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Ref rigerating Apparatus, And Refrigerator Control And Brushl ess Mt or
Starter ' Used I n Sane 1 Technical Field 5

The present invention relates to a refrigerating apparatus executing
a refrigerating cycle and having a conpressor notor control device. The

pr esent i nvention also relates to a refrigerator control device
used in the refLog)east REGIRCULATIONROR HOYSREDUCTION 18| PREYID BURNERSonal
frequency or speed of.a refrigerator conpres- sor, and to a

brushl ess notor starter in which the position of rotor nagnetic poles 10
of a DC brushless notor having an inverter-controlled rotational frequency
S detected in a sensor-|ess system Background Art

There have beergh@(@gome@@ Iy gweeripgonof refrigerators aimed at

ener gy saving a,sd | t gui ek refrl gerating ability by making

vari abl e the y or speed of the conpressor. For
exanpl e, as di scl osBdi$ rinvention jsposleasted giod aGpappaxatorst aRdbhetaid Sor
(unexam ngd) quga%clﬂeﬁ?a ehh§5§0h§ Prdd | ﬁrl'emxx burne?k, p&@éuewgamﬁktgect

by maki ng vari abl e dt at j.onal a corrpres a
refrigerator byeritifel dreatn qiskEip g?mn *Prdn *tné SRREES This a“l:"cﬁ?ﬁl"8§sor
whose r ot at i onalayf be@mployedsinmhdghveenpéntatume forndbes, farvexample afootary
conpressor has Qx?ﬂﬁ{ S d in the aforenentioned

prior art docurréwg"(ri?t%R e ‘2{?0312#'? ggggﬁse | ts ref ri geratl ng abi|lity varies
approxi mat el y |4-neBes 2 IEQURG And, Releviapt, Infermation r equency
and 10 Various n:.trogen ox1des, i.e., No, compoundBE/FEMBrSHEETS
SG WO 96/,28700

PCT/ JP96/ 00641 in air at Beglziust"éa Perﬁg‘slrﬁad itr?egfceﬂ erﬂd dag% b | |fe Pﬁtsuch
a point that itldmitedi%nt iniFrdlei prige and nitreggneddexides ohedtkmtlon of
rotational freggengdissions is a des:.red godilovnayebrdas Cebdigedre@st hgir
conventi onal coniﬁ gct ion,, there the foll ow ng problens

I n using the r & mg’&gt gogernment regulatlonsl.n general, the rotary
conpressb® has a hlgkrmmeusasem“slma fuel or qaihatbiquidaﬁuel

i nhal ation gas y4aybfd gy %:P“éﬁéuf@ei swfieﬁ estédm ';E}?A:e% rﬁémswbhn@sr
of its conpressing section, once disc ged Into t shel | m%
conpr essi on, aﬁa.onzze the 'fuel to ena more conplete co ustlon, and

combustion air is mixed with the fuel at the point of
combustion.

20 Gas fired burners are classified as either raw gas or
premix, depending on the method used to combine the combustion
air and fuel. These burners differ in configuration, and in
the type of burner tip used.

Raw gas burners inject fuel directly into the combustion

25 air stream, and the mixing of fuel and air occurs
simultaneously with combustion.

Premix burners mix the fuel with some or all of the
combustion air prior to combustion. Premixing is accomplished
by using the epergy of the fuel stream so that air flow is

o generally proportional to fuel flow. Therefore, frequent
adjustment is not required and the achievement of desired
flame characteristics is facilitated.
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thereaf erred into a cooling systemthrough a dischar
Thu t(;%gtzy@gﬁ the reason that the shell has a high mtePﬁg?U %e{g;%:’tﬂ”e

it has been wi dely known 10 that the gas having a high pressure and a
hi gh tenperature | eaks to intrude into a cylinder inside the
conpressi ng section, behaving as a factor. of reducing a conpr essi on
efficiency of the conpressor (| eakage hedt | 0ss) .

However, the | eakage heat | oss has no relation to the rotational

frequency, and depends on the magnitude of the high pressure and that of
the low 15 pressure. That is, there has been such a phenonenon that,

when the rotati Onal Floor-£ifk@d ixnapubgers | Quer egsdp rgduge }hesteam
refrigerating abll itse sQr, a, rate o?

e . ..conpre
| eakage heat .| os&§ F?\C?’E%%Weﬁﬁns‘&w 15PT; &hgdE ability "t‘-'hepmduce
efficiency of theealatpyvegsouniform heat distributionAsim tlesulthlli nrddiangase

where energy savidyQy§nat IGP ngy sl OVer ki tshea]?gt aﬂ&n-rﬁmmowﬁe

frequency gg an inverter to re uce t e 3 rlgera I ng abl
the intern terrﬁ@rr&tlﬁ?’é"‘?oft%emﬁ’éﬂ|El%‘?%ﬁ’6’rt‘ﬁr§ssttab¥’?|*z‘%%ii-th’ Adrovoxregdr eat

refrigerating ablduet Yot thése dhreirzdds\i phenibeherias kaenGdelyawgb@bkgm
that the RRIbE SRU"G-2LLEH AFMIAL B, ARLNEggue (o the

reducti on of the efficienc
Furthernore, in the c’&%‘iﬂéﬁo& Pecﬁbfod&ts-nd’adf@ﬂﬁr ¥9sof, szsneum discloses

supﬁl ying ability sﬂe«p@md%remkh@afﬁ:ahherwis&ws%%eﬁﬁé/ ,adaaqtaeé§ J‘@% %ﬂ\gg
SucC a

PCT/ JP96/ Ofba1  Duxners ang gethods te TeRNGeNO bFP%?iz“?”s" dé&r‘édé’&tent is
particularly at dncovpouatedi beakifir iyquébsyentirety, byl saferlemcautheirbts.

conpressor requi kR ﬁ’rénﬁ&gﬁuﬁﬁé’{ INATEREDSEN o 5@‘301&5156‘535' r@nshsmn b}(]

not been able to b as
proposed a met ho&eg? ’g’cgartirf%gmhx%p?gss?ﬁf”nd%ry 2t E)'lltéorﬁ]'ﬁeolf’d@% cend
wherei n the posi aldewiolg r some mgﬂedl cf e egasf o DEecirculate brtithl eghe
motor, whase rot gplbonalyf heguUency is controlled by an inverter, is
detected by utilizi ng n i nducti on vol tage at the stator wi ndi ng in a

sensor -1 ess R &hial metthSd, telo. chntRit. 6381 cGischeses a
position detecti shuithefudlneburner, in nehibeEhi nostapmonbewerémméwus} on

vol tage is gener giod s, %I}ﬁmét@émﬁseral:gre. }3‘%3{?{? in' & & n%us%lonaazr

general practice to exécu the
predet er ni ned st 8¥PRYYy PRE§AGRC cupTETadm) pr a cﬁ‘é-réﬁem finducest the ofildw of

I L g?ggptc;é rmts y tcflue gy th?he{:got&bhb@éltﬂm el %gxc?piyeggBEEQee?hBQné uc(i:ucts
%éﬁ%tgﬁgé{:? & ur@onﬁr’ es eon f is ﬁocaiggoﬁf‘"r bhe gtvee e

prior art starti oF
i s disclosed, foen@éxefins ef“eilnpiaeaMemi_msl e flRet gas Ribhi thei ppimdby

(unexam ned) NO.cdmbu4866n air. _ Because a -transient DC
corrponent inafil tehﬁbﬁgolﬂ,t lergpl %\éggn{‘.nng. 2,813,578, discloses a heavy
25 liquid fuel burner, which mixes the fuel with steam prior to
combustion. The aspirating effect of the fuel and steam draws
hot furnace gases into a duct and into the burner block to aid
in heating the burner block and the fuel and steanm passing
. through a bore in the block. This arrangement is distlosed
30 as being effegtive to ;revent coke deposits on the burner
block and also to prevent any dripping of the oil. Since the
flame temperature is raised, this arrangement would not aid
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sensor - Ma§92fsosHit is not sufficiently attenuated at the stpari/ipegraBssde
DC not or, t he above net hod has been devised to prevent the possible

fai lure of the switching as a consequence of an unstabl e sw tching
to the sensor-less system According 20 to this nethod, the swtching
to the sensor-less systemis effected after the transi ent DC
conponent is sufficiently attenuated in order to reduce starting

failures of the gonpReIAy ﬁ?ft emisoNbARO! device. This
met hod, however, uses only one staptjng_ sgquenc a rn,. his
has caused such a pr&@lﬂé#yha\’:smgﬁéﬁg\:o g'tgrgag'ﬁ% h%l%@dor?oet.sora i%l‘gliyeat
25 at the stafuéngurhke, comjrlesseiudes ¥O¢ashbealdns ByosyaPlYEed & flotked
state during gas/air mixture through several passages. Flde gas is dMfn

96/ 28700 . CT/ JP96/ 00641
the startiPg seqtedtEngarPrPYs Uit shRgkebeP¥r8 PA&¥€W tching to the
sensor - | ess ZI%Kt et 45, off.&ct Pdtent No. 4,004,875, disclomeshe tvher

hand, brushless ,?é)ft Y nggveinegﬂi%d@%ugggdf FueiN@nd air is r&SOVES ddwt
they have high effdcienciés and permt a rotational frequency contro*Re 5
under vol tage corecigiculpsediRagiain§o thecenanstiamaanes JBELEFRECHIRTed

rotational compitielii @Gef ra1a airever fernaduthi anzomd wdgh gedef it behayt
t he wi ndi ng vol tage of the not or was proposed lately as a techni que
for obviatPng tH Pt of a posi tion detection el enent for

detecting the rotati @PRENBERG tétoralof, Thé.-bPasenEsBonmtdy75,332 disclesRhi%ess
motors have been,exanHaidhy boed smna?at Geey dixheaanceonain #flich o,
envi ronments such as the conpressorsg a e _like wher re. s
sl s T
order to elim natietd thei pikuenomsfflameotbagecederdbe reahbiistdon and lowepy
(Pul'se Wdgh Nbd{ﬁl‘gtée%%rgguggtfgtgﬂég fiRger everse induction voltage, filter
circuits are often use %eneral y. _Thi's, however, has cagse such a ro‘pl em
that 15 the posi tGREEFERy ebt $onPpEeBhe¥CunrdPellhr a3 1THARTENA SPERY
such as the nptoriquid fuel Shwridrmgwhieheindluddsiad vieotuel itd daawngrodects

above di sadvant a ha a : , X I L3 se
Pat ent Lai d- Cpenggu%qj?cbé’%?' ?gﬁ %ﬁg%x%hn? r%%’)ﬂﬂpoéﬁd E\{ogegg- 1%%231710&!} xg@Bar”ﬂzi&ﬁr

art brushl ess nostream &t therefanfoFomplietsdY(¥apPrheg the fuel.pg oy with
referencezpo Fig. 19.1p 203dition to MICHELSONG.etlOals, athexpdtheat opytentay
of a prior art bryushl ess npfor starti . : : thei
Referring to Fi g‘.gli@’,ss\ﬁ%enago‘é? opped %ts(‘)’r T‘?cgfg?%gg?dtﬁeerﬁétnor ip their
operated as a syemtimetdes,nby orefrrenese there€&eer se i nducti on voltage is

gener at ed sz bFedHE eI onous starting). In this stage, a
drive frequency Ts An object of the present invention is to provide means
25 for retrofitting an existing premix burner to lower NO,

emissions, and thereby decrease air pollution and satisfy
government standards. Retrofitting an existing premix burner
utilizing the present invention is estimated to cost
approximately $2,000 per burner. In comparison, replacing an
30 existing premix burner with a new low NO, premix burner would
cost approximately $3,000 to $1I0,000 per burner. Because 3
steam cracking furnace “may have 50 burners, for example,
retrofitting the furnace utilizing the present invention would

This Sheet Has Been Reﬂlaced

[T



25 werel/ggaabed so that the rotational frequency gradualﬁécr)ﬁgbrlmgé.

sWth this operation, the rotational frequency al so I ncreases.

-4 - WD 96/ 28700

PCT/ JP96/ 00641 4 Wien the rotational frequency of the
notor reaches a specified rotational frequency, it is allowed to
execute position detection fromthe reverse I nducti on vol tage, and
the notor cones to operate as a brushl ess notor by swi t chi ng.
Thereafter, acceleration, deceleration and maintaining of the rotational

5 frequency can be achi eved by controlling the voltage.

By providing tine intervals (t4 and t5) in which no acceleration is
effected for atsd@oidrieethidddnti edrizddevabroi BAavingge o efd@ciding the
swi t chi ng after iting for a sufficient attenuation of the
transient DC cOMgUHen L FPERUTPaCe: titer circuit, or by starting
accel eration after X peremiznbiener pfahdheneenbmstiion o6 fuelwgashind) air

operation is coipl ¢lelced ¥ 20hidddbnisNis MosdsL AidRdceheae f133tb8Sehing
assur ed. rior art cqnstrucg¢ti on has had

. However, the
the fol | 8w ng H? dbIfrpace, and incluass a-burge‘r' nihfe MAVEER| BsEorRtheam,
whi ch the posiéndnanittant upstreamexaslit edd burner Rdgedsomdurgede\r e
| nduct i on vol ! e AGn"BhA! of 'Bd SurhSr 0PRh8! 485adene ento £irsf VG IHPUS

mot or according to the | owfrequenc usznc ronous” starting int
é‘g’@%, &

mot or starti ngiRtige Iurpacs ang bont afethmotuel SBFuaRyad¥ ctakas i ed

to the pladelats ghkhptrmerspdpi.f i ed torque is generated. In this
stage, si,nce noi se ,a .. Vi ' r u .S made
cxcessi U8l i g ad opesPYd ifnySERtdd dedsbart N UBERCLAR LR BE iR O

i nsufficient, kumner tybe irieeprizarapiiy ichgmbes for intxadusdadafive} rgdguency
Furt hor o e, | o Rhe B0Sk LT o ot eetLon ooorat] 00 Base on Lhes L oversa.
nduct on vol (SRRSTseRe ey 83, SBer BRFRSY cBERFy | nRrRRRGEng orbatul HERG
becone opti muninvention,i ataleegt ornetpassadrwatimas oy et atorare$egondand
therefopg, thegmy tRNERe IRrnace and ¥ SRcONME VRGN dy At LRARMMSstfean
applied at aloW Sh°%fe burner tube. ]
WO 96/ 28700
PCT/ JP96/ 00641 Flue gas is drawn Afromdi tipéy, furmageni othacuglketthed has
been effective,Jagikal,2in response to fuel gas and air flowing towards
the downstream end of the burner tube, whereby the flue gas
20 is mixed with the air at the upstream end of the burner tube
prior to the point of combustion of the fuel gas and air, to
thereby reduce NO, emissions.
According to one aspect of the invention the flue gas is
drawn from the furnace into the passageway in response to fuel
25 gas flowing through a venturi portion in the burner tube.
The passageway includes a duct extending into a second opening
in the furnace at one end and into the primary air chamber at
the other end. At least one adjustable danmper opens into the
primary air chamber from*the ambient to restrict the amount
30 of ambient air éntering into the primary air chamber, thereby
providing a vacuum to draw flue gas from the furnace.
According to another aspect of the invention, the
passageway includes two ducts. Each duct may be substantially
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not or t o 9megee7snel | [oad in the starting stage or at a | opctAlSS1/68b

fa equency (e.g., fan notor). However, 1n
conpressors for use in refrigerators and air conditioners 5 or the

| i ke, there may be a case where a high load is applied several seconds
after the starting stage. Genefally, in the conpressor, a
difference in pressure of conpression gas takes place and the | oad
torque increases i Mmediately after the starting. Particularly, it

is well known that L&Aty J L FAYE hi ' veJsal seconds after
the starting sta%;sgago AandfdiEnes g’qgi\{f%gsns{lﬁgl%&ﬁvgﬁ t oR&R Fet hos §T
used in such a c®9&h epde @it fhe duct. Theckeepestbie Stan) Feeosvareiagapted
prog: ded \A\hen a hiogBel &cith écﬁ:reﬁutoig ﬁ@ﬂ:icﬁﬂ,ohﬁ Relee tizhace and t@e@ﬁh b%ﬁ%’%h .a
probl em that a step-omt_ i s t he 0 orque {n either the

| ow- frequency synchr 0#1‘%% léetqngjjlr*t i %&%ﬁe?ﬁf?%%ro#m?ﬂé&%spg?ﬁt1%?15%a%’éed Bi9eAe
reverse indécti omivopprkeorritiag iis¥o the furnace. AmbienPaair cpdswdsy inab

the time of turnitRg saridie I%Q%{xghC%’é‘C&ﬁ Yeast chdestageg aii-i+$§?£, Gracykt
and, therefqre, a considerable

are totally conpletely, di sghar

duration of the QEEEVe’r%["T &gesggpl?ﬁf‘ér?}%ﬂ feehoreguERRJtePReTa e Of

notor is put the gasitflawisgsthbbeglsttiiec dutcordi ngly there has been such

a problemthat the no : epgs 4Lt l eration,stop
hitner onseckBfScho SOl By L8 SEAL A jaingh

interval. 20 e present 1 nven, : evi se
vi ew of th¥® af or @fefetrofitting japcephitoiide R eite rildtnen ineapfiugnaget to

techni ques. It i seddceoNal ryligsisnspbwhetein the pebmike HRFrReeNtindIvassi gn
to provide a refg] ' tu ' i litile at the .
starting by restglflglﬁéngfed\%%eﬁgg %cakeé’wg'% g?%;%f&?%ea néit)r?f)‘r ggg%f'eﬂ kiR
during a ashurnarn§is kpidecBopatedan Sper devnstredw esonpfetisoburner
according to a stabéiwikre?ZombuSEHHeIEE MR gak 8haali PUEPKEs LOTAUE tREk1 S
%egté/erggszbé)ne Stggg'is introduced into the upstream end of the burner 6tu_be in
PCT/ JP96/ 00641 a primary air chamber, sAnthétraiobjischicfedt Réthresentuel gas
invention is to proMidde 3maclhopr i : appar } C ' ess
at the starting by det %cti n§§$ | oad tor 1 gré?ratgceﬂn%tg%yﬁtw &u{h?aslgghon
the anbient tenperat ¥ Fetho ef’l"?)g‘é‘i%ﬁ% fpddeming SBYPRI tenperature

or an inhal ati on predspassagewapy ist dnstallédebebveen ather durgab@ and the

tarti t dj t:Q t f
begi nning 2¢  PEMAYSMRIGRILGY [ PRERCGRS @ (i cErbl WS Rk

is to provide a FRINIerhpdiassagevay ip Fasponsgetr ek SR andfabr Slewingg
the possibl e redustdras ithecBbwnseneym 0énd RE the burneFORUMRSSOIFIdeeghe (e

SRee TP L U ol MBS SRS TR grser co e

rotational frequency, an emar | _
consunption. 10peint of combustion, su jthatf NPj rewisstijonst agfe triedupedsent

inventiongzss to provigiéher one or two pipes may be installed between the
' furnace and the primary air chamber. Flexible seals are
attached to each of the end portions of the pipes, and to a
portion of the furnace.
According to another aspect of the invention, the burner
30 tube includes a venturi portion, and flue gas is drawn from
the furnace by the aspifating effect of the fuel gas and air
passing throuq*h the venturi portion. The amount of ambient
air drawn into the primary air chamber may be adjustably
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refri gevatarosegnt rol device capable of stably starting thepggpps®segiooy
generati ng a specified torque and executing a st abre operation

Wi t hout incurring step-out just 6 after the starting.

Anot her object of the present invention is to provide a refrigerator 15
control device having an inproved reliability by speedily executing oil
supply at the starting and assuring a sufficient anmount of

| ubricating oil when oil shortage occurs due to the occurrence of
an unforeseen aecestieitdtesiuth psovidé whe ofagasn inecessary td hirast fgeeofiasl ow
rotation. A further object of the present invention
is to provide a Brusﬁﬂeesfgma%e notor starter capabl e of operating.the
not or Wit hout step- ARCOFHART R RRPtREghasPect of |theq ip¥epkien s thegpipes
after the startang i)gstsmﬁédmyerfblrﬁm@%;ﬁemcjdﬂant traP1et 6F the furnace

corrponent WI t hout . pr.ovi apy 0 nLery .
Astill fdrt hergB%J gei® g'lfarighe? F@éeﬁ?ﬁaa% ‘{& on%:%énij % pr'gév desegt:mg one
brushl ess nmot or end o &t éapa‘bl@eofpmﬁabhytbfia@l’ﬂﬁglgt Ap the ofldpr spdethey

conpleting 25 oehér RGN bitOBRE O BSd 110N tHO CPenifYein atnd RAThI. M TRk $k9§' ng
{/\gegg?\gggogu“ " ;-M]therx]m be wrapped with a ceramic fiber blanket.

PCT/ JP96/ 00641 Anotherheb;tm taforehdetisvengionsis | ﬁ‘@lgrqvadbe aumethbd e,
or by conpul SOH:J;% f@édwat W8 dfifssions dn s)rﬁpém g,v&E iﬂhenrhae RERERSS

I's not conpleted deci sron. | osur e I nventi On
In order to accB‘ﬁ{ﬂﬁrsﬁst hecagest éﬁ"éﬁFPBﬁeﬁ Sb}'%it‘%?enénﬁe B ijydupnagg, and
appar at us accor thegethol htndiugeenthe nstespis @t :coopibivangafue s endcatieui t

havi ng iR PhHLRLL ¥ifc %q?@ngysmlwc%gﬁs&fwo@ PhU A Yo f

di odes connecte a bridge,
not or oper at ed ¥4 sai® _hver t‘@r’"—bélisFéEPt point downgiyepmypfg té‘er O’E’Eﬂp af

conpressas dri V@&mﬂmmsa@l ﬂheDQumt gis EndidSNaRE draviest €lue gas from\thé
sai d conpr essorfli%1 c%n %gtﬁ%nsee‘{rl&er atq a9 %cgﬂ_ @pq?%ﬁc%%k’gg:dgogggct ed

10 with said e refrigerating app aratus er conprises
posi tion comﬁé@pnngomnyh%pbuetbetﬂ\l@e AFasodixedVvisth Sdiedadst dn of

said DC notor, éhe pnmarycewuhaéw PR3k e tad!t peidd G Fon®UBKLSh €8
pul se to deci d ggera sai d sem conductor switches of said

inverter circuit d*s “%‘?1 N(?utf)’ﬁ’tsﬁffmésal position detecting
means, az2pPot ati onal Theeduawing dstemtnay imehsld asgéngcthegfuel 1§as and

rotational freqgnGyeh ﬁaadv&mwswer%%e@nena& Fréingule £2bctabd the
position edet ect |ang rrpzané)(ﬂﬁa}?% a . loCk d§}1 M%ﬁ wf or det egél ng
a | ocked state Bfelsgag and ail s S awss thy; gl
rotational freqencyraiet e | fgrmesns. th:.ent air;ewhiger dki i appaoveens
~al so conpri ses @ (0aRLPY Sl AnIF1GeaYad Fadl3s Meo the furnace, and
25 then the lower temperature air, as well as the flue gas, are
both drawn to the primary air chamber from the furnace; as a
- result, the temperature of the drawn flue gas is lowered. The
ambient air may be fresh air having an ambient temperature,
although the temperature may be in the range between a
30 temperature colder than the ambient temperature and a
temperature slightly belqQw the temperature of the flue gas in
the furnace. =
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gener at i'wg s/08ePi Ng signal to effect chopping so as to rrakpd?(,sg%§3(;0he

20 rotational frequency of said DC notor, a conbi ning neans

conbi ni ng said comut ation pul se w th said choppi ng signal, and a
drive nmeans for turning on and off said sem conductor sw tches of
said inverter circuit based on an out put 7of sai d conbi ni ng neans.

A starting sequence control nmeans is provided for outputting a 25

predet ermi ned conmutati on pul se and a predeterm ned chopping signal to said
- 8- WD 96/ 28700

PCT/ JP96/ 00641 conbi n| ’9 rreans when no output is obtained from
sai d position det FaQE ing stage of said DC notor.
The starting sequencementxhobnﬁﬁaﬁsls furthegXeRpl8sné@Simrthe@gabycription

out putting again &}{l%hc LAl ian pg@grgggfo& t&QOBP%angs illus&%%gg{i% by,

after a specified erval en sal tec means
| ocki ng of said c‘ﬁf?pr%fssan'lmltlng examples, VaF@lPPﬁereﬁiﬁP‘élmanw ucsl ithe

of starti ngsseque{mnﬂabheﬁ&ﬁmj ng neans stores respectl ve
starting sequence pat{er ns+ ’Io)rﬁs"é GO/t ati ul se

choppi ng signal out put &4 sa‘?raa Slad ﬁdegggﬁ%ﬂc%aﬁgﬁt 81 SRELAGD ofan
starting euwpdénent paf tthe premix diuirhercof the preseptqisyention;

In the starting stageg;g, tif q4eai LFEAN '&e@%ﬁﬂém*@é %%fexﬁ’ax’shﬁ%b?gsxmlar

sequence pattern of a nininum output tor from anpng” sai d start
sequence teafier o, 2pR Anehades i ﬁcgf‘ﬁﬁﬁy & PPEF g tiedd Qﬁs?wed

means sel exds anaiirepostarting sequence pattern of an output torque

greater by one step t;@g ?ao%t puféf%\f]kguon gla{:tl QU ERGE BR 'SR ggg{\ 8 ine

m ni mum out put tor S res sequence ern to
said starting seqlrgn% Bémt rl1 neans. In the starting

stage, said starting ?Q@Ue:ﬂcﬁs @rmraei ViR3N%akén along neﬁnne@teﬂ i‘Qg.S@.l d
conbi ni ng neans by an gerﬁe.l ngcl WI tchlg a Yo

connects said commutaft %'?%r?éﬁne 3nér3{‘ P8 ks
to said co¥®ining rreaﬁégafi as t!h%e@l?mi tqnmdmsot of the premix burner of the
Advant ageously, giredBhteDivdiim;ature detecting neans is pI’OVI ded

for detecting an ambignt tenperature of said refrigeratjng IS
case, said torﬁb% i r#mé'é"m A8 nBah g’&’cﬁfba?@ﬁiﬁe %ﬂrb?&ﬁ 1?8rrp%f a[{h’lge
det ect ed by sai d recircul ataidn quitpe @fpdhat pn:eselatentverg;mans with a preset

reference anbient tenpgtatyrg.s an elevdffo eﬁ?ﬁfya%ﬁté%tl{@nsﬁﬂ”%n%xrd
pattern of_ a great outp t torque corres ondin
t

t enper at ur&® when $MReIWRERY RE ety P‘e P§“ﬁFgﬂ%ru}% RU¢SeRE aiRYRgtion;
stage. In the restartrig. 8t dgcantidlevayidiicpaptledd Bgcibantakencalsngndneer
-9-

starting 8-8 of Fig. 7; and
Fig. 9 is a plan view taken along line 9-9 of Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Referring particularly to Figs. 1-4, a premix burner 10
includes a freestanding burner tube 12 located in a well in
a furnace floor 14. Burner tube 12 includes an upstream end
16, a downstream end 18 and a2 venturi portion 19. Burner tip
20 is located at ééwastrea-neaé&%-aad-is-su—nrounded-by an

30 anpular tile 22. Gas™spud 24 is located at upstream end 16
and introduces fuel gas into burner tube 12. Fresh or ambient
air is introduced into primary air chamber 26 through
adjustable damper 28 to mix with the fuel gas at upstream end

“‘ﬁﬁ‘iiﬂ‘li’iilﬁili"li‘mn



. ) .
;%??Psg(%gg/@ﬂ” sequence pattern of an out put torﬂéuﬁ?légq:;@f’ by

one step, and outputs the resulting - - - sequence pattern to
said starting sequence control neans. Al ternatively,
a cool ertenperature detecting neans nmag be provided for detecting
a cooler tenperature. In this case, the torque increasing neans 5
conpares the cool er tenperature detected by said cool er terrperature
detecting ans with a_preset reference er at nd
selects a startllﬁg"g«}? é‘r?é’etuge 17, 85’3? TPHeh Ctg’r egf’e uf ﬁta?‘grtg‘tfé&
corr espondi ng t @irhecoyrsl et hwmrar &tip € Oahen t he cool er

Eermerature i s highey gmrahft t@ftagﬁ §&?4?£ 3td o R et 2ht gaeoﬁa@ggutrhe
orque |ncreaS| n sel ec (0] er. startin nce ern o an
out put fophito s A BoB, R at UTRARD TARTLE LM Rbeuftitase
sequence pmtter Fréesh sdixdenters secorstaa:ryt Ay chamiex a3 T diroeghnadjsstable
Again alternati \éﬁ‘!nyersaf:w Bhé Opé},fsee%ﬂtrhfi-o%%heg&é&gd f@?ﬂspdﬁ)é kg oPr@/féiﬁ;‘i& for

detecti ng an i nl et” pressure sai d ressor I's case, sai
t or que i ncreasi ﬁg"‘?ﬁ!’&ﬁ gdRpRPES ?q’\eli"h‘l’ ctheridunace F& ?EP@éIdBys%%ﬁ‘tﬁairm et
pressure 15 or sheigeat chgbtma'nm Vakdl o pdElRfie ridfesronygenpEeasLSExra tHiit

selects a starti P?ﬁ eéqﬁﬁ €as descnb Pt ﬁ’i&l@{s@i Ql£qh out put torque

correspondi ng to B eseure when 't pressure is
hi gher iMQhe start |ﬁ¥g°§@a§é'-° Fkereipeulate sfiuengast fg5en thee fﬂi@nqee to the

i ncreasing neanﬁrﬁfalxchnanehmseﬁ; aduictg segupRpespald,er M8 Ofext@n@UtfHén
t or que %reat egoby?gnge ggtﬁ g%out ?‘ol %?{gaégsyltg ng,sequence

pattern to sai d°
| n anot her for mepénimgs 1b¢ egént reﬁpentimly.a zmebnrrgeraplwm;&@ar aflme gas

conprises a corres@r.sai%naanéw Skaxhifld, %f-m bRy Qﬁlawﬁzr %§§uﬁ§h6pf§é§<13@tel y
equal a hessure o .an ifeé}ta %{1 g a _notor %&erat‘#

sai d conp‘rsessor“amfi 3 e aspirating, BRtr S5 RASSHng

rotate by a speweritved @owtion 0I9 rof abuonef ctuldd 12. a Ipethis emannery the
interval after ?I-ﬁ:fatr'ynglﬁ%é Egaeceaé rpld 'ﬁl&eﬁahﬂ PPifryPe49" Ehiifber 26,

to an internal ef,ature of said refri gerator.
- 10- @6/‘?8?6@‘” to the point of combustion. Therefore, the

PCT/ JP96/ 00641 oxygen concentration of tHen prfieasyhaedirhisddiredtprdlordewi ce
of the prgsent gﬁﬁc’ %@Eh@%f 2o ustion, tﬂ-ﬁ%&%@dsi%i}#&ﬁw& Rn@ E&fxﬁqsg&r oL Or

whi ch i ncl udes ressor. havi ng ntern redsure
appr oxi mat el y eﬁ%ﬁalastﬁ ’E?%nﬁr»eﬁﬂ\"élﬁ? Y0« PRASFAPNEN RS is in °°“td-'35t
conpressi ng secteé @n l1agaddmnad! edrnert heushedd Lt of PERGUSOR &R\VEING dn

rotor 5 ang uSkal ool dBR 35E"Yst R SOPLE U0 1388 L end B ine

control devi ce .cOnpr
of combustlon, rather than prior to the point of combustion.

25 Closing damper 28 restricts the amount of fresh air that
can be drawn into the primary air chamber and thereby provides
the vacuum necessary to draw flue gas from the furnace floor.

Unmixed low temperature ambient air, having entered
secondary air chamber 32 through dampers 34, and having passed

30 through air _ports 30 into the furnace, is also drawn through
pipes 36, 38 into the primary air chamber by the aspirating
effect of the filel gas passing through venturi portion 19. The
ambient air may be fresh air as discussed above. The mixing -
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a reverwggﬂdgy;t—;l on vol tage detector circuit for detecting aciptaéi B88o
Jposition of the rotor froma reverse induction voltage generat ed
at a stator w nding, an inverter for executing a comutating
operation based on an output of said réverse i nducti on voltage
detector circuit during a normal operation so as to operate the 10 DC
motor at a variable speed, and a rotational frequency setting circuit for
setting a rotational frequency of said DC notor to be |lower than a
comer ci al power frequency when the internal tenperature of the
refrigerator is stabilized. The control device may

fﬁrt herfc;)rr]rpri Se A thet Qm(:jién)ﬁ f&ﬁiﬁ?ish&lhi tthfeorflue as lctnbélfilitnge (Hbrrq:e&ﬁ%%irfai ed
pnase o e |1 nv pu | a. S val ag n a
e Cor e Tt ke A CAMEPHAL | PPod: R0 adth ¥Ipe88s [Ty and tPRaly
state to an opersbishgnsiasitly, iandeasesrthe tiifr of tbei pipes amd idionisngsan
output of the 9f this tWEOEuzfﬂé&' % S—le&ﬁ!:'é tnd ObmBsSRGF il ﬁg?ﬁ'ﬁaaaermwe'

Al ternatively, e control device rther* conprises a sfarti
commut ati oP pat tERFRERDEUTGAEET c’lﬁ‘f“?%rf efarat OPRISR S RV S ¥ ABd
commuta- 20 theopadidnitesectboncot| ehat fuxrgmae.DC notor within a short

L 2 Starting Vol hafeageousyy PoA SLBETIA brilrbStkbel . SHERIA gLl ¥

storing a specified Vo el d
a specified tor qnd @PEBW*@@VO@%I agbigent pigi shpwld be dra%elték}’PPﬁg an

output from sai g fxikaride Nga ¢ ormet aésﬂﬂe@aiﬁcgidi—taml og zwurecgak it ai®ient
starting age of, sai S R n

conmut atlié) r%ﬁ«?raé@e‘ve ngprcé?exg ora i’ ?q‘df/%r vary llrllgo’:‘”laﬁ?:‘gﬁfput
vol t age of sai d I6nvas tiey relation o ashnPlELSA aat | Fhaki 4R, sthel geamekat p6n
pattern accordi Rget @it Ngoptd PUincHfudiig! but not 1MRt3Q/ %%7Q.Qxe1r distance
PCT/ JP96/ 00641 startg g voIE_1 eu&fter? orin CI rc rt and a
comut ati on sel d&CBr Hoe (MFRET; fpoe, n tch @1{ thRgSize
oper ati on based odn thenoaiml poutsyt mdy t be reaxciet to obtaml n'duct desired
vol tage dgg ector, Eh&ﬁéﬂées""@&”fiﬂt)@ ggg p,g,g,r1 Y@t S@rting commutation

pattern storing FSrreurt Agai n
alternatively, the chnt¥aht Gé‘él ?:égﬁﬁ}nFuPPﬁErSEOﬁﬁr?%@éldfﬁl {n’the burner
i ncrease rate sqilenﬁmm&; eatih tfooraXdwe cingpect iiont @fotthacdelterdbrosfbyhe

I ncreasing the t gge d t a tor
:s star!teg and 5 regt a%&?’&ﬁgf \A%h e ﬂovﬁ%&l tdd(g:\éée’g ?Er fltaghﬁmépem ng
time interval aﬂ’@e?-he Thea UTRGT 0P LBVRORAY sPe °°"ered d@rﬁ‘l ai@gralnvenls

case, a figst l%&ﬁ@ﬁ&dﬁh@ 52 sanect edrahaiesini cbeawing t BAEIto 1@rovide
circuit is operat 'sﬁ‘?mo %gg ggcond I ncrease rate greater than the first
i ncrease rate P s F ®Y after the operation of said second tinmer
circuit is conpl et edin alternate embodiment ofApmemixtbvoher }hescohowpl in

device may furthgg, C?Wﬁe&%—inaliﬁbr Q‘etfle'ﬁﬁce numbers Ci it e0Ngkat 'p'&g'tgor a
speC|f|edt|rre|nerva arise time of

rotational f reqﬁ'@ﬁc’?fa’ébldérc}lfﬁre’&?? RV @a EPSCHQ“'EP? o‘?gtﬁd’(ﬁ?al i eqﬁgﬂcy
cl ose to 285 thht adfnmiPigi als,povisr thatjuetiiy dsatteflri xedployst iconlyl one

frequency. The rRLat&A%@ion pipe 56. For example, one 6 inch diameter pipe
may be used instead of two 4 inch pipes.

The recycle pipe 56 of Fig. 5, or the recycle pipes 36,

33 of Figs. 1-3, may b‘i Tetroritted into an existing preamix

30 burner. Refe;;ring to Fig. 6, an opening 58 is formed in

furnace floor 14, and an opening 60 is formed in a wall of

burner plenum 48. Pipe 56 is then inserted, so that its

respective ends extend into openings 58 and 60. Pipe 56 may
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frequen%gyoggﬁor circuit ignores the rotational frequency set by said

rot ati onal frequency setting circuit when said thi PET{VREHO0RI00cy; ¢
i s operating, and determ nes the fixed rotational frequency as an
output target of said inverter. Meanwhi l e, a starter
of the present invention is intended tgsstart a 20 brushl ess not or

having a rotor, and conprises an inverter for converting a DC

voltage into an AC voltage to drive the brushless notor, a reverse

i nducti on vol tage detector circuit for detecting a rotational
position of said rotor froma reverse induction voltage of said
brushl ess notor, and a connutator circuit for generating a waveform
froma signal of said reverse induction voltage detector 25 circuit to
drive said inver P&rSoVaTE s’l”ér’f‘éPlFEf?%éﬁ"rtdBHﬁrﬁ%eé“a whigh pay ke ceypri¢ or
outputting a wavéfbemblegqkieted to start said brushless notor, a first
gg?‘;g;ggry Flange 66 is attached to furnace flbo:lzca-sing plate XP,
PCT/ JP96/ 00641 2and flangegqPpie attached fter bygpputRienpy ¢8.a Speedi bred?z i me

i nterval aswavef pg rattasned &t one end tyoktagse ¥y anarﬁﬂmbtﬂerae}ﬁv@d at
whi ch sai d brushigéﬁarg}togr does swi tchin

circuit for sel ecting an ob?Phut® nf $ai ée?f R9 8t §g€§/°}lﬁ?c iy tlande 70

circuit when saiat fmssiendssambtter insudatiorcporttion 62| atttheg chepuepat oOf

sai d 5 star-mé\gsgu cyﬁs nd §4 nggyybgelﬂgg‘hggeagnguggutmagf sd'af dany
commut at or circuit, SQ, rate sald invert

The first conpulsé%’rfgf &&t Bﬁ?tc’f'?sc‘lﬁtta%g‘aﬁﬁrfﬁlm ad%waéeézcoﬂae or both
conpul sor ¥0out puseadi ibegist méprbeo el pni hated camibtbeoratyeld fdpe wayt Bgesad a
frequency at a I@q@edakov\@igg} %ggqngrﬂfﬁgs& rgg.tgﬁrg&e}%q’%o@ ate. In this

case, 10 a power ¢l osing  decision circult éci di ng t hat
a power is closed. e 9RS FHVYSHLRG EVFEen tQ%éif@c%eéﬁn‘éu#pmﬂﬁ)lfonsal d

second conmpul somayouapsd er capplied to atmes.pemtve mﬁl thurheds t hchan
sai d power closing, decLei®nif! EF‘:ié'st dﬁc'geinsih%t r1163rt.zé.(gmn,pll,:i)%ee 5\,\%‘%’&‘?’5

cl osed. tar't er fur th
circuit fb? decithmpgrsisindicaket He‘rkeorpms-t he Mofdreomasat keairsulation

stabilized fr o_mptatseagegﬂﬁl 70f1§af&ﬂeﬂvﬁ.h$&urnace £168£ULd 'é):'ili VO AR to
detector circui 'rihmgf:% %§ @\ge seco% og‘gul sor out

circuit stops the ou To%cfn E?CF P&ﬁeel‘f'&}i‘tfzﬁé@l des
that the alﬁo%@%pm‘t&t itbﬁ Primanblalir chamber from opening 8dhe The
starter may fur b&térﬁ@ﬂp@u&(!aaesﬂﬁpn%aEbHEéwﬂrc?%' tmdpr b%ta&&hggpd 2Qpiep 115

operatio en n this case e second c ul sor
out put c[br%mul t é?gﬁg pL‘f lgg PRe %v%f%’r’?ﬁ"\?oﬁeglgﬁfdbm%q'on Sdighgui t
deci des apﬁahthelmmmt 8gepnovistes scsesblte thevirgrerdairdo s annmdr

timer circuit hpsef@APSCIRE pilot 1idHUNY BYeRin? stPCCiTt! 84 LB 48" ¥al -
similar pilot lighting element may also be used in the
embodiments of Figs. 1 and 5.

25 Premix burners, according te the present invention may
be used under a wide range of operating conditions. An
example is described below with reference to Fig. 5.

Fuel gas at 190 lbi. /hr. is introduced into burner tube
12 from gas spud 24. Fresh air at 620 1lbs./hr. and 60°F.

30 flows through damper 28 into primary air chamber 26. Air at
2760 lbs./hr. and 60°F. flows through damper 34 into secondary
air chamber 32 and passes through air ports 30 at 2,400
lbs./hr. and 60°F. As a result, fuel and flue gas are
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Br |1 gf Neoaaggonen of the Draw ngs PCT/US91/08300

5 WD 96/ 28700

PCT/ JP96/ 00641 Fig. 1 is a schematic view of the
total construction of a refrigeratingii apparatus according to a
first enbodi nent of the present invention; Fig. 2is
a chart showing a starting sequence pattern A of the refrigerating
apparatus shown in Fig. 1; 5. Fig. 3 is a chart showing a
starting sequence pattern B of the refrigerating apparatus shown in
Fig. 1; provided at 1,55¢ips./hirs ang kO HonprhPurneratiPng®sedhence

pattern C of thair ports Jcefanaggriglel B§ apRaaidfigédoydch rtrEltg fllie gas at

el erat g agBdr tbednfior® AR H e SRR 3°6bRE B %48,
schematic vi ew dbstfhr i ;irgl dcanst m%mmm@fsé‘a tef regudthtimep flue gas and

apparatus 9f a pgdi ﬁi%f&'&te)ﬁﬁpms /hr. which contains 8. ﬂ% Lid i3 at
schematic view Qof the total ongtructl on of a refrigerating
i

appar at us accor d A5 thr #™MBAPPi 24ti on of the present invention: 15
Fig. 8 is a schenuntixs dissussetihebbweal thensoolitig et dfhea fileder igpasr dlyi khe

appar at us accor gi-gg t qram&wa;sé@%@ sak, 00 ofs ftehsfﬁft?é‘i@tzgle:fgfé@éé%bnss

Fig. 9isacircuit da a ref rlgerator control devi
to a second enb@BEnEeRY dtﬁé“ﬁrﬁéénﬁl wbehtths,concentration of O, in theg,

10 is a flpwchaebmpistiith oaefﬂt Worich! 16@eronthel fiade etehpefatdbe, ahd

Fig. 9; a graph showi ng the
characteristi cstgfreby ﬁegtulc\'?g kQ eJmJiés" ?’sm ency of a conpressor;

Fig. 11B is a graph didwugy the Bmmtl@rmqr%ﬁothaswmeenwn have been
refrigerating aleséédbed ihhCor¥BiRTSWith floor-fired hydrocarbon cracking
-14- V\Df96/ 28700 they m als o b
PCT/ JP96/ 0061 furmaces, they may alsq;Re ysed con hbe gidg Wphis pE suc
charact enlisst i csfofnace=elagt ilon foeghaces for carryimg rentatotheal Heasthismsyoaund
the torque of asgRiorserving as a synchronous

Thus, it can be seen that, by use of this invention, NO,
emissions may be reduced in a premix burner without the use
of fans or special burners. The flue gas recirculation system

20 of the invention can also easily be retrofitted to existing
premix burners.

Although the invention has been described with reference
to particular means, materials and embodiments, it is to be
understood that <the invention is not 1limited to the

25 particulars disclosed and extends to all equivalents within
the scope of the claims.
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MOt O 5 we 92/08927 Fig. 13 1s a graph show ng the GRarRfdotfdeSiq CS

of a lubricating ability 5 of a lubricating oil punp;
Fig. 14 is a block diagram of a brushless notor starter according to
a third enbodi mrent of the present invention; Fig. 15

is a flomchart of the operation of the fushless rmtorTléstSledtHasBeenReiIaced
I

showmn in Fig. 14; 10 Fig. 16 is a cir
reverse induction voltage detecting circuit;
0

Figs. 17A, 17B @apagusk7C are respectively waveform charts

phase, V-phase and W phase of the reverse induction voltage detecting
circuit shown in Fig. 16 in a stable operation stage; 15

Figs. 17D, 17E and 17F are respectively waveform charts of outputs

of a first filter chtcuy tprenixebontes ifdeobthiftthy Aédhced Mo deriddi®ns
circuit provided {:n f he rgverse I nduct i on vol tag(‘e g)ef‘ecti r})ge.ci rcuit
shown in Fig. 6 THe t FRRpahtr ©f Iuel,gas. tiidt RyE™ urner being
Figs. 17G 17Hmnaged7adineentspetivste| gpemingl dimm & htutmaas, caigutmreni®

of a second CYPReRt CnPtiLitd: @ third conparator circuit and a first
conpar at or circuit proyided in the reyerse induction voltage
detecting circuit showfdkh FRgburner tubg haviRg & AQwpstxenm: epd sarfe:
Figs. 18A, 18hhawifigldf apstreapeehnidvdor weafierimge heixt said fuel gaspoaition
detection signghsek eip Halng RULRUA Sh LRETMNRSEALET S6a BEUEHIQbuRLLA0C
25 detecting circult in &starfing stage;

- 15 - tupe diagen the first opening in the furnace, so that

PCT/ JP96/ 0064 ombustion of the fuel gas Fifes PlRcellk 28id Irmd:€ tip;
respectively waveformcharts, of_the uts of, .the first

ou il ter
circuit, the second filtdr ¢ RN CPER 2PRATER; ?é????’?%rt}ﬁ r4Rf YT ean end in
the starting $ifageid ngner tube, for introducingrifyel Igps dnjogsaph Hugner
explaining a pubek art brushless notor starting 5 met hod.
Det ai | ed Description of, t.he Fér feryed Enbodi_nents . .
Preferred enbodi ments df©t h&prEEhtOPHRARTAGT ™A PP 1 first end at
descri bed with se¢endkopeniagt hn thec dwraagengndirawiesynd end adjacent the

Fig. 1 is a schefPldf e WO alifehlridt st wgtion of a refrigerating 10
apparatus according to a first enbodi frent, of the present invention. In Fig.

1, a reference (MmeMSRnt FRAARAYING L2USodeF SERM P1d TWFerence

nuneral 2 denahesugh said passageway, in response to fuel gas and air
flowing through said burner tube from its upstream end towards

its downstream end, whereby the flue gas is mixed with air at
said upstream end of said burner tube prior to the point of
combustion of the fuel gas and air.
2. The premix burner according to claim 1, wherein said
means for drawing flue gas from said furnace comprises a
venturi portion in said burner tube.
3. The premix burner according to claim 1, comprising
a primary air chamber, wherein said at least one passageway
comprises a duct having a first end and a second end, said
" first end extending into a -second opening in the furnace, and
said second end extending into said primary air chamber.
4. The premix burner according to claim 2, comprising
a primary air chamber, comprising at least one adjustable
damper opening into said primary air chamber to restrict the

~ -
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ng Mhie BhebtiHas Beeh Replickd f or converting the AC he
.AC pome?@ﬂgg@z’?sour ! vol t age, wherein di odes E@r?ﬁrgh’gﬁ:*@
and capacitors 2e i _ f are connected to one anot her.
A reference nuneral enotes an I nvel83er circuit, wherein
sem conductor switches (transistors) 3a through 3f are connected in a
bri dge connection style, and diodes 3g through 31 are connected
inversely in parallel with respective transistors.
A reference rawsanal off ﬁmaarmztfmtmwrg Whtehsa bd didiwarryby i Anchadber,
out put of the j Ciyr.Cc 3a AT n alg13d t
conpr essor eandn\g% E%thto %’?’g‘éﬁ y%t %ggﬁc%ﬁo??rguﬁi %r:t%ge nl!}r?eral 6
denot es a posiurngge- detecting neans for detecting a rotational

position of a rotos, (rme b@mm tﬁfrnb'ireaccordlnq Eeapatm ¥ Qndrépn@adti ng a
rotational puls he r ot ati onal rotor may

be. det acred’ MEodeaRE Pat FUAFASRIAY: PORPTSTT b Fv P8 BREEr omoti ve | b
force) of the DC méto/The premix burner according to claim 3, wherein saidil6 -
VO 96/ 28700 guct is substantially L—-shaped.

PCT/ JP96/ 00641 A reference nuneral, 7 denotes a
comut ating neans Tor JOfc@remiy burner acgorging: 40 G1aiH e (FBx&B/Fut ate
t he senm condusicondingt hesid® tswadugieadt at at least éme onveriderfieiskcuit 3
from an out py t“t Qn&hga $Sdddd Q’P g%egk S0 Ay 6. A reference
nuneral 8 deno at1ona requency commandi ng means for 5
outputting a rot atPonz’ﬂhef Pﬁm@hwr@em@@%mt@qwg Tpcvherein said

][eference_ seﬁa nBHAEr &t Qaﬂﬁfith%l‘-t Fénlﬁob&t fbemal aheegieneyr d@érﬁfadtaenneanSG
or countlngt e tloa se.o t ItIO etectin ans
for a specifitSd3pBPFEHCTe® g Urnade and, ‘geggﬁg S8 RS Bl

A reference meadr akang dénsa& sedend and |Q)f s%qltd rF!}JQt'ea?rﬁs ¢gmectgd to

out putting asgqhydﬁ@y&@eg%qg gglga f4 £F eiifefueet, Wween the rotational
frequency he rotati onal fre enc o

neans 8 and the ac um e pr m‘?‘o?’é‘ﬁ’&ﬁalacrcf’@abﬁﬁcfr°d E&Pe mg‘
rotational fregpeisinglecatcleagt nonasalrsopehihg into thlehec;nmr:acl dexrwi t h
each other. a11gLerenesy %%éggaééeﬁ%ﬂg&aﬁh @%ﬂwsaaane&m ce,

and
generati ng neans generat| a wavef orm varyi ng on/ off ratlo at

a 15 spe&?’PFéﬂf\‘?’écﬁ%rP@y EEEBrHPTﬁ; ?%ldtl‘?é & Ftr QPFOPWISW to make

vari abl e the 10. rmtﬁtb@ﬂabff retieniyt ioig tak’neelibﬁ)sﬁi)hgrpﬁemx burner
A reference r’redra% 1]7% uégn%r'Lﬁ?s?&%a E?QdS%:teEﬁQ .):urner
conpri sed of osition etec I'ng nme&

rot at i onal 1nclu ing caudmapesorkilitti nhavinmhsas, dqﬁmséitfﬁénaleﬁdr cadnap
detecting neapstPeanléing,28 burrel t@pSHd ind GolBaBa d¥ thedaelnaserdith Shanal
generating mg nsan} burner tube where combustion of fuel gas takes place,
means for introducing fuel gas into the upstream end of said
burner tube in a primary air chamber, so that air is mixed
with the fuel gas in the primary air chamber prior to the
point of combustion:; said method comprising the step of
installing a passageway between the furnace and the primary
air chamber for drawing flue gas from the furnace through the
passageway in response to< fuel gas and air flowing towards
the downstream efid of said burner tube.

11. The method of retrofitting an existing premix burner

W



A'ref W $H pgYHE gupyer dihis Biee eplaced o ¢ | ng sequence control
for outputting a pr W@ nmut ati on pul se and a pr a‘gf@@%"es&"“

choppi ng a reason that no output can be obtained
fromthe position detectlng nmeans 6 in the starting stage of the DC
nmotor 4, and executing restarting fori425 out putting again the

conmut ation signal and the chopping signal after an el apse
- 17 - WD 96/ 28700
PCT/ JP96/ 006#dcording to cbéim bpecwhewslin ismid stepval ihetrld ingclsadét ecti ng

means 17 da?@h@agbeoﬂeoﬁgéggggjay comprxse%h?n% i hgS&E lréaszhgné e

detecting neans 17 d scussed l.a ference
nuneral s 14, befé’*&ﬁd ’1% Fé’?pe@tel PERpPRRY A chagber. sequence
pattern storing neangThé natisédirdfi rgtseqieting pat éxistivipragixtanned and

> start ng ASRSHYCEE e RA A, SR TRAR step Ok ST SN LLIRRAL VO Y

a starting sequence partern B and a
starting secﬂreaée%mﬁssageway C°BP6PSFﬁe1Qﬁ¥m¥MW|W pipe2 hetwveene

choppi ng si gl favhass tash fm@rrptrhaasryaasrnenamber sequence control
nmeans.

the start
pattern A the stdreTRg 18thod Soabrar sEFing ahcttiar aerEeatt B eiquence
pattern C, rasnewdingety claim 11, further comprisimgFagtacRing fdmkible
ref erence C@a@;@.h Ifedis ¥ eakh effa, pBrt#Bf of said atClefSPWUre [Pipe,

comut ati on seS required for oper t he sem conduct or,

swi tches 3a, aP"?b %&? %ga‘%én%nﬁaég Féé’ﬂ;ggt mears. tA BnhEZOFTtAndBEy Phtio i s
an ivheté.rati o of the chopping signal. The chopping duty ratio

i ncreases one stgp, e mefodB2 §E€Pofi‘t€fﬁ% Shdek Ui ddBrah & iesequence

pattern A the sfarting sequence e starting
sequence patdSEPRAENT oFY FhelkidPe, "”E’ﬁéebﬁt ﬁﬁ%dtmﬁl% tube inciygdegades one

step by onewdngpri portion, wherein theAdrabghgnee nwerghsl‘:‘rdﬁn&hes a

| ock detecti ng_f n ‘s t t | ocked
state when tﬁ% Fa? oér?\é?g% %ﬁeglé?/ orP f'#@%&g %egg s c25“"4 fg%tl e%ta gd by
the rotati orfdid Pﬁémﬁj@é‘wghgsﬁéén‘segt‘ml IMﬁOPhan a

predeterm ned rogg} | qaalméﬂﬁweecyeéeemttﬁaﬂh eﬁryhefgt Bréhin HuFneck
si gnal . reterk cghnurre enotes a tor

I ncreasi ng rré:é:ﬁgd%f’q fo claim 1"léeli’é'c'f' f s%’t%ﬂrleﬁbx ‘dﬁ%‘ﬁrcém g?ﬁ of the
smal | est oumeanst éﬁqUednhstMMaﬁtmg:tmg the smeyst o esbiegtaadrarting

sequence paldr@if dhtbhanuigiinadryr Giier t BRhnber 0t62pebvlie #Re vadl@msStep in
t he rGStartln,%SSt%gé and out uttlng the selected pattern to the starting

sequence come rfs? ii:)raw ue gas from the furnace. - 18 -
16. The method of retrofitting an existing premix burner

according to claim 11, comprising forming openings in the
floor of the furnace and in a wall of the primary air chamber,
and inserting one end of said at least one pipe in the opening
in said floor and the other end of said pipe in said wall.

17. The method of retrofitting an existing burner
according to claim 11, comprising wrapping said at least one
pipe with a ceramic fiber blanket.

18. A method for reducing NO, emissions in a premix
burner, said premix burner being located adjacent a first
opening in a furnace, said method comprising the steps of:
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WO' 96/ 83 99/08927 PCT/US91/08300

PCT/ JP96/ 00641 A reference nuneral 19 denotes a
“starting sequence operating section conprised of the starting
sequence control nmeans 13, starting sequence pattern storing neans

A 14, starting sequence pattern storitAg neans B 15, starting
sequence pattern storing neans C 16, | ock detecting neans 17, and torque

5 i ncreasi ng neans A 18. X A reference nuneral 20
denot es an operation rfede swkiohing fivedngas and aixf gt aopredeagined
starting sequepgeidg@ntrol neans 13 to a conbi ning neans 21 in the

starting stage, andc ectin he commytati.ng neans 7 and the chqppin

si gnal genergti ng mea 1f°t“3°%tslt}ré‘ngoﬁﬁ%i ﬁ‘belrrgﬁ'ﬁsaatzf ﬁf"?')é St R 8’?

started. 10down§iheamonﬁ|snng pregietedhineddiecatsond hader.

A reference nuneral & ?er@} 00 £ PERARS el R0rfQ0P I N sponse L he
i he cﬁﬁ% ng s.%l P K

comrut ati on pul se wit
reference nu rﬁPehzgac%rﬂﬂdesalé cﬂ%%eﬁ%‘aﬁﬁﬁ Baid eopstden graint,

the sem condgei®r thwe t ghesmBRiAdr ough Haiaf dilze almvgﬁtaerpfddéuéztmaed
according to

t put of |n a
A ref eronce MTRTR gsBEREY of pasd meiny, OF hmERRReR! ; once
nuneral 24 denotd9.a &belRethod rfeie madie ingnie,alendss o taasar diskr kger ati ng
af)cl etl ncl U?b?ﬁxﬂ he, cmmrt aySehia, dfﬁlﬁlﬁ@t%i%ﬂsﬁicﬁﬁie%n%gégﬁm G reuéd-
eration o e starti uence oper.ati ction
descri bed be?ﬁv‘w%t ﬁlf'e&ng"e"}ggb ef’l%’ f"l’ohg%é%y %‘%’ ﬁpl?t“’g Perrect
First, when ¢hehepfeelhtgas and iain ifd ovtiagt tmpughaseidiivestepi Sirawshéhe

oper ati on m)gleué\@afschw,g W%I%chonnects the starting sequence control
means 13to he comhi nj ng neans 21. Then, ,at, step the tor gue

i ncreasi ng means 2R+ The melhod, utr§dt“ﬁén§t§?xt FHQS§E‘E]‘EJ%rﬂ’:'é’°&'é’t1t“€r °A
stored in thelsimms,nFuseheenecenpaisbng p2Ssing Shmio henEarnaseldatie t he

_St"i‘gfi ng Seqﬂ%%g‘é;)gg{%%rm YoWers T tnb Eemperature of the flue

PCT/ JP96/ 0063as, and then dxaingssaddslpyeppksnperature Rl m@iana Watht arting
sequence pats£ia ﬂfuet hfassedd esdid predeteﬂmat lloeadién, to thereby

Then, at ste ctln ns 17 deci des whet her or not

t he conpr essgr‘§% I%%:’f%% 4&% Faw’f rlPl nagge achi eved, the
operation is conpl et ed. V\hen the conpressor 5 is | ocked, the program
fl ow proceeds to step S4.

“ﬁﬁ‘iii ﬁiilﬂfﬂ“li]‘iu

D mm -



At step\899zvdjw2170rque I ncreasi ng neans A 18 out puts the st gdr/M891/08300
sequence pattern B stored in the starting sequence pattern storing neans B

15 to the starting sequence contngk neans 13, so.that the _
conpressor 5 is operated 10 according to the start| n sequence pattern
of the output torque thag is greater by 'SShECtHasBeenR eplaced
Then, at 5, the | det ecti ng s 17 deC| des V\/net

t he conpréls%or 55 logged. W@n2@e notkal starting is acﬁmummmm m
operation 14 30s reted /mh conpressor 5 is | ocked

program f 1 ow prhgeed T,ep S6. At step S6,
the torque i ncriQash oljputs the starting sequence
pattern C stor [ S uence pattern storing neans C 16 to
the starting sayu AT n SO t'f-at t corrprgssor 5is

oper at ed g jt art| ng seqaefge pattern of the output
torque that is [reater by }20 f it her one step.

Then, at step , the I dckjdetecting nmeans 17 deci des whet her or not

t he conpressor is loc ed V\hen t normal starting is achieved, the
operation §° . W the conpressor 5 is |ocked, the
program fl ow pr ceed& sggqp S8. 25 At step S8,
there is provi vai ™ f §§ ri34g for a certain tine

interval (e.g., 10 Y —<Aand the programflow returns to step S1.
- 20 - WO 287D

PCT/ JP96/ 00641 16 Ther ef or e, Wnen the | ocked state of

t he conpressor g qt pdfat t 28 starti rP

restarted using th tter h&

that is greater by th real i pﬁ;

apparatus which rar PS |S f ?ai

6 shows a nodificatfgn rig4qr a

1, where a torque i —AEef's 27 anMa

det ecting means are p I'dedpgn pl ace ofN\ft

18. §8 e afrebteent t@np t

t he ambi ent 3J_ terrpe'@gure of a r&ri gdr

i ncreasi ng néans B 27 e-10 compar es e affbi

detected by the anbient2 t enperat urefld

starting stage with a preset ref erencd6

shown in Table 1, when the %i ent tenperat gr
th

sequence pattern of a great tput torque cqrr
tenperature is sel ected. @ e restarting §t

pattern of 50\
AY

é)
/@ 44/ \\7 /\48

L

24" (Y3 b
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15” tl'vmggm@pmtor que that is greater by further one steéeppcs/68beasssh

The sel ected pattern is outputted to the starting sequence control
means 13. 2/5 - 21 -
WD 96/ 28700

PCT/ JP96/ 00641 Table 1 Anbi ent tqgg%gature <
Starting sequence pattern A @S sel ect ed ee't aSB"enRe

[err] Anbient tenpera- Startjpyng sequence pattern B is s

ture [err] t2 ‘ﬂgml étmmma- Start

pattern Cis selected [ VVth the
above arrangenent ,—by—detect+n hef+-eqd torque of the DC notor in
the starting stagé basgd o he régrlge ng cycle anbient tenperature 10
and starting the rhncn'.'cordl thefg% rting sequence pattern
corresponding to f

failures can be fu
when the | oad torg
t enper at ur e.

refrigerating appd
cool er tenperaturq

romth&jiguuwn%_iLaW|ng
30 ha igle.rto en caused
Q:T?T‘fﬂe hi g anbl ent

. {7 shows anot her nodification of the
phere g torque increasing neans C 29 and a

HE)—-\ﬁ_v‘,@ﬁbare provided in place of the

torque i ncreasingi{nmeans A 18 of the reffri gerating apparatus shown in
Fig. 1. The cool er tenperature detecting neans 28
detects the tenperature g;?”—xﬁéﬁhe cool er 24, and the torque increasing
means C 29 conpares the coo 20 tenperature detected by the cool er
tenperature detecting nmeans 28 in the starting stage with the
preset reference anbient tenperature. As shown in Table 2, when t he

cooler tenperature is high, a starting sequence pattern of a great out put
t or que

4 3)0 8 20 /30
N/
NN N R
F N N N N
H _§ N t §
H IN /\ :
{ 19 ;
! |2 1
i 1/
’
| \\ NN
—
567 \ 32 34
] >
’ 26
_ Ty =
Fig-5 P P

P g,
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correspoﬁdjggogg)z-,t he tenperature is selected. In the restarting stage, the

starting - 22 - PCI/US91/Qg500
96/ 28700 3/5

PCT/ JP96/ 00641 sequence pattern of the output torque that is
greater by further one step is sel ected. ~ The selected pattern is
outputted to the starting sequence control neans 13. Tabl e 2

Cool er tenperature < Starting sequence pattern'fﬁiéﬁl&eﬁahB&hamecﬁ

Tl Tl [err] Cool er tenpera- Starti tern Bis
sel ected ture [err] T2
ure

nper a-
Starting sequence pattern Cis selected

Wth this arrangenent, by detecting the |oad torque of the DC notor

in the starting stage based on the cool er tenperature and starting the

not or according to the starting sequence pattern corresponding to
the | oad torque from the beginning, an initial pull-down (occurring
when the refrigerating operation is initially started) and the
possible failure in the startiﬁ@ stage wign the |load torque 15 is great
after defrosting the cq 24( or_t he | ifke can be further reduced.

Fig. 8 shows anotyter +odifi f 1 t}é refyigerating apparat us,

where a torque in ;easizngzﬁ ns i3l ;md,én, nl et pressure detecting neans
30 are prfevi déd.i’n ac f 4he/tqrgpe increasing means A 18 of the
refrigerating L7 Appaf[sk us fwn, nFig 1. 20 The
inlet pressure fetectf ng’ng S detects the inlet pressure of t he
conpressor 5, Il g thé torjgue i easi ng neans D 31 conpares the inlet
pressure detecf ' t o cting neans 30 in the starting
st age wWith a pres nl €fl ¥k essur e gshown in Table 3, when the
inlet pressure is?2 . - 23 -

WO 96/ 28700
rtﬁﬁg sequence pattern of a great

PCT/ JP96/ 00641 .

out put torque correspondi o tjhe pressure is selected. In the
restarting stage, the sta ng deduence pattern of the out put
torque that is greater by rthgp pne step is selected. The sel ected
pattern 6- )

SUBSTITUTE SHEET



is out put"%'&?z{‘@%?le starting sequence control neans 13. 5 Table 3

Inlet pressure < P1 Starting sequence pattern Ais selFE&1§91/08300
P1 [err] Inlet pressure [err] St art4i/rﬁg sequence pattern B is selected
P2 P2 < Inlet pressure Starting sequence pattern Cis
sel ected 10 9 Wth the above arrangenent,_by directly
detecting the | oad toPque of e or in the stargtgng stage
based on the inlet pregsure anc!% art ?'g tﬂe—!ng ~18 notor acBrding to
the starting sequence pat { | oad torque from
t he begi nning, the possib f f res rque i s great
can be further r (o¥-{0% cri bed above,
in the refrigerating appa e 5 I t of the
present invention, when t sk DS\ | ocked
state of the conpressor i ™ ge, |t \hCreasi ng nmeans
A imedi ately selects the eq te ut put torque
that is greater by one s angl o ty attern to the starting
sequence control neans, 20 hag tfe\ c ressygr can be speedily
restarted w thout repeati?qtl&e: rtifg fal INyres. Therefore, even
if the startingisinitial% 1 d t fp’z! INgad torque, the
notor can be i mredi ately resi\'t rgsul kfi n_a | iable refrigerating
apparatus which fails Iittle\i\n\ stfartfijn
24 - VO 96/28700 N
PCT/ JP96/ 00641 § ur tihye 0 torque i ncreasing
means B estimates the | oad N t opgug|ofl [\ h§ DCNgotor 4 in the starting
stage fromthe refrigergtnglQyo andr e nperature and sel ects
the starting sequence p er \cc { ad torque from
the beginning, thereby allo { PSR 86 to positively 5
start even if the load torque is g:g:at bedajlige\of t§ hi gh anbi ent
t enper at ur e. éah r t ﬂue i ncreasi ng neans C
estimates the | oad torque of~the notor in the starting stage by
the cool er tenperature and sel ects 88 the starting sequence pattern
corresponding to the | oad torque fromthe& begi nning, tdrereby
allowing a refrigerating apparatus to pogj ti,@l y st | ew atfthe initial
10 pul | -down (occurring when the refrigerlating operation is initially
started) or even when the |load torque is great after defrosting the
cooler or the I|ike. Furthernore, the torque increasing
means D directly detects the | oad torgue of the DC notor in the
starting stage basedl%y 3 i nl et pr égure starts t he notor
according to the ce patter icorrespondi ng to the | oad
Z ¢
¢ g
% *~2 VY —
2 e ; m* 8
2 J . Y
' %
B 484

N
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15 twwogeogor®m t he begi nning, thereby allowi ng a refriggs@fkig;ARBEF at us
to be subject to | ess startégg failures even when the | oad torque
S

is great. Fig. hows a circuit diagramof a control
device for a refrigerator adopted as a refrigerating apparatus
according to a second enbodi rent of the present invention. 20

In Fig. 9, a reference nuneral 41 denotes a conpressor, and a
ref erence nuneral 42 denotes a shell of the conpressor 41. A reference

nuner al 43 denotes a DC notor conprised of a rotor 43a and a stator
43b. The rotor 43a is provided with permanent nagnets arranged

t herearound (when, for exanpl e, the notor has four poles, poles of
N, S Nand S are arranged at every 90 25 degrees).

- 25 - WO 96/ 28480 oo 20 ?

PCT/ JP96/ 00641 A feference nuneral 44 denotes a shaft
which is fixed to t rnaled in a bearing 45.

Furt her, an eccentri esy 4 i ro| bel ow t he shaft 44,
and a lubricating oi i i er bel ow t he

eccentric section eference nuneral 47 denotes
a piston, which u | 1 ing notion inside a cylinder
48 to conpress a refriger . rotdting notion of the shaft 44 is
converted into the recipr ting ion t he piston 47 by the

(L |
eccentric section 44a. The c ressed refrigerant goes out of a discharge
pi pe 49 and is discharged in the shell 42 of the conpressor 41 from an

inlet pipe 10 50 through a cooling section (condenser, expander and
evaporator). A reference nuneral 51 denotes a
conmer ci al power source which —-s—f or exanple, a 100-V 60-Hz AC
power source in an ordinary .QﬂﬁQ ATA reference nuneral 52 denotes a
rectifier circuit for rectifying the comerci al power source 51. In
the present case, a voltage-doubling rectifier systemis 15 adopt ed,

where the 100 VAC is inputted and a 250 VDC is outputted.

A reference nuneral 53 denotes an inverter which is constructed by
connecting switching elenments in a 3-phase bridge connection style, and
oper at es to convert the DC output of the rectifier circuit 52 into
an out put of 3-phase arbitrary voltage and arbitrary frequency for
el ectric power supply to the DC 20 not or 43.

ref erence nuneral 54 denotes a reverse induction voltage detector

circuit which detects a relative rotational position of the rotor 43a from

a reverse 30 22 30

/J _—
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WIS 208
|nduct|on vol tage at the wi nding of the stator 43b of the DC notor 43. A

-reference nuneral 55 denotes a drive circui {Thi§ ¥ tehnd of f t he
switching 25 el enents of the inverter 53.

- 26 - WD 96/ 28700

PCT/ JP96/ 00641 r ef erence nuneral 56 denotes a
rotational frequency setting cirCU|t whi ch detects an interna
tenperature of the refrigerator (e.g., a tenperature in a
refrigeration chanber), sets an optinmumrotational frequency at that tine,
and FOUEPEAS REQIRQUEARSANYFOR KO, c REDECHIPNt IX i RARMIX BINEREY. A -
ref erence nuneral 5 57 denotes a starting circuit which transmts a
si gnal when the output of the rotational frequency setting circuit
56 is shifted froma stop state (the conmand rotational frequency

= 0 r/sec) to an operating state (e.g., the command rotational

frequency = 48acisrpuNpsoragHEonMeRNT®N hat the apparatus is in the

A reference nuneral 58 denotes a

operating staée. . .
comut ation s re%m%ﬁ%q% changes the manner of comrutation

(changes a 3-phas&hdst puventiomrits gelefed to an apparasnseandNetdegefeli ng on

the state at {b@lcilng™o, mmr grbhe; &swkt bOSneHL, Without altetiggdrive
circuit 55. Arefer .circujt

unger al , 59 .denaqf es t age sel ect.or
whi ch sets t hEF bk *C‘sa?tém LLS I Yroh Brechbafiess T Pk ildn e
t hat m&yrre emp'nbb)tafdalrianhigh tteaperbtage fainmces doP\ianlles efdd dt h
Modul at i on) z&rw d.s conbined with the output of the
comut ation s ?gé% cra‘li‘“%.’;[ éé n the drive circuit 55 so as to
turn on and o?f t%-é&ﬁ&éﬂhq%—e@%&ﬂmﬁﬂﬂe—ﬂmmm%
A reference nuner alar§Bussnitisgert oxiides,Citeuj tNOhcohpbusds/ridre 8ormed
output for a gpecifi t sign o} tarting . circuit 57.
A 20 r ef e?'gneérnggerﬂa é%gﬁ &&egrotgi?e%léxqr&?thgdgt b'i.\t ga h u&
transmts, tolimited to, nitphenaxideopngepnd&rogeni #eend% mupﬁeowmﬁ age

sel ector circybt exdssofbdnal 4 Ofesired goﬁ?' a6l | e SeeChbbpsa thaser and
turning on the hase atgmemfled voI the first tiner

circuit 60 i sPYARLPNEY et 9°vern’°e" a%gnﬁut put of the first
timer circuit 60 iEmrhetdsbmsk t=e tdme:mlz'aﬂﬁiqngd 28el orogasui tLighidAfuel t he
time counti ngb\?ltnetxjgemfa&r Slixd 4R £GlehCWikhbQ teanC PHIR! @4 Rmbustion to
starting signal Is transmtted to a starting commutation Rbttern storlng
circuit 62 atomize the fuel to enable more complete gombustion,

96/ 28700 combustion air is mixed with the fuel at the point of
PCT/ JP96/ 00641 ppustion.

Gas fired burners are classified as either raw gas or
premix, depending on the method used to combine the combustion
air and fuel. These burners differ in configuration, and in
the type of burner tip used.

Raw gas burners inject fuel directly into the combustion
air stream, and the mixing of fuel and air occurs
simultaneously with combustion.

Premix burners mix the fuel with some or all of the
combustion air prior to qgmbustion. Premixing is accomplished
by using the epergy of the fuel stream so that air flow is
generally proportional to fuel flow. Therefore, freguent
adjustment is not required and the achievement of desired
flame characteristics is facilitated.
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and a starting voltage pattern storing circuit 63 to start the operation.

I'n the present case, patterned comrutation signal and voltage
signal are transmtted .respectively to the comrutati on sel ector
circuit 58 and the voltage selector circuit 59, according to which
signals the inverter operates. 5 2 When the starting
pattern is conpleted, the conutation sel ector circuit 58 begins

to operate based on the out put fromthe reverse induction voltage
detector circuit 54, while the voltage selector circuit 59 begins to out put

a P OutRYLe DASAth OBrbREy OthHerL 018 Y@lhaOE adiafy) et elgoui T

64. |n_g e ‘equal to or
slightly hi gherackess amd refprmers) nHPlv&'t%@é B‘Pelt”nébdrlé\'i-&'o § Pradeceg

vol tage pattefdydtivesy. uhhieoeal heat distr@btegen in the t4ATY egs@samt a
rate set by an lncrease. rghe sel g‘gtor II‘CUI tmgg A

ref erence nuntfsitoBE RhotBess ERFTS mer EMPEEPt 38 cfon-luminogs, oits
an out put to pemmithingabibe metadeltepperatiresto d» fliﬂada-lé'pe@mﬂ-tedem me in

accordance W ad tie8d gmasér&ﬂe LPrenis SurhBesShast kgely  Gsdd Py At
this 15 tlrre., t he i ncreas sel ect or CII‘CUI 65 selects a first

i ncrease rat ARIPPAGSIIRR crac mg HIRGE FOBE 1PRBARABHd timer circuit 66,
and sel ects a secHMOCHELBON: &te arlat,eUast ePatent No. tHes29pdnat, i disolosée

second timer 'lrog%d enlﬁc $APRLLLAE d&gcﬁﬁeﬁrﬁﬁegﬁv%&es of remi)bere s

the setting o i ncrease rate < secqnd | ncrease r
A reference rﬁRFé’FﬁF B’Tdd%‘at‘@s‘ an |rﬁé?"€§s§°x aﬁ”élsédj"ﬁﬁ th&FrEEF?nt obs
whi ch has a fimeirporagdd Gedwdiinatind tisheentdiretiyonadly frefgrency e@hetéto DC

TOOr 43 Ehe gEEATR HAEnR Bt Rustian S oL e JING ko atalbagss dgy eotof

circuit 54 ant econ i 'ncrease ra ease
rate sel ectord@awemt tBS sexipgt of rseceendagy air withothespBldne cand

rotational fraqwamﬁgy fsdhrleS wbéled) Firmpecgds edd i FRciPd€IaAd . with the
A reference nurrer?% 68 denotes athird tinmer circuit which transmts 25

an out put to 58 * frequency selector circuit 69 for a specified
time in aamm@é: wilt.h H.8i nPatenthdée. thd WGosdBndddsclosestarting

circuit 57. AhiRi $uel burner, in which NO, emissions are reduced® by
WO 96/ 28700

PCT/ JP96/ 0064Pwering the flame tepRerature; ofaYeRtWiudRcy RMMSEIPPRiLuUit 69
sel ects not td@pcynpamge, upstreant afi anawikilereinjuckes etime nfibwyot he

[ equency 70 a0k o RELS, Be biilse (B Ui, sypply padspyfrprf duten®

The fixed rot%%“é)h'il n%méyrveces sht SHHOMAR] dshd ocairer aFathpofiese
frequency. e5:d ofAét €iel hpippedrmd inixedf thiee fkier daki WREhCEhEUPEiRSry S
conpl eted, t | og&% frequency obeys the command rotati onal
frequency of al frequency setting circuit 56.

A reference nurrerEﬂFRGl@%fen@t 8s HatembtiNonad.&¥odi8ncyigedpapaga heavy

liquid fuel burner, which mixes the fuel with steam prior to
combustion. The aspirating effect of the fuel and steam draws
hot furnace gases into a duct and into the burner block to aid
in heating the burner block and the fuel and steam passing
through a bore in the block. This arrangement is distlosed
as being effective to prevent coke deposits on the burner
block and also to prevent any dripping of the oil. Since the
flame temperature is raised, this arrangement would not aid
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circuit which transmts an out put when the conmand rotational frequency of

. the 10 rotational frequency setting circuit 56 is a specified
rotational frequency (rotational frequency | ower than the
comerci al power frequency). A reference nuneral 72 denotes a

fourth timer circuit which operates pased on the output of the rotational
frequency deciding circuit 71, and transmts an output for operating the

third tiner circuit 68 after conpleting tine counting for a
specified ting relRcing NO, em155lons q)er ation of the refrigerator control
devi ce of the above-descri’b nstruction wil| be described bel ow

First, operation SPNPREN Coﬁﬁesgﬁ?e’lﬁ g‘ﬁowﬁ PACEF Y5/ odifGyospRs a fluid
descri bed. fuel burner, which rediiels Nbp emissions dy shpplping 43flwd the
DC not or 43, t sl o or and
the shaft 44 JEZ cgarr% i‘a gg%rougﬂ ggggrﬁhﬁgggg]ﬁgy h“}bg"‘éh??n ;%%
fitting or prige® F?’?t?‘h‘@?usw shappexbysashpp¥eXed by the fixed

bearing 45 in slidapkee€it.acly. TsheP&Wlahb No. 4,004 875, discloses Belxw the
shaft 44 is ov ded the, ECCﬁL’ltI‘I c gﬁ 4_.%‘%1 ?4a that gt at.es

eccent ri cal | y'acB8FAfhy $B YRR of8 RELsRFt 247 ’“fhl%°°§'&?erﬁ”|d| c
rotation is rl@lrcub@mmwdt into the ewimprsddtonngonet | Ghet vegikeuldtedpi st on

472gec1 procatc%%gsg§ f&@i and air §¥! E8FREQ48nt D LHPLERR hNGef £Lid M ant .

PCT/ JP96/ 006Pf air. Furt her, below the eccentric section

44a of the shaft OBRPENBERmIRitedl., U.S. Patent i opisi7egiok| dpseqodds awhi ch

is inplenment g % a r | £ orce
%%rgégoawm ﬁ%ﬂ' o 241VaRk §8s burner dlgﬁc% et LhY&R! xé

in the present e I men ¥ eason

S
that it has @RASPYOBE Mecedhaad Bt A bFeemeh RIORSHY REXIRDEPRbYStion 2ix
The | ubri cat ish@oOthe PO AG gas FRafid pﬁb Ydécé Vbra €aldongust ko 58l ViRihrer

at the bottomof ,the s eII e ortion of the conpressor, and the
punp rP}\peF ’5??1% ee?% %BSI ?5%“ ortant |ubricating operation with

regard to sli d| ngGRIFFIN U v tRafianthiawed, 8k, Thhf tdistlasest e Heaayi ng
45. quid fuel bur%%‘ﬁ%xcﬁ'ﬂﬁ@.uﬁ% Eubéh&?h RS QbhwyBuEs! S

t aki ng advantage‘% entri fugal forceg he ro;atlon | t, has
the probl em PHaf® ‘és'l":tﬂﬂll&ﬁq S pHimayY air to hsptothe ipreming@iy
dependi ng on sitreanotatttmralfoeeqomplytely vaporize the fuel. On the ot her

hand. 3 3rpat nunbe! oBEEON 9% ORI Sl a1 en€ OB ONEIAALS

connerC|aIIy avai Tabl'e i n refrigerati
performance GAsERFES | fhoyge BEE] ab1§° delRFRFPRE Ve hée’s?hbe ?di &heir

refrigerati oentibetied O3y RyreabytBothéet®] ational frequency of the
conpressor t 1 an inverter. In these nmachi nes,
rotary or sc neral |y

An object of the present invention is to provide means

for retrofitting an existing premix burner to lower NO,
emissions, and thereby decrease air pollution and satisty
government standards. Retrofitting an existing premix burner
utilizing the present invention is estimated to cost
approximately $2,000 per burner. In comparison, replacing an
existing premix burner with a new low RO, premix burner would
cost approximately §3,000 Yo $10,TU0D Ppér burmer. Bacause 2
steam cracking furnace may have 50 burners, for example,
retrofitting the furnace utilizing the present invention would

nllti‘iﬂi’i‘i\iﬁfi‘ ||ﬁ“‘°“ e s
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enpl oyed. A main reason therefor is that the rotary

‘or scroll conpressors effect conpression by utilizing the rotating
nmotion as it is, and therefore, the refrigerat- 20 ing ability can be

varied within a wide range when its speed is variable. Another

reason is that the lubricating abllfty I's influenced | ess by the rotational

frequency because there is effected a differential pressure

| ubricating operation (effected ' limtedly in a high-pressure shel
type in which the shell has its internal pressure appr oxi mat el y
equal to the pressure of an exhaust gas). 25 However, . as
a result of analyzing a great anount of data for the pronoti on of
anal ysis, the present inventor paid attention to the foll owi ng, points.

- 30 - thergfyors/ pgesent considerable savings over replacing the

PCT/ JP96/ 00644rners of the Faghate, in each case of the rotary and scrol
conpressors, its gfficie rad € t I r tional
frequency. It hasgﬂ%S% g%%%%?égg%h uStlén(§¥:fhéi d%s gﬁgdg% ion in

ef ficiency i wigheeadceadnh}i, tenésaégm%é%ic’f:éaa tadinganteps firshepeninghe

motor itself ;at aarhavusdeand mcﬁudes a burner tube hbeial £dAmakyshs has
been further ﬁgdu ted, and_it_has consequent LZ di scgvered
nted on

Chat the phesooRd A8 HHRHEBARed™ o « A URER o fRats) Bob he| " has
been wel | kndewnstesan lend effr therauxneragube ladjkicegtf then Hitste@penhingpi st on
and the cyli qsleen%nfm OURECESMust IR trlh (68ENgL8 ﬁn@fai@%afce;ary
and Scro Ssors where the shell has a I nt er na
pressure, th@lﬁéFr?%é'%tbugagr tip- | eaks in a direction frominside the

fhelkl toht he insidegad spwbripr amaoadc?ajmeent the upstruh lefdr efotRe a
t t
eakage hea %gﬁ%%ﬁ?‘gi H;njéﬁnéél}g F#ﬂ%@é@ f&agl;}??w}&l Rl gas.

temperature a nare ron i - conpr éssi on
efficiency. inte the” burner tube. On AiFe alfer isanintredyged pie%e dfbeovered

that the | eakgger&imtéied dH the rfifrregerahle gaSAWﬁxgr agarec pregbnt he
herefore__a rat t.he Ieaka

rotational freque a e_heat
| oss due to tfi Pgﬁ%&ge%ff?aﬁéc Y P&gfgﬁﬁwagsx\aﬁcf)é’gsggdvﬁén nQ t he
conpressor hapeaingrain thef furracs iand absecond snd adjwceptatheompstieanguency,

resul ting ingedar§eugtd %!Jngre{._q‘_,bgl ency. Therefore,
the present inventor paid attention to rotational 20 frequency, contr ol
by a | ow pressur ek Sl 1935 n"ﬁhléﬁa‘f’he f§r?éﬂ I FRTPARE or nElTOUg gh the

pressure apppexsagéwdy, cquaesponshatoofuéehegashahditain Hhsyingy pewards
compressor. ke ?ownstréa!}? el%s%foihéhﬁui-ﬁ p‘é&ﬁéur r# éﬂép%lﬁg REsSsor,

the shell has a [ow I nt ssureée and er nal sure of
the shel |l isigl néXed iidy thRapirmt (q{tee,u,p(gtream end ﬁFeE%ﬁr}é‘rd‘fert ﬁébe

conpressi on ghashero HRCPISALOLL! dbnbudtlion &ff ither 80kl 0g8s | @ik ir, to
thereby reduce NO, emissions.

According to one aspect of the invention the flue gas is
drawn from the furnace into the passageway in response to fuel
gas flowing through a venturi portion in the burner tube.
The passageway includes a duct extending into a second opening
in the furnace at one end and into the primary air chamber at
the other end. A&t least one adjustable danper opens dnto the
primary air chamber from<the ambient to restrict the amount
of ambient air éntering into the primary air chamber, thereby
providing' a vacuum to draw flue gas from the furnace.

According to another aspect of the invention, the
passageway includes two ducts. Each duct may be substantially

T —-———
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25 in a direction frominside the conpression chanber to the inside of

‘the shell. - 31 - WO
96/ 28700

PCT/ JP96/ 00641 Al t hough the | eakage | eads to a reduction of a
volunetric efficiency, the onpression efficiency does not reduce
since there is no | eakage heat | oss. In order to
verify the above contents, an experinment was conducted by using a
reci procating conpressor as a |l ow pressure shell type conpressor. 5

Resul ts of tihwsheppé|iamhtfarthexhdneludesi ghex e ahilkidans at one or
ML oy At ARl WY SR alERPNontl (eBbREL9DE S LLPUENRY HIALEEhEL

istics of th npr esso Cliafact erl stics
of a t°r @Fa??ﬁﬂ%ﬁtqqf é’@@n@@rtteoa ‘Pél %3!? v@@”f#%:@é‘rﬁ’c;}‘-o( the é#etciency

at a rotational The premiiw ﬁfrtﬁerr &smwssaa%urmdsttoohe dagarhil e
Fig. 11 Bis cs .of a rotati.onal

a har act e
frequency t fHF g’ gt P%"’r’é?r’r’b%? aftrf%gfu%‘ialciety Mé.ent 21T pasFRfgEAtR i ng
ability at time foradcentirdugigibecytoledft rémecstisyas airegort, bend)is

In these fi % 1L@§dﬁf@rﬁtlga's%t bﬁé &fnc% e, TG AGRE 'tr(ﬁnp%%gp—[!g

are indi cate sol | I nes aracteristics e rotary
conpr essor ér”@ 935 fl°‘”i’}ﬂjl"3‘&‘t°é‘6hb§'r ﬂo‘?‘?%ﬂ |l i nes. The reciprocating
conpressor in thasother oisject g theb inveptésauie tbepholipe, awhetisod he

rotary conpr r hel |

Fi rsty thgprggsét) t\}‘gﬁ'ﬁ:m‘?eng %z‘rs]‘%\%ﬁ“? Skemup%Eﬁnﬁrl Imbe dg‘éf??co dto

In the rot arlgﬁde\éﬁpﬂ@ss%ﬁlsﬁir@%f fWhsreiay ﬁﬁgmﬁqm@htbvm%ﬁucmlwﬁ tee
rotational purner txhs@%wmg aSaém&?crz@@wMehh hhe ﬁth;?é% Q%akeﬂl@u the

tati | f th
igc?plr g(r:\:tl rgggenc&é’o"ewﬁll’lﬁu{@e&ﬂﬂ t}%%}ﬁgé?gpaneé@d ° |t§‘ﬁ E“’f’?ﬁ;ﬁ
ext ends apprmnblenuhei:q doabiusdritonl by fteh gat andrdlr frdogusepdrcei t hivela
range from %erﬁgf?éz%d%eh/ §ﬁ€oté\?&‘%s%r%%%k?ﬂé é?et*?é T EARAC ¥ f S at

and ar OE he rotat| onal enc
The rel ati vét PEFFRGRE FY3BBLFy tSP stt%allﬁ FFgm-x’-ﬁB'WYF |thge fuel gas

descri bed next thelprideery cat:.&r phaabafepﬁm:: tdecnelpgd gy *ifl egmdhstidy. varies
25 appr oxi rra&.géy?#h%eaa %h@hgaféﬂmpn of Jhe rotational frequency.

However, in oca FEE G tﬁ?e ‘refrigerating ability
vari es appr oxi migepyssageway lS 1nstalled between the furnace and@2the

WO 96/ 28700 primary air chamber. Flue as is drawn from the furnace
PCT/ JP96/ 00641 rot tl(inal fre uenc¥1£|n a range

Ly, a
from 30 r/se@rPEsRdhs gggfaggﬁ?y i’kefpoide ¢ gas'and it
towards the downstream end of the burner tube. Flue gas is

mixed with the air in the primary air charcrer, prior to the
point of combustion, so that NO, emissions are reduced.

Either one or two pipes may be installed between the
furnace and the primary air chamber. Flexible seals are
attached to each of the end portions cf the pipes, and to a
portion of the furnace.

According to another aspect of the invention, the burner
tube includes a venturi portion, and flue gas is drawn from
the furnace by the aspi¥fating effect of the fuel gas and air

© passing through the venturi portion. The amount of ambient
air drawn into the primary air chamber may be adjustably
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It '-peaks in its saturation state and reduces at a rotational frequency that

.I's not | ower than 60 r/sec. This is because the inlet valve of the
cyl i nder cannot sufficiently respond. 5 As a
result, it has been found that the rotational frequency control of
the reciprocating conpressor exhibites a very high efficiency though it has
a smal | variable rage of the refrigerating ability. The above
nmeans that a very good system can be provided for limted
applications. Therefore, it is proposed here to mount the

conpressor to_a refrigerator as,an.applicatiaqon.. 10 Any -
refrigerator ﬁ%%trdcﬁggyif’i RFO%PS orkhzfpsvpae%‘ﬁ‘nl SECEFSATY hy g3y flue gas
i nternal | oadfxewitde dupeackng on foods and the |ike. However, when the

load is sufbelend 180 @oRtRdr hBpeeti 81 Offley inQAHEISH, an&lgipasr ating
ability such that, |% ff‘” .cope wih only the entré of hgtat hr ough
the body and 3%f fi@FtAlled PYafgrRing aRentngs 1n Ehe, £190r, af; the, SUrnageem
even when t heandigien af wadili efi thre ofr ineery ef 1 geaabeng ad | ingertlimg onkes

smal | : end of at least Jﬂér %}HEE”@*\G.&\Q'& gﬂir@g i§1r QH&OH]&Sr Qq.;.&s%ggl d

el ectrical appl?lances, . the retrigerator 1s al ways operated on the
power t hroughethen ddyefrthepire in the |ppexiggeln athe tallef f e PiRebe
prﬁdUﬁed vv]bfe_nn@n&m@h_ savwm:p'dead@ahheaederamic fibe'EhBllleﬁJ@étﬁ. a system having
a higher efficien e : . . . nt resent case,

t he reciprocati ng%’%ﬁ?gsﬁec&s °§§IQ:Q& e"dwaeé’ttlﬁg is to Prod %&[:)tai \?«?thog

| ow pr essur e $weltedurisg ciapreasisionsoviey e | Prarixs bagparent Theopriendx

princi plte thatuddag ebf 16 ALY alagaBlAE at carsOVdeanliaki onal fﬁﬁf&&é)cxngt hteh
sane 1S rue : oJ ver conpressor naving a | ow_pressure 1nside e
shel | the method YncTulinY EOETSCEE ke, PRI tRE L9 S nd 3fEat
nunber of centm iaf pugtary?28ir chambes ;t haovad engreeabhgtior lofehbedfurl ghse
rotational fr e % ASm ¢

el %V%%G?§8§O%%%ug§§gn Yoint downstr.eam of the step of

PCT/ JP96/ 0064embining the |fygli €3¢ iaNf A4 ipaRfsaravingns bresgas L£xamethet ype
conpressors. fiiigaekolR, rédisdhse to fuelCyae mnmdt abe fhdkeihg Gdwaedsulhicati on

at alowrotati . cy . thernore,. thaugh
there is a rre?%%&%f’ Lﬁp%&'nghgﬁ%’%d&lﬁ%nﬁﬁﬁ gas m_lxeg%’h%f t{% g‘lﬁefﬂod
requi res a vdihe PIAPRIY ikl demberupriier, teatbenpoint ot comdpustippctease

and a reducedHeHebdbiédddde NDNCERINBNdL IS a very serious problemto

conpensate for th&hl u ;i‘g]?ti Ag abi Iaity, W 1 hd a scsherrr‘e gg cgnt éol e and

Next, operation of?EhBFF%Hd g%‘eé‘ld"f Yo HId RASEEnEoNBer fBEL198S

shown in Fig.ai whibupe zlesmtivheEld whelrebyf ¢henespivatbings efFeatd ofOthei g. 10

i's a fuel gas and air flowing through the venturi draws the flue
gas from the furnace. Ambient air, which is at a lower
temperature than the flue gas, passes into the furnace, and
then the lower temperature air, as well as the flue gas, are
both drawn to the primary air chamber from the furnace; as a

- result, the temperature of the drawn flue gas is lowered. The

ambient air may be fresh air having an ambient temperature,
although the temperature may be in the range between a
temperature c¢older than the ambient temperature and a
temperature slightly belqw the temperature of the flue gas in
the furnace.
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flowmchart indicative of the operation of the refrigerator control device
-according 10 to a second enbodi nent. The DC not or
43 is nowin its stop state. It is decided at step S 11 whet her or
not the set rotational frequency fromthe rotational frequency setting
circuit 56 is 0 r/sec. Wen the set rotational frequency is 0 r/sec, the
stop state of the DC notor 43 is maintained at step S12. 15

When the set rotational frequency beconmes other than 0 r/sec (e.g.,

40 r/sec), the program flow proceeds to step S1 3. At step S1 3, it is

deci ded t hat the operation is started in the starting circuit 57,

and a signal @éﬁgg&f%g Qp M prawzngki rst timer circuit to start t he
operation of A suppl enent ar

expl anation will BBeadB¥&nk&PB. 1En fyaitbesl exglpinegpin tgﬁt eﬁsew%’msm ess
nmotor) has a @m:ht Fonl alet aditingeferente (€o Ghe arki&h.hgehﬁflﬁi&tt):atlng, by for

detecting th | I ro de ed
envi ronnent |n é‘f RBS‘ lﬂﬁfﬁljr’f% reg‘tgu 5égts)f tkl%glfbge eX| St s such cggaﬁ

I nsi de of mventaoeow?ﬁ@gw there remains a problemin terns of .
reliability. Fig. 1 illustrates lah \éll%WaQioﬁhﬁa?%EENQn 3etRiBRUOfan
detecting the relatlvgt%omtlon of, é} hﬁ ot or % on a.reverse

i nduction vol ¥g8iRen i PRAS ioh PUrBes: © 'Be%rrfse invention;

34- WO 96F287QMR is a partial elevation of a premix burner similar
PCT/ JP96/ 0064], r d; Kk of
t he excel | ent cﬁa?act era Pgt ?ﬁgméysg%egggaﬁg%%rlm% a(;ﬁu,'[& ugtl.'*n%eedany
sensor. air ports. However, this method is a nethod of detecting
the reverse inducfFi@n 2 is an elsvdtiRgepagfiliytieisRiceion tdi@PaiiohyMine
detection ca _t e g&f c_t ed when the notor 5 I s stopped. Therefore,
in order to s Fu ‘mtor, there is widely used a nmet hod of

starting the DC rm!-%r Bsis %;ai@nmtﬁiseoralwq hWeineniBt-BalbfsFage.1:Thi s

nethod is a met hoﬁl?f £OPW §AEH Wilelt *bkBE men Q{e huaeel ¥igy B
specified and ecj.fie Is referred to

uency S v hi
as a starting seqﬁé?ltg."s s886nd S iheRE S ’c?&%“srn[etf chtrh@ase
t he rot ati ongtresestjuimogntafort;he DC notor 10 to a frequency at which the

reverse inductionﬁyel t gge ganage QE&@R% rg,atxlegg m se&tl%;,tlgg sguence

and then switch the operation to the nornal “oper
However , durllff(PFﬁ%l?)‘éi(‘?’b(P’d?e %%Wﬁﬁ@%eﬁ%\’eﬁt‘é‘%ere t he not or

i's Opera]p nﬁ as ardynchr dsougn rrgnet:atusne psi—alyomnoasebbeoﬁomr a’:mﬂ'#tﬂm
out put of t ter RO cainci de with_each. ot her
therefore, t reRoediasnt o IR prsbi ¥ nuBpdsy e \Ehd G ellt' 2pigRa1oH
Furthernore, afteFi®f Bedsi agy ekrvatviarcprugly oin isection takenepdeng dimbucti on
vol t age det eqd-igogs srials; th | evel of the reverse induction

Fig. 9 is a plan view taken along line 9-9 of Fig. 7.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring particularly to Figs. 1-4, a premix burner 10
includes a freestanding burner tube 12 located in a well in
a furnace floor 14. Burner tube 12 includes an upstream end
16, a downstream end 18 and a venturi portion 19. Burner tip
20 is located -at downstream -end 18 .and -is -surrocunded by an
annular tile 22. Gas™spud 24 is located at upstream end 16
and introduceé fuel gas into burner tube 12. Fresh or ambient
air is introduced into primary air chamber 26 through
adjustable damper 28 to mix with the fuel gas at upstream end

Thi .
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voltage is | ow when the rotational frequency is |low, neaning that the state
of operation i s unstable. In the case of the
rotary conpressor or the like, it is relatively easy 20 to adopt a DC
notor for the reason that a small starting torque is only required
structurally and no great torque is reguired because the conpressi ng work

I S not started imediately after the start of rotation.

However, in the case of the reciprocating conpressor, a relatively

great starting torque is required structurally, and also a great torque is
required 25 1é¢oeStharhet heulmom® esstompuririlon of the fuel gas and fresh

- 35 - Y@ %ed8400: burner tip 20. _ _
PCT/ JP96/ 00641 . _The suppl enent aéz explanatjon is as
above, and the expl AnBLRERLIFY |of air ports,df prigirake ptRsBRTORMT A Sn.

At step Sl14, thehoperal? amdopashdifiiough funesceiflagrt 160int sharfwrhace.
When the first &j sLr ol i 6Q at i b nb X R 0a 84 Iy 61
i s operated SH-JE?{ gtg ks%lé%é?l%? c%tn Qgggpaﬁg?hﬁ&?eléq{fgg nggbgmaeﬁﬁeﬁ(?trlenot
t he operation ofaRRexsf pf sand passes thrppghcsiagrd BT PErESNPPePeEhIWIR t he
\C/)@erat ihon I's cog@icdady ab.le mafd aédhonns& the ffulrnac%tezﬁ §i:5vi§er§&&ﬂ{d Ry
en the operation.,s _gonpleted the progr 0 roceeds .t.0 _step
si7. oo or staged” SBafyetion and’ s dHiuee ine oxvasn, Bpleee Rty .
Assumi ng that the flue gasj rprudescribradl snoBICHBLSMh®E BE.not or are U phase,

V-phase and Wphaseptbfder to recifcsPetd fA 108 ¥ak! 266n itheaRRh&Ee 4D &he
predeterm ned phase to flow a etic

urrent.. Then, . specified
field is gener aPE P ¥siddd t??éa’é?%ﬁ‘or AYshS R¥coPHPRT t:%"t ht® exten 8 c
field, the statopenddhsst@pdzi,nresppetively, dositheofiloor of the furnace to
The specified pQsiif; | reef t ;t.h Lt et
conpr essi ng sec?&gﬁ%? %f}'emgérrg%%]gé%?fﬁ%l}ﬁa;%t %‘ge%éﬁi%gn}%dggr%ti nfgﬁteogﬁﬁe.
I'n t he EAEBIBLNG hef I @XFFBLLYi AGLeENPr s AXavphEnTPReh RIRESHISiFt | on
ils Iocs\}qed at ht:ar\a) by the aBpiratiDnG, eFfecROSIf | flebeigag |paaiied athridwgh
pl ace ere the,pi n c lJaate, to [ 48 op
dead center), a\ﬁ%ttﬁkg 8?%%%8{53% t?%nb%lé?%w f2. I p%:’g?‘ggﬁgat%rﬁl ggae
where the pistoPriarryomerdd fleergas mrs maxes Lpoprinary 28r chamhaxy Rfer 48

(bottom dead cewi®h) is prior to the point ofFubhBestiéde rthoFesbia,drden in
the magnetic field is rotat, .and

therefore, it i%xyalggf 8??%%"&%%‘?& g‘(fe ke PF&?S%PF%?nSECAH‘%“OQHWEi %61
until the rotortheoppint gifyconbpstiom, rtdpmedyt slavipgadunelihei aembustiilen,
first timer cirgdd hs60.rdd8t¢ +8a88ing Qo | BREsEfENs 2 R §8ainiSortqQidlr ed
for the to a ligquid fuel burner, such as that of FERGUSON et al., in
which the combustion air is mixed with the fuel at the point
of combustion, rather than prior to the point of combustion.
Closing damper 28 restricts the amount of fresh air that
can be drawn into the primary air chamber and thereby provides
the vacuum necessary to draw flue gas from the furnace floor.
Unmixed low temperature ambient air, having entered
secondary air chamber 32 through dampers 34, and having passed
- through air _ports 30 into the furnace, is also drawn through
pipes 36, 38 into the primary air chamber by the aspirating
effect of the filel gas passing through venturi portion 19. The
ambient air may be fresh air as discussed above. The mixing
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25 danped oscillation of the rotor 43a to conpletely stop.
- 36 - WD 96/ 28700
PCT/ JP96/ 00641 When the rotor 43a stops at a
specified position and the operation of the first tinmer ci rcuit 60
I's conpleted, then a starting sequence is started so that
rotating nagnetic field is generate® fromthe specifi ecT Gseetmﬂmeénlwljﬁ

he

the rotor fixing circuit 61 (step S17). 5
starting comutation pattern storing circuit 62 stores
for successively swtching the swtching elenents of the 1nve
Further, the starting voltage pattern storing circuit 63 stores an
opti mum vol tage for yielding an out put according to the out put

frequency of tpeih%t ?h&k@l’gﬁ Ca‘i’P“lJ% %eoatt Heé Q;Sats Ioaers Hg'e iﬁmpera The

manner of dec di ng 0{) tern preparator n Wi ng
commut ati on pef tdenhat ofliueggasr EdicwWipg %EO?% RiRgst Pg V8| ?’a%et’p%ﬁ%héf n

storing ci rcL&ﬁbs,@%nw&éihb%de&arseaedneei OFe Wb £ hu{e.efpapeacenmaﬁ@.as hise Fi Q.

12 S ap acterls cs Q o] fre guency
and the tor gt SRif ree Pusnes’ Ut SEaien by andestok e oghoRE RO Tr ot

The char act erdémsdckdsg sfizmacen Faying 2fjeoigashéenprratune abgue WHeR ' F 1in a
speci fied rotgtd ankalf:{ %&EBX ngtﬁes?ﬁ’fhié &d voltage are outputted from

t he i nvert haracteristics are obtalned when the DC
notor is operat edAd"antage%E?X's?nE‘H?‘BﬂBﬁs°ﬁUTEPrW”‘FFr§ ¥Ynoett Elue gas
pattern is deimy mmdxiﬁmiyﬁeso% ambiefbamdet ashomfticde drawn through

As descri bed €ap Ome? n € r 0
Great tor que SEFoiin P8y 1 agsd relt BropSLPLane be"eLEo BETSRE amitort)
state of the air may bespghievaf §arq9§ﬁ§er|g1mm andfex slesd 95f o priras on,

:Ee operati Omddsageﬂvlﬂeqldfkenb@o ant- portsMsiogheghd® J.Lshetﬂﬁeé&%m@tﬂdo%iedbfn
e reverse induction volta ec | 0, Si ast . as_possi bl e.
It is preferrgtf dTskP Fgﬁ' %écg‘b%}'%gl gﬂ hi?%eq u?%aébﬁl’i h%"stap

rotor. 25 from the burner tukwe,orther mmbsnro@tfhlayrtpontshearm:ﬁcﬁcsmm such

a short tinme, dnene ajr potkl! NHaff v 9GREEEECGJ O5HMEIDEEREESadSPUL ant .
When t he generat ed torq é) - 37
m;ggpggl;%es of flue gas and ambient air.

PCT / JP96/ 00641 A sight taxd YigHtinigheobE B0t ds goecided imttHe. burner
o ast PhehliE 9ENChALPrd LGy inspectin |OP GHLAne LA LaIue 1o

gener at ed to a' snpot h acce rrequen
results in alg;mgghgﬁgem“,ur@d to provide access for llghtmg of the

burner. The burner plenum may be covered with mineral wool

soundproofing 52 and wire mesh screening 54 to provide
insulation therefor.

An alternate embodiment of premix burner 10 is shown in
Fig. 5, wherein like reference numbers indicate like parts.
The main difference between the embodiment of Figs. 1-4, and
that of Fig. 5, is that the latter employs only one
recirculation pipe 56. For example, one 6 inch diameter pipe
may be used instead of two 4 inch pipes.

The recycle pipe 56 of Fig. 5, or the recycle pipes 36,
38 of Figs. 1-3, may be retrotitted imto an existing premix
burner. Referring to Fig. 6, an opening 58 is formed in
furnace floor 14, and an opening 60 is formed in a wall of
burner plenum 48. Pipe 56 is then inserted, so that its
respective ends extend into openings 58 and 60. Pipe 56 may
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Therefore, for the achi evement of the smooth starting, there is a 5
.met hod of neasuring the characteristics as shown in Fig. 12 and setting a

pattern, which will be described bel ow. A generated torque T1 of
the DC notor is set to a value that is about ten percent higher than
a required starting torque. The vol t age and %h?s%hge?ﬁﬁtﬂ laced

frequency are patterned according t¥the torque. I n
Fig. 12, the pattern was set as follows. After perform““ﬂﬂli{
turn at a rotational frequency F1 and a voltage V1, a

rot ati onal frequency F2 and a voltage V2 and a half turn at a
rotational frequency F3 and a voltage V3, the operation is swtched
to the operation based on the reverse i nducti on voltage detection

signal . That bé&,cdvesedtiy inBglseipwe poatiions 08y 6dedwhith may be ceramded a

hal f turn. 15. At step S18, it is decided whether or not a
iber blankets. ) . :

pattern outpuf operation ) I s conpl eted. When the operation is not

conpl et ed, the opdilamgenéefistatitaghedi §o furnace [fdgent edsinghanlatigess,

Oltoerf_tion i s &g&ﬂg&_ﬁ:ﬁ% 78 99@4{@;&% %&%&ngzﬁi&g@&w.eg Seal bag lf{ om t he
starting commptation pattern storin rcui a starting Vol tage
pattern storihy titASed 8% e @0 éa%jtl?ﬂ?f §Gcare 3 ,&?}é’%ﬁrg‘f’gﬁ?)n

sel ector circimgulazdon p&ftiand é2he Sehlaley sl dst ettacheditto ¥ anfheT®af ter,

the program f QRaedsnd %o i 12t $58Ppatt3on 62 at t At step
S19, the out pétf?\%cﬂgarthe'corr’rrrutcatllncg)’hl ge?ecf%r C|°rncw2ta58 }lles other end'swi t ched

from the operTH% ofethabPadis’deecht eFB¥utEd Bhexikdes2idt Bey Raffnehit #Bh

pattern storisgtebleuheabrdsidthatopatarian. t oADseedRiyedoly bhevseyer se
I nduction 25 vQl t ag tec <Cl i B I.S_operation, the
notor is put s|'3na1| g g%o’r%%’gl%e eﬁ‘i&;%%%gr%??étr? es%ae%gcfgp%f%a %3& 8;? f)%%]lDtC I on
det ection or #elsed ke) floor casing plate 68 or burner plenum 48. - 38 -

WO 96/ 28700 The flue gas recycling sgstem of the present invention -
PCT/ JP96/ 00641 ied £ Then ra"t sg&g %0, t he opgratlons of
the second tifAf BfPRuiRe BPRALEd to 2 &k dRF, NP nBRINSE ¢ SUCReR%r e
started. At stlgms$2ate@hdni lRigsasel s ade a6 e2f owherein likei redetefiGe
selects the IundlersNCeARALLA PLANIpRIRARSTT IS A agRs FLiHRATLEEGET Vi NG

it, the voltage ag uster circuit 64 gradually increaSes the voltage and the
rotational Passa ewaeaﬁe:h%ygormed in furnace floor 14 ARndt extepds tq g
deci ded whet harimarynair tdranbeer agi oso ofhdtheflvecgad is mixed wiktAefreésH cuit

66 i s conpl et ' of| i 1sl) ] t] :Qperat i
of step Sor ot abaeh L HIPhEahAEY it TARSLE 0 JiiniCRY. the (),
proceeds to S&HTrRR3 syrfacep ©P3 Passageqayecal®e made Be| sotamped reith 65

sel ects the iHdulatisecend WHicheaa® bat & aBdahicdnsiHdrs p1Baxsae, s aqst upon
receiving it, 'fgh? volia uster circuit 64 9radualtj Ivm{_xglecrreases

the vol tage & HPTURLPPER &4 Pfgﬁg‘g%%ﬁccess © the interior o

plenum 86 for pilot lighting element 88. It is noted that a
similar pilot 1lighting element may also be used in the
embodiments of Figs. 1 and 5.

Premix burners, according to the present invention may
be used under a wide range of operating conditions. an
example is described below with reference to Fig. 5.

Fuel gas at 190 lbs./hr. is introduced into burner tube
12 from gas spud 24. Fresh air at 620 lbs./hr. and 60°F.
flows through damper 28 into primary air chamber 26. Air at
2760 1lbs./hr. and 60°F. flows through damper 34 into secondary
air chamber 32 and passes through air ports 30 at 2,400
lbs./hr. and 60°F. As a result, fuel and flue gas are
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The first increase rate and the second increase rate will be described
-bel ow. The output of the reverse induction voltage detector circuit 54 is

unst abl e when the rotational frequency is |low, and a great torque
is applied fromthe initial 15 starting stage in the reciprocating
conpressor as described herei nbefong. Therefore, the increase rate:
shoul d be determ ned so that the notor operation passes the region

in which the rotational frequency is | ow as fast as possible.

However, when the voltage is increased too rapidly, the output of

t he reverse induction voltage detector circuit 54 does not sufficiently
follow the 20rovidedodt dg850akbsifhs. ekl A8’ Fexall byrhar ot & @9-.ouhend

stop of the Mf,0horts 30 and NS & are rﬁt&r@l&hals%%ﬂ BYa€0FPLANGSE Nt bot h
the factors is tq%és%ond i pcre

the other hamf® Tor2B e?a??%nfl sa‘égpﬁﬁaﬁ'?/m uRLT BIRES AR at 360
after the opertat./om. i srswidohednticomirikeS§t att i neswayuenee flardgas aah be
considered 2y nikBgke 1€ 140 ALNHANURALCHOCBAREL EHED W4 d.0afll s at
excessively great starting torque in starti’ng s@quen

| ncr easi ng t Ko 0281 Fagdh RiRe Hi%gh i ncrease rate in such a case

- 39 - V\DAQGEZS&E&ed above, the cooling of the flue gas by the
PCT/ JP96/ 0064, '

cCQ |ed a r I ncrease of
current, and %’:r?épe?ﬁ émctrﬁlxgelssé%/er 19¥%Ia:¥ %BS ecy PREI a
fatal failur d‘mthcnslemrﬂg& @fast Iqielmezsmhﬁgcenmma;tlon of O,ahn the
demagnet i zat léaa\bgétwﬁ QLN RSt 10kekBe Bfe MPh e tdnpdatidde) ra%%“t

Ther ef or e, %mease ratge is set just after effecting the
swi t chi ng, a ‘-’FP Ysr% 55 A% ERLESIP1otor is surely rotating wit h| n the
operating Altheugt thiee premdmdburnerscof cthis Ghvethlipnwhane tisemot or

is surely rOtoaet;_fEQbe&'ﬁ cpn ?ctx&‘?%ﬁtﬁ (}ao!o% ?Wr&& n%gql%sa&-ggapsgf%%nq[ h

i ncrease rate Irst 1 ncrease .
the second i fA¥@asesysathey may also be used on Yectside walds 4 sudghe

rotati onal frﬁmeasy €| Bet Airtddedli forb Taxatydays outOothet heehtke6hs or
rot ati onal teuﬁggn&{ 70 regardl ess of the command rotational frequency
0

of the rotati reguency setting circuit 56, and therefore, the voltage
adj ust er Theguilit @anckecseen thator & wmsel ofr thmriawaxrbdtmol Ngp as

to make it CQRfigEibA® ﬁ&e be reducedd X§f & gﬂlﬁnﬁhrBE?qU%ﬁMuzothe use
Since the rotational rgg&qaglc control is perforned g/ vol .t age

control in tKE B ROF NEES -adfRR e BRE 7% iEA‘“&BF'&PHSSﬁf?m
current-timeof the invemtidrorsn falegpieresiliyr e dekrodiptiéd otot BrisElMmry Se

i nducti on voi?tr? A6t Sy, circuit 54 and adjusts the voltage so as
to make it c ormtothe vol t age. Next, at step S25,
it is deci ded whedheiough &be %h@%’b’e?ratr}a@nbéﬁnt described withi raferenge

circuit 68 i toCpaptoielhr \taihd, haaltisrdalei aadi embsd0ReRtd ) Nk idets be
understood that the invention is not 1limited to the
particulars disclosed and extends to all equivalents within
the scope of the claims.
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20 operation of step S24 is repeated. Wien the operation is conpleted,

t he program fl ow proceeds to step S26. At step S26, upon receiving
an operation conpletion signal of the third timer circuit 68, the
rotational frequency selector circuit 69 setects the conmmand

In the present case, a fixed rotational frequency 73

rotational frequency of the rotational frequency set A Reol 56
and transnmits the sane to the vol tagé2adjuster circui I@Zﬂ iﬁ' eplaced
rotational frequency close to the rotational frequenc

CLAS? |

operation atf - 40 - -
WD 96/ 28700 '

PCT/ JP96/ 00641 comerci al power frequency. The reason for this
will be described with reference to Fig. 13. Fi 13 is a graph
showi ng t he char akt e PFeERdXopusngr for °bta¥’abﬁ‘qc’é‘qufij?dg5‘i°k|%‘§/1%ﬁ ionge

| ubri gatl ng igi :trﬂumbmb_ustlog lof fuel gas, |§ai&ﬁnpbemll‘.:eumﬂrhb&t ,bedingh
regard to the i cati | i nverter ot
used, the i flaa%') 1-Taon’% %e%\?gﬁgng’ét aratg"{zirﬁ%cebecsaaulse premQ

ri se of thebmnatlmrlfsrmuency |s very fast. Wien an inverter is used

the initial legricat bQPné§ shswv HSGﬁHéeat hpwhnist@eaRC @M, S aplgow even
at the sane.r currtent ne

e
Furt her nor ehat'ku’égl Br P?&FFﬁ@“aBPTI tfy?rh&?%lé'l"&ﬁl f? MY afpeti gas. 16
dependi ng omuther rtdipabedngl mémr&y&mytmmtm& elndi ofit sabd ddrnearnp 1S a

centri fugal erngfor he '-t' u c w arate
of 40 r/g t%gpadﬁtggeﬁé t% éfrstl}ndoéﬂ{atﬂfhéhl uHrel 2%‘%%& abi %Igt ;'%Iatts | f

di sappears m@h‘-’ﬂﬂé”‘r é’cfe b@@céﬁﬁ% gas takesgplacecat ﬁﬁbldt’h‘ér’éﬁlr td®inot reach
t he upper nost portlor(b) a gas spud located adjatént ctie uppdwrkdmhahaFi g. 13

shows the cP)gr aaotdeg{,§}. f%p Vt\;]k‘soducrgl.%t Q{x%is & "igt%dsgf.d%%%h er s

rotational frequency. or
perfornmed atubpe rate of 60 r/sec and the rotational frequency is

lowered to the rate qle 30a|t/ aesstt&eé Qia'ss'h@é‘}la?shhb@n?’pﬂefm 4 aikon by
t he operation o rf ace tension, of

Ther ef or e, %§ﬁ°?%°ﬁﬁpépgl §"s sgnare 1 13 f@d:q!\%eﬁﬂgnﬁﬁji%er& thg 20
the rate of upStrdseendn dtheasdardrmeyr siudgs, ankde | ubricating ability can be

assured even (dh tB%aﬁybféﬂ%ln@’*fiﬁ‘éegagp%@ﬁ'Qé‘;é gf&nac@t the

rate of 30 r/sec). he I nCrease rate adjuster circuit
67 wat ches thEOWhsaid pPR&SagaY ngin reSP°“§EqG€ncfé‘elrre‘i§%|ré§ adEne
i nterval frabokiey shabhughosd iebacheevaibntrol ite upstream eAd adwands

frequency equgladReklE GODTR! Gl AN, ERUISHEY (ARIUIRT L0 DRSGe 25

r/ sec here), ust I NCrease rate ‘so &'t e Yt er val
falls Salw %Hﬁtr?eént iend joft spid| burner | sukqorrieestasthempint ofe time

interval incohRbedtioRCof the fuel gas and air. -41 -
2. The premix burner according to claim 1, wherein said
means for drawing flue gas from said furnace comprises a
venturi portion in said burner tube.
3. The premix burner according to claim 1, comprising
a primary air chamber, wherein said at least one passageway
comprises a duct having a first end and a second end, said
first end extending into a -secon_d opening in the furnace, and
said second end extending into said primary air chamber.
4. The premix burner according to claim 2, comprising
a primary air chamber, comprising at least one adjustable
damper opening into said primary air chamber to restrict the
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WD 96/ 28700

PCT/ JP96/ 00641 oil reaches the upperm)s rtlon at t he
comerci al power frequency of 60 Hz in “S Been Replaced
Because the oil reaches the uppernost Hﬁl‘tlon Wi t hin t ummL
interval that is two tines as |long as t etlrremterval to
the 5 comerci al power frequency, the time period of a sliding notion
in a state in which no lubrication is effected doubles that of

the current one. However, , . _because tge tor 0 erages at a | ow
rotational fr¥tRIEHCYLi ARPRENS AL é“BBE’r’a‘iiH‘gm said prim
refrigerator,asndetiemthye noy pro»tiurenimglmmnctmfdrawmfbmrpgessoromtsle¢f

i s reduced haﬂ A, eventually, the distance of the sliding notion is

sane, meani ng that the state of abrasion_is suppressed to, the
sanme | evel as t hat 5of Th@ premix burner aﬁ:ppgﬁhagtto claim 3, wherein said

][\Iext at st epalvc8217ea§tL ohe ﬁsgssi@éiﬁmeidm@meésnwlotae s€id rdiic&lvd\h onal ]
requency is |ower t ecifie ngy en_t he, set
rotational rpé' ﬁ' “’I'%e% %é?ﬁg %lsi%egf YRS S48 a?f%nal
f requency, th@-lozqoe:satSiubﬁtehti#ﬂelY L-SIIBPed fourth t| mer circuit 72 is
fst0|0|oed at_st]ep SZ&thl nm?ﬁn i’-«?ﬁixfﬂ@ﬁﬁbﬁ P@c;c&%dl{x'@ agd OBBhim 3 furthe».t-
requency is | ower a e. speci fjed rotationa quency, e.0 ion
of the inciaingodienipiherent FHans 75 AE ORI EOE B SPep SoEet
In the presenéndase, skiid speond ieadl roft shiidndhcts equency neans a

rotational frequengy ahalalikNGuiir bEALERINAN IhkedSy SRR Flda 13

s very I e rotationa guency 1S
exanpl e, 30 rseadc means at said first end of s tducéEt 1§teﬁ§’r83’9“n?—?t+%n

deci ded whet heg @rﬁdlﬂizgﬁhaﬁoﬁﬁéﬁthﬁﬂaéﬁ iMe said duct, andf SerBihi s®iq
circuit 72 is_camlete en .t he operati,on,i s t t

operation is e 1 Ed raé:mss S§f R Bd Pﬁesaggrgtglggﬁ %s%ghng g?d to
third said dumtnendcsawunrza@msan@s@hamarat step S31, and t he

opirzatlon i's rep\e/\la)tged f’fl?én PESPix burrer accox¥ing to claim 1, further
PCT/ JP96/ 0064°1°mprlsmg 2 %east one aix, opeping,: 1Pty nERe f FUENRFRY E0F whi ch
the |ubricatiaileatingi &yrito \ter' passed therdthwoughe ihtbrsaid i furnasegomtd nued

to the upper NGl OLEORoage dGafk] %@oagg;a SENEEast one paddigbfals the

surface tension even e rotational freguency I's |overe r the
oil is elevated t 3% heAuBpERoR L FOHEPSHLEERG IR r e XD BASELXgPBFNehe
like 5 OiYf U S fuinack Owor zfémideoma;f éniieséndmy ,Caddaiy prémpuinpudfiennd

the refriger a'ntcl%%ﬁpgak oPuf tl:t.]xgel,' Ifl%V'lEQSLg)phOQQSLngth%E\d a%*& tgﬁ oil,

there may occdt
upstream end, a burner t1p being mounted on the downstream end

of said burner tube where combustion of fuel gas takes place,
means for introducing fuel gas into the upstream end of said
burner tube in a primary air chamber, so that air is mixed
with the fuel gas in the primary air chamber prior to the
point of combustion; said method conmprising the step of
installing a passageway between the furnace and the primary
air chamber for drawing'flue gas from the furnace through the
passageway in response to< fuel gas and air flowing towards
the downstream efid of said burner tube.

11. The method of retrofitting an existing premix burner

I | -
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tion. In this case, the lubrication to the uppernost

portion will be achieved again if there is the lubricatin Replaced
ability. However, because of the absence of such 10 Thig Y
ability, the oil does not reach the uppernost portion. Th |\

such a low rotational frequency contiyyues for a specified
| ubrication is to be assured by increasing again the rotational
frequency to the fixed rotational frequency.

As descri bedcabedtng acs ¥ 1biing 110Q WA reaeoRd jabesh n@nt i dtdilenglsaid
present invention, the co%essor 41 includes a z.ell thﬁv' ng an internal -
pressure At 1east GpS BASRAGEHE Y. GORPT 13T HASFALLNY & i eARE THhEPREI on gas
and a DC notetwdsn fdye furnace agdi Vhegeyimamorpresbamgesecti on of the

conpressor 41, why | erhben&d 8l FOMSEI €10ng an existindCpFfONiY §o2Abr41
i ncl udes a reverse inductiaqn vol tag:; dﬁt ectqQr circuit b4 f

ar. . ,
det ecting t REPEEHRT orfaICifdT i%n “OrTEAS S3t8r S5%R oF PMEBeiRGt 2143 from
the 20 a®VEéfst bndysdssagewalyt agepives diradadl indawst pipes betdeay, an

i nverter 53 r e orging €, £9 [N operation based on the
out put of tﬁégrg\l/%r}ascee PRAUC |oﬁ} ahP ™o ageerdet ector circuit 54 during

the normal operat}onThe Bethasd gfcreferfieting an existing: premiX Purheyari abl e
tsEeed,ta{ld aclr:e%-@iﬂg)rtaﬂ cflh?ﬁuﬁm9&ﬁﬂ)?éflg:z?;{ﬁltiihg5§t{:&éhir?g fflexiﬁﬂ?ét i ?ﬁ :
e rotational,frequency.,o not of . a.Lo on reguency tha
25" Cie | oRgPUPE PN Hmarh: S JOErL Y b shch etk e SiRe
tenperatureaofi also attabkinefsaidrseating means|toed. pokthon hefabbee
arrangenent g by Lot ating the - 43
WO 96/ 28700

PCT/ JP96/ 00641 14- The neihodeof retmofitting,qp &ust iRFPr M PNEBRRal
t enper at ur e aetotding efa i ¢friat X0, swherein satdalbdrnzed tubecdnsldéesbhe
reduction i PPt | 2chl i h ek
i nfluenced %ﬁggﬁilga age ’he%{%gls?e?. e. ,kgﬁy V\ﬂ)fnt gﬁﬁ"n 23 FB’E e?gi ci ency
even at a | SWrpRtaitiDEALTse Rl aspirating effect of the|fugdr Fafe,
there may banfraint dgadsdingothrothgii Sgidiventdriopotkeion. I ssuing a
command to turn WA . | pverg.er. . Lng
a specified vol t%‘e%\/\ﬁgﬁ%s .é{%gogpi:?‘%ﬁreé)%ﬁ%ﬁx% gxs#ll%té‘g'%f sg%“@ﬁtgggﬁ‘%% state
to the accopdpimamttionglsint &4 byin Hehioh saisharenivoberrer sorprigesi rcui t
56, and a f b&ﬁi}nstfé?radjustablyclfé?s’gliz_ti@ﬁrffortﬂmla&fo&h!ﬂl RF R8ieHtpHirof the
rotor fixi ng ¢l rcw% 6%' for_a sg%mf.l ed 0, %I e mtgrvgk. Wth this
arr angenent SFEWR IPERi FPEJ PFRHEREY . S eSPRPRTy bR PEPvide the Vagyum; i og
time intervakcessdme tsf drawnflseages t frém xthdhLurokoe.in a specified
posi tion, 16 50rhOHe iR BR! PSe LR 051 SLAINYG StakiLuiham an
i dentical position, t ereebtt;{a. ena ﬁrﬁtﬁe%%né ét ar t’?né’.

according to claim 11, comprising forming openings in the

floor of the furnace and in a wall of the primary air chamber,

and inserting one end of said at least one pipe in the opening

in said floor and the other end of said pipe in said wall.

17. The method of retrofitting an existing burner
according to claim 11, comprising wrapping said at least one
pipe with a ceramic fiber blanket.
18. A method for reducing NO, emissions in a premix
burner, said premix burner being located adjacent a first
opening in a furnace, said method comprising the steps of:

—_—
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Qhérwi se, there may be provided a starting comutation pattern
storing circuit 62 for storing a specified comut at i TR SRR} & Bl

accel erate the DC notor 43 in a short tinme, a
pattern storing circuit 63 for storing a spec "ﬂ%ﬂﬂ;m pattern
to allow the DC notor 43 to yield a gpecified torque, tation
selector circuit 58 for selecting the output fromthe starting voltage
pattern storing circuit 63 in the starting stage of the DC notor 43 and
making the 20 '”VFJ)te o%xR%éoEHLit SURULAL 2g é)gﬁre%te't% ifeyol tage
selector circuit 59 fo e out put volt of the iInverter
i n synchroni f&FFbﬂ“wth the commutation pattern accordl ng to the
out put of the starti nga)vobbﬁgespﬂxﬁnj@a{h&tfoléh.nghsiartcui tofidistion peintind a
commut ati on P o operation to the
conmut at i on qtsnoaseg}on t e%%cl)?wg?eég{: %% %%a?;gggr sse'ﬂl{ nduction vol t age

det ect or circuld) 5$r@vﬁén9tﬁbueu§mtfrﬁm the SevenagendnyaesRgBSPattern

storing ci row tru@3 GS8s and alrcemabshgdtowsichs t4d &9 AmdSERBAL polityi el di ng

n h
?44()[” put base Ofggt Z%Srgluxmg with said air at said predetermined

PCT/ JP96/ 00G4tation upstredmonfpatierpoimd dheombhstienpattern preset so
that the notor cag, rofpd ‘?ne'tﬁoa gBer Eedﬁcmg NO téﬂ?s!%rlse a%'c%&ﬁ A9 fo

specified torque to start the npto arffing In

can be achi &1@d®t}f + ¥B5TELIRERKG @cﬁfé’r’r@? §tep h’é‘cé-ﬁd&Fnﬁa?ﬂrl%thleanﬁ’e
initial gas ancstaaitnle throwghch vaethid) iviniriebp the rnﬁpﬁfaftd@tgedfﬁédaus ]
i nproving t i . may be
provi ded anm%n(@?éeafggirg é/an a§fo¥l%‘f3f% ttm:cmgn sal gﬁlﬁj sé é’f:stléﬁlg t he
rate of accdl&pagiofusp f‘:ﬁér £asnaget he output voltage of the

inverter 53 afteiothemacmmhea farl gedhaine o, aeﬁ?Q@ﬂﬂxst keRbraihgUts 66
operati ng

1 g%hem time interval, % g{;‘ tF]e startlng{]
operation i § Eb’Perraete u a‘hompnsmg RATSARE s APFSt EN8FREPRTC i #EMi t 65
for selecti hgvihe & itenpearatneesdowere tbant hbe stramperb@ure ofctbeeflte on when
the second Tg'agerarﬁi "thint aB8wh g 0@@&@1&9&3'{% 58%59&*&'&1@%& faendlth

i ncrease rate of t he great accel eration after ation of "the second
tinmer said flue §2age e SGF éi%?fe“\ﬁ"f"l’f"?ﬂl §°SPF%1‘?fg'errE‘Pltt ByeR¥ki ng
sl ower the iloeeesad® temperaturétefithd hraagceliaeagaon stage after the
starting, a stable operation free from step- out can be obtai ned.
Subsequently, by making faster the increase rate, an 15 i ncreased

| ubricating speed can be achieved to inprove the reliability. In the
present case, by providing an increase rate adjuster circuit 67 for

adj usting the second increase rate so that the tine interval for
the rotational frequency of the DC nmotor to increase up to the
commerci al power frequency falls within a specified tine interval
at the increase rate selected by the increase rate selector 20 circuit

65, the sane frequency of the sliding notion in the state in which no
lubrication is effected as in the prior art can be obtained by adjusting
t he increase

Hllllll MIH Hl Hlll 1| - S
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rate so that the rotational frequency increases to the rotational frequency
‘equal to the comercial power frequency within the specified tine

i nterval, thereby inmproving the reliability. 25

Furthernore, there may be provided a third tinmer circuit 68

operating for a specified tinme interval in the starting stage of the DC

not or 43, - 45 - WO

96/ 28700 - 16 -

PCT/ JP96/ 00641 and a rotational frequency selector circuit 69 for
determning the rotati I ) i frqulr{c oarfﬁjtg th commer ci al power

frequency as a fi ¥c=SEFoRs 5 7y t he command
rotational frequency of the rot @R cy setting circuit
56 when the third timer circuit 68 is operating, and setting the fixed 5
rotational frequency 70 as the output target of the inverter. Wth this

arrange- ment, by operati ABSTRAG®Htor at the fixed rotationa
frequency for a specified tine interval in the starting stage, the
shortage of lubricating oil particularly at a | ow rot ati onal

frequency i sAcwerhad:and PRanatove foxerpduring| NOy endgsipnsfremeprentxe

may be furthghrReew 8¢draciebaliheialy kiaaugasy detiidi §8s Cis Cabdwd 1ebom
ti onal, frequency of _the ti gnal

deciding 10 hat the onnagd rofa r.ot
frequency setPen§UEPALS Fﬁrwg a 8%-’? OF Rineq ﬂéﬁ't ry?@'sﬁéci ?Fg Y obB®i onal
frequency, aadpiarhedngh difeat of cfhél 7gdas and conbrstiiiong adrenpabeing

rotational frequ y deci di Lreuit ecldes, 1 t

rotational f §%ﬁ§§§yai§%k§%ggv§9ﬁ%gﬁFs%é??aﬁgeﬁeﬁ??g%§ gﬁ%?tf%%)fheThe
oper ati on of £lue gasthbxehiwilth igumbudtinn taias imhenprinavpeairi ohanberhe
fourth tinmer (gir Ccyi 1 &gggq I el t he
fixed rotati é%lg_l' ???aq%%%%?/ ?%fboz?b_spem rgtﬁddi&'ﬁ%ene?ign%bﬁﬁtgggggfﬁg %ft he
| ow rot ati on2k i &dseROPLBSHLPRURLT § Jrhick Jawera flapgetemperaturp apdy| |

Accordi ngly, thegébl edlbed"NO)teRisbitiiscalThE Olhwi adSHeéLdoYEOLNGEN
an unforeseen accident such gs Ig tqu Of gas occurs to iﬂ%q$ oi | _shortage
2t the SYSERRREY BeohethoRded (RS inrendE burpars bFy.
20 may be inEogpotdtied dnbhewk ldwalyoarbufnexsefrigerator contro
devi ce according to a third enbodi nent of the present invention,
show ng particularly a brushl ess motor starter. In Fig. 14, no
description EEPURBe2pnde for conponents similar-to t hose shown in
Fig. 9. In Fig. 14, a reference nuneral 76 denotes a
comutator circuit for 25 deci di ng which one of the elenents of the
inverter 53 is to be turned on based on the output of the reverse
i nduction voltage detector circuit 54 when the brushl ess

- 46 - WD 96/ 28700
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notor 43 is normally operating. A reference nuneral 57 denotes a starting
circuit whi ch starts the rotation by operating the brushl ess
notor 43 as a synchronous . notor fromthe tinme when the inverter
circuit 3 is stopped to the tinme when the operation of the reverse
i nduction voltage detector circuit 54 is enabled. A 5 reference
nunmeral 78 denotes a first conpul sory output circuit which generates an

out put of a frequency and a voltage at which the brushl ess notor 43 does

not rotate, in only an operating tine t1. A reference nuneral 80
denotes a power closing decision circuit which decides the tine
when the commer ci al source 51 is initially closed. A
referenc umer al 81 e ote?cp ?F npulsory out put 10 circuit

whi ch ge eniées n 0&8 e J;y and a vol tage at which the

brushl ess not/r en the power closing decision circuit
80 is closed. A reference nuneral 82 _
denotes a dec >| C whi ch deci des the output of the reverse

i nducti on vol QRg ui nd conpul sory
out put circui N 88 ierdl Nt sNbut put, dradthgadly 1 deci di ng
whet her or nott+h ers bbn vol tage etector circuit 54 is

stabilized. Uppn decidingfthat thefjcircuit is stabilized, it stops the
out put of thej sgcond co | sory output circuit 81. A reference
nuneral 83 depptes a secgnd timer circuit which has two types of
timers of t2 ;1d t3gt |2) andfpperates to conti nuousl y out put
t he out put of 4 he secygd qggpulso tput circuit 81 20 regardl ess of
t he out put of H&Aeci gi ' i en the tine is shorter than t2,
and stop the outp of [t npul sory output circuit 81 regardl ess
of the outfjut aqf tgi y ncircuit 82 when the tine is not
shorter than t3. r nmeral 84 denotes_ _a switching circuit
whi ch sel ects 24p5Pddetar ned gne e opi@Qut s ofg he com‘ruté;éor
circuit 76, start it 84co ? SO put 22 i
and second conpul $diy Utl i it 81, And,4Q30s lth ?pl@ te %?
to the drive circ 52 "N J’ 4 -
VO 96/ 28700 90 N R %S [
PCT/ JP96/ 00641 v Cpeay | &Y oR s] ndjlo
starter constr ed as Ae @6 | e fps iy ey d jg.h e ence
to Figs. %é 5. Fig. gf isaflo a sShqwnp tThe o a n of
t he brushl ot or stal? of the d t of t helipmesent
i nvention. It is assu t hel cqnmmerLzal { HoWer
source 51 is nom/turnéa of . 3¥$e h onmengci al fpo SOUHCd| 51 i s
turned on (i.e., when the power is Clieped), t gWéﬁzclo n
decision circuit 80 decidegg;hal t he powerf}i d anpd 77
“ 38
| 50\ Q 24 16 a
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starts the counting of the second tiner circuit 83 at step $S41.
Then, at step S42, the second conpul sory output circuit 81 outputs 10 a
second conmpul sory out put waveformto operate the inverter 53 via the

swi t chi ng circuit 84 and the drive circuit 55, and applies the
out put’ to the brushl ess notor 43. In this stage, the output |evel
is set to the voltage and frequency at which the not or does not

rotate, and therefore the brushl ess fotor 43 does not rotate.
Then, at step S43, it is decided whether or not the count value of the 15
second tiner circuit 83 is not smaller than t2. Wien the count value is

smal | er than t2, th8Goperation of step S42 is continued. That is,
t he second conpul sory out put waveform conti nues to be outputted.
When the count value is n R | er than t2, the programfl ow
proceeds to step $S44. / LL3O At step S44, the second

conpul sory out pup—ei+cuit-8lijconrtHrues to 20 out put the second

conpul sory out pu Then, at step S45, the
decision circuit t he signal fromthe

reverse inductio
signal is stable
t he sign
25

val ue of the

Cuit 54 i . e
ceedgQ o }Fel) g Inq,ontrast, when
ogram f["OW proceeds (o step $46.

ils deci ded whet her or not the count

cuit 83 is not smaller than t3. \When

t he count val ue I . - 48 -
WD 96/ 28700 30

PCT/ JP96/ 00641 than t3, the operation of step S44 is conti nued.
That is, the second conpul{soly— 38 out put waveform continues to be
outputted. In contrast, whert the count value is not smaller than
t3, the program fl ow proceeds to step $S47. At step
S47, the output of the second conpul sory output circuit 81 5 IS

stopped, and the programflow proceeds to step S48. The above processing
operation is executed only in the initial tinme when the power is closed.
At step S48, it is decided whether or not the currently set rotational
frequency is zero. In the present case, the rotational frequency is
commanded by detecting a v@@ety of states (e, gn, tenperature,
pressure and so forth), andyjgqlO tt)erefol@, 20 descrfiption is made

therefor in this specification. Wenfthe se ot ati onal frequency
is zero, the notor operati i t diép t he
operation of step S48 is coniNNledhy W tiNgnal frequency is
not zero, the progr oNNpr 5 Q
Next, at step S50, the count o] h Sk 11 rc@it is started, 15
and a first conpul sory outpu )} Wl H-pt j¥fy1the first
conpul sory output circ t,yé at step S{1 Ef opegate the inverter 53
via the switching circuit .84 j R -1 g
M . /
o
I ~H/% ]
{ _/A\ \
f
4N N\
I 32 [} N34
4 \ ] onn— §
Tl 26 1NN
~ 28
- SN D N
Fig- 5 a Dot B
24 L
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and the drive circuit 55, and the output is applied to the brushl ess notor

43. In this stage, the output level is set to the voltage and
frequency at which the notor does not rotate, and therefore, the
brushl ess notor 43 does not rotate. 20 Next, at step S52,
it is decided whether or not the count value of a first tiner

circuit 79 is not smaller than tl. Wen3the count value is smaller than
t1l, the operation of step S51 is continued. That is, the first conpul sory
out put wavef orm conti nues to be outputted. In contrast, when the
count value is not " smaller than t1, the program fl ow proceeds to
step S53. 25 Then, at step S53, a starting waveformis
outputted fromthe starting circuit 57 to operate the inverter 53
via the switching circuit 84 and the drive

- 49 - WD 96/ 28700

PCT/ JP96/ 00641 circuit 55, and the output is applied to the
brushl ess nmotor 43. In the present case, the operation is started
using the brushless notor 43 as a synchronous nmotor. That is, the
brushl ess nmotor 43 is started according to the nethod of | ow

frequency synchronous startirmbéfw firstly putting the notor into a
synchronous 5 operation at | ow rot d&i onal frequency and thereafter
successi vel y acceterati-ng-the L —r@tatignal frequency.

Next, at step S54 gL rP'uHe}B%yéh ess notor 43 is continued

by switching to thg signgl t évdbantato; circuit 76, which signa
depends on - the eutpHt offithe’ reglerse} i nduction vol tage detector
circuit 54. In [ Unt , . tHe gotor has been already driven as
or Lﬁe// e rotational frequency can be
adj ust ed subsefiuent! vy by, 4ad ilhg thé vél tlage. Next ,
at step S55, azmftatbandtrFT S o operation is execut ed.
In this case, the voltag dj uste gas to conformto the
rotational freque F\at step S56, it is decided whether or
not the 15 set” To u is zero. When the set rotationa

frequency is not zero, pe ion of step S55 is continued. In
contrast, when the set requency is zero, the program
flow proceeds to step S48 regedt the operation again.

A nore detail ed descriptig |mﬁ|| e made below. Fig. 16 is a circuit

di agram of the rever s®8Adudti o ol tage detector circuit 54. 20

In Fig. 16, a reference n gral denotes a first _filter circuit which
is basically fornmed of a ¢ fjmar flilter conpriseo Jresistor and a
capacitor, and it g f§nputrfiys conz cte9 oN he U-phsgﬁ of the
brushl ess notor 43. Referdqnge n r al gnd;@?’ ote
respectively a second filtjeff ci it and i rfdN 1Yt en circuit,
and their inputs are conng he \//phas n yvpggseGHD t he

P AR ST SR AR SR 4 S 4
~
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brushl ess notor 43,
WO 96/ 28700

first combining circuit 93 which
filter circuit 91 with an output of the third filter

respectively.

A reference nuneral

93 denotes a

conbi nes an out put of the second

circuit 92 by

means of resistors R 11 and R12 (a cdnbining ratio is RL 1/R12). A

ref erence nuneral 94 denotes a first conmparator circuit which conpares an
out put 5 of t irst filter cirCU|t 90 with an o of the first
conbining circuit , t he latln a p05|t|ofgaletect|on :
signal Z. .‘4' A er e ny ?5 95 denojes a second
conbining circuit iC third filter
circuit 92 with the ou f filger cuit 90 by neans
of resistors R21 and ni 3 10

reference nuneral 96 d co I \ i ch conpares the
out put of the second fi Z/B/K; '8 a he second

conbi ni ng ci raui /V/; ef t putt i on detection
signal X r r u otes a third
conbining circuit which corgoi n t of the first filter
circuit 90 with the output of sgcon fi er circuit 91 by neans
of resistors R3 1 and ‘g (a_d i nifng R /IR32). A

reference nunmeral 98 d ird cd dﬁ6 cuit which conpares the
output of the third filter{d t wWi out pyt of the third conbining
circuit 97, thereb phttimg 5i88onNet ecti on si gnal Y.
Qperation of the above-deskXl H reder s ucti opJvol tage detector 20
circuit 54 will be describ%% [s1=37 o)W imceNjo Figs. 17A to 171.

Figs. 17A to 171 s g li afli oupysecti ons when the
reverse induction volta edfjor{{ai fjcui Ny54 i s operating.

+

Figs. 17A, 17B and 17(28re§ }
phase and Wphase, which a

i
i

U phase, V-

+8&r circuit 90, the

second 25 filter C|rCU|F£§f
respectively. In the present ca

schematically for the sake of S|np

-51 -
PCT/ JP96/ 00641
conpl i cated waveforms since

WD 96/ 28700

546:|t

explanatlon

i
t

of

t the actu

-8

he

circuit 92,
e waveforns are shown

24,
F g

e nore

14y 30 /'8 /30
\’N \‘
N \
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AEA N
%
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v
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there is effected a voltage control by PWM (Pul se Wdth Mdul ati on) or the
like. Further, Figs. 17D, 17E and 17F are outputs of
the first filter circuit 90, the second filter circuit 91 and the
third filfer circuit 92, respectively, while 5 Figs. 17G 17H and 17I
are outputs of the second conparator c¢ircuit 96, the third

conparator circuit 98 and the first conparator circuit 94, respectively.
As is apparent fromFigs. 17A to 171, it can be found that the

posi tion detection signal of the rotor is obtained by extracting only the

reverse i nducti on vol tage conponents fromthe w nding vol tages of
the brushless notor 10 by the filter circuits and conparing themwth
one anot her. In the present case, the operation of the
reverse induction voltage detector circuit 54 inits stable
operating state has been described. However, a slightly different
phenonmenon occurs in the starting stage. The phenonmenon wil | be

descri bed bel ow. 15
applied to the w ndings,
are al nost el ectrost at ire

é@ the%@top state, no voltage is
|

tors of the filter circuits
when t he notor

starts fromthe | ow fr Qb 6 the next starting
stage, a conpl ete st abj , ¥ : nce the outputs of the
filter circuits have ' m N /s has caused the
phenomenon 20 t héx » | nduction vol tage detector

circuit 54 becones
Therefore, in order to renpvéd conponents of the

filter circuits before the startlng CIFCUIt 7 enters into the

| owf r equency synchrondﬁ% starting operation, a voltage and a
frequency were conpul sorily 25 applied for a specified tine interval
fromthe first conpul sory output circuit 78.

- 52 - WD 96/ 28700
PCT/ JP96/ 00641 r | .. THeAabove contents will be described
in detail below Figs. 18A to 18F show waveforns in the starting
stage, where Figs. 18A, 18B and 18C are respectively the position
detection signals X, Y and Z shown in Fig. 16, while Figs. 18D, 18E
and 18F are respectively the outputs of the first filter circuit 90, 5
the second filter circuit 91 and the third filter circuit 92 shown in Fig.
16. In the present case, by outputting fromthe first
conpul sory out put circuit 78, the outputs of the filter circuits
substantially reach the respective initial charge states at this
time. The | owfrequency synchronous starting operation is execut ed
fromthis state, and therefore, the outputs of the filter circuits are

302230

the notor has stepped out.

f E%V

V30
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10 stabilized very rapidly. Accordingly, a sufficiently stabili zed.‘m%s-w'ms

position detection signal can be obtained by the tinme when the
reverse induction voltage will be det ect ed.

In the present case, it was discovered_yhat applying a waveform

havi ng an out put frequency of 50 Hz and a chopping duty ratio of 0.7 %

(pul se 15 turning-on ratio by PWM control) for 155 nsec as the first

conpul sory ouhiE gas ggﬁlkdﬁﬂﬁ@%méigquc‘ﬂgﬂ mﬁmpé‘ﬁfﬂg RE trial

and error: O ur s S d the

vol tage (duty ratio) is sufficiently lowat this ____..._level. Therefore,”_mw
t he brushl ess notor 43 cannot generate a rot ational/ tar:qUG and, o ilEs SG
-hence, it does not rm&-_-ﬂplrﬂftherrmre since the dii’tage S set Meny IQWrd At

no such 20 probl em that the input power extrenel# i:ncreases..0GC W S
. By applying the voltgage Ll ter -cirecuit:s jean be s, r- S -
sufficiently charged =SL7L35 ) ' & the transient,.DGi . 1 s

-conponents in the | ow f requency synchronous starting operat i on can

;j_-ﬂ! £5..

be substantially zer 9cRigdOfThe Invenliohhe starting cjrcuit. 57,15 operghdng,

t hereby enabling stable Starting. . “Furthéernore, {HrEiem—
processing is also effegtive even whe equency
synchronous starting tlr%tg‘ﬁ: %%g@%%w§%pélﬁl s met hod

- 53 - WO 96083180 redueing NO, emissions from premix burmers,

PCT/ JP96/ 00641 "nwgganﬁgfmpﬁgmmmﬁmllheIMOr such a | oad

that a high torque | 8rdl°filk Wihtion may bé Srilloféd I highjé féhﬁr the start

as in the conpressor { tion was based
on the case where t hWredugnacas, for example, {of $18RM QI Pa D state. The
following will descrhebgrse stage where the 5 power is closed. Wen

the circuit is left intact with the pomer di sconnected for a |long
time, the charge vol {ag : ( 14 QLD f‘; y di schar ged.
In this state, it i s“noo8cees =SSt dste Ll ta ) )i Lt nmor e
intensely for a | onger tlne in order to stabilize the filter
circuits. Vanous nitrbgah oxides; Lex,(NO( compoundsdgeari bed. \Wen

t he power cl osing 1% l@’l‘lﬁ mégé t power is

cl osed, the second 'CO%H?Q?E gﬁlaﬁl:%@g" l;::;;: cui tggﬁgg ggﬁsed to

out put. The out put i & ¢ 2K ﬂ' hi gher than
that of the first codpmnenlo;umpmtsvpnsusa degired goal in order 10 I'n

the present case, \A/edéemeeaﬁdpbmmaﬁmbymtegmmmnmqung an
out put frequency of (Z@P% and a chopping duty ratio of 10 % (pul se

turning- 15 on r b% PVW contrthzerlhfl_orgr}[cit?lf shortﬁm#&%ﬁ fgge??tltcg

second conpul sory

trial and error. At bmmrswmmthetuelwnb@emmhemmhgshm; wel | as the
frequency is high, the iemizy tieuBlie enbld Avsie complete combus-

ticn, and combustion air is mixed with the fuel at ths

poini of combustion.

Gas fired Bumers are classilied as either raw gas
or premix, depending on the mathod used to combine
the combustion air and fuel These bumers differ in con-
figuration, and in the type of bumner lip used. )

Raw gas burners inject fuel directly inlo the com-
bustion air stream, and the mixing of fusl and air occurs
simuhaneously with combusiion.

Premix burmners mix tha fuel with some or all of ths
combustion air prior 1o combustion. Premixing is accom-
plished by using tha energy ¢f the fual siream so that
al flow Is genemlly praportional 1o fuel flow. Therelore,
frequent adjustrment Is not required and the achieve-
mant of desired fiame chamcteristics is faciilaled,
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not rotate. Furthernmore, though the input power is also high, the above is
a processi ng operation only at the tinme of closing the power.
Therefore, this does 20 not cause an increase of input for the
subsequent turning on and off operations, Thus, by
out putting a waveform having a vol tage h?gher t han that of t he
first conpul sory output circuit 78 fromthe second conpul sory out put

circuit - 81 at thg ti f clopsing the power, the phenonenon that
the position detection Elmr-ﬁegp &S@f'%ﬂ@a M@mﬁan&!m vol t age
detector circuit 54 ¥eckess and | mainiy for thelrslilityctoi pionat ed, t her eby
enabl i ng stabilized duogrelmivelyuniform healdistribution inihetall radiant -

o4 - VO 96/ 28EMons of these fu s, Flam ~lumi

PCT/ JP96/ 00641 MaGER FRMES A8 POR-MIINQUS, bt i num

wavef or m out put undePHHing tube mela! tompefaiuss tohe lyiraear vari ations
were taken into accodorathiDua tedhdee proprties, premix bumerearewide-t he provi si on

of the stability decijgiyypdci Housd &t he conditions
of the filter circui t:fg*gryk{gg %ach ﬁtpre tﬁglngo’\}\‘e!'r'a?qsc urEth osed t hough

the procedure is the For exanpl e, even when identi cal

circuits are used, the tMIGHELSQN adali UE. RateniNo.4,8639413; diskept on vari es
from a shor tclasus & dow NOp premix bimer BAdgécussbBtheaddi ti ons of the
filter circuits also RSl L ALI@RS of parts,
nmotors and so forth gggﬁg@'ﬁs?%a%gg' f?:ﬂracnqiﬁp ‘ﬁgfbﬁa‘ . In
order to detect the s , & PIX tz"!ﬂic#s HE totgll. s

provi ded in this enbdPWAESNO,emissions byselayingthe mixing olsdconde descri bed
bel ow:  ary air with ihe ame dndalioWing 66maicealed id'gast abi ity, it

s o e o
outputs with respect torﬁ_ Retak. Rrfateg £08.688. disglos- signals X, Y
and Z) of the revers®siaiiyid fusl bumendo which NO; emissions a7é reit hin. a

peri ?d of one cycle mewaﬂ-hgimemdlm “ﬂ%Al@g"mésc&{yggutfut
wavef or m - atl o e EX- , to
whi ch the three posi t;.i:ghbuann Q&é?@c%%%gr Bﬁgﬁlﬁa’ar%‘? Sf_%d, operates
as a circuit for decikeyepsihediow olfiue gas iplo the combuglionairsuptts in an odd
nunber or an even nuipigpassagefrorvductsibpeninginiothefbmace. Aswirlf act that the

ul se changes occur < et dtferiPsl 4 | h%f? al s

Eecome nor ?ral . \Wen %g@mggwbgﬁtﬁ . ts‘ﬁlae pu ster_w(:hanges occur
| ess than six Ul It is to be noted that
al t hough the stability i %ﬁgsqycwwme.a@wm.m of the pul se
changes in this enmbod@ heavy liquid tuel thaner, tiwhith tmixes therfvel with

sleam prior 1o combustion. The aspiraling effect of the

fuel and sleam draws hot fumace gases inte a duct and

into the bumer block 1o aid in hesating the bumer block

and ths luel and sleam passing through a bore in the

block. This arrangemant Is disclosed as being effective

10 prevent coke dsposits on ths bumer block and also

10 prevent any dripping of tha oll. Since the flame tem-

petaiure Is raised, this arrangement would not aid in re-

ducing NO, emissions, .

JANSSEN, U.S. Patent No. 4,230,445, discloses a

fluid fusl burner, which reduces NO, emissions by sup-

plying a flue gas/air mixture through several passages.

Flue gas is drawn from Ihe combuslion chamber by a

blower,

ZINK #! al., U.S. Patent No. 4,004,875, disclosss a
low NO, bumer, in which combusiad luel and air is
cooled and recirculated back Inio the combustion zons.
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- 55 - : WD 96/ 28700

PCT/ JP96/ 00641 ef fect can be obtai ned when the stability is
deci ded by detecting, for exanple, a pul se w dt h.

Furthernore, the second tinmer circuit 83 is provided which has two

types of timers of t2 and t3 (t2 < t3,"®°g., t2 =1 sec and t3 = 5 sec).
When 5 the tinme |s shorter than t2, the output of the second

compul sory output ci edcambmaammdmwﬂamwwsd regardl ess

of the output of the ec on Ceh I, C UL he decision circuit
82 deci des that the !’P‘h f?‘ P ﬁfter the t| e bgcorres not

shorter than't2, the ouQﬁRENBEH@ el Al .S il 87BRA3&ircuit 81 is
stopped. Wth this odiselRees Y BumePhavia %Ollﬂﬂ@a‘bthrherlnﬁqaut of the

second 10 corrpulggr*%g Cﬁé&?ﬁ dr‘é?u%: s operation of
hor | e an

the decision circuit orded t her eby
achi evi ng an appr opr P¥sly mixing compusfian-a °m°"°fgas niame 1o Wen t he

time of the second tdmletateeombvsnonandmmhetemeramreamha shorter
than t3, the output mehe second conpul sory output circuit 81 is st opped

15 at the time pol nt t t he deci sion
circuit 82 is %ﬁgm\/\#eﬁ Eﬁ&"ﬁﬂ% é]?t'ﬁb{ﬁ Wﬁﬁ an t3, the

out put of the secondham&mdlqslbumer.whsh inalvdes 3 venlurdo draws opped
regardl esstof the 3; protductd of eemibsiion imo the rﬁanrloheaxmo:/\r]t[t tﬂu s
arrangemen even %P@.E a e
operati on | s stable, wpocessr ng opewr on pee y conpl et ed.
Even in this the filter circuits are substantially in their

st abl e stat es, and ther ER»A0,374,423, DE4IH,003578ntand aBEP+A st abilized,
causing no step-out . 0,284,011 eachu'mbssammmmunb sbsirsy- pf’ he brushi ess
the first conpul sory M&%P{é&g{@gﬂéﬁf&r ‘mgﬁwt&qy a wavef orm of
a voltage and a freqﬁBﬁ'&W’&? gombUE uglgas e r*’hl ess notor 43
does not rotate. Thelngilogated adiacenta flizst openingoini thefymacep The

circuit 78 is appli efraix BOrridr Ecthsiiscd B! Birngd tlpuﬁiod?s?éd’rdh ghe motor is

Sartee,rom downsiream end ol a burner ube and an upstieai end o
PCT/ JP96/ 00641 for recetving &iF andfusl gas 1o bercombusted aladher educe the

I nfl uence of the tr abgnﬁn CFhe luol slﬁﬁmﬂﬁﬂhwﬁ‘!ﬁlﬁn&mr circuits of
the reverse inducti oo.avebsegsu& %&?&&ﬁdﬁb&ﬁﬂh& upstream end o the
bumer tube. A passageway having a firsl end a1 a sac-
ond opening in the fumace and a second end adjacent
the upsiream end ol the burner tube enables flue gas lo
be drawn from the lumace and mixed with air at the up-
straamn end of the bumer tubs prior o combustion of the
fuel gas andair. -

US.A-4,130,388 discioses a fuel bumer lur produc-
ing a stable, non-<contaminaling fuct flame over a broad
operafing range where the fuel is a liquid hydrocarbon.
to which may be added a gaseous hydrocarbon, The
problem addressad in US-A-4,130,388 Is to provide ad- -
equate alomisation of the liquid tuel 1o achieve efticient

operation over a wide operaling range, Le.a wide liquid-
flow tum~down range. Feeding combustion air directly
into the combustion zone overcomes problermns of objec-
tionable contaminanis being formed when the burner is
turned down. To soive the prodlem of incomplete com-
bustion, the combuslion air is led directly inlo the com-
bustion zone and a poriion of the hol combustion gas
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54 to stabilize the output of the reverse induction voltage detector
circuit 54 I mredi ately after the start, thereby preventing the
notor from stepping out even 5 when the | oad torque increases.
Furthernore, the brushless notor startergaccording to the present

I nventiron is provided with the second conpul sory output circuit 81 for

out putting a waveform of a voltage and a frequency at a | evel at
whi ch the brushl ess or s_hot,. rot d t he power closing
decision circuit- 80 ﬂ%”ﬁ%%!’hﬁ?ﬁ'ﬁﬁl‘%‘%%‘““@% R€5sed. Wen it

i s decided that the vopreizeibeslomised liquidifuckbaing ledto thecom-  operated by

t he out put of the sdsustin@omeul sory output circuit. 81 to apply a
voltage'to the brushl ess notor 43 By so doing, a stable start can be

achi eved ower in which the position

det ection tends to %Aﬁ%é uI arI y in consequence of a
sufficient discharge of the filter ci rcw ts - Also, the
decision circuit 82 'Sﬂ‘i%@d(‘iﬁe the
operation is stabili t [ | nduct i on

vol t age det %‘??@ H%B%F%% ﬁq contri butes to
speedily conplete t ‘ﬂ‘“ﬁmﬁr%@ 1aBy decrease; alrpo 8adng the power.
The second tiner ci eatisly Qﬁvcmﬁmtttlandamunbubﬁdm hnsgzl its 20

nor O ol et ?"ﬁ_‘?‘%“c. i Eﬁﬁﬁgg’ggg‘e nh &dﬂs?&%’ ower  t e

operation can be t her eby
enabl i ng subsequent ‘%Qfatsepmmmnglsimgpremxbumerwhhanewm to be noted

that al though the siNO pram&wmapmmtostmmwmtbﬁss&oooto been
described as being gy ?g ﬁﬁ‘ é@#@é#@,ﬁ V\Ihi ch a great
25 load is appllglgaygat (Jg"yln I N % sstarter S
al so effectively us ve urners, lor example, refrofit e lur- - 57 -
WD 96/ 28700 nace utilizing the present invention would therefore
PCT/ JP96/ 00641 prassrl corsiidabie 2AVIRGS TNar PpthEiRg! thkBurR- Whi ch a great
|l oad is applied in U??oﬂlﬂfdrﬂﬂee st age.
According 1o the invention thera ls provided a

premix bumer for cbtaining reduced NO, emissions In

the combustion of fuel gas, which burner, when in com-

bination with & fumaca, is lecaled adjacent a first open-

ing In the fumace, and comprises;

(a) & bumer tube having an upslream end and re-
eeiving air and fuel gas, a downsiream end and a
burnac tip mounted on the downstream end so as
1o be adjacent the firs! opening in the furnace when
in combination with the furnace, so that in the uss

of the burner, combustion of the [uel gas takes placs
al the burner tip;

(b} a gas spud located adjacent the upstream end .
of the burner tuba, for introducing fusl gas into sald
bumer tubs;

(¢) at leasl one fiue passageway having a first end
adapted so as to locate with 8 second opening in
the fumace and a second end sdjacent the up-
stream end of said burner tube:
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- 58 - 59

CLAI MS 1. Arefri geratl ng apparatus corrprl si ng:

an inverter circuit having a plurality of sem conductor sw tches and

a pl urallty of di odes connected with eagh other in the formof a bridge;

5 a DC notor operated by said inverter circuit and having a

rot or; . a conpressor dri ven by said DC not or;
?e?(r)inggpaite{n'goggglcteeqdm&r&a{é}&gwfﬁag er cg%hgggbd with said
conpressor; 10 when mmH‘%H‘ﬂbﬁ‘ﬂ&‘Wﬁn NG o detect ng a

position of said rot fluegpassageway, mratpbﬁsmﬂ‘m aspiring efiect

commut at'i ng means f ore YkBHEUsTEd fuel olsurAegi de
operation of falg S?%ﬁ?@%‘i@?ﬁﬁ h%i‘! "?‘fyaﬁﬂfl rcuit based on
an output o
rotational f requency mby e fiua gas @éﬂ!ﬁ?ﬂl'ﬂg‘ giraysaid onal -

frequency of said compstream ahdsddherburher mhq)pnofob thai poindsi ti on det ect | ng

‘means; of combusticAd g ting a |ocked
state of said conpre lhepr%ﬁ'nx mfgri)m&r}dg&t put o?ﬁgsal d rotational

frequency detecting r?'é with (g) al least one air opening spaced from the
flue passageway and being located 5o as to open
into the furnace, when in combination with said fur-
nace and arranged to allow uncombusted air, which
is cooler than the flus gas, io be passed there
through inlothe fumace, and thereafier o be drawn
into the fiue passageway aleng with flue gas, lo
thereby lower the femperaiure of the drawn flue

gas.

There Is also provided & method of rerofiting an
existing premix bumerAumace eombmalmn 10 reduce
NO, amissions comprising replacing an sxisting premix
burnor with a premix burner accerding 1o any preceding
claim, the newpremix bumerbeing connectadtoths fur-
nace by af least one passageway having a first end lo-
csted with the second opaning In the furnace and a see-
ond end adjacent the upsiream end of burnar tubes.

Accordingto one aspeciof the invention theflue gas
ls drawn from the fumace into the passageway in re-
sponss to fuel gas flowing through a venturl portion in
the bumer tube. The passageway includes a duct ex-
tending into 8 second opening in the fumacs al ona end
and Into the primary air chamber al the other end. Al
lagst one adjualsble damper opens In1o the primary air
chamber from the amblent {0 resiricl the amaunt of am-
blent air entering into the primary alr chamber, theraby
providing a vacuum lo draw fluo gas Irom the fumaco.

According 10 ancther aspect ol the inventlon, the
passageway includes two ducls. Each ducl may be sub-
santially L-shaped, and funther includes flexible seal
maans at one or bolh ends ol tha duct, The respaclive
sesl means arc adapled o be connecled Lo a portion of
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20 a choppi ng signal generating nmeans for generating a

choppi ng S|gnal to effect chopping so as to nake variable the
rotational frequency of said DC not or ; a
conbi ni ng nmeans for conbi ning said conpgt.ati on pul se with said

chopping signal; 25 a drive neans for turning on and off
sai d sem conductor sw tches of said inverter CIrCUIt based on an

out put of said CO”b'lﬁéWfﬁ\dlothsducl

a starting sequence co t ned

comut ati on pul se and az:ﬁ)@ag@]m necf ‘F‘ l}ﬁm nal 10 sal,d conbining
means - " when m&mf 8 %ﬁ%@“ﬂet ecting neans
in a starting stage passeslnloﬂhshnda&lhmughheai lsast eneistagexkquence control
means executing restgyf ed$t ciPduciii®dowsrmut at i on pul se

and the zzﬁr’ﬁg“aezaaﬂsae@fe@awm gs’ﬁmm@e@ fVal vien'sal

a plurality of st ar ri ngARBE vention;is H@Hﬂiﬁﬁmﬂtbtorlng
-respective starting @Mimmmnngweuﬁbmumd se and said
choppi ng si gRgl Eéﬁﬁbsﬁh
avi

P j*@a’ PUHSEIGHR- cont rol  nmeans,
said starting sequen e tierns rent, _Out put torques

a torque increasi ngm P&m@g éﬂ M?Fﬁ?ﬂ‘ﬁ gt&b

starting sequence paipstrenmpnd. withuarhamﬂmemgrtqqmwm theng sa| d

starti ngt t tsqum;gmmura m@mjmwmmcﬁans fsel ecting,
in arestarting sta rn of an

out put torque greatgfrngEI sa" %'%& ﬂ%&!ﬁlﬁgt ﬁf equence
pattern of the nini @ amreamm usnerubeing pr '73“' resul ting

sequence pattern to chamber; sotthabairds umixed wmlholludegassin ihel

an operating node s ;ﬂqg,é,rg i ng

sequence control means saliggﬁo Pf ng‘g ns |n t st?"{l ng stage and
connecting said conmuta % §1 gnal gener ating neans
20 to sai d conbini ngﬁﬁaﬂsaﬂ)&l& insialied bﬂlwmmeiumace A

refrigerating appar ahsvmmlawsahm:ber. Fiuagasusdrawnfranmluwerter circuit

having a plurality ‘agﬂurallty of
di odes connect ed Wlt é Fu %E %e ml ?l‘ 1u9
a DC notor oper at ed %' 'WS%W ﬂjﬁm 5‘4’6‘{ or; 25

a conpressor dri ven &nube. Flusgasds mixed with the air in the primary air

a condenser connect chamber, prbEICIBPSIREON coHmbais, idoihat NO
refrigerating cycle; ‘emissions are reduced, a cool er connected® with said

conpr essor;
P ERher one or wo plpes meay be insialied betwaen

the fumaca and the primary air chamber. Flexible geals
are atiached 1o each of the end portions ol the pipes,
and {0 a portion of the furnace.

According to another aspect of the invenlion, the
bumer whe includes a venurl portion, and flua gas is
drawn from the furnace by the aspiraling effect of the
fuel gas and air passing thraugh the venturi portion. The
amount of ambient air drawn Inio the primary sir cham-
ber may be adjusiably restricied to provide the vacuum.
nacessary lo draw flue gas from the fumace.

According to anciher aspert of the invention, the
pipes are installed by forming openings in the ficor of
the fumacs and in a wall of the primary air chamber, and
inserting ane and of at least one pips In the opening in

- the floor and the olher end cf the pipe In the opaning In
the wall The pipe may then be wrappad with a ceramie

fiber blanket.
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a position detecting neans for detecting a position of said rotor of 5

said DC not or; a commut ati ng neans for outputting a
comut ation pul se to decide an operation of said sem conduct or
switches of said inverter circuit based on an out put of said
position detecting neans; -7- a rotational frequency
detecting neans for detecting a rotational 10 frequency of said
conpressor based on the output of said position detecting nmeans;

a | ock det-ecting neans f npres-

sor based .on an out put gg\%%ﬂ)% ghnéa?'9 qﬁ%ﬁ%ﬁ'@;?g?t&wneans

a <choppi ng si gnal ge In&hei gnal 15
to effect chopping scpremmhumeela/lnnwadlawmaﬂmm ng fpdency of said
Egmrut . OnrrgL F;e " tlurnace and the method :ﬁélifiasa':ﬁw:laa%ra édhblebi ni ng salg
drive neans for turnl Bighﬁ%daﬁlal | B@tﬁ&gh t}erqﬁvg{@g of 20
'said inverter circui tSO58 'éﬂlméhs(!ﬂﬁ s and als 2tie combust '
a starting sequence Mnaramdﬂhémepdmhmgdhprladbgasanded

comut ati on pul se an g?“ 'ﬂi@d ﬁs@ﬁhgeconb' ni ng
means when né?'sutlput | S ha\lﬂf:m%}&‘ﬁ SI tl tecti ng neans
in a starting stage sandai o quence

control means execut iwhsateby:theifiue;ga¢ mixes wufblhqoalﬂmﬂ@pgmt he
comutation pul se anchstanambapprm Usepbimof ebmbustieh 16 lissteby =~ tine
i nterval when sai d I%B thfﬁ F &@gs detects | ocking of sal d conpr essor;

62 starting se uen&e tern storing
means, for storing &%ﬂ mﬂf] Eﬁ%@?ﬂ fs of said

commut ati on pul se ancﬂ@ﬂmeyanwﬂ wherebglhﬂasqunngmdrom sai d
ﬁt arti ng fs;aquen;:e C?'UlllhbMﬁl@ﬁaﬁﬂﬁ%ﬁijlﬂ?&uﬂ?ﬁmﬂmdtawst ![oatternts
aving different ou enper at ure
detecting neans for q %ectl an a% nglce.Amblan%%l ﬁgﬁ[ﬁ)élegf sai d
refrigerating cycle: riemperaivre the Heﬂﬁﬁcﬁﬁsﬁaﬁcn@ébﬁw means for
conparing the anbi enthaceypadihen the bwerlenmtedlrm“Hdsml ent
tenperature detectingj 'mbbmﬁﬁgmg ﬁaﬁg@ﬁch ﬁﬂbl ent
tenperature, and sel qﬁédp é[ rgmte‘hpq?s ong starting 10
sequence patterns ac E}a ﬂ“’%g?l?ﬂ R or que
i ncreasi ng mgg’ﬁs The ambieniair may:be | fﬂﬂbﬂlage anot her
starting sequence pathzving ah amblant lampemura. glthough the tempera-

ture may bae in the range betwesn a temperature colder

than the ambient temperature and a temperature slightly

below the lemperalure of the flue gas in tha fumace.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further explained in 1he description
which foliows with reference to the drawings illustraling,

by way ol non-imiting examples, various embod:menis
of the invention wherein:

Fig. 1 illustrates an etevalion parily In section of ani
embodiment of the' premux bumer of the present in-
vention;

Fig. 1A s a partial elevation of a premix burner sim-
i2r 1o Fig. 1, and includes a secondary air pont in-
slead of slaged air pons,

Fig. 2 is an elevation panly in section taken along
line 2-2 of Fig. 1;
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an out put torque greater by one step than said one starting sequence
pattern, and outputting the resulting sequence pattern to said
starting sequence control nmneans; and 15 an
operating node switching neans for conr_l%c.ti ng said starting

sequence control nmeans to said conbining neans in the starting stage and
connecting said commutating neans and said chopEi n% si gnal generating neans
to said combi ni ng neansFigf 8ds atplan view taken along line 3-3 of Fig. 1: A
refrigerating apparat UsFigoqi aplagviev’faken along fine 4-4 ol Figart;i nverter
circuit "having a pluralgdy ] &,?& a
plurality of diodes co_n'I= '?goam%ﬁ%%ﬁ\q'WEe o(r-inqlrg l’a bri dge;

a DC notor operated by éﬁﬁﬂfmt'é\’”@meuit and having a rotor;

a conpréessor driven by Eigi 8 iannelevation parly in saction of the recit- condenser
connected with said COW&M@GW&%M&; refri-gerating cycl e;
63 r ] i SOr ;

‘a position detecting mé';'ﬁs‘i?% d&é@@?ﬁ @ O£SI ?gna(ﬁcﬂg%r fotor of :
said DC notor; bodiment of the pre of the preseatin¥eny it put ting a
comut ati on pul se to defonge 5 an operation of said-sem conductor

switches of said i nvertﬁ-'g' giﬁgﬁi ﬂa@ﬂﬁi’pﬂﬂw “c‘irogt‘g!(iﬂg%q of said

position detecting nea a requency

detecting neans for de[@&?‘r?gdaﬁpo.{;a?%nal . frequency of said
conpressor based on t heFigu8jisia plan viewitakesi aloog lineS-8of Frig. 7. - neans;
10

a lock detecting neans for detecting a | ocked state of

sai d conpres- ' -h@‘ ' i onal frequency
detecting neans;’ DEfRfLéﬁ‘ﬁEgeﬁlﬁﬁdﬁ' FRE ﬁﬁ nerating neans

for generating a chw to effect chopping so as to nake
variable the rotational frequency of said DC notor; 15

a combi ni ng means for cngﬂ,mgg,g%wﬁ 1) ptenfix'¥umefai d
cai " sen conduct or <18 Incistss.p fresstandin bindr 18§ 12 SEmetinE Loscd on an
output of said conbiWelhin adumacs fleor 14. Bumer tube 12 Ingludeg@n ng sequence
control neans for owpguwelwend 18, adbwngirenrd ark) 18 ancoawehidr on pul se and a
predet er mi ned choppiggnsh 482 Bubtbrip 20 P RRalkd 't d5kAsiream end

18 and is surroundad by an annular tlle 22. Gas spud

24 is localed at upstream and 16 and Introduces fuel

gas Into bumer wbe 12. Fresh or ambient air is iniro-

duced into primary air chamber 26 throuph adjustable

damper 28 1o mix with the tuel gas at upsiream end 16

of burmner tube 12. Combustion of the fuel gas and fresh

air occurs a1 bumnar 1lp 20,

A plurality of air ports 30 originate in secondary air

chamber 32 and pass through fumace floor 14 inlo the

fumace. Fresh air enlers sgcondary air chamber 32

through adjusiable dampers 34 and passes through

slaged air poris 30 or through secondary air porl 30 into”

the [umace Io provide secondary or staged combuslion

and lo dilute the oxygen concentration ol flue gas, as

described in MICHELSON el al

in order to recirculate fiue gas from the lumace 1o

the primary air chamber, ducis or pipes 36, 38 extsnd

from openings 40, 42, respaclively, in the floor of the

furnacs o openings 44. 46, respectively, in bumer ple-

num 4B, Flue gas containing, for example, 6-10% O is

drawn through pipes 38, 38 by the aspirating efiect of
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when no output is obtained fromsaid position detecting neans in a starting

st age of said DC notor, said starting sequence control neans

executing restarting by out putting again the conmtation pul se and
t he chopping signal after a specified._.g-. time interval when said |ock
detecting neans detects |ocking of said conpressor; 25 a

plurality of starting sequence pattern storing means for storing
respective starti ngmﬂcggnpsm lh'mghdarﬂampmmmﬂ%m | burnar se and said
choppi ng - ?ﬁﬂg\? ditandiibégak'ape sai d starting

sequence control means aléﬁ6 Lt hgr NS havi ng
di ff-erent qut put tof"ﬁﬁgf m'iﬁa"a%ﬁ &u ﬁn&ﬂc%cﬁqg"qgﬁﬁerature

det ecti’ng neans forpﬁl\idmuﬂl@mmfﬂ@ﬂp%me“c 5

g Eor?uﬁ 'b“CV 963' NgisRANthe prima qm&ldiwédlprbdolihamts:;ﬂwe t f
"detected by said co g:g%a% fidh aBreset reference
cool er terrpgpg{?ﬁ%man s's | tar'tl‘_%% t age, one of
said starting sequeBdBsult, reducihg Ny em er tenperature,
“said tor quehl ncr easarlguﬁaiudmm such as ll;;mtdEEHthSONp:ler estarting
stage, another stargg Hamibustioh Yifts thixed vath Miélfudlat thet or que greater
by one step than sald (i iﬁ W@F‘?Mﬁ @e wwputtl ng

the resulting seque @gﬁ H &1& 31'?‘ ce control nmeans; and
an operating node s BWM.Nng means for connecting said starting

sequence control neans clwaguammrammmmmammhdmmwmg stage and
15 o Sai d conbi SR e BRNN HIE A, primafy i ehambariangtCe B 19 TS
node sw t ching maangi'l ’gP MJ%QPW%Q%FS&Q"’?@Y@HE@’% control
means to said conbi ﬂﬂmmﬂsﬁﬂm starting stage and connecting said

commut ati ng nmeans and swrdmudwmmmmb muenaalmgavhgrm-{o sai d

rcg][rtr): glePgt i ng appar 3® rre%nys Srandary i Shamber gzs‘i‘%‘gﬁddam&%l 3|‘|-1ver ter cirecui f\
having a plurality andbhaviag hmughdr@mmmb!hﬂUMUral ity of
di odes connect ed V\Ad'ﬂélawlﬁ éﬁz{mwﬁgg‘z plimary %or
a DC notor operate mber VAT brom ofifid { %fui
gugg[ﬂp{ ﬁfzog hgglt ven cgiuﬁv&%:%ﬁ& 19. The ambient airmay be fresh
16 May 1997 alr as discussed aboved Theanbdng ob theambilent alni d conpressor
to constitute a  with the flus gas fowers the tsmparalure of the hat flue

gas flowing through pipes 35, 38 and thereby substan-

tially increases ths fifa of the pipes and aliows use of

this type bumar 1o reduce NO, emission in high temper-

ature cracking fumaces having flua gas temperature

above 150Q0°F in the radiant section of the fumace,

Advantageously, a mixture of approximalsly 50%

fiue gas and approximaiely 50% ambient air should be

drawn through pipes 38, 38, The desired proportions of

flue gas and ambient air may be achieved by proper

placement and/or design of pipes 35, 38 in relation to

air poris 30. Thal is, the gaometry of the air ports, in-

cluding but not fimited 1o their distance from the bumer’

1ubs, the number of air parts, andthe size of the air ports,

may be varied 1o obtain the desired percentages of flue

gas and ambiant air.

A sight and lighting port 50 is provided in tha burner

plenum 48, both to allow inspection of the interior of the

burner assembly, afid to provide access for lighting of

the bumer. The bumer plenum may ba covered with

This is the replacernemt sheetl



refrigerating cycle; a cool er connected wth said
conpr essor; a position detecting neans for detecting a
position of said rotor of 5 said DC notor; a
comut ating nmeans for outputting a conmygation pulse to decide an
operation of said sem conductor switches of said inverter circuit based on
an out put of said position detecting neans; a
rotational frequency detecting neans for detecting a rotational 10

frequency of said C&W&&f%&@gﬁg ot egeseamwnoﬁ,féﬁl&,m tion detecting

nmeans; neans for detecting a | ocked
state of said corrpr@ﬂ“mpmd%!ﬂs oyt put of sajd rotational
frequency detecting nedmsalternate embodmem of pretux(,bw'ppr 8 8 gnal

generating means fogﬂ;m sg\maﬁéﬁnBaMeﬁmaiumwalndmmeeffect choppi ng

so as to make variaple % f&h&’ not or ;
a conbi ni ng neans f e ‘Rg’l %'SE%E%L se sal d
-Chopp| ng signal; of Figs. 1-4, and1 tol Fig. ng on and off

sai d seni conduct or amyiaimmhlllaibnplpﬁaﬁ&:iFmtuamie.cnnﬂﬁm%ased on an
out put of said conb be usedmsleadollwoﬁlﬁlﬂﬁbbﬂ ng sequence
::%@

control neans for outp |on pul se and
30?@ %EFE I_rﬂ when no

a predetern ned choppi

output is obtained 3r4,i way hs wi 30 ?Fl%ﬂ"ﬁﬂ arting stage
of said DC notor, spmnﬁ@ autnei-qumug:m ﬁgltﬁ.ohnrmmngﬁﬁz ing restarting
by 25 - out putt| n%m ifng B0LS SoratrPpi Ng si gnal

after a specified . ﬁ Eg%f ting nmeans
detects | ocki ng of %Fd"@bﬁipgﬁ@fgﬁé"&m %J?péggqs indehse,
a plurality of star sefhatisespestive endsexiend inigopealngs S and o j ng
respective starting&opPise 58 may ity coveredby insulationtpariions B2l se and said
choppi ng 6] Wict iy i BalarRlE R bigind.| 10 sequence cont o
means, said starting éeﬂg E atterns av:ggg.dlflfﬁgedent out put
torques; 5 hge sa‘ﬁwd Pe‘ ‘rﬁ' P:fg; ns for
~detecting an inlet saeaadrnanganlsauachsmqbumﬂm . Seal
a torque increasi ngb#Ears gma( ong érhﬁdﬂérfﬁa aSemmmbt ected
by said inlet pr ess%ﬁe'd ;'?Qé ‘Rg egice pressure,
and sel ecti n 5 engg nﬁ Ei% tart| ng sequence
patterns according & 3"‘95 al’\dta su

62 atthe otherend. Tha sealbags 72, 74 may be !Iexlbla

and ba made of any suilable hest-resistant matarial, Al-

\ernately, ons or both seal bags may de eliminated and

the recycle pipe may be seal we!ded tolloor -slng plate

‘68 or bumer plsnum 48, ’

™ "'The flue gas recycling system o! xhe presant lnven—

tion may aisc be applied to a naw low NO, burnsr such

as lllustrated in Figs. 7, B and 8, wherein lika reference

numbers indicate like pans. Aflue gas recireulation pas-

sageway 76 is formed in fumace floor 14 and exiends

1o primary air chamber 78, so thal flue gas is mixed with

fresh air drawn inlo the primary air chamber from open-
ing 80. The external surlace of passageway 76 may be’
wrapped with insulation 82, which may be a ceramic fib-
er blankel. Sight and lighting pon 54 provides access lo
the interior of burner plenum 86 for pilot lighfing element
88. 1t Is noted that a similar pilol fighling slement may
8iso be used in the smbodiments of Figs. 1 and 5.
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10 the inlet pressure, said torque increasing neans al so selecting, in
the restarting stage, another starting sequence pattern of an

out put torque greater by one step than said one starting seguence
pattern, -and outputting the resulting _S{auence pattern to said
starting sequence control neans; and ' an operating node
swi tching neans for connecting sald starting 15 sequence control neans
to said conbining means in the starting stage and connecting said

conmut i ng nmeans and saPnhmix(blmlng. acoordingjtonthe-presentiovestion to said
conbi ni ng means af t eyt uEheunNdeP a wide rangeofioperaling cdAdiy Mode swi t chi ng

Conbi ni-ng means. in &%@bﬂ?sﬁ%@amz@%@éﬁﬁ* gens to sl

comut ati ng nmeans a 8. 8ai d choppi ng si %n-al generating neans to said

conbi ni ng © neanFuef gas &t Liis idtrodueat! inlo bumer\wo 96/ 28700
PCT/ JP96/ 00641 a12| 5spud24aFthfh 820 s A an! 1i ng said .
notor to rotate by eg,?ﬁ m Dﬁgﬁm&bkpr a specified
time interval after |t’§? C not or
according to an i nt@8 A mm«#&@ﬁ throggiudamper 6.

A control device fo84intosecopdanyair chamber 32c@ndipassestwouplssor 5

having a shel | of agyipaig'stpat 2660k e8RS COFPAS WiretdNlust 0 a pressure of
an ' i nhal ati on ﬂas a _conpressLn d in said
shell, and a DC and ra%ﬁ%é ﬂgaﬁéﬁg"ﬁ for operating

- sai d conpressi ng seatbumerdip 20. The air Dmm@ﬂdjﬂhﬂcﬁscﬁmpafrm ng:
~areverse :cndu_c'él' Onﬂﬁﬂmﬂjﬂaﬁﬂﬁﬁr argeo bn/hrisne A(B40PR 1 ot aél onal 10
Srator O S ind gﬁzﬁmgjffjﬁ% iﬁ@*ﬂf%eéiéiut?%gaa
commut ati ng operati whigh " erse induction
vol tage detector cilncpipeSBuri ng a normal operation so as to operate
said DC notor at a Va%t&ifc@%aa%madm@mm g of the flus rotational
frequency setting c Dgﬂaﬁt@tr"l N ro M)% l!‘mr:e of said
DC notor to be Iowe

i nt er nal tenperaturbwfs% my:hQéh&gasﬂﬂulgﬂag.meuua\m 7.

The control device owgmhagadﬁbuﬂnnrm@whiuhbmmmmnm- a rotor
outpuiting & 20 Pl 'Volt eblgés REEUmBEIRE. © '3 Fotat i onal
frequency setting ci rc(ém’ 3"“ e pre HWP%'& r‘gﬁg é?!ﬁe to an
operating state; anbeen desebed mmonnection withsfioorfi lfedhymfal ning an out put

of said rotor fixi nboﬁlmmngimee‘ﬁmyfmﬁﬁaiwbam
- 67- WO 964 such fur

8. The con dsewngigpaccrﬁcﬁl%%mwenﬁ l/or A\%{?&l’r}eﬁ)gq ﬁg&sléeci fied

phase det ePH\ Xxing circuit positions said
conpressi ng section toThus, it can biersagnthal, by use of this invention,

NG, emissions may be reduced in a premix burmar with-
out \ha use of fans or special burners. The flue gas re-
circulation system of the invantion can also easily be rel-
sofitted to existing premix bumers.
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. circuit for.

9. . The control device according to claim?7, wherein the specified
tinme 5 interval set by said first timer circuit is not smaller than a
time interval in which vibration of said rotor is conpleted.

10. The control device accordlnq to claim6, further conprising: a
starting commutation pattern storing Ci 2cuit for preparatorily storing a
specified commut ation pattern to accelerate said DC notor within a
short time;. a starting 10 vol tage pattern storing circuit for
preparatorily storing a specified voltage pattern to allow said DC
notor to yield a @ led torque; a comrutation selector circuit
for-setecting an output fromsaid starting conmutation pattern storing
circuit in the starting st%ge of said DC notor so as to operate

said inverter in & clnprernixibumer (10} fornebtaning reduced NOsel ector circuit

for varying an out pupmisdidnd tn QﬁgSﬁrﬂbm bermg)l wﬂktsynchronl zation

wth said com"rutatlog g !&p‘hg aid

starting voltage patter I'n CI rcul ap at| n sel ector
cﬂgg % rt spening N@%m-oﬂ‘ ased on a nor nal

out put of the reverseormprises: induction voltage detector circuit when the
output of said starting conmutation pattern storing circuit is

wherein the commut at i on(8)8bumer HibF gﬁ“@ﬂ%ﬂ“ﬁ@ﬁ?ﬁ%ﬁil [ng’ commut at i on

pattern storing circuit {(tnndreeeivgonic and (Uel-gas. @ deWnyr ot ates at

| east two turns. slraamend(la).andabumemp(ZO)mnumed -68 -
WO 96/ 28700 dewnst A
PCT/ JP96/ 00641 e ream, ond o 85 10 b 3 ?“ Scording to claim

ont
6, further conpri sing: &?P rs!opcningln ‘a’é@aﬁt"ﬂ" «5&"6‘? circuit for
sel ecting a rate of accmﬂlﬂiﬂhﬁm”éﬂsmmm&l“dihe out put vol t age

of said inverter after tuerRéombuston 61 Melu smaepmond timer
circuit operati ng for aﬁﬁgﬁn(a%ure interval after the starting

operation is ln a f| I ncrease rate is selected
when said second tinmer Eﬂ&‘ﬁﬁ hUP2 a second

i ncrease rate greater tlﬂ,tlamﬂ‘\ﬂﬂﬁitdﬂhebumlﬂheé'l ) forin- sel ect ed
after the operation of gaigd sec tinmer ci r s, conpl et ed.

13. The control iﬁ!ﬂl &Lﬂ@&l'ﬂ ﬁ:!d %"&2- further conprising
an i ncrease rat(e)lﬂpaitmaﬂnemaamyﬁaﬁﬂabhmhe second

i ncrease rate so that aiﬁmnéﬂﬁplddmﬁﬂlﬁﬁvﬁlh%ﬁ&m' onal frequency
of said DC notor to incr power frequency
falls within a specifie P‘]{h@r ”a"das ﬁa% The control

devi ce according to cl al?ﬂ‘)l e ypeiream Qﬂ#‘ﬂéﬁﬂiﬁ meriube
12 ¥

(d) means for drawing flve gas from eaid fur-
nace, when in combination with eaid furnace,
through the flue passagsway, in response 10
the asepiring effect of uncombusied fuel gas
flowing through the bumar wde (12) from ils up-
siream end (18) lowards is downstream end
(18). whereby the flue gas Is mixed with air al
said Upstream end of the bumer tube prior 10
the point of combusfion of the fuel gas and air
characierised in thal the premix bumner s pro-
vided
with (o) at least one air opening (30) spaced
from the fiue passageway (36,38) and béing fo-
cated so as 1o open inlo the fumace, when in
combination with said fumace and arranged to
allow uncombusted air, which is cooler than the
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- inverteér.

interval is less than two tinmes a tinme interval in which no lubricating oil

S suppl i ed. 15 15. The control device according to
claimé6, further conprising: a third timer circuit operating for a
specified time interval in a rise tinme,gf said DC notor; and a

rotational frequency selector circuit for selecting a rot atlonal
frequency close to the comrercial power frequency as a fixed rotational

frequency, said rotation freguepcy se or ing the
rotational = 20 frequ%‘\%&gﬁ ﬂghﬁ “@Fi@?g‘%ﬁgﬁlcy setting
circuit when said third thase, and therealierta ba cdrawn e dhe e 5ng det er ni ni ng
the fixed rotational frewyg;:ayammpmg with ﬂueagaﬁt'loof sai d

1]

, ] rawn {lue
PCT/ JP96/ 00641 1‘&9 werlharh control evice according to claim
15, further conprising: D% rotational frequency deciding circuit for
deciding that the rotational frequency set by said rotational

frequency: “and 2t if"'*"“*"*‘““"““"“@w B e e tational
u \z u [
frequency 5 deci dﬁﬂﬁﬁ%@ﬁwﬁé@)ﬁ% %ﬁ@%@?g% frequency is
| ower than the specif |mesavaﬂm%ﬁhﬂlﬂm uoner B2} n t he oper at i on
of said third timer circuit is started when the operation of said

fourth timer circuigt it Potor ﬂﬂneraccerd'n io/elaim 1 or 2, e~ St arter for a

brushl ess not or haV| n% a, ;. §a| Féf é!ari T ﬁuﬁ' Wﬁ? (r)\gdrl \%g

an inverter for conve
sai d brushl ess notor; ﬂ"""‘“h’ upstream ond (15) of\tbe RuMeg on vol t age

detector circuit for qezntzndmpmhgtatdmtonaadjustabhsﬂampn of said rotor
froma reverse inductigy

1 nal . §g£5 eﬁ{r&?@ %ﬁaﬁmd?'iore- .
feverse | nduct léﬁ”'vfﬂ{ fietihe Bl ot Antiies st sphoRido e B o o

a starting circuit fomamwcban@eaammmwmmamwmrt sai d

brushl ess notor; 1o draw flue gas from théd furaceonpul sory output circuit for
outputting for a specified tine |nterval a waveform having a

vol tage and a frequen at ale at which said ﬁg brushl ess not or
does not rotate; afd eprsm umer accordngs\@ el 3i9tdit for sel ecting

an out put of said fi rswhudrpmotlva passageway nist subsuatigilywhen sai d

b hl t t
AR 1 oo sta T e

circuit so as to

-70 - VO 96/ e:aending into the primary air chamber
PCT/ JP96/ 00641 (286). 18 A starter for a brushless notor
having a rotor, said starter conpri si ng:

5. The premix bumer accordingtaclaim 1, comprising
two flus passageways (36,38).

: 6." The premix bumar according to claim 4 or 5, funthef
including flexible seal means {72 ,74) at the firsl end
and/or the second end of the or one o! the ducy(s). .

7. The premix bumer according to claim 6, wherein .
said seal means (72 at the first end Is for connec-

tion 10 & ponion of tho fumace and the duct, and
said ses! means (74) at the second end is connect-

ed o the duct and the primary air chamber.

8. The pramix burner according 1o any preceding
claim wherein all of the combustion air is mixed wnh
the fuel gas prior 1o combustion. ~—
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an inverter for converting a DC voltage into an AC voltage to drive

sai d brushl ess notor; 5 a reverse induction voltage
detector circuit for detecting a rotational position of said rotor
froma reverse induction voltage of sajd brushl ess notor;

a commutator circuit for generating a Waveform from a signal of said
reverse induction voltage detector circuit to drive said inverter

a starting circuit for outputting a waveformrequired to start said 10

brushl ess not or; utput circuit
for. outputting a wdlef fyTmeHheH ﬁ: nmf%i’%&ﬁﬂ i@ﬁ‘?@quency at a
l.evel at which said brf{umnhace gmissions, n a
. power.-cl osi ng deci si onmﬁ-@mmﬁrmﬁﬁmqm\ﬁauudascl osed;

and 15 - %Bbﬁféﬂ:@bigfz out put of said
second conpul sory yjnu'* gr t E‘Fﬂverter when
sai d power closing decFUFBW power

. cl osed. - 109. gasmspmm:manshnwdmm 0ast or haV| ng ‘a
rotor, said starter ggf:i“ﬂﬂg |;m|,ar.;° an inverter
for converting a DC vo said

9 %‘?ns o8 Witk péﬂ %ﬁﬁﬁaﬂm ta

brushl ess not or; ge detector
circuit for detecti ng Shambser(28)prioriothe combustogwichot or from a
reverse induction vol t puthod comiptices thdsiepotinstaliing at Jeast one a
commutator circuit forgge%{%é ?@ ﬁg{ﬂéﬂ rﬁaééﬁﬁﬂ'!hﬂf ‘said 25
reverse induction voltage ci‘a Cl %H 't g Lnverter;

- 71 - WO 96/ 2 AANY air chamber (26) fo form the Prggfx bueier 641

a starting circuit for (t)3rerding !aawmmwnn.éuhetamaart sai d

brushl ess ot or; use.ihecombmmpmiﬁéswmamgimwn circuit for
deci di ng that a power lon circuit for
deci di ng whet her or Mé érg BF“ ?:%Ah;ipassgge y(j\?ﬁl i zed fromthe
signal of said reverse‘m%%

a second conpul sory ougaltﬂmmgdhmﬁgh Mbpmenhyaalrom/usmpﬂ havi ng

a voltage and a frequegtigarm efd \SWardsdis ddwridirdath enddndpasss notor does not

{he vaveformunon - 16 g el aﬁ%ﬂéﬁékfﬂ@@ﬁ*ﬁ*gtEﬂenﬁt‘éf’”t ”

operation is stable; athmnthelemperature ol thelluegas.assidpgmanycuit for

sel ecting an output of airahdmierpodhercbyldwerthe temperatord glitheci rcuit to
operate said inverter : 'gﬁgpmer closing decision circuit

deci des that the power 1S clos ) 20. A starter for a
brushl ess notor having a rotor, said starter - conprising: 15

an inverter for conﬂﬂ:fﬁh&gﬂﬂhﬁddﬂlﬂtﬁ.ﬂﬁunﬁ%pmse'so drive

dot ector ci rouit 1o it ialing atlsastons, pretefably \e; ,%6 e Vo8 arot or
i rcui sai

froma reverse inducti %géé ﬁ%@éﬁ% *@‘%’H&iﬁ’e“s‘? b& ghd

a commutator circuit fOPH T &a\lkﬁé?%W’PPm%@ﬂﬁF of said 20

reverse induction voltigerbhnkelﬁﬁﬂzcwt to drive said inverter;
a starting circuit for outputting a waveformrequired to start sai d

brushl ess not or; W(!? TQ m) o( ch&ﬁ%&uﬁ&%&%o&ﬁ%@ ncircuit for

deciding that a po lon circuit for
deci di ng whet her or noPPEAK in heSfioar(34) otthe furnace and an

opening (60) in & wall of the primary air chamber,
‘and Insenting one end of said at leasl one pipe In .
the opening {58) In the ficor and the other end of
said plpe in the opening {60) in the wall,

12 The maethod of claim 10 or 11, further comprising
anaching ficxible ssaling means (72, 74) to each
end porion of the or one of the pipes, and aiso a1-
taching the sealing means 10 a partion of the fur-
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25 stabilized fromthe signal of said reverse induction voltage detector

circuit;- . - 72 - WD 96/ 28700
PCT/ JP96/ 00641 a second timer circuit for starting
its operation when the power is - 15¢l osed; a
second conmpul sory output circuit for outputting a waveform havi ng a
vol tage and a frequency at a | evel at which said brushless notor does not
rotate, - 5 sai d second conpul sory output circuit stopping the output
of the wavef orm when said decision circuit decides that the notor
operation is_stabl gaor wh Id seeon R ti circyit has conpleted
counting of a spec??‘l éd“?ﬁ‘%ﬁsaﬁpéﬁmﬂ,g&wﬂ“m‘ﬁ%?@dﬂ a swi tching
circuif for sel ecti nginsioanygiclaimsbice whesin combination with out put

circuit to operate saadumub[wmlu@dpwbmmmci sion circuit
10 decides that thgohfifdidnrefofiid according 10 the method of

any of elaims 9 16 12, with reduced NO, emissions,

which method comgrises the steps of:

(3a) combining tual gas and air al a predeter-
mined localion (16);

{b) combusting said (uel gas al a combuslion
point (20) downsircam of said predolermined
location; .

(c) drawing flue gas from the fumace in re-
sponse 1o the aspiring effect of uncombusted
luel gas sxiling the gas spud (24) and flowing
towards the combustion point, the flue gas mix-
ing with the Bir al the predelermnined location
(16) upstream of the point of combustion; and
{d) passing inlo the fumace, air having a tem-
perature lower than the lemperaiure of the flue
gas, and then drawing the lower temperature
alr, along with tha flue gas, 1o the predeler-
mined location, to thareby fower lemperature of
the drawn lue gas.
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