REPLACEABLE PISTON RING FOR DIE CASTING MACHINE PLUNGER BACKGROUND This
disclosure relates to a die casting machine plunger and, more 5particularly, to a replaceable piston ring
for the plunger. A typical die casting machine includes a plunger that is axially moveable within a shot
sleeve to force a shot of molten metal into a die. The plunger is moved in response to an actuator via a
rod coupled to the SEAB pUter ISUNAReNGT tHehidgbyA eviA 3 hdeshlong the inner
diameter of the shot sleeve 10during harsh casting conditions. Typically, the plunger is of a one piece
design, requiring the entire plunger to be replaced once worn. Several multi-piece plungers have been
proposed in which an outer piston ring is mou%@%%%%ger body. In one example, the piston ring is

constructed from a copperm terial that iFatre I%ceabée. I rior %rt confLi%urationé, a structure 15 is
p

n the
secured to the plunger bo'&y Oretain the piston riﬁg. B3 o <'F‘wce'B?stgn rﬁ% abuts aoﬂﬁmger wall, and
the structureSabupertiaelappdsingepiadeabléng pistong oy tha @uegarrangement, the structure is provided by

the rod. In another arrapg @Ht’o‘i'%ec%ﬁ%@t%%ﬁr@rﬁf&ﬂ)’d@‘e\pﬂ)ﬂ% rﬂﬂ?aﬂ'(?gaxi aly Bih\Reshe structure is

loaded directly or indirectly by the rod, and the force on 20the rod varies throughout the casting operation,

the ability of the HHIERASY RIGYR P ECHBIANY Hretise BBy LR EIEnT&S BENSHIBRYRED. SUMMARY

In one exemplaryreraiptigeninadlisgea) assembdyidiet actieegRstiig. MAebine 2orsietoslgrve includes a
plunger body that |has an outer o{iattmeter. Th? Pl‘ijﬁrf]a?ﬁr includes a head that r%vides a,wall. A piston ring
is arranged on the Lﬁ]ﬁ?{g@r%’ agjé{%%aﬁtat%' he .OR%H}%'EEE SRR Lﬁespgﬁa &r and urges the

piston ring ttAvarduhegwelisto castiig tioaghision rifgpseiyrahe ahutgerpisinger daeipiece design, a further
embodiment of ﬂ?‘e:qﬂpﬂ\\éeth%ﬂé‘ﬁ%b@qg%ﬁgﬁ%%wm?ﬂs' 30The wall is perpendicular to the

axis. The piston ring abuts the wa In a further embodiment of any of the above, the piston ring

includes an unthreadedSMeE dTBMREICR RAVNBRES REMENBRERtRIRRPIRE IBLMET AR der piston

ring is mounted onto a plunger body. In one example, the piston ring is constructed
from a copper material that is replaceable. In the prior art configurations, a structure
15 is secured to the plunger body to retain the piston ring. One end of the piston ring
abuts a plunger wall, and the structure abuts the opposing end of the piston ring. In
one arrangement, the structure is provided by the rod. In another arrangement, the
structure is directly coupled to the rod.
Since the structure is loaded directly or indirectly by the rod, and the force on
20 the rod varies throughout the casting operation, the ability of the structure to retain
the piston ring on the plunger body may be compromised.

SUMMARY

In one exemplary embodiment, a plunger assembly for a die casting machine
25  shot sleeve includes a plunger body that has an outer diameter. The plunger includes
ahead that providesawall. A piston ring isarranged on the plunger body adjacent to
the wall. A nut is secured to the outer diameter and urges the piston ring toward the
wall to retain the piston ring securely on the plunger body.
In afurther embodiment of the above, the plunger body extends along an axis.
30 Thewall is perpendicular to the axis. The piston ring abuts the wall.
In a further embodiment of any of the above, the piston ring includes an

unthreaded inner diameter in an interference fit with the outer diameter.



In a further embodiment of any of the above, the piston ring includes a threaded inner diameter in
threaded engagement with the outer diameter. In a further embodiment of any of the above, a spring
element provided axially between the piston ring and the nut. 5In a further embodiment of any of the
above, the spring element includes at least one Belleville washer. In a further embodiment of any of
the above, a rod is secuifed forther cinbednent @ amotdhasPBRVaIRH BN B9 the yiestd provide an

axial gap betweeihhed@thaa dithReiiin A EaRnthesRRMMAN KERRSINSAkR Plunger assembly for a die

casting machine shot sleeve includes a plugrger body having an outer diameter. The plunger includes a
head that provides a wall. ATHIZ6nh FARPAREEPE A fHetPrurkenadPgagemen MawsH. A rod is
secured to the outeeltdnteiesn Hegikchisapatytrgpaced from the piston ring to provide an axial gap

between the rod and the pi 5rng. . In a further embodiment of.the ve.. the plunger body
extends alonég an axis. %vaixﬁl%agh%rséﬁ%g%%nmﬁgu%#?g fﬁet ﬁfx%%%e%&s cglr%ir?%?ﬁgﬁtlsﬁﬁwﬁé@s\ga . Ina
further embodimégasoprereieyHieatasier; a nut is secured to the outer diameter and urges the piston ring

toward the wall to retaindherpiiandiidaREARY 48 A7 the RIBRYS! RRAY securty dJYRHEMPodiment of

any of the above, a spring_element is provided axially between the piston ring and the nut. In a further
embodiment of af¥8fie L8R isex @M mHaERION THR L ROMAS AR A B SRR\ RAVVGRIREY. 25in a further

embodiment of aryd ahthteeahove, the piston ring includes an unthreaded inner diameter in an interference
fit with the Ql'f)ter diam(':‘tienr'another exemplary embodiment, a plunger assembly for a die casting
machine shot sleeve includes a plunger body having an outer diameter. The plunger
includes a head that provides a wall. A piston ring is secured to the plunger body
adjacent to the wall. A rod is secured to the outer diameter. The rod is axialy
spaced from the piston ring to provide an axial gap between the rod and the piston
15  ring.
In afurther embodiment of the above, the plunger body extends along an axis.
The wall is perpendicular to the axis. The piston ring abuts the wall.
In a further embodiment of any of the above, a nut is secured to the outer
diameter and urges the piston ring toward the wall to retain the piston ring securely
20  onthe plunger body.
In a further embodiment of any of the above, a spring element is provided
axially between the piston ring and the nuit.
In a further embodiment of any of the above, the spring element includes at
least one Belleville washer.
25 In a further embodiment of any of the above, the piston ring includes an
unthreaded inner diameter in an interference fit with the outer diameter.
In a further embodiment of any of the above, the piston ring includes a
threaded inner diameter in threaded engagement with the outer diameter.
In another exemplary embodiment, a plunger assembly for a die casting
30  machine shot sleeve includes a plunger body having an outer diameter. The plunger
includes a head that provides awall. A piston ring is arranged on the plunger body
adjacent to the wall. A nut is secured to the outer diameter and urges the piston ring

toward the wall to retain the piston ring securely on the plunger body. A spring



In a further embodiment of any of the above, the piston ring includes a threaded inner diameter in
threaded engagement with the outer diameter. In another exemplary embodiment, a plunger assembly for
a die casting 30 machine shot sleeve includes a plunger body having an outer diameter. The plunger
includes a head that provides a wall. A piston ring is arranged on the plunger body adjacent to the wall. A
nut is secured to BTt RIRVEtPEALY bejesemangisicngasgnienavt e pision rregemdiiepiston ring
securely on the plypger body. A spring element is provided axially between and in engagement with the
piston ring and the nut. In a further embodiment of the above, the plunger body extends along an axis.

The wall is perpendicul 4 & YFReLLEbaghmeNLeh R ARCKBURE il HNGR P X R 8CRA i ent of any of
the above, the pistenwiigspetpeeastcalauotieadsdThapisdiareebusamewtdrference fit with the outer

diameter. In a further embodj t apov S ing. includ readed inner diameter
in threaded egllwgagemeﬂ' vﬁﬁﬁtﬁg o%bggéﬂrﬁr%ﬁgtéi.%& a%fu%e%gg%é%g én?Ho{?ﬁﬂ?/ rgé? LEefgn%(i:gaagove, the spring
element includesuathresdessinneedBuierlie andstasierenca fitavititherogteidameatsnt of any of the above, a rod

is secured to the outer giamgighel RAEBG MeAiaH! %?QHJ%BV@@[HEJH&&{ Q}ﬂgq i axdak gap between
the rod and the nut. 15BRIEF DESCRIPTION OF THE DRAWINGS The disclosure can be further

understood by refREAER Reh El ABIRG g et AN gt TG PREh Sl A8 in connection with the
accompanying drawingivetereia: Erigadinleis af selyeshaticabewe, ah@Bpexgraplaciic masdisgamachine.

10 least one Belleville washer.
In a further embodiment of any of the above, a rod is secured to the outer
diameter. Therod is axialy spaced from the nut to provide an axial gap between the

rod and the nut.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings
wherein:

Figure 1 isaschematic view of an example die casting machine.

20 Figure 2 is a schematic view of an example plunger assembly with a piston
ring threaded onto a plunger body.

Figure 3 is another example of a plunger assembly with the piston ring press-
fit onto the plunger body.

Figure 4 is an exploded view of the piston ring, a spring element and a nut

25  used to secure the piston ring to the underbody, as shown in Figure 2.

The embodiments, examples and alternatives of the preceding paragraphs, the
claims, or the following description and drawings, including any of their various
aspects or respective individual features, may be taken independently or in any
combination. Features described in connection with one embodiment are applicable

30 toal embodiments, unless such features are incompatible.



20Figure 2 is a schematic view of an example plunger assembly with a piston ring threaded onto a
plunger body. Figure 3 is another example of a plunger assembly with the piston ring press-fit onto the
plunger body. Figure 4 is an exploded view of the piston ring, a spring element and a nut 25used to
secure the piston ring to the underbody, as shown in Figure 2. The embodiments, examples and
alternatives of the preceding paragraphs? eAdlalrRsDESERIfOlIhg description and drawings, including
any of their various aspects or respective individual features, may be taken independently or in any

combination. Features Qe&iSilsadi 19 BRFHERE I WRISOIREIAR b iteHeES UhpikuBId-30id%l

embodiments, uniegsiagad faaiwiessadie ITTampafibia i JkEd & Bdridis EHC RUBTIRMNcoopatiie casting
machine 10 is schewaticall Hlu§trated.(il?e I;i jure 1. Tq% nllﬁclgﬁneéo includf]as anPLeV 12 having multiple die

portions 14A, 14%?"ttha?n(:eoac>npct=:r%rteo\/9ft%vbne ROtRer o prowge pa}tc' s%grag ¥ eag%nf%s exemplary

only and mayp 5hagecany siitehiReabititaiian depdegen dmigeapphieatipplication. A shot sleeve 18 is in
fluid communication Wit}g %%t%e"v% %f&r_ﬁ?fmfelt%mmmm& mﬁrp{ﬁe]&éjﬁiﬂgfg}@eq%ﬁ%ting process.

The shot sleeve 18 includes a pour opening 20 that receives molten material M. A plunger 22 is retracted

by an actuator 26n#8! A9 EcRidR Hvaine B ¢rfeeingh BIPHET LR 2191 5 &7y 2l NI HisSshot 10 sleeve 18
immediately bengatih tperpypopehingsantlel aldeedaiacied phgeoer 22relbedlwygar 22 is moved

axially along a plunger axis R to t osition jllustrated in Figure 1 ta force the malt etal into the die
. Once the moMBHEHREA Had LA ch iy CENEA A PR T3V S BERIB Re A 14 are
;eparated 'iri(the dkeaib&imnﬁlqmsbd mrqpﬂei,r@é%dg@t 20tie petaitizstpbynger a;sembly, as
lllustrated in the exarpl ﬁlﬁ%&‘@ﬂ HHBUS %xi%i‘fé’i’!iﬁ@%ﬁﬁl rﬁgw%gﬁ%&tn&mromﬁw&&avmg a head 30

that provides a wall 46. ead 30 is used to Torce ten metal into the die 12. In one example, the

wall 46 is perpenifictiaF oLtk 91GRJEe B aexInigie iherfiestdsQratieimsire pridgEfbody 28 and is
in 20 abutment wififi tvyadbrif B VRIS IO The At 32 RFeViFle forloRy /S UTiecerd tdhpbted@s along the inner

diameter of the s%%t (ﬂg&}/oen 1138

15 In the disclosed example, the plunger 22 is provided by an assembly, as
illustrated in the example shown in Figure 2. The plunger 22 includes a plunger
body 28 having a head 30 that provides a wall 46. The head 30 is used to force the
molten metal into the die 12. In one example, the wall 46 is perpendicular to the
plunger body 28. A piston ring 32 is secured to the plunger body 28 and is in

20  abutment with the wall 46. The piston ring 32 provides an outer surface 41 that rides
along the inner diameter of the shot sleeve 18.

In the example shown, the plunger body 28 includes an outer diameter 40 that
provides first and second threaded surfaces 42, 44. The piston ring 32 is secured to
the first threaded surface 42, and a nut 36 is secured to the first threaded surface

25 opposite the head 30. The nut 36 acts as a jam nut and provides an additional
securing feature for maintaining the piston ring 32 in engagement with the wall 46.
A spring element 34 may be arranged axialy between the piston ring 32 and the nut
36 as shown. As shown in Figure 4, the spring element 34 may be provided by
multiple spring elements, such as Belleville washers 52. Any number and orientation

30  of washers may be used.
Therod 24 is secured to the second threaded surface 42 and is axialy spaced

from the nut 36 to provide an axial gap 38. In this manner, loads transmitted to the



In the example shown, the plunger body 28 includes an outer diameter 40 that provides first and second
threaded surfaces 42, 44. The piston ring 32 is secured to the first threaded surface 42, and a nut 36 is
secured to the first threaded surface 25 opposite the head 30. The nut 36 acts as a jam nut and provides
an additional securing feature for maintaining the piston ring 32 in engagement with the wall 46. A spring
element 34 may B¥l Z4hieg SR5EHNY BeavrokatethE PIston FRPB2iRthdarRachut IBe\eisperbiliNeAs shown in

Figure 4, the spriggiieiRg b 3 ¥R hagRsh&y Badlfipte spring elements, such as Belleville washers
52. Any number and orientation 30 of washers may be used, The rod 24 is secured to the second

threaded surface 42 anB 1R AAEPEIHWENH RSN SRR APVt SR dRAN§E528 I His manner,
loads transmittedpistdheingd 22 iduiritetf e@stim grapecseiataagfrdm the nkistioimgnord@ dredowidl not permit the

piston ring 32 to | f the plunger, . Another ex le nl IS illustrated in Figure
3. In this exa%nplég,? %ﬁg{%i%f F?IJI%BJ%%E Pr?tgg%{e%nggeﬁoﬂ%sgﬁ ?ﬁ%ﬁ %ﬂ/es}i#igr% #?%?ﬁb@”%’ﬁfz the outer 5

diameter 50 of theegliigerbely rrEBl3he shriplgraemhedy 325%atdheut rsethiganisd maipesotdze the piston ring
132 to the plungerRedy A28 atithg fratdhrradast sUiase Hkiddedad £44p sxially spaced from the nut 36

to provide the axial gap 38. The plunger 22 is reus_able._Thesﬁiston ring 32 can be constructed from
the same material or a dItfcPEOR e iRl R the [H RO Z6CaHRe SIEIBHIAIRY B9 & Bears the bulk of
the damage durizgntiercastagas diforstantyidbsiagaie piuhgeimely damererpétthaisig@d=leeve 18. A
preassembled plunger,ass ly can he secured to the rod 24 with the piston ring 32 fully assembled to
the plunger odygfé,gvvﬁiqﬁ%%ﬁ]gg Be %ngﬁ'ggrdées%%gnll ig%'}g%ﬂ%@%f}’ {g%fa%'\r/]v%%edm%er assemblies
during maintenarstemeeToletpdishges eryeh18.8 Adricessevblet urttedefrasseal ¥ qee isigechigthttemperature

metal, for examplf WRUSIAN AR o MAp alen SIS HRs EA A bt miln metal so as

to withstand the thermal shock. The piston ring 32 can be fabricated from a cheaper, low-cost steel alloy,
which experiencéSiGRiNBYRIYIBH SRR ALK eRbve MRERP! WiasT AseRrBRl es liNGoefficient of

friction material, 26 h@ahex@mple, lubricious ceramic, such as Si31\14, can be used for the piston ring 32

to reduce wear. TherRquger a sg&:?éy is more I 9%&5[1 to undesirable ll%oﬁ.efgr'ﬁ]é%o the piston ring

during casting by isolatinget%enﬁ%rtoﬁ g from €100 Retertion o?)ijﬁeé]%\l/sﬁorgnng R uereplunger body is

enhanced by usimegtaljdon exanamel, tiingstsinetntelspriogoBe leienal ss(eH e maiwewittoteeBelleville washers.
molten metal so as to withstand the thermal shock. The piston ring 32 can be
fabricated from a cheaper, low-cost steel alloy, which experiences significantly lower
temperatures and higher wear. Alternatively, a low coefficient of friction material,
20 for example, lubricious ceramic, such as SisN4, can be used for the piston ring 32 to
reduce wear.

The plunger assembly is more resistant to undesirable loosening of the piston
ring during casting by isolating the piston ring from the rod. Retention of the piston
ring on the plunger body is enhanced by using a jam nut and, if desired, a spring

25 element, such as one or more Belleville washers.

It should aso be understood that athough a particular component
arrangement is disclosed in the illustrated embodiment, other arrangements will
benefit herefrom. Although particular step sequences are shown, described, and
claimed, it should be understood that steps may be performed in any order, separated

30 or combined unless otherwise indicated and will still benefit from the present
invention.

Although the different examples have specific components shown in the
illustrations, embodiments of this invention are not limited to those particular

combinations. It is possible to use some of the components or features from one of
5



It should also be understood that although a particular component arrangement is disclosed in the
illustrated embodiment, other arrangements will benefit herefrom. Although particular step sequences are
shown, described, and claimed, it should be understood that steps may be performed in any order,
separated 30 or combined unless otherwise indicated and will still benefit from the present invention.
Although the difféherfxaxpiepieschmpiaiheic it trpivsseRitSERRANATS [HamikRsiRRicmS, @nibdiments of this
invention are noté@ﬁg@o those particular combinations. It is possible to use some of the components or
features from one of the examples in combination with features or components from another one of the
examples.  AlthougH SR ARIEXBMRIE ARRIGREY hasRea eIt ok & YIRARY skill in this art
would recognize $kidlt ettesramadificatesognive ulditccena wittodi fibeti bss opeilaf th@claithisy fher that reason,
the following 'a'gé oHIADE E!ﬁg.'e%P C}%S{err 0T Eﬂ%‘i&ffﬁ%ﬁ% Oa?f\i%’%dsﬁﬁglhe% JrifetMg What s
claimed is: 1. A pluhger assembly for a die casting machine shot sleeve, the plunger assembly
comprising: 5a pRfigel e hivrseRe stdepdRiheter, the plunger includes a head that provides a wall; a
piston ring is arranged on the plunger body adjacent to the wall; and



a nut is secured to the outer diameter and urges the piston ring toward the wall to retain the piston ring
securely on the plunger body. 10 2. The plunger assembly according to claim 1, wherein the plunger
body extends along an axis, the wall is perpendicular to the axis, and the piston ring abuts the wall.
153.The plunger assembly according to claim 1, wherein the piston ring includes an unthreaded inner
diameter in an interference fit with the outer diam&tef!M$he plunger assembly according to claim 1,
wherein the piston ring includes a threaded inner diameter in threaded engagement with the outer
diameter. 20 5. The leWB@r'%E@éﬁ?glﬂﬁaccording to claim 1, comprising a spring element provided axially
between the pistan ringangifitemetsembilheoplanger estan bhachneording dewiainhd, pidtgeein the spring
element 25includes att!F:ast one Belleville washer. 7. The plunger assembly according to claim 1,
comprising a rodSecured B Re ddter diameter, the rod is axially spaced from the nut to provide an axial
gap betweerbthe rod arahiegenth@y reviagphamgaenadsensisly foe al digerastivgenachiad tabt sleeve, the

plunger assemblﬁ&gm&rmf.
apiston ring is arranged on the plunger body adjacent to the wall; and
a nut is secured to the outer diameter and urges the piston ring toward the

wall to retain the piston ring securely on the plunger body.

10
2. The plunger assembly according to claim 1, wherein the plunger body
extends along an axis, the wall is perpendicular to the axis, and the piston ring abuts
the wall.

15 3. The plunger assembly according to claim 1, wherein the piston ring includes
an unthreaded inner diameter in an interference fit with the outer diameter.
4, The plunger assembly according to claim 1, wherein the piston ring includes a
threaded inner diameter in threaded engagement with the outer diameter.

20

5. The plunger assembly according to claim 1, comprising a spring element

provided axially between the piston ring and the nut.

6. The plunger assembly according to claim 5, wherein the spring element
25 includes at least one Belleville washer.

7. The plunger assembly according to claim 1, comprising a rod secured to the
outer diameter, the rod is axially spaced from the nut to provide an axial gap between
the rod and the nut.

30



a plunger body having an outer diameter, the plunger includes a head that provides a wall; 5a piston ring
is secured to the plunger body adjacent to the wall; and a rod secured to the outer diameter, the rod is
axially spaced from the piston ring to provide an axial gap between the rod and the piston ring. 9. The
plunger assembly according to claim 8, wherein the plunger body 10extends along an axis, the wall is
perpendicular to the axi8, BivaaEle 35psoBl Yirigrapulietieasingll maglo e 1sags | SHegee: ase R ccording to
claim 9, comprisigg-npt &RRbIigAJo the outer diameter and urging the piston ring toward the wall to retain
the piston ring 15securely on the plunger body. 11. The plunger assembly according to claim 10,

comprising a spring elefhEHPEPL PRI A8y B iElel 3MERisTBR AHGUEhBWRR 8 DE e plunger

assembly accordpngvideslainall;1, wherein the spring element includes at least one Belleville washer. 13.

The plunger assembly rdin laim rein the pi 1i0g.inc ) threaded inner
diameter in agrll interfere%%%gﬁ%vr\}%é%%ud er’t éé\@g g enréeﬁgg ﬁ%afﬁé%lgong{gﬁ aé‘ls@em ly according to claim 8,
wherein the piston ring #16ldigestedrincha atitritbanaetan drer il tisredd B0 epepaderneewisiome outer
diameter. 15. ARignesrRRseMib 405 BieRAIRS rRATRiRhebsiggye. the plunger assembly

comprising:
0. The plunger assembly according to claim 8, wherein the plunger body
10 extends aong an axis, the wall is perpendicular to the axis, and the piston ring abuts
the wall.

10.  The plunger assembly according to claim 9, comprising a nut secured to the
outer diameter and urging the piston ring toward the wall to retain the piston ring

15  securely on the plunger body.

11.  The plunger assembly according to claim 10, comprising a spring element

provided axially between the piston ring and the nut.

20 12.  The plunger assembly according to claim 11, wherein the spring element
includes at least one Belleville washer.

13.  The plunger assembly according to claim 8, wherein the piston ring includes
an unthreaded inner diameter in an interference fit with the outer diameter.

25
14.  The plunger assembly according to claim 8, wherein the piston ring includes a

threaded inner diameter in threaded engagement with the outer diameter.



a plunger body having an outer diameter, the plunger includes a head that provides a wall; 5a piston ring
is arranged on the plunger body adjacent to the wall; a nut is secured to the outer diameter and urges
the piston ring toward the wall to retain the piston ring securely on the plunger body; and a spring
element provided axially between and in engagement with the piston ring and the nut. 10 16. The plunger
assembly accordi®g to AaRtigs! vaererehtytHerphutife Cabiag cREsRAS sl geeavaxitaunes! is
perpendicular to fagxaxi§.RRhiRMFIston ring abuts the wall. 1517.The plunger assembly according to
claim 15, wherein the piston ring includes an unthreaded inner diameter in an interference fit with the

outer diameter. 18.The PRIHBE RANRBK IR RHIRY thrisifyy 188 RIHBEH RIS AT cludes a
threaded inner dignéties aviblieaded engagement with the outer diameter. 20 19. The plunger assembly

o ac S NG RS SR SRR Belle o %0 e
axially spaced from theahDtttéSROUIgE Hnthaieltga g Beaire endnsdesdtiepl sies g toward the

wall to retain the piston ring securely on the plunger body; and

a spring element provided axially between and in engagement with the piston
ring and the nut.
10

16.  The plunger assembly according to claim 15, wherein the plunger body

extends along an axis, the wall is perpendicular to the axis, and the piston ring abuts

the wall.

15 17.  The plunger assembly according to claim 15, wherein the piston ring includes
an unthreaded inner diameter in an interference fit with the outer diameter.

18.  The plunger assembly according to claim 15, wherein the piston ring includes
athreaded inner diameter in threaded engagement with the outer diameter.

20
19.  The plunger assembly according to claim 18, wherein the spring element
includes at least one Belleville washer.

20.  The plunger assembly according to claim 15, comprising a rod secured to the
25  outer diameter, the rod is axially spaced from the nut to provide an axial gap between
the rod and the nut.



