WD 03/ 042566 PCT/ GB02/ 05111 A STIRLI NG ENG NE ASSEMBLY The present
invention relates to a Stirling engine assenbly. In particular, the

i nventi onwoaBat®mse 5 to an assenbly suitable for use in apdaramriosiiconbi ned
heat and power (DCHP) unit. Such a unit is intended to be used in a
domestic environment in plaserif e COMYAR | ANskvBFl er. In such 10 a
situation, it is vital that tne noi se and vibratiron is kept to a very |ow

| evel so as to be acceptable to a consuner. The usual practice is to

support an engi nerky ﬂésé@@”iﬂ%&ior@%é]ﬁﬂékg&d\m chrisplage the vibration

produced during, nor rral engi ne oper at| on nple of,a Stirling engine
havi ng such SRIHT FAFERMY i s Ug DAL ey et‘the T R 5E°7 h]ée%aeb‘?%e

i sol ati®n, atdowm ﬁdéﬁm&maﬁl@gfsysiﬁnmrs & edphesidi c Hoomyiened t he 20

i npl enent at i ol of tA;l S vvlth re I%é)n springs can lead to instability.
Accor di ng t o $he PFEEEHET ni n ion,a Stirling engine assenbly conprises a
Stirling engine, a 25 mounting frarre on which the engine is nounted so

that. the axis awurﬁhc rf;&'ﬂﬁ &?&ém&%@mwf t f6me SO0 NE

reci procate is vertlc I n use, e engi ne being g fromthe nmounting

frane by a PRYFHIQARENST 1Rt enAh %%r@ rf“g‘énvesvﬁillﬂilélfﬂar@? ¥ hel®t$1#F% ng engi ne
from spgingsa sigatdierond hane rﬁtwﬁlgalttm thee s¥idgsand heilspiings used can
be | ow sti ffness |J'gh ‘def ect . gﬁ t he conf ll'aJ;t i n the prior
art between thefTRed 35 f‘(ﬁr%t ‘ﬁepgosr‘% Ahd T RS LR GO 16 sti f f ness
nmount i ng sysd esorhasndreen rermved -1 WO 03/ 042566 PCT/ GB02/ 05111

The usual practice is to support an engiﬁe.by
15 mounting it on springs which isolate the vibration
produced during normal engine operation. An example
of a Stirling engine having such an arrangement is US
4,400,941. To maximise the degree of isolation, a low
stiffness mounting system is required. However, the
20  implementation of this with compression springs can

lead to instability.

According to the present invention, a Stirling
engine assembly comprises a Stirling engine, a
25 mounting frame on which the engine is mounted so that .
the axis along which reciprocating components of the
engine reciprocate is vertical, in use, the engine
being hung from the mounting frame by a plurality of

tension springs.

30
By hanging the Stirling engine from springs,
rather than resting it on the springs, the springs
used can be low stiffness, high deflection springs.
Thus, the conflict in the prior art between the need
35 for stable support and the need for a low stiffness ‘

mounting system has been removed.
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The springs fromwhich the engine is suspended are particularly suitable
for preventing transm ssion of |ow frequency vibrations. In order to

i nprove weampiomFe@cr oss a | arger range of frequencies, a rarhEBo2dspad is
preferably connected in series with each spring. The pad nay be between

the spring and theheergiriegsbatreremhike spkel aggan@ tilse sniRyrhidRel frarre or
bot h. These rubber pads arﬁgpartl c Iar}fy usef ul §ttenuat| n
P B

frequency vi Byt PansLCYg2 ngregeBlté]ngr Y8 g’lned to the
| ower hal f ofofi lewerdigien@entlyi srlwriacm@nlsongén spdiemgso tioprevesed t han woul d

be required HEH%H%P”B%Qgs%ga lr IM§%%. OerfggagggEggsto tQ%b%%Eer part

of the 15 engin er to dea i t1onal ral $tability for the
Stirling engiPad vist bire feraldur F@@@&Cﬁ@d diisperdiesn wathasge®ent, and to

provide a suigaihg seak 204 Ahyt ha><=e eRAFREShI Qﬂea"sﬁ%an% howsitag for the
burner, |ocated above and around t he UF\%éi:a orre of the engine, may
|ncorporate ENIER bPELHRRT &RSy§Pde e ARt ?Oupﬁﬁéqu FFREE f &% and t he

engi ne. Thi s beatl.d Thesef @:ﬁlbb%)ta@srald% adR iaartlibngarofy aseELAr ifalr sui tabl e
for use 25 |ntth|s braln %ﬁ‘ g/p gture enwronrrent This would
al | ow some | &t&F&Ha &6 SEHERC Agirne™>vi brati on woul d not cause
damage,lOand pr event the transm ssion of unwanted forces, but would al so

mantain the stabipol kofhclitg %@g&n@e&s%tr%&egg x§ 30psealiag 3 taggenent s,

able to withstand the ation environnment could
al so be usedoverehspfi g stbﬁeﬁéga@ﬁy h&@éSaafl#@é?ﬂ eR§ERToBPFADIS35 - 150mMm

and a total sld bknagsdoknbat %@Qdob@ edu@r8d ke/ wae fﬁbanlt@ﬁgt h of the
springs when the engine is, hun %mthe s equal to |%[1:I1%th of the
engi ne frame were to be co nec ed to e uUpper part of

15 engine.

In order to provide additional radial stability
for the Stirling engine within the surrounding
suspension arrangement, and to provide a suitable seal

20 for the combustion area, a housing for the burner,
located above and around the upper dome of the engine,
may incorporate a flexible annular guide between its
inner lower face and the engine. This could be, for
example, an ‘0’ ring, of a material suitable for use

25 in this vibrating, high temperature environment. This
would allow some lateral movement, so that the engine
vibration would not cause damage, and prevent the
transmission of unwanted férces, but would also
maintain the stability of the engine. Alternative

30 sealing arrangements, able to withstand the high
‘temperature, high vibration environment could also be

used.

The springs preferably have a free length of 100

35 - 150mm and a total stiffness of between 0.6 and 0.9
kg/mm. The length of the springs when the engine is

hung from them is equal to the length of the engine
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-2 WD 03/ 042566 PCT/ GB02/ 05111 body 20% The above descri bed arrangenent
is a particularly advantageous suspension arrangenent for the Stirling 5
engi ne. Hy@@s®u2566 urt her inprovenents in the design can reTaddneyad by
providing a vibration absorption arrangenent to mninmse the vibration of
the engine, fhenge reduce the burden on the suspension arrangenent.
Therefore, prefeerably, a vibration 10 absorption nass is suspended from
the engine on at |east one resilient nmenber and is arranged to provide an
anti - phase force 1 tdwNGidsribwel \vWivaidaentabisoreptpgaort imslsamiay  be
ei t her suspengded beneath the engine or na masS, suspended so
as to 15 surtOuHt 39 Thgidre e i Iaﬁﬁaé}géaﬁ}e?’gtng%nrg%%c%t%_Snagzvant ageous
to provi de @&rtindi nHermien Wulther shmprterermrdrsalin Hdigiiesidn t he case of
a symetric I V] t Rsorpti st ng frequency
tends to cgélar{gi e %Q%éﬁoggﬁlg%ﬁ%%&fqﬁgfgé}nlg%%ﬁ oat%%ﬂ?ognﬁ)qimnati on of the
inertia of taerangenenodrd e nisy ihentaiPrEdeTat tHe rGtE I Onal

stiffness ofyidiene s i NGnestae e th s AensioThe degree of
pitching is linked to the | ack of dianmetri stiffnﬁ}s%ats%/m‘retry, t he

possi bl e of fSiAFeN{He g Has PFFSHAN 's 5t it if¥hess centre,
and t he cl osgnessptofon heasexdid atisprerfdestuormy tthe tdmeyi3te wer tatcal tuned

frequency and the pitching.frequencies. . Th I fa menber s
are preferab eyaS ar rr};lengree lgleyerIngrce?nrePnf:Baﬁ yana g'%r’t egtxﬂ‘éa%r?aeltﬁecaiﬁgéo‘#l the annul ar
menber. Thi srcantbeplore forcexanpihe awingovildiny Festi®ht menbers of

different stjffnesses, maThese i & Rneleralperidanaah smatd ical Iy on
engine or may be an annular mass suspended so as to
15 surround the engine. This latter arrangement can be
| advantageous to provide a Stirling engine with a

shorter overall height.

In the case of a symmetrical annular vibration
20 absorption mass, the pitching frequency tends to
coincide with the vertical frequency due to a
combination of the inertia of the mass around the
horizontal axes and the rotational stiffness of the
spring system about the same axes.
25
The degree of pitching is linkgd to the lack of
diametric stiffness symmetry, the possible offset of
the absorber mass from the spring stiffness centre,
and the closeness of the excitation frequency to the
30 vertical tuned frequency and the pitqhing frequencies.
Therefore, the resilient members are preferably
arranged asymmetrically about the main axis of the
annular member. This can be done, for example, by
providing resilient members of different stiffnesses.
35 These are preferably arranged symmetrically on
opposite sides of a first axis perpendicular to the

main axis, and more preferably also arranged
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opposite sides of a first axis perpendicular to the main axis, and nore
preferably al so arranged -3 WD 03/042566 PCT/ GB02/05111 symetrically on
opposi t e wodam41566 a second axi s perpendicular to the mai mCaxiB2asdit he

first axis. Alternatively, the asymetrical arrangenent may 5 be provided

by groupi ng dygnd@siddiat JrRMcs O des X fa rssicomd sixper pendi cul ar to
the main axis. Wt t.his arrangenent, the re i

e are preferabl
arranged syrhfEtRTY Cf%/la%téjp 23} fBs ST hfel &i rn&gi%:;{s 10 In either Y

case, the mass of the vibration absorption mass may be reduced adjacent to

the, horirontal RIS ALAANGS! vl Ud gl Sl S iendamaned 1o Lhe

rest of the V|bra |on fbsor ptii‘on mass S asy rlc annular absor ber

mass fdrms dve Eplml@pm’\:ﬁm mpmn%ftft%éfeiﬂi\ﬂémﬁtoﬁle«mﬂ%ﬂﬁ Sl afodd y

defined as %%iféﬂ%%gﬂ e%&%mak QQMRIHS 20 A a:3td ! | imigrengi ne, a
mounting franme on 1h ine 20 is nounted so that t ai):ﬁ)l al ong

whi ch the r@ﬁ%r%@%{%qg{ﬁ&l%m 58 §idisio 5 et |pcraﬂ Wse,

wherein an ajwid e ARSAIREH G ATASS SUrdppoEdtd e deSt iad itige e‘hgasrte and is
suspended fromthe engine on a plurality of resilient nenbers, to provide

an anti 25 pHase force to the engine, the resilient nenbers being arranged
asymetri cal ly about the main axis of the annular nmenber. This arrangenent

can be used when phe. anging.d s 30, Dyngd omsp gsocer ding to the first
n

aspect of the invention, or 1S suspended f rom sone other resilient

mounti ng. 33R¥PEXE dasts aat g inRfusiRy e lassaIte ithe

horizontal axis of highest :otatlonal stiffness as
compared to the rest of the vibration absorption mass.
15
This asymmetric annular absorber mass forms an
independent aspect of the invention which is broadly
defined as a Stirling engine assembly comprising a
Stirling engine, a mounting frame on which the engine
20 is mounted so that the axis along which the
reciprocating components reciprocate is vertical, in
use, wherein an annular absorption mass surrounds the
Stirling engine and is suspended from the engine on a
plurality of resilient members, to provide an anti-
25 phase force to the engine, the resilient members being
arranged asymmetrically about the mgin axis of the

annular member.

This arrangement can be used when the engine is
30 hung from springs according to the first aspect of the
invention, or is suspended from some other resilient

mounting.

35 An example of a Stirling engine assembly in
accordance with the present invention will now be

described with reference to the accompanying drawings,
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accordance with the present invention will now be described with reference
to the acconpanyi ng draw ngs, -4 WO 03/042566 PCT/ GB02/ 05111 in which

Fig. 1 iswaomsokmssati c cross-section of the assenbly; 5 FipgT/GBa2i0S11a front
el evation of part of the nounting assenbly including two springs; Fig. 2B
is a side eligvaiHipynof the arrangenents 10 shown in Fig. 2A; Fig, 3 is a
schematic cross-section of .an alternative assenbly to that shown in Fig.
1; 15 Fig. 4 is a schematic diagram of the dynam cs of the suspension
arrangenent; Fi g.FizA ils iz di aghamashianiorgpstsheecdrdioousfmydes of vi bration
of the annulgr. absqrption mass; 20 Fig. 5B is a diagramshow ng the axes of
the absorption nass; Fig. 6 is a schematic diagram showing the first 25
springaarrangenent; Fig. 7 is a schematic di agram showi ng a second spring

arrangement; and BQ; Fifgy & IS 2 RRr SNEAIMOVicgWpRirtt ke ameul ar mass
suitable for use in the arrangenent  of Fi%1 7. .The Stirling engine assenbly
conpri ses a™M4iing a SR flgikﬂdHQQ\ﬁM FHIWEi'n the art. The Stirling

35 engi ne has displacer and power pistons, both of which are arranged to

engine has di spl acer and pover pi st ons rra
W bration of the ST I4gS % VDI AGIAEE P BP0 FERGi ne 1 itsel .

10 shown in Fig. 2A;

Fig, 3 is a schematic cross-section of .an

alternative assembly to that shéwn in Fig. 1;

15 Fig. 4 is a schematic diagram of the dynamics of

the suspension arrangement;

Fig. 5A is a diagram showing the various modes of
vibration of the annular absorption mass;

20 .
Fig. 5B is a diagram showing the axes of the

absorption mass;

Fig. 6 is a schematic diagram showing the first

25 spring arrangements;

Fig. 7 is a schematic diagram showing a second

spring arrangement; and

30 Fig. 8 is a perspective view of the annular mass

suitable for use in the arrangement of Fig. 7.

The Stirling engine assembly comprises a Stirling

engine 1 that is well known in the art. The Stirling

35 engine has displacer and power pistons, both of which
are arranged to reciprocate in a vertical direction.

This produces a net vertical vibration of the Stirling
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In order to reduce this vibration, a vibration absorber mass 2 is
supported by a nunber of 5 conpression springs 3 both above and' bel ow t he
absor ber wagg/o&56dhi s arrangenment is housed in a housi ngPETIEBORI05T1S
rigidly fixed to the bottomof the Stirling engine 1. The nmass 2 and
springs 3 araydiied isasdiffat when the Stirling engine 1 is operating at its
10 nornmal operating frequency, the absorber mass 2 vibrates as closely as
possible in anti-phase to the Stirling engine 1. As a result of this, the
overal | VI brati dm afrddre t8t inelducg éhgisne ibrarrd omousi wgbaaitdongreat |y

r educed. G Gl 217 ARIRIRR LREOIRPLALGRRL IR  cONpr essi on Spri ngs

3 above and el ght” conpressi on elow the 10.5 kg (10% i sol ator
mass 25 ThEs@psind g h?d%relngfsor éz@é; |aé>0V§ Anee bedegt AO6F 20 67rm and a

S]E' ;fness Ofab@.@r%%rl\vnt@ﬁsgbo% ThiRE araReRf elﬁ\%lb nt § st Werdeldo jabgor b ¥|hbr a':)l ons
of frequenc Vi r e above
described a RY & “\%Hciﬂ it¥g & g dlr]ré( ? %ﬁﬁu%”%goﬂ‘l nted to a
nmount i ng frmﬂm Ghgisu rlound&at Imasfseéidamxfd tshver ieygi Be aase Shoved i n Fi g.
1. The engine t%q n%he%usc'h <t:3n n%u% qu%d 1 thg‘% mRNLiNg i ame by a

plurality of° “noutit assenbl1és aced aroun tirli ng engi ne, one of
whi ch 1i0s 30 nsfvovan |@@ag:lr@Afamu@BCYEa@Ihlerr@@n$ﬁr@§ra§l§éﬁbl y conprises a

pai 1 of |\ enslion. anrd 105 & dcayl ded palop 18l i BB - g'ﬂ@%ewtfoh tachook 7 for

attachnent to nount i ng framne A second. hoqk ttaches _the | ower
end of each S§prilHg% c?rleglf“reaﬁﬁ 9238 TREU KndddSaf tRe OF5reRd wire is
chosen to beipsfdici et HHe SEARAlihet kegueisyit sk hb&s&lﬂ@l e i¥ and -6

greatly reduced.
15
The current arrangement incorporates eight
compression springs'3 above and eight compression
springs 3 below the 10.5 kg (£10%) isolator mass 2.
These springs have, for example, a free Lgngth of
20 67mm, and a stiffness of 66.25 N/mm (+10%). The
absorber is tuned to absorb vibrations of fréquency,
48 Hz to 52 Hz, (minimum vibration at 50.25 Hz).

The above described assembly of Stirling engine 1
25 and housing 4 is mounted to a mounting frame 5 which
surrounds the head of the engine as shown in Fig. 1.
The engine 1 and housing 4 are suspénded from the
mounting frame by a plurality of mounting assemblies
spaced around the Stirling engine, one of which is
30 shown in Fig. 2A and 2B. Each mounting assembly
comprises a pair of tension springs 6 provided at
their upper ends with a hook 7 for attachment to the
mounting frame 5. A second hook 8 attaches the lower
end of each spring to a frame 9.
35
The thickness of the spring wire is chosen to be

sufficient to support the weight of the engine 1 and
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WO 03/ 042566 PCT/ GB02/ 05111 absorber mass 2, which could be between 40 and
80 kg, but is typically 60 kg. In this case the wire dianeter is typically
2.4 mm 5wpDro3ourteés to provi de the optinmum suspensi on i solpamiGBv2/osBduci ng

| ow frequency vibration, the springs need to be as long as possible, with
the nrmountingoperivés Bssaz, amaiéha@oam sle Sb@twadh | 40 petdi80 ka, this case,
t he upper untln r ame Ioc |nned|atel be t he engi ne

bur ner housi g %y%;?%géy %%3? 9%% iy E% ilﬁ%/cated on the

| ower englnedimmmger Thet gt ended %p4umg | ength is then appr oxi mat el y
equal to the-length of the engine body (typically 190nm which excludes a
cooler 13, 15 heat transfer head 14 and back end done 15 (as shown in Fig.
1). In 2ddition, E@r@rﬁﬁ§tt%epﬁ%wﬁﬂﬁt?ﬁ%ﬂﬁ@ﬁ%ﬂum+ﬁﬁ5@?ﬁﬁ%%ﬁlng nat ur a

(surge) freqy@@fytﬂaﬁs POYuc LR %@%ﬁécﬁdbﬁ&b@ engt el snnig frequency, or
its harnonics, whi ch’would result. in unacce%%e 20, resi;)kg\ance In the
8

current conf?%%%%‘ﬂ?o‘ﬁeeqm R Bt PGS i Fealt§! arranged in
pairs, |ocatesuntifg pegutaraspeet ngoarouns tie dagige,wihe free |ength of
25 t he sprin s |s preterably 100 to t The t ot al
spring stiff s b ]F\I\glg]n¥0 °% % a’ndtk}%q‘bég%’g IX&%%%I%% ﬁZJ %ng)S ?(g/ nm ,

gi vi ngl@ach h@mamgdalmmediah@bx Q%#WWrﬁﬁ@zﬁ@ﬂln¢rb@?@%rc%@W$b®9at|on of

typically 0.099kg/ 19yc 30268t &hdih€Aeh £1 ;9 18 Posabberoglenent 10.
Thi s rubber Qﬁ?errent 1e %12?3 a rmunt?% tue of . which the

b
nounti ng asskpWEy argiemeslarod: rﬁ)‘%t‘?%"ge? ?féj ﬁ@gblﬁgt RAEER 115 ng engi ne 1.
Thus, any 35tNérli)r§?B§6§1ﬂné\téD@ Sidl 19 tﬁ'ﬁ’@lll@né.tlar@ftttlﬁmsm@im via the

bolt 11, to éggy y8£c§ f§0 &ﬂgéh excludes a cooler 13,
15 heat transfer head 14 and back end dome 15 (as shown
in Fig. 1). 1In addition, care must be taken to ensure

that the spring natural (surge) frequency does not
coincide with the engine running frequency, or its
harmonics, which would result in unacceptable

20 resonance.

In the current configuration, with 6 to 12
springs (typically 8), arranged in pairs, located with
regular spacing around the engine, the free length of

25 the springs is preferably 100 to 150 mm (typically 127
mm). The total spring stiffness is'between 0.6 and
0.9 kg/mm (typically 0.75 kg/mm), giving each spring a
Stiffhess (spring rate), in this configuration, of

typically 0.09 kg/mm.

30
Seated in each frame 9 is a rubber element 10.
This rubber element 10 bears a mounting bolt 11 by
virtue of which the mounting assembly attaches to a
mounting ring 12 on the Stirling engine 1. Thus, any
35 vibrations in the Stirling engine 1 are transmitted

via the bolt 11, to the rubber element 10, into the
frame 9 and then through the springs 6 to the mounting
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frame 9 and then through the springs 6 to the nounting -7 WO 03/ 042566
PCT/ GB02/ 05111 frame 5. As an alternative, or in addition to the rubber

el enent 1WoawB/o#ises bott om of each spring a rubber 5 el enentrcragBo@spnovi ded
at the top of each spring. The stiffness per rubber elenent 10 based on
four sets offrggnd rigs, is, for exanple, 110 NNmm The rubber elenents are
designed to renove the-high 10 frequency content and hence the quoted
stiffness is adequate and the strain is kept within sensible |evels
bearing in mnd ties redediticonaiti viger foar ranesiddft ivhe tor iblserugbesl evat ed

t enper at ureselﬂe%eme ﬂU %hmerthfer ﬁ%%&yo\ﬁ B %g&ﬂngnq tQpRer attenuated by

t he rubber el enent | onwer frequenc brations are attenuated
by the éprln&éqwentsﬁéﬁ’ﬁﬁaprpﬁéd@ﬁbﬁétt@ﬁst@Pp@ﬁl@ﬁ@édsﬁflpﬁe nmount i ng
frame 5 is negligible, and is within the acceptable 20 |imts for the DCHP

unit. An alternatiye a |y to that shown.in Fig sho in Fig.
In this arrangene fﬁﬁ' 8§§Fnﬁer4fupzeﬁoﬁﬁﬁgﬁn§o185bﬁée§uPP Rt he
Stirling engba@slof2&pmmm@sn tiban foei egaspipendéd Neénmat hThke engine 1 as

L Eo L HRS S380nche A0SALBELAIRSS Zenkgeatnul atgrand surrounds

the Stirling engine requireés that nting ring 12
has a é@n5|démﬂ@%@nqanggte@taﬁﬁﬁehenﬁént@ﬁaHu@teﬁlgtlifnﬂéﬂevér t he 30

overal | he'QBHe%EaE@ea%BP%BétH%rb%nrﬁgu%%gt andnhencenstiie deskan is
useful when el evational space is I|limted. OQherw se, the arrangenent is as

shown in Fi §S2TRENgnd ™Y Hlénga’n'féer éﬁéﬁ@ﬁé@nn&ﬁeP&F@ﬁ&%CBe@ﬁ G88d to
desi gnate theubaee cenporeatsd 8bmpheadymramics of the assenbly are shown in

Fig. 4.
15 The higher frequency vibrations tend to be
attenuated by the rubber element 10, while the lower
frequency vibrations are attenuated by the springs 6,
such that the vibrations experienced by the mounting
frame 5 is negligible, and is within the acceptable
20 limits for the DCHP unit.

An alternative assembly to that shown in Fig. 1
is shown in Fig. 3. -In this arrangement, the housing
4' is mounted so as to surround the Stirling engine 1,
25 rather than being suspended beneath the engine 1 as in
Fig. 1. 1In this case, the absorber mass 2' is annular
and surrounds the Stirling engine. 'This embodiment
requires that the mounting ring 12 has a considerably
larger diameter than that of Fig. 1. However, the
30 overall height of the apparatus is reduced, and hence
this design is useful when elevational space is
limited. Otherwise, the arrangement is as shown in
Fig. 1 and the same reference numerals have been used
to designate the same components.
35
The dynamics of the assembly are shown in Fig. 4.
In this figure the elements are as follows:
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In this figure the elenents are as follows: -8 WO 03/042566 PCT/ GB02/ 05111
m - main engine mass, n2 - absorber mass (2), k1l - tension spring (6)
stiffnesswwomo42566 tension springs, 5 cl - danping val ueprPasxcrAsAd W t h
tension spring arrangenent, k2 - conpression stiffness of rubber el enent
(10) x no. of ruhhep-&b&meah@inQZmasdanping val ue associated with
conpression 10 rueper % n&, k3 - ?npre55|on spring (3) stiffness x no.
of conpression springs fty Eaft % danpi ng val ue associated with
conpr essi on sprlm@s—aﬁ@nanDHNBpeaBgt§Gar@@ﬁdfab§@rbenO-lﬁfnass. Modi fi ed
versions of the annula&e@ggghbgérqggg of Fig. 3 are described with
reference to Figs. 5t ) 5A and 5B define an axis system for
the anndgl ar nass. Cthe %amvléﬁdVZl&?e§S§P€lﬁﬁ€GaWP§h 5PPRGEENEPTIRFPt h the X
and Y axes being horizerirahgea%as,i n the plane of the annular nass

i ntersecting at e centre of .the | ar S d th [ ing 25
the vertical axis teﬁ@ﬁﬁéeﬁﬁéﬁptﬁg %gﬁﬁﬁé 8% Fﬁggeﬁbg H@P nZ&@? The
natural excitation freguencyofcaubbsrveitmeaksyeci procation in the

directi f f incid
irection o arrq requeﬁ@&géegalhgeagﬁéﬁgggg &ggHeggﬁﬁ g§g§ éo coi nci de

with the verti cal ausi ng pi ing 30 abou Y axes as
shown BY arrows 21 andr2Rberespeseintel y. The annul ar absorber nmass al so

rotates about thesZ axis %éséﬁewﬂspk&hgarB9W@%§ffheser§ehotoofreduce the
pi t chi ng about the X and $ axes, an asxnnetrlca ?rran%enent of springs, or
an asymetry compression spri (typicall

c3 - damping value associated with compression
springs and air movements around absorber

15 mass.

Modified versions of the annular absorber mass of

Fig. 3 are described with reference to Figs. 5 to 8.

20 Figs. 5A and 5B define an axis system for the
annular mass. The X, Y and Z axes are mutually
orthogonal, with the X and Y axes being horizontal
axes in the plane of the annular mass intersecting at
the centre of the annular mass, and the Z axis being

25 the vertical axis extending from the centre of the
absorber mass 2'. The natural excitation frequency
causes vertical reciprocation in thé direction of
arrow 20. However, the pitching frequency tends to
coincide with the vertical frequency causing pitching

30 about the X and Y axes as shown by arrows 21 and 22
respectively. The annular absorber mass also rotates
about the Z axis as shown with arrow 23. " In order to
reduce the pitching about the X and Y axes, an
asymmetrical arrangement of springs, or an asymmetry

35 of absorber mass inertia is proposed.

The first example of this is shown in Fig. 6.
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35 of absorber mass inertia is proposed. The first exanple of this is shown
in Fig. 6. -9 WD 03/042566 PCT/ @B02/05111 This arrangenent is generally
sui t abl e Worosihses si t uati on where the rotational inertiaspofi/aBue/ostisor ber
mass about the X and Y axes are equal. In this case, the absorber mass 2
has a uniforﬂhtSOSSraﬁgéﬁéhtoﬂsa@dnermhlyosmiﬁabse Byt atinangi ng t he springs

as shown in gi?oa@i gréo&??olgo{ggl%p% ]‘%? Jflgy%oa?d l1léfness K, while

t he renai ni ng Ravear St r1T ness noted that this
provi des a &bfbfhessmuasiabdoh bhreouhdrdeY pexéphary @qu@he meds, 10 but

not across Lhg;gBsss8s the abilipessnelsthe hSPTh NGF ESrRYEFBLEL cal on
opposite sides of the X and 'Y axes. The spring stiffness patternis

replicafed %%%@éoanénﬁefio\y\ﬁ%%‘érr&b‘%@ﬁ%er Busariapding &R oPlF12¥$ angenment ,
both the spraggssbivhf ﬂﬁsﬁl@ndGIhﬁhéﬁe abser bef msSp@im$ Ngavaestia are

asymretric ond arran " Larl
swyt abl eI Wne%c%ﬁin?ﬁﬁa%r oﬂlg ?nté}P% ?ﬁgm%*nl??]ef%‘ggo?% Er aan#ﬁjrfjf %?r%l ey
di fferent abofitOtbe XtasdoYl@Maxested nthéi stichseprevpghes springs of equal

Stiffness K. pee DLVl dedsbily aLeogiouped byt ayi e ofpbighest inertia

(X) consiste need to maintain [cien ity during
operat1®n. Iputhnetcasessapharimasarasesike 25tifEnesp\@Ecenahi ch essential Iy

has 25 a paigppfngyt Qgtsﬁ%étﬁ@aﬁ%@tomgﬁé esshdesoofthamoudgg mass 2"
and the ei ght springs_are aryrang be attached to no n i ?‘%BBOI nts 26

above and bef o¥¢®%ch "éﬁ?oﬁ?rb%qt?%fgn%s -8By W@fﬁ%@% 02/ 05111

CLAI M5 above and below the absorber mass. In the second
arrangement, both the spring stiffness and the ~

15 absorber mass rotating inertia are asymmetric.

A second arrangement is shown in Fig. 7 which is
particularly suitable when the rotational inertias of
the absorber annulus are different about the X and Y
20 axes. In this case, eight springs of equal §tiffness
K’ are provided but are grouped by the axis of highest
inertia (X) consistent with the need to maintain
sufficient stability during operation. In this case,
an annular mass 2'' is provided which essentially has
25 a pair of cutout portions 25 at opposite sides of
annular mass 2'' and the eight springs are arranged to
be attached to mounting points 26 aBove and below

each cutout porﬁion.

30
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1. AStirling engine assenbly conprising a Stirling engine, a nounting
frame on which the engine is nounted so that the axis along which the
reci pr ocawong/ofse®nponent s reci procate is vertical, in useCTi¢r2e8gilNe

bei ng hung fromthe nmounting frane by a plurality of tension springs. 2.
An assenbly ecxtmdi ng to claim 1, wherein a 10 rubber pad is connected in

series with each spring.. 3. An assenbly according to claim1 or claim 2,
wherein the Spri n%ss*l;l%r%e”éﬂ f?%%”?eer@??@%?l%e‘f%?ﬁw aa?éjtjl%-‘b“?ﬁn 15 4. An

assenbly accetigimg, t® maynioneg of rdie ¢t egdetbngthelaigine wherei n the springs
have a | ength en the , Stirling engine is .hu 0 9%11531_{ o the

| ength of trﬁ%m\é\?%?n%o b%}b‘_ﬂ'/% %6% %f%g a"gts]le%gléﬁeatr;%%&ﬁcg 0 pé#]y one of
the pretedi ngomporeémss whereiocate Spriewsidmbe o twied Ghe feémasee of
0.6-0.9 kg/ mpy; el i, i ng-4e d@iindi@fa i@ g2, Wwherein
t he nmounti n%#ﬁe@%&%ﬁgct ed tot erq% ower haﬁiﬁf opf1 thae e%i ne. 7. An

assenbly accer@shentPEHTIDBNe of the preceding 30 claims, wherein a
vi bration absorption nass is suspended fromthe engine on at |east one

resilient nber_and is arranged to provide an anti-phase force to the
engi ne. 35 8 An %%s%%ﬂpa]ééc%‘g%‘?ﬁ%*q‘g & & R @hé”fibegﬁe]trhea vi bration
absor ptG on nasisbés padiul Arcantesird aundsettes WBtilr ldach eswgriey. - 11 WO

03/ 042566 PCT/ GB02/05111 9. An assenbly according to claim8, wherein the

resilient nmenbers are arranged asymetrically about
3. An assembly according to claim 1 or claim 2,

wherein the springs have a free iength of between 100
and 150 mm.

15
4, An assembly according to any one of the preceding
claims, wherein the springs have a length, when the
Stirling engine is hung from them equal to the length
of the engine body * 20%.

20
5. An assembly according to any one of the preceding
claims, wherein the springs have a total stiffness of
0.6-0.9 kg/mm.

25 6. An assembly according to claim 1 or claim 2,
wherein the mounting frame is connected to the lower

half of the engine.

7. An assembly according to any one of the preceding
30 claims, wherein a vibration absorption mass is

suspended from the engine on at least one resilient

member and is arranged to provide an anti-phase force

to the engine.

35 8. An assembly according to claim 7, wherein the
vibration absorption mass is annular and surrounds the

Stirling engine.
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the main axis of the annular nenber. 5 10. An assenbly according to claim
9, wherein the asymmetrical arrangenent is provided by resilient nenbers
of differwoto3®sisté nesses. 11. An assenbly according to cl &CMA®2/08her ei n

the 10 resilient nenbers are arranged symmetrically on opposite sides of

first axis per penqkhculs@tembqyt G@c@&idﬁngax_ioscléam An apseshhy thecording to
claim11, mherelg.tgs 15 . resilient nmenb SQ arran%%gu%ynnetrlcally

on opp05|ter§§& Ee§885ﬁda§§|§r68P8§HdFE¥P8F £&FReY BRCH axis and t he
first axis. tBe Aaiasseribl pfacher dnnglba cleabsr9, wherein the 20
asymetrical arrangenment is provided by grouping the resilient nenbers
close to a first axis perpendicular to the main axis. 14. An assenbly
accordi Ag tol@l-ai An13ssanelei rccheding tesiclpamt Snebersiar &h&rranged

SynﬂEtr'Cal|Xs?ﬁme@&@%%ﬂt8r§bﬁ%§m@5ttH% birbst dayi By kesiddecagsenbly
accordi ng any one of clains wherein the mass of the vibration

absor pti on nHSEPELS 98 ﬂééé@é&ngdf§&§§PeFée§he resilient menbers as
conpared to the rest of the vibration absorption mass. 16 A Stirling

[ S whi ch
The ongine. | 9135 ABUACRANEAT: RAbCERE d & SLaAE AR AU ER Fecier ocat i ng

conponéft s reeb@doeatemembeeﬁtacalarmanagd Swméﬁérmca&lYa@ﬁular abs. orption

Tass Sur T oundaobhs Sl LikLaocengine: A2.V0:03L042500-ECHHCROY aLE1 and s

suspended fr the engine on a pluralit resilient nmenbers, to provide
an anti-phasé@xfiérce to the engi ne, the re5|I|ent nmenbers bei ng arranged
asymmetrically about the main axis of the annular 5 nenber.

12. An assembly according to claim 11, wherein the
15 resilient members are also arranged symmetrically on
opposite sides of a second axis perpendicular to the

main axis and the first axis.

13. An assembly according to claim 9, wherein the
20 asymmetrical arrangement is provided by grouping the
resilient members close to a first axis perpéhdicular

to the main axis.

14. An assembly according to claim 13, wherein the
25 resilient members are arranged symmetrically on

opposite sides of the first axis.

15. An assembly accordinguany one of claims 9 to 14,
wherein the mass of the vibration absorption mass is
30 reduced adjacent to the resilient members as compared

to the rest of the vibration absorption mass.

16. A Stirling engine assembly comprising a Stirling
engine, a mounting frame on which the engine is
35 mounted so that the axis along which the reciprocating
- components reciprocate is vertical, in use, wherein an

annular absorption mass surrounds the Stirling engine
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17. An assenbly according to claim 16, wherein the asymetrical
arrangenent is provided by resilient nenbers of different stiffnesses. 10
18. An aswermbloy2se€cording to claim 17, wherein the resilipemtGBoobals are
arranged symmetrically on opposite sides of first axis perpendicular to
the Im_ai n aﬂnrgd 1 s]xﬂsperﬁﬁétﬁsﬂfﬁhh ytdraa:cm{gdiinw dril)lam;fﬂ_ilmafﬂﬂi,tw\/_rtﬁi ei _ndt he f
resilient menbers. are al so arragnged synmetricall.y gn opposite sides of a
second axi s Jf)ee?]p%ned}tc&}e St ﬁteog %(?%r%%iiaél fﬁl&ﬁ_ﬁg’ 5% g)forzcxel gc.o 20 20. An
assenbl y accoraiengitre ¢ ltdien 6 1 Mtwrteinenders dsyimetadmalged r angenent i s
provi ded by NG resi.jd g}%morp IS, i axi s

per pendi cul aa?gﬁ#gé%eéanqg‘lyn ag%dse. sz}ge ) Anﬁégsﬁl%/&a%cr{)ﬂr%l%\rg to claim 20,
wher ei rP t he MeTekegy j ent nenmbers are arranged symetrically on opposite
sides of the first axis. 30 22. An assenbly according any one of clains 16

to 21, wherein the mass of the vibration absorption _nass, i r educed
adj acent to the rpééialsiséﬂb%rﬁfé}%r%%&f’p m ﬁtS‘J"t HE G LsE §fhet he vibration

absorption mMasgumedxichd arrangement is provided by resilient

members of different stiffnesses.

10
18. An assembly according to claim 17, wherein the
resilient members are arranged symmetrically on .
opposite sides of first axis perpéndicular to the main
axis. s

15
19. An assembly according to claim 18, wherein the
resilient members are also arranged symmetrically on
opposite sides of a second axis perpendicular to the
main axis and the first axis.

20 ‘
20. An assembly according to claim 16, wherein the
asymmetrical arrangement is provided by grouping the
resilient members close to a first axis perpendicular
to the main axis.

25
21. An assembly according to claim 20, wherein the
resilient members are arranged symmétrically on

opposite sides of the first axis.
30 22. An assembly according any one of claims 16 to 21,
wherein the mass of the vibration absorption mass is

reduced adjacent to the resilient members as compared

to the rest of the vibration absorption mass.

35
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