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i J « e m e 2 * 1™ t t a  *» • > « « «  » - -

viriP ifr,an 0bject 0f the presenfc invention to pro- 
menJ f  electric-resistance heating Ele­
m ent suitable for electric toasters, broilers cook
.X s v s : i ns o,e”s’ s» ce ¿ « S i

t e i r - th“  - S “
A further object is the provision of an m  

proved construct ton , . r  J  e l e o ^ S  S i

According to my invention, I  enclose a re^isf 

1 »  the
vention I  employ a  round tube of a m atertaf , w  
^ tra n sp a re n t to a substantial p ^ t  
heat th a t will emanate from the heating conduc-

into a S j s h a p f a n ' d t o 00^ ^ 0*01' CTimp 3t moval

ductor is l o o f l f " - 1^ 6 25 1" ~auctor is loose therein. I  then form th B

S e e  ta tS S h 1ltt  18 t Uil able f°r  the particular
f S ^ t S & ' iS Z 'Z l ’SSS
S h T , 'i mtee ° 0n ‘f 01' 1 1  pe™ lte t o E rto be spaced easily along the length of the trb °  
either a t uniform intervals or in  any desired pat 
tern of non-uniformity and insures tha t 
no t be damaged in  the fabrication process The 

the tube a t  only a few spots 
ls only slight conduction of heat 

thereto This construction permits a high con 
ductor tem perature for efficient radiatfon ac

Iow tube tem perature for max-" imum durability and safety.
These and other objects and advantages of

£ g  E K 1*  aPParent from the follow-

S a w S  n  bS PUt in t° practice- In  the 40

1  ?s a sectional elevation of an  electric 
toaster containing heating elements constructed 
* p  Ccordance wnh the present invention;

o n ^ e f to e  l l a t f H r i ' ' ” 2 a  aMl“ »  “ “
Fig. 3 is a detail on an enlarged scale consti­

tuting a section taken on the line 3 - 3  of Fig iFlff l i c e  «Ji i,. . , .. Ai»‘

construction^ 8 & h e a to g  element oi a modified

element of Fig. 6

toaster of K g 8? 6“ "* '0 °irCUit di"  t o  the

¿ - s s r s t r . ;
- 2 f K  STSYooS T*  “  “ * « . «■»
s Æ o “  “  11 « '  * “ »IM M  OOP­

S '  13  | aJ ieJ  0f,a further m°diflcation;

element of Fig. r 3T San d tlVe °f the heating
n f f X i ! 5 Is an eilIarged section of the terminal of tne heating element of Fig. 4. mmal

The specific toaster of Fig ' 1  innindoc Q •
Î0, oven fram e members (2 and fd n ?asing

30

35

40

Circuit wires 22 fo r Ih e  electric' ' Z  raCk
ments of the toaster, a switch for c o n S o lw

rack™ 1w itchd a haDdle 20 f01' controlling the 

heating elements8̂ ,“ e tc io f^ v h to h  °L  fs^beit
S g £  Ts S i d T  ̂  a 8laSS * *  > U t a £ S

.n2 £ ,2 5 ,bS t<5ST
2 S i S  S. °IZi S i L i S i i  

»  S a S , e f . . W“ 5  r forms ,0channel 4« and lies around the glass fnhp ac

Tbu t o e ! ,  ,S  toM  H e  , ube

------------ v
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ing space as a t  56, 51 and 58, shown exaggerated 
in Figs. 2 and 3, to allow for any difference m 
expansion between the glass tube and its sup­
porting structure when heated. ,
P The m etal sheet «8 is preferably bright so th a t 5 
it serves as a reflector for rad ian t h ea . and 
thereby both confines most of the heat to the 
oven space and increases the intensity of rad ia­
tion applied to the bread. As is shown m  B b.
the oven-frame members 12 and 14 . ^ e  bent- 10 
out ears 13 which constitute guides within which 
the channel pieces 48 lie for supporting tHe heat­
ing element in  the toaster. The upper lead ‘Q 
of conductor 34 is brought out to a screw te r­
minal 44 (Fig. 1) on the outer face of me oven io 
fram e 12. The lower lead is riveted under a 
m etal grommet supported by insulating washei» 
on plate 45, to which grommet, circuit-wne «5 
is connected by a bolt 48.

As is shown diagram m aacally m  Fig- <» m e 20 
separate heeating elements 38 of the toaster are 
connected in  parallel w ith each other and j-he  
resulting group is connected in series circuit, v. ith 
a terminal tim er which includes a heating element 
60 and its shunt contacts 62, which are not 25 
otherwise shown in  the drawings, and a 0 
series with the m ain switch 24. Power is applied
to the two leads 83 and 64.

As is shown more clearly m  Figs. 8 and 9 tne 
resistance conductor 34 preferably is m  the foil 30 
of a th in  ribbon which is deformed and lies loos,, 
in the  tube. Preferably I  first crimp the nboon 
to give it a generally zig-zag shape so th a t n  com 
nrises a series of longitudinal waves. A single 
short length of ribbon such as th is usually has 35 
excellent uniformity, but various samples oi ab 
bon, even from the same spool, may have m a­
terially different thicknesses._ In  many heaters, 
such as those used for electric toasters, n, is 
sirable th a t the heating units be provided with 40 
equal electric resistances so tn a t the several ele 
ments of any one toaster will perform alike. Ac­
cordingly, in forming the crimps, I  make them, 
sharp so th a t the crimped ribbon will be short.
I  cut the  formed ribbon to the desired resistance 45 
value, stretch it out to the required length, a ttach  
or form the lead-ins, and insert it m  a straight 
glass tube. I  then  form the  tube to the desired 
shape by heating it. Finally, I  soften the  ends o 
the tube and pinch them  against the wire. As 50 
may be seen in  Figs. 8 and 9, this crimped ribbon 
conductor 34 touches the glass t u b e o f  
gitudinal intervals a t the crests 66 and 68 0 
the waves (Fig. 9) and then  only a t tne edges 
of the ribbon (Fig. 8). Furtherm ore t j e  wire 55 
lies loose in  the glass tube and so will actually 
touch the tube only a t a few of these corner­
like points. T hat is to say, the edges of t h e 11L- 
bon a t  the crests 65 and 68 of only some of the 
longitudinal waves contact the tube wmle the 
crests of other of the  waves will be spaced from 
the tube, as shown in Fig. 8. The overall thick­
ness or height of the ribbon determined oy the 
wave form ation is such th a t the zone 01 lee- gg 
tangular cross section defined by the waves (Fig.
8) in  its greatest dimensions will be less th an  the 
diameter of the tube. Accordingly, while the 
heat-generating ribbon is entirely supported by 
the glass tube, it  touches it only a t widely spaceo. 70 
points and is able to conduct only a small amount 
of heat thereto. Since glass is transparent, mo&u 
of the heat th a t radiates from the ribbon passes 
out through the  glass without heating it, and 
consequently the glass, since it  has a large sur- 75

face in contact w ith the air, operates a t a tem ­
perature fa r below th a t of the nooon.
P Flg 5 shows an  alternative configuration 101

E atu te  consists of two similar patterns of
short horizontal runs connected by single
the two patterns connected tog .the, by a sing 
long horizontal run  across tne   ̂top. T im  ai 
rangem ent permits both 01 the ^
located a t the bottom edge oi the p aae in . n. 
supporting plate for the heating element of Fig^
5 is shown in Fig. 8. There a plate has im m ed 
side channels 72 similar co t h e I f n e l  
Fio- 1  and in  addition h a 3 a »epaiaU ^han^  
niece 14 running down its center for noiding t  .
U -bends near th e  center of the
The leads are riveted under metal
which are insulated from die plate 70 oy m

^T h^rib lm nC onducto r bends most easily about 
the longer axis of its cross section, and since n  
i  loose » a  «»«eiare to o  to  M m  «  >* e  g»ss 

the crimped ribbon in the cui^ed parts 
S Z i S  tube springs into foe ori.n tu tion  sbou» 
i r  Figs 1 4 and 5 so th a t the piane 01 dm 11b-on 
- oemendieular to the plane of the curve of the 

lube in  t t e  toaster of Fig. 1, for example the
ribbon is merely crimped and not twisted amally r-oouii 10 o fsr*^ pd^e-on toward the

Figs. 10 end 11

s  s s  v a s s s e t  » r r r ™

axiafiy will have been selected to come ab t - 
junctions 88 between the curved ^  sirmgh

553? oi £

S ? s v S  £ e longitudinal axis of t h .  c»—
ribbon taken a t spaced points 01 said axis
different orientations about th a t ax .

In  Fig. 12 the construction ox i 1 
bent into a surface th a t is pare 01 an  erect cyi 
inder so th a t the straight portions sO of l 1»- 
have become curved in  a horizontal plane, but 
with a less sham  curvature, and thereiore longei 
radius ofS curvature, th an  the U-bends. Here 
thp 90° angle of axial twist a t pomi 86 m  the 
S b o n  corresponds to the difference in duection

ribbon in  each part of the tube lies approximately 
nprnendicular to the radius of curvature of th  
part The straight runs in  the tubes, as m_Figs.

„ j  11  ohould be regarded as portions of zero 
curvature and therefore as having a J ^ e n t  
pm-vature th an  do the U-bends. The meum 01 
curvature of such straight portions must of 
course be regarded as having infinite value <md

^ i y 'n m f a t d  im prered heating element is useful 
also in  various other cooking and heating devices 

°o r example the reflecting rad ian t heater of 
K -  13  W e  a glass tube 00 having a crimped 
ribbon conductor 82 extending there tro u g h m s 
formed in  the shape of a bifilar tapeied  helix. 
The specific shape of this helix is best seen m 
Fig. 14. A m etal rod 84 extending through the
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f f t i A e  VlS f r SUPIl0rt a t thS outermost Part of 
heating p1BP  I  J1 exposed constructions, the 
nerim ^ ele2nen* of my present invention is su­
it heating conductors because
an? p w  ■ -1 s danger t0 Persons from burns
elem enM n f Sn°Ck‘ ^  the same reasons mySmoSSi“  “ re ^

For use in toasters and the like, I  now prefer

Sr* S u c s r s S s f  s s r  i
t h i S S I a i t m 5 » ? '? ; 1 ?" t  01 lhe raa“ »n t oine conductor which is operated a t red hear
F % Wwh?rhntt S the temPeratures of 800-1000» 
?■ *°, Wh\ch m ay be subjected. For greater
For uses' i n v o l v i n g  a high-silica S^ss.
am r.il 1  ?  • 1 g lower temPeratures, as for ey-
s S e  hea te l?  T °VenS’ drying ovens and 
m ateriaii I  f  may ei? ploy resinous insulating
mlthli 1 h as Polytrifluorochloroethylenemethyl silicones, polystyrene, methyl m °th- 
acrylate or nylon. Such substances do nflTe--

brittll6 andSfnr d°eS glaSS’ but they are less • d f th a t reason will be preferred for
low enough Wp6n t]?e temperatures involved are
Pareto I S '  i Porcelaln’ th °pSh fa r less trans-
Ttable SreaSlly formed- is mechanicallysiable a t higher temperatures than  is glass and
so may be preferred when the higher fa'ans- 
parency and pliability are not required. Poly- 
teti afluoi oethylene is resistant to higher tem ­
peratures than  are the other resins but is limited 
to uses m  which pliability is not required
conductor It m5i beat-generating metal
rh , u ls out of direct contact with 
the atmosphere and only a limited supply of oxy­
gen is available for its chemical erosion Ac­
cordingly i  can operate a glass enclosed element
° ^ yn Z eSent T m ti°n  a t a  higber temperature^ and obtain a longer life than  is possible with
h S h ^ 1' ? 16 • °PMn 'i Vire heating elements. The higher permissible temperature not only provides 
a more intern«, rM tan t heat but also p e . S  S
Shlrfer L  UerJ 3leP ent- Particularly with ashortei total length of conductor and glass tube 
with a consequent saving in cost. ’
used T r f tL letailng. eIements, as for example those 
i  ®d in toast!:rs’ 1<; 13 desirable th a t the heat-
m tl? l0W 80 th a t i4 can cause verylittle dela,y m the heating and cooling of the

Such  delay adds to the diffi- th ^ ln  f CO]flrollin8' the toaster to make toast of
which +LCOi°r f gardless of the tem perature to 
^  °.h  the toaster may have been heated by 
previous operations. The low tem perature of the
isUstoredPin th h °ld d°Wn the amount heat th a t is stored m  this manner, in  addition, my present
construction provides adequate support for the
tube and puts little or no strain  u??n it c J S
th e ? r? lly th ® tube can have a th in  wall to fur-
ity6 of I h ^ h e a t t^ e le m e n t?16 * * *  ^  ^

I  have found th a t under certain conditions a 
conductor m  a tube will produce a high-pitched 
squeal-like noise as it heats up. This noise ap­
pears to be produced by the movement of the 

mf conductor acr°ss the surface
the iube } m  the curved parts ofhe tube. I  find th a t this noise can be a t  least
reduced, and usually eliminated by using a X
t £  tnhPC°n f  w  and by haying ^  fit loose to the tube As oetween a ribbon and a round wire
, aymg tb5  same heat dissipating surface per 
unit length, the ribbon has the smaller cross­
sectional area, and even with the same cross-

sectional area the ribbon would be less stiff
ex°ertsqfa rs m a li lr r fbb°n  iS m °re compliant and exerts fa r smaller forces against the tube and

5 sligbttvTs tietndency t°  set UP noise when it  moves
The fa i t  f L l t n PandS Under rising temperature, 
limffl t i l th  * ^  crimPed ribbon lies loose further 
th l  iL n  mechanical forces it can exert against
tenrilnn °t the tubf  and so further reduces any tendency to generate noise.
at^nnm Uf h  elass ̂  an  excellent electric insulator
I I I «  1? Pe+ratU1’e lt is likely 40 become suffi­ciently conducting a t high temperatures for ex-
a™ ’ WbSf  glass reaches red heat,’to con- 

l n du°t eui rents th a t might be dangerous to a person 
handling the toaster or other appliance i n ™  

e heating element was employed. The ability
ito ™  gnaSSi tUbe t0 °Perate a t a Iow temperatura m my heater construction reduces the hazards 
rom such possible leakage currents.

The asbestos paper spacers 52 th a t hold the 
glass tube out of direct contact with the metal 
supporting channels 48 not only provide T so ftand y ^ ^  mounting  for the ^
ratohng th a t might result from the loose mount- 

5 mg, but also add materially to the electric insula­
tion. In  particular they provide a  low-leakage
enough h i  S f  ^  ^ bes When they become hot At ° 'c°naucf objectionabie electric cur­
rents. Although asbestos may be somewhat hy- 

30 groscopic and by itself might contain enough 
moistui e a t room tem peratures to perm it danger-
h r a t i u i f t t i r m 611̂ ’ neverfcheIess. as the toaster 
leave the’ Ur6 18 thoroughly sp e lle d  to

35 time °S ^  non-conductmg by thetime the t,lass reaches a tem perature a t which
the g ass, by itself, might conduct current. The 
asbestos and glass consequently provide a eom- 
posite msulatmg construction which assures free-

40 current0^  dangel'ous’ or even annoying, leakage current at room temperature, a t high operating
toThe6 ofher68 ^  dUring th ® transiti°P from one

I t  will be apparent to those skilled in the a r t  
th a t my invention is capable of numerous modi-

ZZZaZ lT tions within the scope of the
I  claim:

+ u' A.n, electric heating element comprising a 
sn °t heat‘resistant  electric-insulating m aterial 
50 and of curved cross-section and a crimped metal

S 2 S , tt‘?f ; esl5t,n“  »»»“ S S S
flrfin^Sh th  4 having lon§'itudinal waves del«i is i s s  ssasssase° ara “i n r **—«
res2is ttm el w  elemen1t comprising a tube of heat- resisiant electric insulating m aterial and of cir­
calar cross section having a series of portions 

0 extending m  spaced parallel relation and U- 
shaped bends in the tube connecting each adja-
S a f e l e c t r f c  n ParaileI P°r ti°ns. and a crimped metal electric heating resistance ribbon having
longituomal waves defining a zone of rectangular 
cross section extending continuously through all 
Oj. said parallel tube portions and said tube bends 
said ribbon making contact only a t longitudinal’
wffhrlu IS and 01Jly a t its edges a t crests of waves 

vn w„l th .fh ®lf a11 of the tube and the opposite ends 
of said ribbon having sealed connections with and
the^ube118 °Utwardly beyond the opposite ends of

3. An electric heating element as in  claim 9 
wherein the greatest dimensions of the zone of 

7« rectangular cross section defined by the waves of
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the ribbon are shorter th an  the diameter of the 
tube and the edges of the  ribbon a t  reeurrent 
wave crests are spaced from the wall of th e  tube.

4. A heating element according to claim 2 
wherein the faces of the waves of the ribbon m  
each U-bend of the tube lie substantially per­
pendicularly to the bend plane and the faces of 
the waves of the ribbon in  the parallel tube por­
tions lie substantially perpendicularly to the wave 
faces in said U-bends of the tube.
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