exanple, mxing applications for the food or chem cal industries.
In these situations, thermal degradation, friction, corrosion or 20

shaft wear can create nDr cBRCKGROUNIEMPITHE CNS/ENTION even a nodest
degradation of the seal surface could result in the |oss of pressure or a
vacuum | oss @hidls cohdept bon degenaredlsy f arelepdsanitAt m@chaicadst sealing
constructions, the nechanical seal is nounted to the 25 housi ng at the
poi nt iasghhbhiese rénapantichien, &hg sinwdntlougigigites to a mechanical

seal assembly for use on a rotating shaft, and designed to provide
strong sealing capabilities with low maintenance and long wear-

10 life.
Mechanical seal assemblies are well known in the field of
mixing and other rotating equipment; and the difficulties and

challenges of a strong, low maintenance seal construction are also

well known. In the usual application, the mechanical seal is
15 subject to substantial friction wear, thermal degradation, and
corrosion. In addition, mechanical seal assemblies are often

called upon to provide a vapor or pressure seal such as, for

example, mixing applications for the fcod or chemical industries.

In these situations, thermal degradation, friction, corrosion or

20 shaft wear can create more pronounced problems since even a modest

degradation of the seal surface could result in the loss of

pressure cr a vacuum loss and could provide a means for
contamination.

In most constructions, the mechanical seal is mounted to the

25 housing at the point in which the rotating shaft exits the housing.



*Friction fg %émgﬁoi nt of contact between the housing, the shafi§sopagkst he
seal assenbly 1s thus concentrated in one or nore finite areas, and these
areas becone mai ntenance focal points. To acconplish the actual seal,
di sposabl e packing material is often 30 i nterposed within the seal
assenbly to sustain the friction and thermal degradation. As a result of
such wear and abrasion, the disposabl e packing material nust be '
periodically replaced. The equipnment nust usually be taken out of service
dur i nFrdackiory frepl atmmpotinand foidoamnathebebhaten haeshbgsing, other shart
attachnents nust 35 be renmoved in order to acconplish the packing
r epl agewkenthe Weal nassenjoly eig | tnes cwaténtratssdnih i @s¢ arcoomenfpnbbéem
experienced is that since stationary packing material is applied directly
to tha@nedsat i A§dsheltese cFeRRuEeFRRat MmNt naCshipraderRents. weafoanay
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i nward toward the é% t to mintain a sea uding use o astic strap

with hardleastill HEENY matldrild S nbst eBe $e332d6R4 10y BAIRWILZ, Bhe
plurality of mated circunferential seal segnments are arranged about the
r ot at ieuy ipinveeirit, st t keseldgalbsegakans omte of service during packing

replacement and often the shaft, housing, or other attachments must
35 be removed in order to accomplish the packing replacement.

With many cenventional sealing assemblies, a comﬁon problem
experienced is that since stationary packing material is applied
directly to the rotating shaft, continued rotation of the shaft
serves to wear away or compress the packing material or its

40 housing. As a result, a path for contamination develops and a
pressure tight environment inside the mixing or pumping housing
cannot be maintained. Various prior art devices have addreséed
this problem with varying degrees of success. In U.S. Patent
5,571,268 by Azibert, various means are used to direct pressure

45 inward toward the shaft to maintain a seal including use of a
plastic strap with handles (Figure 11). 1In U.S. Patent 5,509,664
by Borkiewicz, a plurality of mated circumferential seal segments
are arranged about the rotating shaft, and these seal segments are
subjected to a circumferential force by means of compression coil

30 springs.

Other disadvantages often featured in prior art devices
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"subj ected g\%&,%wscunf erential force by means of conpressi oRgRisbo+dess
springs. Oher di'sadvantages often featured in prior art devices 2
i nclude the feature that often the sealing neans is achieved with an
elastoneric O-ring or other gasket material that functions at the point of
contact between the rotating and stationary nmenbers. 55 VWiile a nore
pliable menber is helpful to forma pressure and vapor-tight seal, such
construction is not optinmum because a pliable nmedium |l ocated at the precise

poi nt iefc1cRmp atle Fehwaea thatsbatbAnan¥ sedlifbahbifs SusT 2685 ¢k 65 ©F at es
qui ckly, resulting in substantial maintenance and inspection efforts. 60

Anot han eslerdtmreridi advanrt age otdfe 1Terys ke nves + alal thse afurassHiAs | &5
found in the prior art is that they are ill equipped for use on a rotating
shaf t thigapoias béescusaageliebyepnnyhgeartadingsand| stitionaryimemyersd n
many process industries to find rotating shaft equipnment that is fifty or
SPore Vb4le A dMGFeh Pdiables emRas £S5 helpfal t efoNpra PAERESUSE t due
conventional, seal assenblies, the nenbers

to heavy usa e Wth n
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stationary and rotating surfaces deteriorates quickly, resulting in
substantial maintenance and inspection efforts.

60 Another serious disadvantage of many conventional seal
assemblies found in the prior art is that they are ill equipped for
use on a rotating shaft that has been damaged by many years of use.
It is not uncommon in many process industries to find rotating
shaft equipment that is fifty or more years old with shaft surfaces

65 that are worn and pitted due to heavy usage. With many
conventional seal assemblies, the members are construct=ad such that
a pressure tight seal cannot be achieved on an imperfect shaft. 1In
fact, the nature of many conventional seals is such that they
greatly contribute to the degradation of the shaft surface in the

70 vicinity of stationary housing, leading to considerable down time
and expense in replacing or repairing the shaft.

Another problem that often compromises the usefulness of many
prior art devices is that if the shaft is bent or the bearings
worn, the shaft will not turn true relative to the housing. This

S problem is known as "runout"™, and it creates a sealing problem for
many prior art devices that are dependant on a stable perpendicular

alignment between the shaft and the housing.
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70 Vi ci nvOYoode9st at i onary housi ng, | eading to consi derabl scriossvdoosye and
expense in replacing or repairing the shaft. Another problemthat often
conprom ses the useful ness of many prior art devices is that if the shaft
Ils bent or the bearings worn, the shaft will not turn true relative to the
housing. This '5 problemis known as "runout”, and it creates a sealing
probl em for many prior art devices that are dependant on a stable

per pendi cul ar al i gnment between the shaft and the housing. 3 Sonme of the
probl ens asSempacfdthg Pirobdemscansaciateduitinireplacemestcafi achandraadme
through the use of a split seal assenbly. sO Split seal constructlons
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shaft and rotates with the shaft whil I's nounted or biased to a
st at i oggh¥ehOHSEATL y Qs et |ag cinda thel k1ase! witHBﬁﬁaﬂéxﬁc&}alseamﬂW' y

can be 90 found 1n U S Patent 5,662,340 by Bessette et al. The
Besset split seal constructions, the seal consists of at least two sealing
85 rings either axially spaced from each other or adjacent to each
other. 1In most constructions, one seal ring is mounted or attached
to the shaft and rotates with the shaft while the other is mounted
or biased to a stationary housing. -
Cne example of a fully split mechanical seal assembly can be
90 found in U.S. Patent 5,662,340 by Bessette et al. The Bessette
device provides inherent advantages over many seals in the prior
art, yet still features the disadvantage that the direct point of
sealing contact is directly upon the shaft. Therefore, this device
does not address the goal of protecting the shaft from inordinant
95 wear. Furthermore, the sealing properties may be compromised if
the rotating shaft in question features a pitted or imperfect
surface.
U.S. Patent 5,403,020 to McOnie discloses a split seal device
which features a vulcanized rubber insert which engages a fractured
Qo seal ring to the rotating shaft. A series of addi;ional fractured
rings and other rotary bodies are attached to and between the
rubber insert and a stationary bedy to form the seal. The McOnie

device purports to be inexpensive and easy to manufacture, and that
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* devi ce Pr owdigaqkgaher ent advant ages over many seals in the prRfsodtdegs Vet
still features the di sadvantage that the direct point of sealing contact is

directly upon the shaft. Therefore, this device does not address the goal
.of protecting the shaft frominordi nant 95 wear. Furthernore, the
sealing properties may be conpromsed if the rotating shaft in question
features a pitted or inperfect surface. U S. Patent 5,403,020 to MOnie
di scloses a split seal device which features a vul cani zed rubber insert
whi ch #igagdametkiaal lyedpidbsed,seahevemg firactheetiotlairigryy sbfafthe Aifgries
of additional fractured rings and other rotary bodies are attached to and
10fet wearenbrr s @diseAni pseventihvg deaka. ofamnbody renier mf faespaktsTaee
McOni e device purports to _be inexpensive and _easy to manufacture, and that
4 P IR MeRT FERIPSSEE, 1Gn SRENCRAaPRLPEATRNABSCOFtEhe HPYEVEDL
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an i nper t sur coul d be question
110 existing shafts, especially one with an imperfect surface, could be
questionable.



"5 SUMVARY, 6873455 | NVENTI ON The obj ect of this invention iﬁ::tfﬁsd@hgifdsde a
mechani cal seal pack assenbly for use on a stationary housing to seal a
rotating 115 shaft that is nounted in and protruding from the
Stationary housing. A further object of this invention is to overcone the
limtations of prior seal assenblies by providing a stronger seal with a
| onger |ife expectancy of the packing and sealing face such that
mai nt enance efforts and down tine are greatly reduced. 120 A
further object of this i nveoMMARY DF frEEpCINVENTIONScal assenbly that can be
used on a pitted or inperfect rotary shaft w thout conprom sing sea
integrity, Thelsbpeotestitigisd hinwared forf rin daurgeridie g atkadHa0il carld seear .

In addition, the seal of the present invention is nuch | ess affected by
"runoupdchf achembhpf fot26se ocvaasetdabjonery beasiimgs tor serlier proddaltemsy i n
mai ntai ning a _steady alignment of the shaft. A further object of this
115vent sbafts Bhatpr 49 deodntRQ| iifg asdemASETNding | dgomesthexfedsiipaary
repl acenent conpgge ts, i.e. steel follower plate ack
; q—):rd:ner

the prRCRRLPGey st S ERnLeERRF 4P| B GGoERECOTE; e

ﬁLis,?r bg%%??%%‘%g% | +€ %‘gip(?xg C%éga.rlboanSSe%lairgsc boyr ptruonngéienng Caaré?:ir%%g%%alsefa ces
with a longer life expectancy of the packing and sealing face such
that maintenance efforts and down time are greatly reduced.

120 A further object of this invention 1is to provide a seal
assembly that can be used on a pitted or imperfect rotary shaft
without compromising seal integrity, while protecting the shaft
from further degradation and wear. In addition, the seal of the
present invention is much less affected by "runout" of the shaft

125 caused by worn bearings or other problems in maintaining a steady
alignment of the shaft.

A further object of this invention is to provide a sealing
assembly utilizing less expensive replacement components, i.e.
steel follower plate, and packing. As such, the present device

130 represents a substantial improvement over some prior art devices in
which carbon, ceramic or tungsten carbide seal faces must be
periodically replaced.

In the preferred embodiment of the invention, this seal
assembly is a split mechanical seal assembly which facilitates ease

.35 of installation on existing rotating shaft equipment without the

necessity of removing the shaft or other major disassembly. As an



I'n the pr efwpreddesbodi nent of the invention, this seal assePtTAsdu29888spl it

nmechani cal seal assenbly which facilitates ease .35 of installation on
existing rotating shaft equi pnment wi thout the necessity of renoving the
shaft or other major disassenbly. As an 6 alternative to the preferred

enbodi nent, the seal assenbly can be constructed as a non-split assenbly
for an original installation or for use in scenarios where the disassenbly
effort required is not 140 as extensive and/or down tine is not as

criti catte¥natprenhpytee MEEtt SeRRRPH IRty thee saahwrfseniily (ran be
the. pl SPBSCRRGUER B Gnes SPELE, ESHONY YDA 8T ERaN Lot AL o1 a
mbi nation theregf 145 he b t | tes, t. |
Shaft BSFndshl RCOTBRR TN T bR L A e T St PR gt
198t eri gk }EQEeHgiGEdEn&iof? r%&% villd e T RLAdAl such as cotton fiber

or fiberglass and may or y hot be coated wth material such as teflon.

The packi ngrABY fieinEy | doriaiiatd Nghi 8AYE O w¥r RBREG lbnts SBEr &lHey i N

the stationary plate.
invention can be made from a variety of typical materials. For
example, the plates may be bronze, steel, carbon-graphite, ceramic,
polymeric, or a combination thereof.

145 The present invention operates to seal a shaft using all
conventional types of packing material. The packing material c¢an
be made of a wide variety of raw material such as cotton fiber or
fiberglass and may or may not be coated with material such as

teflon. The packing may be cut in graduating lengths or wrapped

150 spirally in the stationary plate.



BRI éF DESCWB‘IB(;@&,@: TEE DRAW NGS Additional utility and feapgtrasonboossi S

invention wll becone nore fully apparent  to those skilled in the art by
reference to the follow ng drawi ngs, wherein all conponents are designated
by like 155 nuneral s and descri bed nore specifically: FIG | is a

sectional elevation view of the conpleted assenbly of the mechanical shaft
seal according to this invention nounted on a. stationary housing and a

rotating shaft; FIG 2 is an elevation view of the concave, exterior side
160 (relative to t hcBRIER I DESCREPTION B | THEORMUIAMGSonary plate; FIG 3
is an elevation view of the exterior side (relative to the housing) of the
seal pack fAdditeiondlatutilfit@ andi featuskevafi tiniyi Bwerft iidre wiitle begomei de

(relative to the housing) of the seal pack tensioning plate; 165 FI G

S is arMse|BHy \?P@xﬁ/r@Ptt Re ErpeR Priay lébﬁﬁenéﬁﬁsbbfr%wqmm &&e

shaf t sc,éo%::]r of, t he resent i nvent.i on. DETAI LED DESCRI PTI ON, O THE

DRAW N ¢t ’29 s ine” %&%t%ﬁ’?‘?ﬁ%’?splaéte SIFRERY BYorhd kst
thr I the anical split seal 170 in

1; e prefe rérjl'tegl |c§%%¥ﬁ? cf é%ogr:l ‘J% stationary plate 1 consists

of two splp;f septllso é@c&%élb,elvw G &5 bt A0%! Rtk -2aPaisteRb1yo! 1S

(not sho |nserte in respective sockets
of the mechanical shaft seal according to this invention mounted on

a. stationary housing and a rotating shaft;
FIG. 2 is an elevation view of the concave, exterior side
160 (relative to the housing) of the seal pack stationary plate;
FIG. 3 is an e;evation view of the exterior side (relative to
the housing) of the seal pack follower plate;
FIG. 4 is an elevation viéw of the exterior side (relative to
the housing) of the seal pack tensioning plate;
168 FIG. 5 is an exploded view of the three primary ccmponents of

the mechanical shaft seal of the present invention.



*four dowel wbnesfssshat align the two hal ves of the stationargcplustezmsess
together. Alternative neans of attachnment may al so be utilized. 175
Stationary plate 1 is constructed such as to define a concave area, 9, in
order to contain the packing material 10 (shown in FIG 1). The stationary
plate 1 also features four recessed apertures 8 within which four
countersunk bolts (not shown) are utilized to secure the stationary plate 1
to an external wall 5 of the 180 stationary body housing using bolt
holes 7 as il l ustrat RETATLIEDGDESCRIAIATOMNOFOTHE PRAWEINGSS i s situated
between stationary plate 1 and the external wall 5 of the stationary
housi ng to FRGur&@ depighs the. sealpackl stabhionary plate kv whigipaiceronman be
used to situate the entire seal assenbly away fromthe stationary body
housi ngf tBg three primazyr gdpmedtpr orPmRr 1T Cdis @changradvarlit jseal
| ogcated next to the rotati shaf t s shown in FIG_1l to hold a grease
13801 LObEPE T oE G esh SPos BRBY: BETRS AMRER I e THe: SERRLEMT PIA TRy
mat eri al t in hap 0 r e si on . ar orts
25, oot cohsf8es OF M eTIE ERet SonP L L RS, AR i5A, pRE L KPR O
split cti b. e I ;200 l.d.t.90 Y, a
pair o§§b‘%lé)£s]§fﬁ%§t S 5’\%\)(nlggs%lfrl?%%f)},\ﬁ{sseg%:%otes’%lﬁgggcfﬁﬁrg %%Q\Ag\lgt%i?\garﬁ%

that | egk-186uE 1o N3 enak LDEgR! A& (AP NHe2PSRAWNstationary plate
together. Alternative means of attachment may also be utilized.
175 Stationary plate 1 is constructed such as to define a concave area,
9, in order to contain the packing materxial 10 (shown in FIG 1).
The stationary plate 1 also features four recessed apertures
8 within which four.countersunk bolts (not shown) are utilized to
secure the stationary plate 'l to an external wall 5 of the
180 stationary body housing using bolt holes 7 as illustrated in FIG 1.
A conventional gasket 18 is situated between stationary plate 1 and
the external wall 5 of the stationary housing to insure a tight
fit. As an alternative, a collar or spacer can be used to situate
the entire seal assembly away from the stationary body housing.
.85 In order to provide lubrication, a groove 11 is located next
to the rotating shaft, as shown in FIG 1 to hold a grease seal.
Lubricating grease is provided to the surface between the packing
material 10 and the ring shaped follower extension 17 through
grease ports 2S.
30 FIG.3 depicts the sealpack follower 2 which consists of two

split sections 2a and 2b. The follower plate 2 is held together by



" The fol | owevo goi3agss creates the seal between the rotary shaf tectisandock®S
the stationary plate 1. Two interior grooves 16 are formed on the inner
surface of the follower plate i Mmediately adjacent to drive shaft 12.
Fitted within the groove 16 is at |east one (preferably tw) O-ring(s) 15
to. insure a tight seal between the drive shaft 12 and the foll ower 200
plate 2. The follower plate 2 includes a ring-shaped extension 17 that
mat ches essentially the packing material 10 in the stationary plate 1. The
sur f aee palier @ f bolgscKinng sheown) ainséraad thesockgtshipedndxfeusi dowdY nake
contact forns a seal. Since the follower plate 2 noves with the drive shaft
12, tRéns gt hafed ask &g divolhalpses ofithes plate ctegethehi 42 phewsing
agai nst the packing material 10. Both the tensioning plate 3 and the
fol | okBe flddewsrtpliatqidteaties Shef seafhbetwrrt dinganasve sBafisldephdt ed
in FIG 4, is used to_hold_the follower plate 2 on the drive shaft 12 and

19%ai nt &P% FEd@nerynPiREesdal between the fol lower plate 2 and the packing
10 materjal 10. . The tensiom | ate 3 . consists of two ections

GF°% parreq

, . i
3a and 3b, Tt FECRLPH TERRTR foBatte Lrtast “Ureare PRCEREed i n
ti ket 20, d,f d . pi 1 t hat [ i t he .t | f
ﬁ ﬁli,pte SRUG, T TRBRHHSLY THE R BRE o %;Va%aeé?%ﬁ ugtés“?oﬁft*?%%tpgd
Ol es | a r 0. . a , ng. u (0]
The Tt EHebEBPL AL U dd Mhe D orc¥RRLhI BNGERUAL ELRRT S 180

(not %BO%HEuQQEaU££$%€eQe$f)5§¥wﬂé%:g%e drive shaft 12 and the follower
200 plate 2. The follower plate 2 includes a ring-shaped extension 17
that matches essentially the packing material 10 in the stationary

plate 1. The surface where the packing material 10 and the ring
shaped extension 17 make ccntact forms a seal. Since the follower

plate 2 moves with the drive shéft 12, the ring-shaped extension 17

105 moves in a circle while pressing against the packing material 10.
Both the tensioning plate 3 and the follower plate 2 turn with

the shaft. The tensioning plate 3, as depicted in FIG. 4, 1s used

to hold the follower plate 2 on the drive shaft 12 znd maintain
pressure on the seal between the follower plate 2 and the packing

10 material 10. The tensioning plate 3 consists of two split sections
3a and 3b, and is held together by a pair of bolts (not shown)
inserted in respective sockets 20 and four dowel pins 21 that align

the two halves of the tensioning plate together. The tensioning

plate includes fcur tapped holes 19 which are perpendicular to the

‘5 shaft and counterbored into the interior of the tensioning plate as

shown in FIG 4. Four set screws (not shown) are utilized to secure

10



‘the tensionjperlgdse 3 to the drive shaft 12 through the tappegambesnss9.

al t hough ot her neans of attachnent may also be utilized. In order to
provi de a constant biasing pressure to urge the 220 foll ower plate 2
toward packing material 10, four coil springs 22 are placed between the
tensioning plate 3 and the follower plate 2. Four holes 23 are drilled and
tapped in the follower plate 2 as shown in FIG 3 and four matching 'hol es 24
are drilled into tensioning plate 3 as showmn in FIG 4. For assenbly, four
stud 226he tbéosisn{ngt pihoanB ave thieghirwined smifr t b2 takbogkr theatappedand
the coil springs 22 are nounted on the protruding stud bolts. Next, the

t ensi ontalpPlif,e a3 thoughi dtbharoméars s¢ fida hiod ¢ismemd Maguralas e matilikzewn)
are tightened onto the outside of the tensioning plate 3 such as to urge
tightly the Irerstdar nge ppeeeide ayatosstahe BBOsingf prEsaare ptat srgewltiheh in
turn is urged tightly against packing material 10. This assenbly is then
229 i xedfeblayar d?glia/fee ghdfaward psickd nohaaterd adelOsc FONE iCRidr BRI RES0#EN
counterbcred holes 19. Once the assenbly is securelgkaffi ed to the drive

shaft 13Ce tHECRGUPSHIESN(FRR LEWOP 1% Plétsy dd2RAdt kRSl pAlRge 22

i1l 235 i de_t [ . [ I i nst t Ki terial 10.
A the Stk oht £71 8FS1001 LLBaeaRdnao08sE Ses i i ShURv b HEF e S3nd
deteri ti .t i LK 2 ti t t he faol

i ate (HEE™ ndncoRRbod ERa he e BeBebitg, e iR Fhrars HATIRE LR

tensioning plate 3 as shown in FIG 4. For assembly, four stud

225 bolts (not shown) are tightened into the follower plate 2, and the
coil springs 22 are mounted on the protruding stud bolts. Next,
the tensioning plate 3 is slid ontoc the stud bolts and four nuts
(not shown) are tightened onto the outside of the tensioning plate
3 such as to urge tightly the tensioning plate 3 against the

230 follower plate 2 which in turn is urged tightly against packing
material 10. This assembly is then affixed to the drive shaft 12
using the four set screws inserted through counterbcred holes 19.
Once the assembly is securely affixed to the drive shaft 12, the
four nuts (not shown) are removed and the coil springs 22 will

235 provide tension causing a seal against the packing material 10. As
the packing material 10 recedes and compresses through normal wear
and deterioration, the compressed coil springs 22 continue to urge
the follower plate into the concave packing recess of stationary

plate 1.
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"CLAIMS . wo0o00/34695 1.1. A nechani cal seal assenbly for sepiisssrdoss ween
a stationary housing and a rotating shaft, conprising: - a stationary plate
having an inner wall and an outer wall, said inner wall to be |ocated
cl osely adjacent to the position of said rotating shaft extending
t her et hrough, and said outer wall to be radially | ocated away from said

shaft such as to define a radially extensive recess in sai ' E%&M

pl ate such as to contain a packing material, and said s‘\ﬁﬂg\mﬂ“\ﬁ“ i o

24Q nounted to said stationary housi R§AIMSa fol | ower pla Ing *an i nner
edge and an_outer edge, said inner edge to be |ocated €l osely adjacent to
sai d r%t%}ﬁﬁﬁzshaft extendi ng therethrough, said follower plate further

defi | ncl I ' ' he _in ' f id, pl .
const riitt od SHERATRAT™ £ aT 4 BnARPRTLDS: £16n SHAY L8 BEGUGRT. PneG AR wi th

sai d %&E%@ﬁ&ré%éﬁi 'dst{aeﬁ?,s%d?x{g!-s‘aéﬁgs:t ationary plate; and - a
gp

tensionin ate having an 1nner edge and an outer edge, said inner edge to
be adj acent-tg® erwk iGHHYEDIL: S aidl iy air Nthrdafialaxherdiang cuteretsnaygh,
said tensioning plate further defined to include a biasing neans for

249pl yi ng pressdirigngar aklél toobsalakatted tclageilystdjacent ctd over poisdttdonn t he
direction of said stationary plate. 2. The mechani cal seal assenbly of

C ai m One, 98r3did raratidgeshadsd pKtendingaraesethroitlly anchisadicutes
FARCUE N RGP E AR TR TR T A A
sai d Seg”EQLgffﬁngrP}éﬁgff§iQQQQ§S§$§tL898§¥ §gaga95aggationary plate
such as to contain a packing material, and said stationary
250 plate to be mounted to said stationary housing;
- a follower plate having an inner edge and an outer edge,
said inner edge to be located closely adjacent to said
rotating shaft extending therethrough, said follower plate
further defined to include a convex portion extending parallel
255 to said shaft and defined to bias closely and extend into said
recess in said stationary plate; and
- a tensioning plate having an inner edge and an outer edge,
said inner edge to be adjacent to and mounted to said rotating
shaft extending therethrough, said tensioning plate further
'60 defined to include a biasing means for applying pressure
parallel to said shaft against said follower plate in the
direction of said stationary plate.
2. The mechanical seal assembly of claim 1, further characterized
in that said stationary seal plate is comprised of a pair of

65 stationary plate segments, such segments to be disposed axially
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3. The' ngeapuérl seal of CaimOne, ' further characteri Zeﬂcf,ﬂ_rs§nﬂl@hs§al d
follower plate is conprised of a pair of rotary plate segnents, such
segnents to be disposed radially wa said rotating shaft with neans
of attaching said segnents to for ‘ﬂﬂg‘gﬁ |l ower plate. 4. The
mechani cal seal of C aim One, furthere d in that said tensioning
plate is conprised of a pair of rotary plate segrrents, such segnent's to be
di sposed radially relative to said rotating shaft with nmeans of attaching
sai d segiattivet otdorsaial cootanimys shafsi omlrly means. & attAchphigt said
rmechani cal seal assenbly for sealing between a stationary housing and a

rot at i s§goEALS, teoFPEMsiangontigupufr sbationerynaeyl ppbaeesegnents, such

segnents to ge di sposed r adi aII%%rel ative to said rotatlng shaft such as to
for m a3st at FTORaP§S P&%@a a¥tdy oh iR ]\/(/alfl‘-‘rélli‘&raﬁhéﬁtaére%ﬁd Initdhathner

wal | d_cl 0SE ad acen 5| tion, of otati shaf t
extendlgﬁg%t h%?g{’ Ugt’P ad d ”%Jrs%\% % 02pPF ki & gi‘aﬁ'e r‘%ﬁﬁ/
2f760M saigmahabl sueh @éghene'ef taeb@ &i‘gbéﬁéd Xdigngly veréf'ac@ﬁﬁel d
stationary plate such as to contain a packing materi aI and sai statl onary

pl ate rotheifAguriredd ovith OméaRs | oAl AUHSINGY, said Qéqme@is rebacyrhl e
segnents, such segnents to be disposed radially relative to said rotating
shaft saohiagous fefilnwez PdeEewer plate havi ng an inner edge and an outer
edge, sal d inner edge to_be |ocat ed cl osely Llacent to said rotating shaft
ext enditng t%?e’f‘ﬂ?ﬂgﬁhca%a?%a# AT Gré&ipidat éuf'-' fReFRABRTRREL 398 i it IWH@E a

| ) ; t t h_th o d
annul ag_pgr td Q. jid} 4 'Ei E%ggl q_rl n%°r§€%n? act oF f%nzgalr_%Cpe,d sgga%t 2,“ aa|

annul ar “portion nay rought a acki ng

298i d rgegmenesk, S%'u@hStsQatdr@?&rsy 4 He; deggosa.@ R2k 19 *R4akYvRl 8besaid
segnent s, such’ segnents to be disposed radially relafive to said rotating

shaft sathtasgt shdéefti nelth teeshono g apltact ihavisig dnsédment £dge gogman
outer edge, said inner edge to be adjacent to and nounted to said rotating
shaft e|vEREEPYSthepsiapbnghelate d

5. A split mechanical seal assembly for sealing between a

stationary housing and a rotating shaft, comprising:
280 - a pair of stationary plate segments, such segments
to be disposed axially relative to said rotating shaft such
as to form a stationary plate having an inner wall
and an outer wall, said inner wall to be located closely
adjacent to the position of said rotating shaft extending
285 therethrough, and said outer wall toc be radially located
away from said shaft such as to define a radially extensive
recess in said stationary plate such as to contain a packing
material, and said staticnary plate to be mounted to said
stationary hcusing:;
!90_ - a pair of rotary plate segments, such segments to

be disposed axially relative to said rotating shaft such
13
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"tensioni ng RlpdeRabgdr t her defined to include a biasi ng _means feeiradidphdssd
pressure parallel to said shaft against said follomel glate in the
i

direction of said stationary plate. 6. 'Immmﬂ“ m | seal assenbly of
ClaimOne or CaimFive, further char aH‘“‘\

t he means of
nmounting the tensioning plate to the rotat?nQ'sHaft IS set screws. 7.

The mechani cal seal assenbly of ClaimOne or daimFive, further '
characterized in that the biasing neans for applying pressure parallel to
sai d shaft agatestieSsind &ofdDlewepl BlLré Shawiy 4. ifher edde Hidt
mechani cal seal assenbly for sealing between a stationary housing and a
rotating shaft putenpedgengsaidaipaér eodgstte ibmalgcatied elsmpiant s, such
segnents to he disgosed radially relative to said rotating shaft such as to

form a stat REARFGTBI P eSHEY i FREF AR FAnEh2 Fu R anRAENe diltsse 19ai d i nner
ge to be |Lgcated, closel di acent, to Ld rotating .shaft. extending

zgger et hr pugﬁ?lgagalg?“é?fo%]a%% pf%f%h?ﬁr$% n%gftr‘?lelcfg:floua?encﬁ Jo annul ar
portion in LhecibheskPin@ing Ll Bde defdiad i ex iR fatsaldeled 0 said
shaft and away fromsaid stationary housing; - a pair of rotary plate
segnent s suspasegiesé byt andeeth srpd stk ¢ o id | deded Atiiny & il sadat oty ng
shaft such as to define a follower plate having an inner edge and an outer
edge, said phate;ealg@ to be |ocated closely adjacent to said rotating shaft

extendi ng therethrough, said outer edge to be radially |ocated away from
sai d shaft SuBhPHLT tof FRtaRY Phatd aiegnandonAu ragentsh t9ai d fol | ower

B S B8 B S R R EP SL IBE s A S Lo vy ate
inside the slat) OfE ¥nd! A& MU CAIEERY Hhvinsad RRek gL al ;. and

an outer edge, said inner edge to be adjacent to and mounted

to said rotating shaft extending therethrough, said tensioning

plate further defined to include a biasing means for applying

308 pressure parallel to said shaft against said follower plate in

the direction of said stationary plate.
6. The mechanical seal assembly of claim 1 or claim 5, further
characterized in that the means of mounting the tensioning plate to
the rotating shaft is set screws.

10 7. The mechanical seal assembly of claim 1 or claim 5, further
characterized in that the biasing means for applying pressure
parallel to said shaft against said follower plate is a spring.

8. A split mechanical seal assembly for sealing between a
stationary housing and a rotating shaft, comprising:

LS - a pair of stationary plate segments, such segments

to be disposed axially relative to said rotating shaft such

as to form a stationary plate having an inner edge and an
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"-a bair of v{,&h@gd%”ol ate segnents, such segnments to be di SPOSRY RsbAsdsY
relative to sail rotating_shaft such as to define a tensioning plate

havi ng an i nner edge and an outer edge L d. w@ner edge to be adjacent to
and nounted to said rotating sﬂﬂ‘ﬂ“ﬁﬂ&!‘ﬂ@“ﬂ “‘erethrough, sai d tensi oni ng
plate further defined to inclu s for applying pressure

parallel to said shaft against sai d fol | ower plate in the direction of said

stationary plate.
outer edge, said inner edge to be located closely adjacent to

said rotating shaft extending therethrough, said stationary
320 plate further defined to include a convex portion extending
parallel to said shaft and defined to extend away from said
stationary housing:;
- a pair of rotary plate segments such segments to be
disposed axially relative to said rotating shaft such as to
325 define a follower plate having an inner edge and an outer
| edge, said inner edge to be located closely adjacent to said
rotating shaft extending therethrough, said outer edge to be
radially located away from said shaft such as to define a
radially extensive recess in said follower plate such as to
330 contain a packing material, and éaid follower plate further
| defined to bias closely to said stationary plate to closely
fit inside the stationary plate upon compression of said
packing material; and
- a pair of rotary plate segments, such segments to
335 be disposed axially relative to said rotating shaft such
as to define a tensioning plate having an inner edge and
an outer edge, said inner edge to be adjacent to and mounted
to said rotating shaft extending therethrough, said tensioning
plate further defined to include a biasing means for applying
340 pressure parallel to said shaft against said follower plate in

the direction of said stationary plate.
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