THERMOPLASTI C FI TTI NG ELECTRI C HEAT WELDI NG 2174955 METHOD AND APPARATUS
The present invention relates to a nmethod and apparatus for electrically
heat wel ding:thernoplastic fittings having electric resistance heating

el émgnt s :di sposed therein to other plastic nmenbers, such as plastic 5

pi pe“e@ints. Electric heat wel dable figtings formed of t her nopl asti c

mat eri al generm:ghérmlude an electric resistance heating coil or el enent

posi ti oned adj ac RMQPLART e ELFTING ELFCTREC fq@ﬁ?ﬁlﬁ Nt are%t;dztﬂeq
wel ded to 10 one or nore ot hm'nﬂwrmmasnpmmﬁ)ers such as pl aSth t ~pi §e5
sections. The electric resistance heating elenent is usually a coil of

resi stance wire disposed in the thernoplastic material of the fitting and
is connected to el ectTher praaentt sinverdtiian e elldateeshetb ta methed santk sur f ace
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contacts .such as Qg(ﬂ ectric cable, "and electric power is supplled to the
ce

resi st ah frent of the fitting. The heating el ement heats the
fitting and the adj amcﬁm maastemasztﬁmggrmmmr@s whi ch cause
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little heatln t ake ace an an 1 na rengt dresults. If
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which the fdiidd npdtSioM dedhe electric resistance heating element is
usually a coil of resistance wire disposed in the
thermoplastic materiél of the fitting and is connected to
electric contacts which are attached to an outside surface
15 of the fitting. Examples of such electric heat weldable
thermoplastic fittings are described in United States
Patents Nos 4,147,926 and 4,349,219.
- In the welding the fitting to other plastic
members positioned adjacent thereto, a source of electric
20 power is connected to the contacts, such as by electric
o cable, and electric power is supplied to the resistance
heating element of the fitting. The heating element heats

" the fitting and the adjacent thermoplastic members to

temperatures which cause the thermoplastic meaterials to .
25 melt whereby they become welded together.

o The quality of the weld which results is
primarily dependent upon the correct quantity of electric
péwer"being'supplied to the heating element of the
fitting. If too little electric power is supplied, too

30 little ‘heating takes place and an inadequate low strength

‘weld results. If too much electric power is supplied, the

“fitting and plastic members to which the fitting is welded
can be deformed and overheated whereby a good weld does not
result. Other factors that affect the quality of the weld

35 produced include heating element abnormalities, eg
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can be deformed and overheated whereby a good weld does not result. O her
factors that affect the quality of the weld 35 produced incl ude heati-ng

el enent abnormalities, eg -2- short-circuits, poor fitting alignnment and
poor contact between surfaces to be wel ded. Various types of control and
el ectric power generating apparatus hage-been utilized for supplying the_~"

el ectric power to electric heat | dabl e _thernoplasti.c fitti : itially,
such appard%@%rﬁé lﬁﬁﬂhgﬁry9885t%ﬁF?éngﬁaéﬁ“ES FaFSF gﬁ&ﬁl§§ﬁ%ﬁ#1ity of
el ectric pivetweeppsueflatest he beaweddedl.enents of the fittings was

deter ni ned by visual 9B3eLyal LoReQl JENEORHELINGRASIRRYE iRyt ded. Nore
recently, control apparatus ha B&eR devel'oped whereby the dperator
manual |y praepenatihe spparatusppavat beenousidgiizeda fore FARAIVING Yfantity

of el ectriCo POUEE;EO ?thﬁge?f 'tétﬂleﬁekﬁigleﬂteaﬁaf well@abillel Ithe rnfbpaEyidance wi th

the particular size ne g. so, electric heat | dabl e fittings
havi ng heatfhEttgfs aﬁﬂl§éﬂaiﬁtesP§§i§PBP§3&P§pH§édWHﬂ§g;¥¥'haVe-recently
Pﬁen devel fO@@ﬁlt htr}@_ilﬁeaabyesnoga ébﬁtb@sh_ﬁﬂotﬁze&q&a@hg_&@n dﬁ"]ﬁm tnj‘mce Wi th
e size o e fitti n electric pgwer to ppld.ed thereto,
El ectric poQ\%YeEoﬁ??Bigﬁgpg?aEEE }nga £PPi gg&“\ﬁntttﬁ g ca:%ﬂotét]ie%glsn%fdgﬁsed to
sense the v@dé¢tesmbhed8hbyr etsaadr ebsedvatttiomaoifc Zhley fhkilngsn g8 edwy
gquantity of cL [ owe al.i g ] 4N dne { t h.
Exanpl es ofwg%gh&é#é?gﬁgsﬁgkg %§§FB§?&5p8§3§fﬁé giﬁgg%%crlggﬁgﬁﬁﬁ%%ited
States pat efevebopedebessby vhiel openatpirt manga Ilyc RIAGFRRefdiat e _
resistors ﬁgg?ipglcgﬁﬁaggﬁagfgggguﬁpwglth@@hg@%&hg@é@(¢ugﬁﬂﬁt§rgfheatlng

coils of t IttingS Wt termned gquantities L , _
electric power to the heating element of the fitting in _ w

accordance with the particular size of the fitting. Also,
electric heat weldable fittings having heating coils and
‘'separate. resistors disposed therein have recently been
‘developed. The values of the resistors are chosen in

 accordance with the size of the fitting and the electric
power to be supplied thereto. Electric power control
apparatus is utilized with such fittings adapted to sense
the values of the resistors and automatically supply a
preset guantity of electric power to the heatig coil in
accordance therewith. Examples of such fittings. and
control apparatus are described in United States patent No.
4,486,650, _ _

While the fittings including separate resistors W/
and the control apparatus which automatically supply the
heating coils of the fittings with predetermined quantities
of electric power have generally achieved reasonably good
results, there is significant room for improvement. .

According to one aspect of the invention thege 18
provided a method of electrically heat welding a

- thermoplastic fitting having an electric resistance heating
element disposed therein whereby a regulated guantity of
electric power is supplied to the heating element during
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of electric power "have generally achieved reasonably good results, there-is
significant roomfor inprovenent. According to one aspect of the invention
there is provided a nethod of electrically heat wel ding a thernoplastic
fitting having an electric resistance heating el enent disposed therein
mhereby‘a regul ated quantity of el ectrizcpower is supplied to the heating

el enment duri - the weldin pr cess ,and t ayality
weld is ensﬁsgdweégllﬁgnﬁtﬁﬁﬁséo RS Makd 0 Sfs g?‘kl conné;)ctl ng said

fitting to dscensuleldgd seﬂl@cmrequommp&mmm Vithe ajsﬁpﬁlﬁ-re3| st ance
heating el ement of saiq'uégye urg %%H@|€¥gegﬂg1éamgrggﬂgygfaégnrlc power ;

b) sensing the initial t enpera sai 'ttt ng; ) senS|ng the initial
magni t ude oéleh&ra@rpaﬂeﬁlamnnq;1Mhaﬂgyyf§§k§r¥§ﬁ¥ﬁ§ﬂﬂﬁ?fﬂ§ﬁ NP el enent of

sai d flttlng @R@n%o Edl% th%QQQEt@@% ﬂga[wfykﬂdaﬁaﬂ&xnéanrent | evel s

for various sizes o |tt I ngs thereby to determne the size of said fitting
bei ng wel de@lafgrilse POWER? time the controlled el ectric power should be

supplied to said:resi ghanehdierf ithe Qrireadl denjrirhtudé ioy saidnsure the
maki ng of a hl% eg aI|ty wel d; d) continuing to sense one or nore
el ectrical £A&*3®Cristics of said resistance heati ng el enent of said

fitting during the tirp swnsimntvhel lied tdedctmagnipds 9% thpprueteiter et o
and conpari such hara t t.aredet ' toF VadsgwW th
predet erm nggoé'll&,gt n éﬁugéhga%' (ei?elss |t%sq% rﬁﬁ?e zéei%}?etwtﬁ ng det erm ned
in step (c) fifedelgy ami demparning isucthanags idiude mkﬁbs&“&etpﬁ%’e‘&‘? ng

abnormal I'y a4, r3%4nt Gl ld & Jariddd sizes of fittings thereby to

N determine the size of said fitting being welded and the
‘total time the controlled electric power should be supplied
to said resistance heating element of said fitting to
ensure the maklng of a high quality weld;

' d) continuing to sense one or more electrical
‘¢haracteristics of said resistance heating element of said
fitting during the time said controlled electric power is
supplied thereto and comparing such characteristics at
‘predetermined time intervals with predetermined electrical
characteristics for the size of fitting determined in step
‘(c) thereby to determine if the welding process is
proceeding abnormally at such time intervals; and

(e) terminating the supply of electric power to
said resistance heating element of said fitting when it is
determined that said welding process is proceeding
abnormally in step (d) or otherwise at the gnd'of the total
‘time required for the making of a high quality weld as
'determlned in accordance with step (c).
According to another aspect of the invention

there is provided apparatus for electrically heat welding a
- thermoplastic fitting having an electric resistance heating
"element disposed therein connected to a pait of electric
contacts attached to said fitting whereby a regulated
quantity of electric power is supplied to the heating
element during the welding process and the making of a high



.(e) terminating the supply of electric power to said resistance heating
“element of said fitting when it is determ ned that said welding process is -.
proceedi ng abnormally in step (d) or otherwise at the end of the total tine -
required for the making of a high quality weld as determi ned in accordance
with step (c). According to another aspect of the invention there is —Ljef‘
provi ded apparatus for electrically hea meldlng a thernoplastic fitting
havi ng an ehmeﬂmﬁylwxmdnrsunnSuxﬂdJmpaﬂdﬂﬁﬂnatﬁEWQS@@mPhé$énﬂ EbrRtcted to

a pair of ely q%tgttrciccqg};@ecg sﬁacpép:’ﬁ?%t@fpet%?ét tﬁt&@u&bﬁéemnarawahat ed

gquantity of "électric pomer eating el epent during the
wel di ng pro@d@§ﬁﬂ¥?tﬂﬂweﬂﬂq¢ﬂflﬂn¢1$ﬁQﬁPr meﬂnsqﬁ%ﬁlﬁﬁnﬁkPﬂ tReensur ed,
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e|eCtrlca||kd@lakﬂﬁdﬁhéétﬁdﬂﬁb sﬁiﬂﬂéléccﬁbéeﬁoﬁenngehedatmngamdaaSectr|c

t d t d
El 6ot 1o comrih pulvees, ¥y Foerrbls coffereron 8 98Fq 8lebBrid' Cont acis
of said f|tqu;ddrscnfukzidrtptizngrfar;nnumecblealUOeSQG@rEéeF§§F§tance
heating el el e Sl dAld) £8. Ay L0 EARGELERY  LEGELY 1E0BBREE CHo

bet ween sal f1cC power generating means and s , a conput er
oper abl y comm&ﬂxﬁiQQﬁﬁx#cﬁeﬁﬁ$tﬁn6%ehﬁﬁ#lm%aﬂ%e%ﬂﬁtsﬁfdséaptSﬁtﬁéaﬂs f or

recei ving angh G aiddiE (difedBEtd 1P inid@tEdr beteéhoshng eheeuglhcsaid
resi stance heating el enent of: sald fléfln wth rede erm_ned %urrent

| evel s for\RQWQﬁﬁﬁgﬂ%E%$%ﬂ9fW???%g%" e?%B de?E nPnFREPERE si ze of
the fitting dwmwel&adw@ebahmtsam ¢umaemhesenserameans and said u

switch means for receiving and comparing the magnitude of
the current flowing through said resistance heating element

- of said fitting with predeterm1ned current levels for
various sizes of flttlngs and thereby determining the size
of the flttlng being welded and the total time the constant
voltage eiectric'peWer'should be supplied to said heating
element of said_fitting for the making of a high gquality
weld, and for compa:iﬁg such magnitude at predetermined
time intervals with predetermined current levels for the
size of fittihg beinguwelded; thereby to determine if the
welding process is proceeding abnormally at such time
intervals and for operating said switch means to terminate _
th%supply of electric power to said heating element of said o
fitting, if it is aetermined that said welding process is
proceeding abnormally or otherw1se at the end of the total
time determined to be required for the making of a high
guality weld and temperature sensing means attached to said
cable and adapted for connection to at least one of said
electric contacts of said fitting and wherein said computer
is operably connected to said temperature sensor means for
adjustlng the total tlme said electric power is suppl1ed to
said heating element in accordance with the initial
temperature of said fitting.



vol tage el ectric power should be supplied to said heating el.enent of said.
fitting for the making of a high quality weld, and for. conparing such

magni tude at ‘predetermned tine intervals with predeterm ned current |evels
forsthe size.of fitting being welded, thereby to determne if the wel ding
process“is proceeding abnormally at sugh tine intervals and for operating
said switch neans to term nate thesupply of electric power to said heating
el ement of said fitti Pgefetablyi,stHet peghoddofhaeldding imlcdivapsprtheess i s
proceedi ng abnormally or otherwi se at the end of the total tinme determ ned
to be requistep$ ooft sensikgnghef maghighdquelki thewtletpare tugep exfatswid
sensi ng neans attached to said cable and adapted for connection to at |east
one of sai dreskstancecbaatdng elemant OEt srhd Hadtimer oversdihe ddmsuter is
operably connected to _said tenperature sensor neans for adjusting the total
time said eP%’é’e‘P@cSpbd/eﬁonfynggﬁﬂi edeebrigi Rones: iifg sepPedded ithezedd dance
with the initial tenperature of said fitting. - 43 - Preferably, the

met hod of vRPQi FRMPAELDGe§UCRemagBpsuUEP BENBIRGCEREMIRGH (UME of the

tenperature, of said resistance heating_elenent of said fitti er the
tigg per?odlggfavégﬁth# eBrE @EFFW%"%GMEPmP§r§8H§%ig&VFhérg@% 3*5 _

[ h ' d iped _ti i I it h . d
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to determ ngeidpd hﬁei‘ﬁ#ﬁ’hng §E8§85§ 'Er?&Q%ﬂ?Hg” b&%’i‘ ATl bedlsuRich tine
intervals; and termnatifg fRe suppfy of controlled electric power of said

irgsi Stancg,@ﬁaéi 196k A28} %haNekkmifa thr%heeéubm:y o CoMtirdlneqor ocess
. proceedi ng abnormally as a result of sich tenperafure comparisons. Wth
susH a net hore d@fi@PPanakuss 5HEA resistance heating element when it

is determined that said welding process is proceeding

abnormally aé a result of such temperature comparisons.

_ ’With such a method and apparatus, the

éﬂéfmééiaéﬁié fgffingé do not require separate resistors or

other devices for indicatihg the electric power required.

In accordance witﬁ the present.invention, the entire

welding process of each fitting is comparatively monitored

to ensure the fitting and other aspects of the process are



t hernmopl astic fittings do not require separate.resisfofs or ot her devicés
for indicating the electric power required. In accordance with the present °
i nvention, the entire welding process of each fitting is conparati.vely
nonitored to ensure the fitting and other aspects of the process are . ,:Si
not defective and that the proper quantity of electric power is suppliedt0
the fitting. The nmethod and apparat uP-of the present invention enable’the
quanti ty floeClaRHelced vROWAHA SHUE ek gk d Repty NGE e EEBEE &0 be

aut omat i cgl Ityd%e.t ert% ned and accur at.eél}y,ﬂc?(;rnﬁuoalll ed iztlnd al so en’ébl e the

qual i ty oPomies flis SuRPliedhddidihea hitddhriy in the wel ding process and
t heda]ppl icati ogoof @tﬁcﬁﬁé&ac{mvﬁfd talcp;td&eat{ﬂé mmg?ﬁ@rﬁihm:ed iﬁ\lrsmlchoﬁi tting
is defective, t i1s .also possible for e.ipit] t enperature
of the fiFﬁ%ﬂ}ﬁ(¥qﬁBQQﬁ&§Fq¥n9#eﬁ&ﬁﬁﬁﬁfguRPY$k ?%ﬂ%%+%?u 2 tﬁethe heati ng
el enest t hdat itgnederdntel o wniduronth td calil yvi dét e twimednandde of the
current fl_ow ng.,t el ri ' C eQsu a high
qual ity e ef]sl’ 'éoq{t%qe;gjoar%grgﬁoaﬁ#ef%rée)%%nfaé%\ilg%t?gn{:’g\nel | be
- mor e readifiittimgertst dwd detterminiedweanlyickurihe iveldingi peacedseaddby way

of exanpl R R e r@f’{c et d o er OFD 2k é NB1 € BMG NP8 rininkbbah: -
Figure 1 ?:she;%f i c}gi Vi e?v_v of an_e eé(:%t% (I:l?%eat 20  wel dlabl e thernoplastic
sl eeve, hdf fyad idtdnaiis dpfeckives pe sections inserted therein, wth

one enfgodi nent of el\Ctid aJEVVPosELbIONESH| tWP PP it Ual otehper atasent -

invention iJlystrated schemgtically in relation jheretp; Fiqure_2.is_an
enl ar ged sgiguiiqﬁﬁﬂﬂrkéikﬁrﬁaEE% {hﬁ?i%ﬁﬁ??ﬁétﬂﬁgf?P?th?PBFSEF?S pi pe
sections arfl teedtedtcinmpekensmnt cootbe| campar ativedy ®opitereéd along

with the magnitude of the current flowing therethrough _kj

during the welding process to ensure a high quality weld.

15 In order that the present invention will be more
readily understdod, tﬁe following désctiption is given
merely by way of example, reference being made to the
accompanying drawings in which:-

Figure 1 is a side view of an electric heat

20 weldable thermoplaétic sleeve, having the ends of a pair'of
pipe sections inserted therein, with one embodiment of
electric power and control apparatus of the present
invention illustrated schematically in relation thereto;

Figure 2 is an enlarged cross-sectional view of

25 portions of the fitting, plastic pipe sections and electric J
power and control apparatus of Figure 1l;

Figure 3 is a partial top view taken along line
3-3 of Figure 2; |
Figure 4 is an enlarged view of one of the

30 connectors of the electric power and control apparatus of

Figure 1;
Figure 5 is a bottom view taken along line 5-5 of
Figure 4;
Figure 6 is a graph showing the current-time
35 relationships of different fittings; and



"Figuyre 3 is a partial top view taken along line 3-3 of Figure 2, Figure 4
"is an enlarged view of one of the 30 connectors of the electric power and
cont+ ol apparatus of Figure 1; Figure 5 is a bottomview taken along |ine
5-5+0f Figure 4, Figure 6 is a graph show ng the current-tinme 35

rel ati®nships of different fittings; and Figure 7 is a schematic
illustration of the electric power andgontrol apparatus of the present

i nvention connected tq,.a therjroplastic¢ fittin aving a, resi stance heating
el ement di sposed .t herggi’ﬁ.u'? 745 sc(i"e“fi?etf’é’r %iﬁd‘ﬁﬁﬁ%'i"o‘”fii‘gér%%el and 2,
an el ectric eleattnisl guivex tdret mapltadl appaatus bf sthd Ipedégeried with the
ends of a pagi : EHJEHH ' | Re Ssections 12, and. 14, i nserted therein.
The sl eeve ?&rvleglftl t.c{}'ust rae:#évﬁ:tﬁ? &et%eeﬁré‘lsocg)}fas;hpcairfl% e %’fﬂ%sﬁ i c pipe
sections 12 I&fdstence headring ellemerith dikposddeciherdinacl udes a pair of
el ectrig contact conneEleyrs ik HHY i 1 tp f | Vi g
conpl enentary, r-emivabl e el g's:’"?ri C C(])%ngg’t ors 2(} rayr:]ﬂcijeziz)’ aﬁ a%:% %/io%]t he ends
of el ectricea #eldable thermoplaskic aleevend eisl ustrated wikth
gonne_cll:) eg t ahan eiﬂlseloefftar ipaAi?ow t@i@%@lﬁdgﬂé@mqsegts&hMﬁ e |d|nd3€1_4

escribed i tail, QW., As st oWn i i gur ,. the thernoplastic
fitting 10, qé‘%%é%&& %?‘c?‘ree‘&st ‘ﬁeng‘rbelédrkel“fst‘iarﬁﬁ‘{;dé’strgdj%em
portions of ends ioft er ipadrs off aherdidpi@sthar erifpersedt jprmf dakdng it a coi |
fornmed qfg el i ' ce pi My i ' spiral w nding
within the tiﬁle%%r%&d;}?{le?eﬁg\'er!%% #}%ﬁ‘@ﬁgiﬂéﬁ%ﬁ?&% %Oab e Tnds of the
heating wiré&legtaic comtaste¢onnesitons il6 @nd A& attached thereto for

' - receiving complementary, removable electric connectors 20

and 22 attached to the ends of electric cables 24 and 26,
respectively. The cables 24 and 26 are connected to an

U

15 electric power and control apparatus which will be
' ‘described in detail below.

o As best shown in Figure 2, the thermoplastic- -
'fitting 10, an electric resistance heating element 28
includes adjacent portions of the interior surface 32

20 thereof which preferably is a coil formed of electric
resistance heating wire disposed in a spiral winding within
the thermoplastic material forming the sleeve 10. The ends
of the heating wire 28 are connected to electric contact
pins 34 and 36 in connectors 16 and 18,

A 25 The connectors 20 and 22 include electric contact
' so¢kets 38 and 40, respectively, for engagement with the
pins 34 and 36 of the connectors 16 and 18, and these
sockets are connected to wires 39 and 40 extending through’
thé éab1es 24 and 26 respectively. The connector 22 can

30 ‘also include a temperature sensing device 42 such as a
thermister, RTD, or thermocouple positioned in heat
conducting telationship with the socket contact 40 which is

_conneéted to a multiple lead wire 43 also extending through

_the cable 26. The device 42 senses the temperature of the

35 contact pin 36 when the socket contact 40 is engaged with



plns 34 and 36 in connectors 16 and 18~ - 25 . The cOnnectors 20"
and 22 include electric contact sockets 38 and 40, respectively, for .
engagenment with the pins 34 and 36 of the connectors 16 and 18, and these
sockets are connected to wires 39 and 40 extending through the cables.24
and 26 respectively. The connector 22 can 30 also include a tenperature
sensi ng device 42 such as a therm sted:- RTD, or thernocouple positionéd in

heat condu esati pys ¥ bR thet3atkebmpenheakredGnidnClig S connect ed
to a nultle*én?ég fganrga gégsso extending th ?gugh thg cabl e 25 The devi ce

42 senses fﬁér?éﬁﬁﬁﬂﬁ%ﬁ?e°5ftbﬁe°555ééﬁt&éffﬁFﬁ sempesdture ofcitde cont act
40 is engaggdivet fleeve7’10the pin 36, to sense an initial tenperature which

is representative of the outside_surface,tenmeratyre of the enti.r gleeve
10. As shown in Fi guPBsSBo¥Ryin Ffﬁ@‘@ﬁnﬁeégg 316%5P £0 “qﬁﬁ§°F|9@?ﬁ
optionkl | ythasfivtingdlr oppdontdlynhas pemuﬂhérpr@mmdbatmonsuﬁnreferably

one Lo i nedehoRakyughaabe CRdFe” (BU8FeThe10"Brl LI AU WU i

enl arged s unc as-a |t I'on
conpl ement ac9ecomdqesoBliooneEachmgrgeOﬁ whilichi wgnlcbecml@agedwcﬁmde a

connect o RaBaykng180PLhLEYLAS BUTRCHaRILAGh SiARIFENIR code ri dges

31 to indicate_that particular size exa arr angenent
i || ustrat eB°RR1eMRERLY EB“FFS§8§)ZQGUIEaFﬁdﬁ65@e°§ §%§ﬁﬂ?% D L) size

fittingo Asnclhaétaaéedneatsrgmsesahné an@aiutdmaaeomunwwtaafw/dﬁ i o
conmect o fekAngnelt: S phaL tahda? o8 18 A e SESAERAL VNS
al so includézea chPde ekdmpplegnthegadeangemeniclildnstiratedvin didlite 3. _
di sposed i p5ep¢HgQk) !t BEui8CERATRatE WO 5I9NRH (1L Pl Ui A GRS doe U
As illustrated in Figures 2, 4 and 5, the complementary
15 connector 20 also optionally includes nine longltudlnal
recesses 33 which are complementary to the ridges 31 of the
connector 16. The connector 20 also includes a code ridge
sensing device, such as micro-switch 37, disposed in each
of the recesses 33 to detect the present of a code ridge
20 therewithin. The micro-swjtches 37 are electrically
connected to leads 35 of a multiple lead wife 27 which
extends through the cable 24, . _'
Referring now to Figure 7, the electrlc power and
control apparatus 30 for the present invention is _ .
25 schematically illustrated connected to the heating element . \‘)
28 of the sleeve 10 by way of the cables 24 and 26 and the
connectors 16, 18, 20 and 22. = The apparatus 30 includes a
controlled voltage electric power source 45 which is
connected by the wires 39 and 41 to the contact sockets 38
30 and 40 of the connectors 20 and 22. A low voltage electric
power source 47 is connected to the wires 39 and 41 by
wires 53 and 55, respectively.

A current sensor 46 for sensing the current
. flowing from the power source 45.tq_the heating element 28
35 is electrically connected to the power source 45 by a lead:



20 therewithin. The micro-swtches 37 are eIectrTcaIIy connected to 1 eads.
35 of a multiple lead wire 27 which extends through the cable 24. Refe[rlng
now4 o Figure: 7, the electric power and control apparatus 30 for the
present invention is 25 schematically illustrated connected to the heating
el emen™~28 of the sleeve 10 by way of the cables 24 and 26 and the
connectors 16, 18 20 and 22. The app@-at us 30 includes a controlled

vol tage el egly | S nnect ed b 3 d 41
Lo the cont oo vasH dHe TatR 3% r]'T"*'trﬁe EOSh 8RS t%g ¢ Apd dgﬁ
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the power source 45 which is operably connected to the
15 computer 50 by a lead 54. A similar switch device 65 is
' 'ptoVided in the circuit connecting the power source 47 to
the wires 39 and 41 which is connected to the computer 50
'by a lead 67. The computer includes a readout module 51
_ope:ably connected thereto for visually indicating various
20 modeslof operation of the apparatus 30 such as a shut-down
due to'a'oefective fitting, etc. Also, the computer 50 is
connected to a communication interface 69 by a lead 70
which:in turn can be connected to a modem 72, a second
computer'74 and a printer 16.
/ 25 In operation,'with the connectors 20 and 22 first
connected to the connectors 16 and 18, when the apparatus
30 is turned on, the computer 50 first closes the switch
device 65 thereby completing a circuit between the low
voltage electric power source 47 and the heating element 28
30 of the fitting 10 by way of the wires 39, 41, 53 and 55.
_The low voltage electric power applied to the heating
element 28 is at a minimum level sufficient for the
re51stance sensor 57 to measure the resistance of the
_element,28 without significantly heating the element. The
35 resistance value so measured is communicated to the '




the wires 39 and-41 which is connected to .the conputer 50 by a | ead 67. (he -

‘conput er includes a readout nodul e 51 operably connected thereto for-

visual ly indicating various 20 nodes of operation of the apparatus 30 such
as a shut-down due to a defective fitting, etc. Al so, the conputer, 50.is,
connected to a comruni cati on interfacggﬁg by a lead 70 which in turn canryﬂ
connected to a nodem 72, a second conputer 74 and a printer 16. 25 )
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connectors dKe 39 d8n dbecbhgsapparatus 30 is turned on, the conmputer 50
first closes the smntch devi ce 65 é ereb% cong gb g uit between the
|l ow - vol tage el ectri EPBoRRPPULEF c2V s9eLREMiRES ﬁQl nt 28 30 of the

fitting 10 *Um#GWaﬂﬁréhefwtheseﬁemeﬂﬁ 253wnldh550rfb3pbuusv¢bta@a electric
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conmputer 5 hen opens € SW e Cco ter etermnes the
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ridges in tgg?%% nector 16, the micro-swtches 37 of the connector 20

activated t ®2nd the wire 27 connected thereto. .
The computer 50 next closes the switch device 52 W/

thereby completing a c1rcu1t between the controlled
15 electric power source 45 and the heating element 28_by way
~of the wires 39 and 41. The computer 50 senses the initial
.magnitude of the current flow1ng through the heating
" element 28 by means of the current sensor 46 and 1léad 48.
The initial temperature of the heating coil 28 and the
20 initial magnitude of the current flowing therethrough are
compared by the computer 50 with predetermined current
levels for various sizes of fittings at various
temperatures in the memory of "the computer'to determine the
size of the fitting being welded. Such size can opticnally
25 be compared to the size of fitting indiceted'by the
micro-switches 37, and if the same, the supply of
controlled voltage electric power to the element 28 is
continued, and the total time euch pcwer'shduld be supplied
to the element 28 to ensure the making of a high quality
30 weld determined as described below. -

_ Referring to Figure 6, the current-time
relationship during the making of a high quality weld for
two different sizes of fittings using controlled electric

~ .power is illustrated graphically. The top curve 60
35 represents the welding process for a two-inch sleeve and
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The conputer 50 -next closes-the switch device 52 thereby conpleting a - .

- circuit between the controlled 15 electric power source 45 and the heating
~element 28 by way of the wires 39 and 41. The conputer 50 senses the

i ni ti @l magnitude of the current flow ng through the heating el ement 28 by
means W fhe current sensor 46 an dl ead 48. The initi al tenperature of the
heating coil 28 and the 20 initial qprtude of the current flow ng

t heret hrough are conpared by the conputer 50 with predeternined current
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‘can make the comparisons described and identify the size of
‘fitting being welded from the initial magnitude of current

15 flowing through the heating element. Upon identification
of the fitting, the computer determines the total time the
controlled electric power should be supplied to the heating
element for the making of a high quality weld. For _
example, referring to Figure 6, if the initial magnitude of

20 the current flowing through the heating element of a

' fitting is that designated by the numeral 64, the computer
will determine that the fitting is a two-inch (5 cm) sleeve
represented by the curve 60. The computer will also then
determine from the curve 60 that the total time the

25 controlled electric power should be supplied to the heating
element for the making of a high quality weld is the time
designated by the numeral 66.

" The computer 50 continues to sense the magnitude
of the current flowing through the heating element of the

30 fitting being welded over the time the controlled electric

‘power is supplied thereto and compares such magnitude at

‘predetermined time intervals with predetermined current
levels for the size of fitting being welded, ie for the
two-inch (5 cm) sleeve of Figure 6, the computer would

35 compare the actual current level with the current levels of



The conputer 50.includes such current-time 10 relationship information for
a variety of electric heat weldable thernoplastic fittings at various . :
initial tenperatures in the nmenory thereof whereby the conputer 50 can nmake -
the conparisons described and identify the size of fitting being welded .
fromthe initial magnitude of current 15 flow ng through the heating [y
el enment. Upon identification of the fijhting, the conputer determ nes t he

total time the controlled electric power should be supplied to the heating
el enent fotheheuxwe 6§ ot £rieagiendudriede tenminetbrtimerdntervakerridg to

Figure 6, hin Eh%s' Q'hfe' %'en@%ﬁl”'ctult%n‘%f 1y 1 41 rﬁﬁsﬁéﬂli‘ﬂl# hgrigh the

heating el ene a fitting is that designated by the nupera , the
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wel ded, ie"for ,the two-inch sl eeve of Figure 6, uter would
35 conpfr e tUKRIRG: QL éﬁﬁ‘ﬁ@r*@qté\}éﬁ RAWaT + hé"%r‘?%?ﬁa‘l'%e?% E‘f the curve
60 at frequ@@tarrarteadew Tisndhfioried Wt Shisddwnand the seases current
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process to the totalTMaﬁulqutMeﬂmetHddtdﬁeEhnunxbsnnteﬁmvention, one
or more electrical characteristics, eg resistance, current

15 flow, etc of the heating element of the fitting being
welded are continuously sensed or determined, in order to
ensure the making cf a high quality weld. - If such
electrical characteristics are abnormal as a result of
short-circuits, poor fitting alignment, poor contact.

20 Dbetween surfaces, etc, the welding process is shut down..

The initial temperature of the outside surface of
the fitting 10 and the initial temperature of the heating
element 28 of the fitting 10 sensed by the computer 50 as
described above can be utilized by the computer 50 to

25 calculate the total time required for the optimum gquantity o/
of thermoplastic material making up the fitting being
welded and the pipe sections in contact therewith to melt
and adjust the previously determined total time if
necessary. _ _ .

30 As long as'the.welding process proceeds normally,
it is allowed to continue to the end of the required time
whereupon the computer 50 terminates the supply of electric
power from the power source 47 to the heating element 28 of
the fitting 10 being welded,by operation of the switch.

35 device 52. Upon terminatihgrthe supply of electric power



| evel's deviate fromthe current levels in nenory, as for exanple the

devi ati on shown by the dashed line 68 of Figure 6, the conputer 50

det.erm nes t-he wel ding process is proceeding abnormally and term nates the
wetdi.ng process by 10 turning off the electric power. The operator of the
appé?eiu$ 30 is inforned of the shutdown and the reason therefor by way of

the readout 51. Thus, by the nethod ef2the present invention, one or nore

el ectrical _.charagcteristics,,eg, [esistance rrent 15.flow, _etg,of the
heat i ng ol SNt CBE BREEFE, £7ngthE REMRBEREASTr B2RoABRIT0SENF s EM8ed or
det er m nedreshsbadee b6 eheuetembrtnBBi kg bk mebisghedquahnidt dewelrcines such

electrical GRAERLE kahbEIaRhfe PROLEBE I8 EnChdhk GanhQr iecircuits, poor
fitting al i gnment, poor~contac etweén surfaces, etc, the wel ding
process i sdeagribednabyne Eart merpsucipar ther dndtimde tompeirasuser Pfce of the
fitting 10¢ppdeiBRehpi 2gal tenperature of the heating element 28 of the
fitting 10 sensed by_the conputer 50 _as descri bed, above can he utilized by
the conputer 50 to 25N PRAEEH| Pcfardlibase theemrkdngr 8 Poli8Re opti num

quantity oguabg¢tyopedali alveraatdhgnelirpentpikheupblliedg tbeithe wel ded and

e P1P° SRERLINS, FRaRRRLoBE S BILRGO0TERS R1GRY B! ble previously

process proostdeliednublyaget electklionpdweo eontriceud5t oft lkheend of the
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bei ng wel dédipgtedetat thatofreguenayt which bedtceaysesyusds €dttiimgti ng t he

supply of Bkef§rwel18e8Cto vibidtel A8MA! PEsERY 62 4he MAYneRTRUEIE1E Can
agarn Ca“SSrEQSced by the alternating current flowing through the
heating element of the fitting. Such vibration facilitates
15 and promotes the fusing of the softened thermoplastic
materials of the fitting and other plastic members being
welded thereto. T T
In order to concentrate the magnetic fields
created by the alternating current and amplify the
20 vibration produced thereby, conductive metallic material_
can be attached to or included in the weldable
thermoplastic fittings. For example, as illustrated in
Figure 2, iron filings 29 can be suspended in the
thermoplastic material forming the fitting 10.

/ 25 During and upon conletion of the welding process
described above, the computer 50 records in its memory the
various temperatures, current magnitudes and other
variables sensed and determined during the welding process.
For example, the computer 50 can record the initial

30 temperature of the ouside surface of the fitting, the
initial temperature of the heating element of the fitting,
the size of the fitting, the determined time the constant
voltage electric power should be supplied to the fitting,
the magnitudes of current flowing over the time constant

35 voltage electric power is supplied to the heating element



resistance of the el enent 28 to be neasured and deternlnes the flnal
tenperature thereof in the sane nanner as descri bed above for neasuring the*
initial tenperature of 5 the element 28. In order to facilitate the
maki ng of a high quality weld, alternating current is supplied to the. .
heati ng el enent of the flttlng bei ng wel ded by the controll ed voltage \¢~’ﬂ
electric power source 45 of the 10 apparatus 30. The frequency of the

al ternati nsfcuhéeﬂtltangdl wee(hwalt ft%ﬁnpferr%q:lﬁ@:@)bﬁ/\’fﬁt\@ r@s&; uses the
fitting bei ratelag .are t of 't he ﬁg_ |c flelds‘ﬁroduced

ed
by thelal teTRBeRke enf, he  ER5R
fitting. Spohe1|msahupplﬁad|kbt&hﬂshh&taniqmemunﬁﬂstSucHtﬁacqxdédthe
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conduct | Ve fRL 8l hbAeli79! Bnncdi el e hhe'id A Tedili el dabl e

t her nopl ast tings. For exanple, as ustrate Igure 2, iron

filings 299§antsé §Ns§eﬂ(§é@tﬁ¥ {Tibe commastsda cthmtmm;tefrorm RF t.he

fitting 10ut13§zed in any @¢hie?d a4 réOWRRMPIFK | usme Qfu ;meyv&tdl ng process
descri bed agove he conpyter 50 records in its 'g thedy ous

t enper at ur & ec&ﬁFFeRPwﬁﬁgﬁFtGGE?E%%?%&Iﬁﬁ LVE o bt er mi ned
duri nglohepwvelessg ppoceeding-abnoraiglly,, tﬁtfe cmmtteerofso:mn record the

torper at ur 8bBPERAC LR Bty TR AR SR ST I T  eonded BEpiaRRAd g,
the determned tine the constant voltage electric power should be supplied

to the fitting, the magnitudes of current flowi ng over the time constant 35,/
voltage electric power is supplied to the heating el ement



"-13- of the ffttiﬁg, the final tenperature of the heating el engnt, and the.

“total tine the constant vol tage electric power is S | to the heating
el enent. Such recorded information can be connunlC\Upp+?§da\5536ﬁd~eenputer
74 at 5 -a renote location by way of the connunlcg@g 9 and a
moden¥2 connected thereto. The |nfornat|on can be GMﬁnter
connected to the conputer 74 or utilized4 m any other deélréd na If the
supply of electric power is term nat egragmg result of the welding 10

process proceedi ng abn rmall\ﬁl|e &RE %rﬁrﬁ“ﬁf t he abnornallty wll be
apparent fromthe reco dedAl &hRgh Pénelectrigallychgatsweldifg @ hod of

el ectrical | ytheamopdlagitig &1&hethhh&$thahlbﬂb@@rh@vt@gr%&dﬁdaﬂﬂédtln

t h I d th wh b | at t f
ectric poncieme sirEgner, tPREC AR AR S B AorE SR AHa et ag
process and ehectulicnpovkraisi gopplidkdt yowthe heatingr ed emeaitd dutimgd
conpri si ng thﬁeshﬁﬁalﬂahgrﬂkeggng gt tHd @qunB'BE'Qggﬁgpgﬁg%ﬁkrglsal

el ectric power source sal rési stance-heatin
fitting is S&BpFPEBrﬂFthsééﬁtNGFh@é epmpripdngokbe; skepsensismg the initial

temperature of said f'h@'EBnnEhtiﬁ?SgggdtthtEhb'%b %aﬁ%hk¥@Q1%B the
current flomﬁﬂgﬁ%hrou h said resistance heating el enent of said fitting and

conparing su€ §hFt ﬂgeﬁnFH“ﬁF@dEP@FﬁPXeHa&QrF@ﬁﬂsFéngshF8F1@§rlous
sizes of fitelementhefebgifofitting is supplied with controlled

~electric power; .
o b) sensing the initial temperature of said
fitting; | |

c) sensing the initial magnitude of the current

flowing through said resistance heating element of said
fitting and comparing such magnitude with predetermined
current levels for various sizes of fittings thereby to
determine the size of said fitting being welded and the
total time the controlled electric power should be supplied
to said resistance heating element of said fitting to
ensure the making of a high quality weld;

_ d) continuing'to sense one or more electrical
:charécteristics of said resistance heating element of said
fitting during the time said controlled electric power is
U - supplied thereto and comparing such characteristics at

predetermined time intervals with predetermined electrical
:charabteristics for the size of fitting determined in step
'(C)'thereby to determine if the welding process is
proceeding abnormally at such time intervals; and

| (e) terminating the supply of electric power to
isald resistance heating element of said fitting when it is
'determlned that said weldlng process is proceeding
abnormally in step (d) or otherwise at the end of the total
time required for the making of a high quality weld as
determined in accordance with'step (c).



deternine the size of said fitting being welded_and the total <time the
. controlled electric power should be supplied to said resistance heating .
el enent of said fitting to ensure the making wel d; d)
continuing to sense one or nore el ectrical Pmmmlm"mmlm“" said, . /J_
resi stance heating el enent of said fitygng during the Yire gaid controlkgd '
electric power is supplie ﬁﬁ ho and 6 ngfglng sych characterls JCcs "at:
predetermned tinme interv IEe PH BFEAEFLPHi FRyCLREM: Ai ARC 3 stics
for the si ztﬂae)ffdrthengsﬁepsrafnedmparShgps(lch tempeby tue eddiesrelsnavith t he
wel di ng pr e tery d (e)
termnati ngﬁf%eeésﬁgg gf géﬁéﬁ?tﬁ?@rﬁoé\gyeﬁ% ggﬁdtbggilgs} agnge %Il ti%% el enent
of said fit Q#gfmﬁn#ﬁlln|stektéch1hbdrEhﬁttgaddtaemdnngtpeo@dsyshment
pr oceedi ng r&d ] vy fn ep;h r i t Renerd19kdt o tine
(ﬁ%ﬁ%ﬁa i §§ %h@ ?EQ? ﬁg Eﬁe Bent % R el

required f na | Rg % determ ned |1 n accor dance
with step ROWer s be syppiieddtact ?dFﬂﬁlﬁﬁaBPalhﬁft&ﬁa|Q%ﬁmﬁﬂqm)the

further steapsret; cawaéhasgwghtaen@swluwméeaetérmhadp&%d%wdﬁd@%e
tenperature | ze of fitti ed in step (c) thereby

eI
o et or i et ceap keho “secorsance |y D safh pAT s ReR el 1o ) e
controll ed electrlc pbmerAsheﬂhddbeceup@ingdtboclhemresaaﬁaﬂnelhdaMQng

el ement | evg| n n cordance with
step (c) |n accor Aﬁ%@ an h sa dgégé%s%€€ @gégigkﬁ ?Eo&ﬁ%ccordlng to
claim 2 andenpgnatuce tof said heessse@noé Beating ehemengnicfusaidf the
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time perlod said control l ed el ect power 1s su hereto an
conpari ng sllﬁ:@q‘%}ﬁgq,d%h%{eto and compating suc magnltude at W/

predetermined time intervals with predetermined temperature

levels for the size of fitting determined'in_step (c)
thereby to determine if the wélding process is proceeding
abnormally at such time intervals; and terminating the
-supply of controlled electric power of said resistance
heating element when it is.detérmined that said welding
process is proceeding.abhormally as a result of such
temperature comparisons._

4. A method according to claim l, 2 or 3,
wherein the current of said controlled electric power
supplied to said resisténce heating element bf said fitting
is alternating current. |
_ 5. A method accordlng to cla1m 4, whereln the v/
frequency of said alternating current is at a level such
that said fitting is-causéd'to be vibrated by the magnetic
fields produced thereby during said welding prdcéss.

6. A method accotding to ahyipreceding claim,
wherein step (d) involves supplying electric power to said
heating element at a minimum voltage level fbr_measuring
the resistance of said element without significantly



predet erm ned tine interval s With pr edet er m ned tenberature | evel s for -the

size of fitting determned in step (c) thereby to determne—+f—the-—welding

process is proceeding abnormally at such tine intermﬂhi; and term nating
4i

t he{ suppl:y of controlled electric power of said re Mlmmﬂﬂl | enent
i Mhal |y as

when~Js i s determ ned that said wel ding process is
a result of such tenperature conparisons. 4. A nethod according to claiml1,
2 or 3, wherein the current of said coRfrolled electric power supplied to

said resistpeaeingacia elemeAt @hasahd hebbhRdd $edliseandl RE GWigent. S.
A net hod ac orgLng tﬁ claim4, wherein the frequency of said alternating
current is aeakipByeledgpt tRafetsrmipe; theyind tdadsE8mPETREWELLEt ed by

t he magneti saifli elldmeptoduced. t hereby during said wel ding process. 6. A

nmet hod according to agy precedi cl ai erein ste d). i.ngol ves
supplying el ectric poaér tg §§%§gﬁe§FF§gdg?gn§8tciFlﬁ %iﬁPﬁu#%&&%Fﬁge | evel
for measuri Apclhdingstbeastepobfsaedosddmgniinfiormation geiliaitdagt Ity -16-
heati ng sai e sapd a : LkSkanc :Sql i | nt to
determ ne t g??n???gﬁﬁ?e Egggggrgagﬁgégﬁﬁbe%ggqﬁp?k%%q Qﬁ“ﬁ%&ﬁg%rgéggfding
to claimé6 8R&df beekdngi pdemenky the sieg of fdtsdapngnontdenddmen rel ating

to said vel dlggtRiecpowe€OBRbUIANGe! BApPiikdaiheeERer,akthet mgnidivdezeat i ng
el enent, the_size of fI&tID and t he tine el e tric.power shquld_be sup, I!ed
thereto, t hOEnERRFENtCEIBMBE, PRRE EPGuitiBeoFIected st PRUSE oft A0 s
suppl i ed seseadsedandnihehkotokali timeorshatantovodgagel edlectt ijgo\powers
suppl i ed t0i§agng?§EEnQOeESQEnBegEi%Siglghgkkn%f said fitting.
S _ 8. Apparatus for electrically heat welding a
thermoplastic fitting having an electric resistance heating
element disposed therein connected to a pair of electric
‘contacts attached to said fitting whereby a regulated
quantity of electric power is supplied to the heating
_eIément*Hﬁriné'the welding process and the making of a high
- quality weld is ensured, said apparatus comprising first
" ‘electric power generating means for producing controlled
electric power; current sensor means for sensing the
magnitude of the current flow'from said electric power
generating means electrically connected thereto;, electric
cables connected to said electric power generatiﬁg means
~and adapted for removable connection to said electric
“contacts of said fitting for conducting electric power to
séid e1ectfic resistance heating element of said fitting;
switch means'electrically connected between said electric
power generating means and said cable; and a computer
operably connected to said current sensor means and said
switch means for receiving and comparing the magnitude of
‘the’ current flowing through said resistance heating element
of said fitting with predetermined current levels for
various sizes of fittings and thereby'determining the size
of the fitting being welded and the total time the constant
voltage electric power should be supplied to said heating



8. " Apparatus for electrically heat meldLng~a_Lh§LHQEL§§LLE_§L;tihg havi ng
an electric resistance heating el enent disposed therein connected to.a pairs"
of electric contacts attached to said fittin?u“' ted guantity .
of electric power is supplied to the heating mm"mﬂmﬂm& welding *
process and the naking of a high qualify weld®i s®ensured,s sai'd appar at us Pl
conprising first electric power generating neans for producing control’l e

electric poyBimeft’ 5ENEa38 2L TRGNEoEORECHRkIAS! BE BRANIGHUG RS e
current flow fromsaid electric power generating neans electrically

connected tHe18} 0ang! £6k" compakling soRRcRagditadediad PlredeternfioRy
generating neans and adapted for renovable connection to said electric
contacts oftsmédihtéivalsfl @ithopdedbitegmiénedt cue rpateleve lsaifbreltdat ri c
resi stance heating elenent of said fitti-ng; switch neans electrically
connect ed beizeecofssittéhgcbeingpeeddedontherieby foads t@rdise dicdlile; and
a conputer operably connected to said current sensor neans and said switch
means for reekdinggpradessnpar pngcekrdinggabnodaadiiyt g swaherttineg owi ng

t hrough said resistance heating el ement of said fitting with predetermn ned
current | evihtervalgapndufosi eperatingt sidds syidchhMmedps ¢& &HaFHINRF] he
size of the fitting_being welded and the total tinme the cqonstant voltage
el ectric pote® SWBDLY BE sdppErds Pevwes §onsaipnpeatinge pdfimedit Lf g

fitting for the puking of .a high ality weld, .and far, co ring such
nagni tgde aFaps ebrtEd nea%t i‘ﬁgl?ﬂ gtesmdngd; khake §2id M %?ﬂr&ﬁe%%vel s

o n bbbkt SRS HSL 15 or! HESRRs bR, U5, S0 W of Ml
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high quality weld and temperature sensing means attached to
said cable and adapted for connection to at least one of
said electric contacts of said fit;ing apd‘Whetein said
computer is operably connected to said £emperature sensor
means for adjusting the total time said electric power is
supplied to said heating element in accordance with the
initial temperature of éaid fitting.
9. Apparatus according to claim 8, wherein said
_computer is also connected for comparing the temperature of
.said heatiﬁg élement at predetermined_time intervéls over
the time period said electric power is supplied thereto
with p:edetérmined temperature level for the size of
fitting béihg welded theréby to determine if the welding
process is proceeding abnormally at éuch'time intéﬁvals.
_16. Apparatus according to claim 8 or 9, wherein
said electric power generatihg means produéés alterhéting

current.



" is proceeding abnormally or otherw se at the end 0F<Lhe_LngLr%Lgﬁd;;; .
determined to be required for the making of a high quality we )
temperature sensing neans attached to said cable aq%uﬂ' f nection ..
to at-1east one of said electric contacts of said flil Wlw”mﬂmrn sai d

conmput®f js operably connected to said_tenperature sen$orlme®nss

adjusting the total tinme said electrié7ﬁombr is supplied-to said heating

elenent in accordance_with_.the initial tenperature .of said fitting. 9.
Appar at us accordi ng tdlcl aPRPEr k& éFﬁ°§§H&9cd‘|‘?plﬁ1€r“‘} oal"étlf‘c"olrfﬁetrﬂ%d f or

conparing t enperature of. said _heating el enent at predetermned tine

i nterval s ogg?%F%BQYi 58?FOE§§§F832F8@tFPErﬁg%ePWQ§J R%F33Ereto with
predet erm n r re | I t i.zg of_  fitti bej d

t her eby to_%g?é?ggﬁegﬁge?hgg%gfa%gégprggégsﬁfsa%rébéé@%ﬁg%%g%bﬁﬁ£ y at
such time | phenvakssslQuppIRanatss33A0FdkRanky @l Bittding qatherel n said
el ectric power generap|n8 nmeans produces alte dating current. - 17a -
11.  Appar ay y5rg€ear 8y"¢nkOmabik®i 0488681 PriddR e thiebylanding
alternating current produced DBy said electric power generating neans is at
a level suchaibaweVPBefgi processpplied to said fitting, the fitting is

vi brated by the magnetic fields produced thereby during said welding
process. 12. Apparatul2acchappargtus akebindihg toc@liimatlilonin th a

t hernmopl astic .fitting having an electric resistance heating el ement

di sposed t heombingbhoncwéthht @ shpamppdastliecifiitd ingnthastinatamaiettm sai d
fitting whereby a regulated quantity of electric power is supplied to the

heati ng el eredistanraghenting elegeptodisposed theredn qpnnected to a
& |

pair of electric contacts attached to said fitting whereby
a regulated quantity of_electric power is supplied to the
heating element duri;g the welding process and the making
of a high quality weld is ensured and wherein .said fitting

includes means attached thereto for concentrating



of a high quality weld is ensured and wherein—said fitting includes neans
attached thereto for concentrating the magnetic fields created by said
alternating current flow ng through the elecf
t hereof and thereby increase vibration of sa

alternating current. 13. Apparatus according tof cltai 12, wherein sa{dxgi

means for concentrating said magnetic-¥8-elds are iron filings for

! \ : g ; ! o th
{her mopl aotry BRI DRTES Urddped it a a1 (AT GIREARELE, "0
one of cl aifdewdngo thyangh fihe ledectorin iresis tanen el bing i elemert

gener at | ng ¢HRALS AndHUIULAD dridk S AURLRLELI | S¢ POUES £0EeTRGSUM i NG th

resi stance of said el enment w'thout, significantly heating said elenment and
resi st ance S@WFEG B fnld Altarnatipg IRUGERPY ¢ ude of the resistance of sai

heating el enent el ectyd caldppHEMAS tfbdrd Hg b § e€Pam el BLtwhEr @DNer
gene oL 10 S hedt ‘g SRR SRR o4 RadoatBe PER e VLY Fopeot o
fitting sulfsi;la’ntg’salﬂq: dsndreras impfide mieRoe t be cperndéab £I Bty nok theand as
neat wel i 558 (LS paaed fof e MecdthrAPPes Sates 41 HhEERLAG ! Y
descri bed Walld fdrtdyifige to and as illustrated in. the acconpanying :
draw ngs. 14. Apparatus according to any one of claims 8
to 13_and fdrther comprising second electric power '
generating means for producing low voltage electric power
for measuring the resistance of said element without _
significantly heating said element and resistance sensor
meahs for sensing the magnitudé of thé reéistande'of_said
heating element electrically connected to said second
electric power generating means, said reéistance sensor
. means being operatively connected to said computer.
15. A method of electrically heat welding a
thermoplastic fitting substantially as hereinbefore
described with reference to and as illustrated in the.
accompanying drawings.
16. Apparatus for electrically heat welding a
thermoplastié fitting substantially as hereinbefore
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described with reference to and as illustrated in the U

accompanying drawings.




