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[57) ABSTRACT

A power transformer constructed so as to exhibit improved

heat dissipation characteristics and a longer thermal time con-

~stant. The transformer construction is characterized by
. minimizing or eliminating gaps between the core and coil
- structure and between sections of the coil structure. Highly
- heat conductive dissipator layers are mounted between ad-
' jacent coil sections and extend beyond the coil structure ter-

minating in fins arranged to assure maximum heat transfer to a

22 Claims, 41 Drawing Figures

A4




"PATENTED AR 25 lo72

659,239

3

SHEET 01 OF 11

QA

14C

)

<
= o ¥ a9
a = o o o
NN j
N _
O —ret———is
= ST
RO M ol
Ay ATR
hhﬂ/ffxx; NN AN X \ - S
,,,,,,,, NN NNl G 7072 Lt

o _
g
A

/
2
Z
7
7

i

I ——
* A .
A
e ——]
—
o T

220

A

Y

. |
SIS IS I7S SIS IS UL L L L L L L2 P27 2P PP P70 A “h .

N O = o -
———— - -

- f......_
1
- L

13
)
12

el e e Y S N T T T T T U N

22 720 70470 7 vt 2ol = vy

- = LY - . L] L ] - L L - L L] - L -y - - - - - A a

D /
Py q B2 0 R A %23

W N 77272, 774 o000 7000, 724777 Bl

N N N N NN NN N NN N NN TN NN NN SN NN

ffffff

|
o,

2
2
Z
2

il

N

&2z

i N

B



PATENTED#PR25 1372

I

-

LA A A

v

To) : l" .
mw ] \ 4 —1—|
X = e
9. m | . _ 1| |
LD — ——————— 1|
48, — — - : — b= |
e — |t H

= = =
— _ — |
— Q0
R

?/

SN

F_

W2 400050047
A7/ 900. 024427

~

¥ - SR % L)
A Y T R R R R R LR Y Y

* NN
AR R AL, LA MWL
_ S TFIFIIT TR T,
N

21 20

- O

SHEET 02 OF 11

T ANY Y T
> ‘ Py p— FPIFTFFLEIL LSS, :
o, fr-.#.rfﬂfrdrfff#.r _ W LN, _

T Ny 1._\ - ) ._f.wf...r.:“f}- \..J.__ J‘r___Jrlr._f-_. - oy __....._.__._.I.._.__...

e oA A XA K
I/ SRSty \
N I N0 QLN AN NS N A NN N AN NS N

20

.

e AR SLARN SR AR NANSNANTRARNN
S O Y T T T T T TS Y T
COLTITII I TIL LS SEN VS EIIISL PTG I rrarssrr D

”
WA\ S O\ N AN C
‘ |
_ |

N

...IVAZ?JH.EEE?E?A?A..HP
B AN NN QO TN ADN QO AR AN
7+ BN ¢/ s
o~ NAR WA

. I NN NN OO R RO AR NN OO0 NN A NN
< / ,
o
NTe.
o

.4
20

TR

I“*
—

]
]
-

L
P

—




3,659,233

PATENTEDAPR 25 1972

© SHEET 03 0F 11

N 117,

y X /1L ..,“._..r...._._?__.._,.,. \
W50,

, A %
%ﬁm“um’.




FIG. 12

. ) 3

M
un
M

o)
3 .
| w . AWHMMHMV .j N
: I’r 'r. J\ K r.J
T _ .WHWAZ» S
W m.%u.ﬂ/ﬂ\/ A 0N
| RN AR U /NN
.._ N N WA
i NN AL A
m——\\\ ”r . “) ,: / -l_.
N N AN
La.
|
e
Q
=
S
ONJ
==
LO
\J
o~
=
y
. f— e h
ol
gy o I

" FIG.10

- d
| | | 33333_%;_.“._%.

A

333 > > AR A L L L LT TR Y
L2877/ INONNNNNNNNYZ2 05007 5 NN

N W NN R W) Y/ 1o
V2NN BN 772N
VAR N ZANNF
1.7\ TN 77 NN
NN N ==\ /.
AR W RN
\ZZNN Y, I 72\ I
I\ 7 Z NN S\ ”..,\\\\\M“V////A_ml
I ...,r -\n”._y J“m‘ .
NN N

IS 7877 NN\ W
AR

FIG. 13

/
/
b 4

’
“
/
i’

I,
-

b

N\ 74, " . \
N AN N
N\ #a) AN NN Y N
NN R
_.......

N

/
’
’
’
/’
f

L

/
/
/

TS TFFIrIr

’
’
’

‘ VRN~

L L L LA NNNN Y

1

=T 4

44

S .. i
L]
llllllllllllllllllllll

h TR
- l.l....'.'..ll..l..l..l.tl - s W

LS ARRANNRNAY,

ot g A e
'h”-_.\.h..‘hitnlﬁ'

L
_— Wy A, = am
" .....m...\hlhﬂ...-...-ln L
aww . F 7 iy -
(W s \.\.h.\h..”......hu.. -
- =

iiiiiiiiii
O W m W W l"‘l"""ﬂ-l"’lﬂ-“””"




—_—

| 0
/ .
7 \ s ;
_ “ S # ._
v _. i . “" .
— ._.. i “_ : - . m M &
D . PRttt ~ rassa

59,239

R AN NN A ANSSNNY.

-

:.l..f...r....ﬂfd

”

- 1

ORI
8

EEETEIEST
I ETEL S

3

PR T I
P LTTTET S
P77
T ITTI

. [ ! : . 1 . .
i i . 'Y : | N
B M i ) | . %

. . '- . . L)
. L] l.l _'.'. Y '.I. . - . h
l.l_r - » d &
L
L

I -i_r _..._J e ' o -
I A . .__.I,....I..I. VA VRABARL LU R RO Y l...r._r#Fd&fﬂff#fﬂfffﬂ!ﬁiﬂiﬂ!ﬂﬂr..E ~ SN - A .. -

8s° o

i -
e — S
—
B W ,
o AW 2\W 2\W/a
A B R A R L N e e AL AL AL
. MRTR TS TDESEL DR OL 8 LT

4

L 'J"f"‘i

SHEET

)
“
b

1.'\.‘

| DN ; - LLFEOP VIR, ' FL FBEL L VEL PP T Fs P
_, W R AI ATV W IN I ATR) VIRV

mpﬂi \V/a¥/EV 2 ¥/5V¥ Y

i X Ny

\“.“‘."\
)
\

WAL INEF P CVFs' FSFP T FE Fr;re -
AN A RN AT T A MR WA R AL .
AR R A A RN AT AR S YR AN R T NS ,9 o
BB N A BT AN NS TR A R LY o 4

VAVAVAVAVAVAVAVAVAY

T e e T R R R T TR W W

iiiiiiiiiiii
W R W & oh K oy o e = e .l_.l.l..__..-_..r..I..-..t.l.I.l.-.l.l.’..lll.l_.-...l_.'__-_lr'.l.i..l_ llllllll
- o e e W N oW T e i wWE e

o

PATEN

Py,

TEDAPR 25 197

B o __4

Te




1.2
104,2

il

e
--
T
——
——
..
e e
—

il

4 2%ﬁﬂ_§:\

L]

ey,
——
T ———

[ -
S—

—— .J..
I.Ilil:
L T " ]

L .
-
[ -
L J
-
- -
]
-
-
-
-y
-y
-

i

b | .-rf
= :
e !
[ . | ]

.
%___ -

. p -
1 f
F r

]2

e Hi

. ;
‘ 1
.l I
]
My
Y
\

h.l.l-l:l-l..ll_lll.r.l..f.
—_———s -
=t
- ..llllu.l.lll.lul.l.l.l.lm

o INVENTOR
Lowrs L. MARTON

3,659,239

. .; ”ﬁ_ ) ”:lu-r@
. C===fdr =0 o
- I ] ~ n o=
= = —= ¥ |B—=——1
: T = >
g E N m. A \ - ..wu_\

; _ . _ _ 1. 5% T S I SN %A . "W
‘B i 7 7 LN YNy
' I . W W W W W N, . W . W . W,

W LR WL YR W W YW W W W

GRS LG ROUALL Y

PATENTEDAPR 25 1ot




3,658,238

PATENTEDMPR25 02

©OSHEL 07 0F 11

- \29.2

i 23
(IR | o -
* {25 '
Hl ~—__12] '

SOV LY -
: W W W W W W W WL W W WS WA WA Y
i,.‘.l...\..\._‘...\..l...\..\._\..._‘_..._l_...\._____..\.‘.\.{1&1“.\.\.\\.\;\.\“““““hﬂ.‘*‘u\.\.‘u\.‘.‘.\.‘\‘.‘r‘.\.‘.ﬁ\.\\\.\._______. —— I

A 2 B % % % %N N W . N .. N
TR AR S R NN 4 AR RANY ]

. N W, L . . W . YW

W SIS I TSI T IS FTT IS TS, 1‘,‘.‘.‘.‘1‘.‘.‘1‘H~L1\~‘.~‘\.‘..‘.‘..\‘\.\.‘,.\..‘.‘s‘.__1.___..\ .
VA TR RN WM N B . . . .. -
B AN SRR LY, . W TR

m_ - A2 S . Y BN
.\\\\.\‘.“\‘.‘““‘.‘.\

SR R W W W W N = = VA s Wy

A S S e T e —}~ RSS2
e _ 2 S O S % T Y b S S

@ N\
= 0

ARRCA —

7

INVENTOR

Lou’s L. .MARTON

W&l



PATENTEDAPR2S®R2. 3,659,239
' ' ' SHEET 0B OF 11 '

L

| 36 R— .
11232
133, m

L

g1 4

N VENTOR
éows L. MARTON




' A 3,659,239
~ PATENTEDAPR25 1072 1o9e

SHEET 09 OF 11

N I_._WLA...I L‘l—-b.275WL\
,. . I:______ ._ }?_?.29
- Ov?/i?a]l— . Wis — -

INVENTOR
LOUIS L. MARTON
By

A77 OLPNEYS



PATENTEDMPR25 02 - 3,859,239
©OSHEET 10 0F 11

INVENTOR
Louts L. MARTON



INVENTOR
LOurIs L. MARTON




1

POWER TRANSFORMER INCORPORATING IMPROVED
HEAT DISSIPATION MEANS -

This application is a continuation-in-part of U.S. Pat. appli-

cation, Ser. No. 718,972 now U.S. Pat. No. 3,551,863 filed
- Mar. 18, 1968. | | o

BACKGROUND OF THE INVENTION

- 1. Field of the Invention o |
This invention relates generally to transformers equipped
- with heat dissipators and, more particularly, to improved and
more efficient cooling arrangements for dissipating heat
generated in the winding structure of power transformers.
2. Description of the Prior Art - |
In accordance with general design practices of conventional
power transformers, in order to achieve a sufficient amount of
cooling surface area, greater dimensions and amounts of
material are utilized than would be necessary in the absence of
heat dissipation requirements. It is common practice, for ex-
ample, to use longer than optimum core leg lengths to achieve
a greater cooling surface area and to space sections of a multi-
section winding structure to incorporate cooling ducts. These
practices lead to larger overall dimensions, longer mean turn
lengths, increased core window area, and consequently, heavi-
~er design of both core and coil structure and thus, even larger
power losses. L - | |
More particularly, in conventional power transformer
design, each coil section is comprised of a winding wound on
an insulating tube. The tubes are so dimensioned as to fit over
a core leg or another coil section with considerable gap partly
to facilitate assembly and partly to provide cooling ducts.
Usually, wedges are driven into the gaps to tighten the overall
structure and minimize noise. The necessity of providing these
gaps is unfortunate because as a consequence, mean turn
length is increased resulting in added copper costs as well as
~ additional energy losses within the added length. |
-Moreover, the gap normalily incorporated between the core
and coil structure results in poor heat transfer therebetween.
Consequently, the normally lower temperature of the core has
little influence on the temperature of the coil structure. That
is, two distinct thermal time constants can be observed in the
temperature changes within a conventional power trans-

former. The coil structure exhibits a shorter thermal time con-

stant and the core exhibits a considerably longer thermal time
constant. Thus, such a conventional power transformer coil
structure responds to a sudden load increase with a cor-

3,659,239
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bend the mechanically unsupported portions of the conduc-
tors. For that reason, conductors with satisfactory conductivi-

ty such as aluminum, often cannot be used in the construction

of large transformers because of their inferior mechanical
capabilities. | |

" OBJECTS AND SUMMARY OF THE INVENTION

In view of the foregoing, it is an'object of the present inven-

tion to provide a transformer construction of minimum dimen-
sions and material for a particular electrical rating.

It is a further object of the present invention to provide a

- power transformer having improved heat dissipation means.

135
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It is a still further object of the present invention to provide

a power transformer having a coil structure of longer thermal
time constant.

It is a still further object of the present invention to provide
a power transformer construction which is mechanically more
rugged than those heretofore known and which thus permits
the utilization of winding materials, such as aluminum, having
inferior mechanical capabilities than copper, for example.

Briefly, a transformer construction is provided in ac-

cordance with the present invention characterized by

minimizing or eliminating gaps therein between the core and
coil structure and between sections of the coil structure. More
particularly, a substantially solid coil structure, closely
mounted on a transformer core is provided with highly heat
conductive dissipator layers mounted between adjacent coil
sections and extending beyond the coil structure, terminating
in fins arranged to assure maximum heat transfer to a cooling
medium flowing therepast. |

The novel features of the invention are set forth with par-
ticularity in the appended claims. The invention will be best
understood from the following description when read in con.

35 junction with the accompanying drawings.

40
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responding temperature increase with very little time delay.

The core temperature, on the other hand, follows the in-
creased coil temperature very slowly. | |

A further undesirable feature of the conventional trans-
former duct cooling is that the cooling medium temperature
ncreases as the medium moves along the coil surface, espe-
cially in ducts, where no fresh cooling medium has access to
the surfaces. The difference between the entering and exiting

temperature of the medium might constitute a considerable

50

BRIEF DESCRIPTION OF THE DRAWINGS

- FIGS. 1-16 are directed to subject matter disclosed in the
afore-cited parent application and FIGS. 17-43 are directed
to subject matter not specifically disclosed in said parent ap-
plication and wherein:

~FIG. 1 is a plan view of one embodiment of a surface heat
dissipator sheet;

FIG. 2 is a side elevation view of the heat dissipator sheet of
FIG. 1; | : | |

FIG. 3 is a longitudinal section of an illustrative embodi-
ment of a transformer equipped with heat dissipators in
several different arrangements: -

FIG. 4 is a partial longitudinal section of a further illustra-
tive embodiment of a transformer equipped with various ex-
tended heat dissipators;

FIG. 5 is a partial plan view of the transformer shown in

- FIG. 4;

55

part of the allowable temperature gradient between ambient
and average coil temperature. This temperature differential

between entering and exiting is most pronounced where wire-
wound coil structures are utilized inasmuch as such coil struc-
- tures do not have significant heat conductivity in an axial

direction between turns since the barrier effect of the wire in-
- sulation is significant in that direction.

60

FIG. 6 is a partial sectional view of a disc-type transformer

- winding equipped with extended internal heat disstpators;

FIG. 7 is a partial sectional view taken along sectional plane
A—A In FIG. 6 showing a dissipator sheet in plan view;

FIG. 8 is a partial sectional perspective view taken along
section plane B—B in FIG. 6: | |

FIG. 9 is a partial sectional view of the cutting tool for the

- production of heat dissipators according to FIG. 8, shown in

It 1s further pointed out that because of the spacing to ac-

commodate cooling ducts between winding sections in a con-
ventional transformer, there is normally insufficient internal
capacitance to assure a non-resonating winding. As a con-
‘Sequence, excess voltage surges appearing between winding

sections may cause damage when lightning strikes or a
switching surge occurs. S

Still further, the mechanical strength of coils of conven-
tionally designed power transformers is somewhat limited as a
consequence of the gaps or cooling ducts incorporated
therein. When a short-circuit occurs, the winding conductors
can experience tremendous magnetic forces which tend to

65
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former winding shown in FIG. 1 1;

three consecutive phases of operation A, B,C;

FIG. 10 is a vertical longitudinal section of a transformer
equipped with pancake type coils and extended surface dis-
sipators; | o

FIG. 11 is a horizontal cross-section of the transformer
taken along section plane C—Cin FIG. 10: | - |

F1G. 12 is an enlargement of the upper end of the trans-

FIG. 13 is a variation of FIG. 12:

FIG. 14 is a longitudinal section of an encased air-cooled
transformer, with surface dissipators, illustrating arrange-
ments for closed and open natural convection and forced air-

cooling;



_ . 3
FIG. 15 is a partial side elevation view of a liquid cooled
transformer with its enclosure and radiators equipped with
surface heat chssrpatcrs

FIG. 16 is a cross-section of a- single radiator element
equipped with surface heat dissipators on both sides;

3,659,239

FIG. 17 is a sectional view illustrating a portion of a coil

structure incorporating heat dissipator means in accordance
with the present invention;

FIG. 18 is a plan view of a single phase transformer con-
structed in accordance with the present invention:

FIG. 19 1s a plan view of a three phase transformer con-
structed in accordance with the present invention;

FIG. 20 is a plan view of a single phase transformer with a
- butt-jointed shell-type core constructed in acccrdance with
the present invention;

- FIG. 21 is a sectional view 1llustratmg a transformer in ac-

ccrdance with the present Invention having a coil structure in-

cluding a single section low voltage winding and a double sec-
tion high voltage wrudmg and equipped wrth a balanced tem-
perature heat dissipator arrangement;

FIG. 22 is a sectional view of a sealed convectrcn cooied
- embodiment of the present invention; -

'FIG. 23 is an edge view illustrating an alternative fin ar-
'rangement used in the sealed enclosure transformer embodi-
ment of FIG. 22 and in FIG. 33;

FIG. 24 is a schematic diagram 1llustrat1ng a fabrication
technique for winding a coil section in accordance with the
present invention;

FIG. 25 is a schematic illustration showing how a laminar
~ core structure can be burlt up 1n accordance with the present
invention; |

FIG. 26 is a sectional view further 1llustrat1ng how a laminar
core structure can be built up in accordance with the present
invention; |

FIGS. 27-29 are schematrc illustrations pointing out the
relationship between core cross-section area and mean turn
length of various core ccnfiguratrcns

F1G. 30 is a plan view of a transformer coil in accordance
with the present invention including an alternative core con-

figuration to permit the accommodation of heat dissipators

along longer portions of the coil structure circumference;

FIG.31is a front view of the core in FIG. 30 illustrating the
manner in which a core structure can be modified to enable a
greater number of heat dissipator layers to be accommodated
within the window area; |

- FIG. 32 illustrates one manner cf ccnstrucung a hybrrd In-
terleaved laminated core structure;
~ FIG. 33 is a sectional plan view 1llustrat1ng a transformer
utlhzrng a core structure constructed in accordance with FIG.
32 andi mccrpcratmg heat drssrpatcrs between coil structures;

'FIG. 34 is a schematic drawing illustrating an alternative
core structure;

FIG. 35 illustrates a heat dissipator in accordance with the
present invention utilized in conjunctlcn with a disc-type coil
- structure; | -

FIG. 36 is a side view illustrating the manner in which the
heat dissipators of FIG. 35 are contained between the disc coil
sections of FIG. 35;

FI1G. 37 illustrates an arrangement alternative to that shown
in FIG. 36;

F1G. 38 illustrates a ccnﬁguratrcn of channel means used |

for temperature balancing in disc-type coil structures:

FIG. 39 is a perspective view partially broken away illustrat-
ing a convenient lead arrangement for foil type coils equipped
with heat drss:patcrs |

FIG. 40 is a plan view illustrating the manner in Wthh aY-

connection can be realized in accordance with the present in- .

vention in a heat dissipator cooled three phase transformer
when the leads are wide; and

FI1G. 41 is a plan view llustrating how delta ccnnectrcn In
accordance with the present invention can be realized in a
three phase delta connected transformer equipped with heat
dissipators, when wide leads are emplcyed |
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' DESCRIPTION OF THE PREFERRED EMBODIMENTS

Attention is initially called to FIGS. 1-16 which illustrate
subject matter previously disclosed in the afore-cited parent
application, Ser. No. 718,972. As pointed out therein, FIGS. 1

and 2 illustrate an embodiment of a prefabricated surface heat
dissipator sheet for i improving the heat transfer on any surface
exposed to a stream of cooling medium. Said sheet is made by
taking a continuous sheet of metal; and using a suitable tool, a
three edged, substantially rectangular fin is punched out of the
metal and bent up substantially at right angle along the intact
fourth edge. These fins are all bent so that they protrude on
the same side of the sheet; their major surfaces become sub-
stantially parallel to an axis of orientation (generally
representing the direction of the stream of cooling medium
local thereto with one exception detailed at the end of this
paragraph) and substantially perpendicular to the closest area
of said sheet. Although other forms of the dissipator sheets
can be used (e.g. continuous sheets with welded on fins, or
punched sheets with different patterus etc.) according to the
Invention, the arrangement shown in FIG. 1 has certain par-
ticularly attractive characteristics such as. low production
costs and in some cases additional heat transfer capability, as
will be pointed out later in connection with FIGS. 3 and 16. It
will be seen from FIGS. 1 and 2 that the metal sheet 1 has sub-

~ stantially rectangular fins 2 in pairs of rows according to a

30

35

40

45
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regular pattern, each pair contained by a zone. In the first row,
representing the upper part of the first zone, each fin has its
holes (punched in the prefabrication process and referred to,
hereafter, as “‘punched holes”) to the left; in the second row.
representing the lower part of the first zone, each fin has its

holes to the right; in the third row, representing the upper part

of the second zone, to the left; and so on, alternately. On
sheets with a finless zone, the latter may have punched peep
slots perpendicular to its edges to facilitate the alignment of
the sheet in the winding operation. The holes and the fins can
be tapered, symmetrically (A1 and A2) or unsymmetrically
(B1, B2 and C1). In extreme cases, the holes can be tapered
with a right angle at the top edge (B1) or at the lower edge
(C1), the top edges for both remaining on zone border line 3.
The distance d; between borderlines 4’ and § s slightly
smaller than the distance d,; between zone border lines 3’ and
6, while the surface areas of the fins remain the same. An in-
creased distance dy is more advantageous in practical applica-
tion, offering more space for bandaging and for cutting the
sheet while retaining a smooth bordering edge. A slightly tilted
arrangement, as shown by hole C1, introduces a small angle a
between the fin surface 7 and the direction of the flow 8 of the
cooling medium. If a larger angle is preferred in order to im-
prove the heat transfer in some cases (see details later in con-
nection with FIG. 15), the top edges of hole C1 become
slanted and penetrate the zone border line 3.

The cooling fins on the heat dissipator are preferably nar-
rower than one-fourth of the dimension of the region occupied
by the dissipator, both measured in the direction of the stream
of the cooling medium. The fins are arranged in at least one of
the zones defined by a subdividing of the region occupied by
the heat dissipator into at least two zones along the axis of

orientation. Larger fin dimensions in the direction of the

stream allow an increasingly heavy boundary-layer to develop
along the fin surface, resulting in a dlmuushmg heat transfer
toward the rear edge of the fin and an increasing resistance to
the flow of the cooling medium (due to the longer friction area

along the larger dimensions). On the other hand, if the stream .

passes along a number of narrow fins while crcssmg the sub-
sequent zones, the resistance to the stream increases (espe-
cially in ducts); nevertheless, the heat transfer may still be im-

proved due to smaller boundary-layer thickness on the nar-
rower fins.

Surface heat dissipators, e.g., as shown in FIGS. 1 and 2, are
utilized on transfer surfaces of active parts normally exposed
to a stream of cooling medium. The dissipator sheets are con-
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nected mechanically to the transfer surfaces with heat con-

ductive means, and they can be extended beyond the dimen-
sions of their transfer surface.

- Referring to FIG. 3, a transformer is shown comprising a
core 9 and a generally tubular winding structure 10 having ex-
tended heat dissipators, in several different versions. On the
left side, two dissipator sheets are arranged on the outside sur-
tace over the top insulating layer 11 of the winding 10. Both of
the sheets occupy a region longer than the axial length of the
winding 10; the region of occupancy is subdivided into nine
zones, each containing a multiplicity of fins on the external
sheet; but only the first two and the last two zones are contain-
ing fins on the internal sheet. The internal sheet 12.1 is
wrapped around the insulating layer 11 with its central area
without fins. It has fins on its extensions only, oriented toward
the center of the winding. Directly on top of the internal sheet
12.1 the external sheet 12.2, with fins all over its surface, is
wrapped and placed with its punched holes in alignment with
the punched holes on the sheet 12.1, so that air can pass
through the holes of both top and bottom extensions along the
path of arrows 13.1 and 13.2, respectively. The fins of the

second sheet 12.2 are oriented away from the fins of the first

sheet 12.1. | o B

The heat transfer on the extended areas of the dissipator is
higher per surface unit, since all the extended areas consist of
narrow strips with practically boundary-layer free surfaces all
around, including the sheet itself, between holes. | |

It is possible to improve the heat transfer even further, in

the same arrangement, with no change in the surface areas,

simply by cutting up the extended portions of the heat dissipa-
tors along the paths of the heat flow into strips and bending
them apart. .= - |

- The right hand side of F 1G. 3 illustrates several versions of
the heat dissipator created by this process. In order to main-
tain the clarity of the illustration, strips in the background are
not shown. Over the upper area of Insulating layer 11, dissipa-
tor sheet 12.11 is placed, having prefabricated extensions. Its
top extension 12.11A has punched out fins 12.11B and is cut
up into strips containing two or four vertical rows of fins. After
the sheet is in place, the strips are bent outward to facilitate
the movement of air between them involving more air in the
convection process. The bottom extensions of sheet 12.11 are
cut up into simple narrow parallel strips 12.11C, and twisted
so that the planes of the strips become oriented substantially
perpendicular to the original plane of sheet 12.11; after the
sheet is wrapped around the winding, the twisted strips 12.11
C can be bent up into a position, close to horizontal, as shown,
with their helical transient area close to the main body of the
sheet wrapped around the winding.

- A second sheet 12.12 covers the bottom area of the same
layer 11. The extension strips 12.12A of sheet 12.12 are bent
upward in this illustrative embodiment for the purpose of
being accommodated in the window of core 9. Sheet 12.21 is
wrapped directly over sheet 12.11 and sheet 12.22 over sheet
12.12. Both have punched out fins covering their entire sur-
face area; sheet 12.21 has a top extension 12.21A, which is cut
up and bent as shown, to allow the air to flow along both sides
of the strips. | |

Since the application of strips as extensions provides an in-

creased mobility for the cooling air, additional extended dis- |

stpator sheets, such as sheet 14, can be wrapped around one or

more internal layers of the winding. The extensions 14B,14C.

of sheet 14 of this example are similar to those of sheet 12.1 1,
respectively. The internal sheet 14 creates internal transfer
surfaces for the winding on both of its sides without the usual
Increase in the mean turn (such as in the case of conventional
cooling ducts), decreasing the internal gradient and the wind-
ing hot spot temperatures effectively. To facilitate the winding
operation and handling, two thinner sheets can be used in
close contact with each other, having a prefabricated exten-
sion area (one oriented to the top, the other to the bottom),
and a wider finless area, which can be sheared according to

the axial dimension of each winding. The two sheets may be |
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provided with an electrical insulating coating to prevent the

flow of eddy currents between them, and with peep slots for
alignment.

To allow the application of internal extended heat dissipa-
tors in larger transformers, the winding can be built up from
sections, leaving enough space between them to accom-
modate bent out extensions such as 14C. There is a possibility
of using extensions of this type also in long layer wound coils,

by providing gaps periodically between turns to accommodate
the bent up extensions.

‘An 1illustrative embodiment of a production tool for the
prefabrication of sheets equipped with twisted strip exten-
sions, such as 12.11C and 14C, will be discussed later in con-
nection with FIG. 9. " |

If heat dissipators are used on the windin g surfaces, the heat
transfer through the layers of the winding is also multiplied.
To avoid the development of large internal temperature
gradients, care should be exercised to keep the thermal re-
sistance in the coil as low as possible. To decrease the part of
the resistance due to the layer insulation, special insulating
sheets can be used with improved heat conductivity. This im-
provement can be achieved by embedding fin grains of solid.
highly heat conductive Insulating material (e.g., fine silica
sand) into the base material of the sheet. Another way to im-
prove the degree of heat conductivity in the internal heat
transfer is by winding tightly, combined with void free vacuum
impregnation. Heat dissipators should have means for good
conduction with the surfaces where they receive heat; they
should, therefore, be bent carefully to follow the curvature of
the surface and tightened. The tightness can be improved in
rectangular windings by using a mandre! with a slight outward
arch on all sides and a corner radius of not less than twice the
wire dimension, as shown in FIG. 5. Any tendency of the first
insulating layer to buckle (during impregnation) can be
eliminated by winding a temporary reinforcing metal sheet

(€.g. cut out of core steel) under this layer and peeling it off
after impregnation and oven treatment.

In coils, where pockets of impregnating material or air can
be expected, the heat conductivity of these pockets can be
drastically improved by filling up the pockets with silica sand
composed of different sized very small grains. The silica filler,
embedded in the impregnating material, is capable of effec-
tively bridging any internal gaps. The best procedure for
getting the silica into the gap is to mix the dry silica with a tem-
porary liquid binder, obtaining a paste-like mixture which is
then applied over each layer, as necessary, to fill up lower
areas, and achieving even layer surfaces during the winding
operation. After vacuum drying and vacuum impregnation,
the liquid binder can be readily exchanged with the final liquid
Impregnating material. Where no vacuum Impregnating
equipment is available, fairly good results may be obtained by
mixing the silica with the final impregnating material and ap-
plying this mixture to the layers as needed, and curing it in an
oven,

For larger dry type transformers, over 100 kVA approxi-
mately in single phase, dissipator arrangements in accordance
with FIGS. 4 and § offer some advantages, especially when an
alternative possibility for operation with forced air cooling

‘with increased kVA rating is also desired. On leg 15 of a mag-

netic core, multilayer winding 16 is accommodated. Six heat
dissipator sheets extending beyond the length of the winding
are attached to the winding on each of its end portions
protruding horizontally beyond the longer contour lines of the
core. Sheet 17 is placed on the internal end surfaces of the
winding, with fins penetrating into a duct between the leg 15
and the winding 16. To dissipate the core losses, the heat dis-
sipators 18 are accommodated in the same duct and joined to
the core 15 at its laminated surfaces. Underneath the last layer
of the first winding (e.g. primary), another duct 19 is formed
on the end portions, by placing two dissipator sheets 20, 21
along the outer surface of the second last layer of the winding,
and sheet 22 along the inner surface of the top layer of the first
(€.g. primary) winding. Sheet 20, being closer to the winding
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- surface, has fins in zones on its extended area only, which are
oriented toward the core: sheets 21 and 22 have fins all over
their respective surfaces, the fins being oriented away from
the core in the case of the former and toward the core in the
case of the latter, and thus into the air stream flowing in duct
19. The punched holes of sheets 20 and 21 are in alignment to
facilitate the movement of the cooling medium. layers inter-
leaved | SR |
- Where natural convection is the process for the heat
transfer, the density of the fins in the ducts should be substan-
tially reduced as compared to that on outside surfaces, in
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. In order to avoid excessive additional losses in the dissipator
sheets due to eddy currents being generated by strong stray

flux penetrating the sheets, the segments can be cut up, or nar-
row separating channels 34 can be punched out along the
paths of the heat flow as close to one another as needed. If
stray flux is expected to occur between fins 32, channels 34
should be extended out to the edge, as shown by channel 34A

 in FIG. 7. |

10

order to facilitate the movement of the cooling medium; e.g.

with %e-inch ducts in air, when the.duct is 6 inches long, %-
inch wide fins should not be closer vertically than 1.250 inch,
while the vertical rows should be about one-half inch apart
horizontally. The main insulation 23 is placed over the last
layer of the first winding and has to withstand the full test volt-
age between primary and secondary windings. On the top of
the secondary winding, dissipator sheets 24 and 25 are accom-
modated. All sheets are extended beyond the length of the
~winding. For sheets 24 and 25, as in the case of sheets 20 and
21, the fins are oriented away from one another and the
“punched holes are brought in alignment to facilitate the move-

- ment of the air. -

15

FIG. 9 shows an illustrative embodiment of a cutting tool to
prefabricate the louver-like. fin structures 32, 12.1 1C, and
14C (the latter two shown in FIG. 3). A multiplicity of cutting
blades are arranged in alignment to form multiple shears. The

‘blades 32.1 of the lower, stationary part of the shears are

oriented with cutting edges upward; the vertically movable
upper blades 32.2 are oriented with cutting edges downward.

- The edges of both groups of blades are in horizontal align-

20

25

The dissipator sheets are insulated from the next layer of the .

- winding by the normal layer insulation, and can be connected

to a point in the next layer where the voltage, due to the induc-

tive voltage distribution, is closest to the voltage level of the
dissipator sheet, due to capacitive voltage distribution. This
arrangement allows the sheets to play a secondary role as
surge shields, thus preventing high frequency oscillations on

30

the winding if a sudden voltage change is generated by

switching, lightning stroke, or any other surge source. .

The best arrangement for internal heat dissipators is one
where the heat does not have to flow through heavy electrical
insulating layers:"This flow. pattern can be achieved in most
cases by selecting for the internal heat dissipators layers that

35

ment; on FIG. 9, however, to demonstrate the cutting and
twisting operation, the three upper blades are shown in three
consecutive phases of their downward movement, A, B and C.
The metal sheet is introduced in position 32A between the
cutting edges;the blades start cutting (phase A); then but
further movement, the strips are twisted by the rounded rear
edges of the blades (phase B), while the center line 32C of the
strips moves down also, the jig supportin g the sheet should fol-
low this movement to produce a twisted fin with no bending at
the base. At the lowest position of the upper blades (phase C),
each fin is pressed between the vertical rear surfaces of the

‘blades, acquiring its final shape, while the sheet itself moves to

position 32B. |

Two examples of the application of heat dissipators in plane
form are presented in FIGS. 10-13. Referring to FIGS. 10-12,
which show a shell-type transformer having a horizontal leg 35
and “pancake” type rectangular windings, primary coils 36
and_ secondary coils 37 are arranged. in pairs with the solid

- main insulation 38 between them: heat dissipators are placed

allow the peak internal temperature between two dissipators

such as 22 and 24 to develop in the line of the heavy insulating
layer (e.g. 23). R S
- Inthree phase core type
inferior position régarding heat transfer. This situation can be
readily corrected by using additional heat dissipators, most ad-
vantageously on the surface of the winding, e.g. applying out-
side dissipator sheet 26 (in FIG. 5) all around the coil, while
omitting the same in the window area of coils on the outer
legs. - | | |

- The extended portions of the dissipator sheets can be cut

and bent apart with the same advantages as described in con-

nection with FIG. 3. . | .
- In arrangements where two dissipator sheets are used in a
winding in close contact with each other, sufficient electrical
- Insulation should be applied, most conveniently in the form of
film coating, to reduce the flow of eddy currents which may be
generated by stray flux between the sheets. |

40

units, the center leg is always inan

45

between two primary windings 36 and between two secondary

windings 37, respecti_v'ely; and at the end of the window,
‘between the last winding and the core (39A in FIGS. 11 and

12), separated from the winding by layer insulation 38A only.

In this arrangement, the ducts built up by the dissipators are
placed between balanced leakage groups where no leakage
flux develops. In an alternative arrangement, shown in FIG.
13, to achieve high internal impedance, greater distance is
used between primary coils 40 and secondary coils 41. In the

leakage duct, two heat dissipators 42 are therefore accom-

50
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For windings of larger transformers, made in the form of |

plane horizontal discs stacked up along the legs, plane disc-
like extended heat dissipators with a louver-like fin structure
- can be used. In FIGS. 6-8, an illustrative embodiment of the
disc-like heat dissipator is shown with a louver-like structure
- extending along the outside contour of the winding. On an in-
sulating tube 27, between insulating rings 28 and discs 29,
heat dissipators in the form of prefabricated segments of metal

60

discs 30 are placed, stacked up between disc windings 31. On

fins 32 (arranged in a row along the contour line of the wind-
_ing) are punched out along their two radial sides by a tool and
twisted out of their plane close to a direction perpendicular to
the plane of the dissipator sheet. This louver-like arrangement
lets the cooling medium flow through, e.g. as shown along
- arrow 33, in FIG. 8, establishing very effective heat transfer on
its relatively narrow, practically boundary-layer free fin sur-
faces. T

 metal segments 30, a multiplicity of substantially rectangular

70

modated with the layer insulation 43 adjacent to the windings,

separated by a stack,_consisting of the main insulation 43A
sandwiched between two metal sheets 44. Since the full
leakage flux appears between the primary and secondary coils,
tending to generate eddy currents in loops composed of fins
short-circuited by sheets 44, to provide the necessary electri-
cal insulation needed for the prevention of eddy currents

s between sheets 42 and 44, sheets 44 being coated with an in-

sulating film. |

The unit shown in FIG. 10 is equipped with a group of
propeller fans 35.1, accommodated in circular venturi-tubes
35.2 which are connected to a casing 35.3, enveloping the
lower part of the unit vertically. When the fans are not in
operation, the unit can get cooling air through natural convec-
tion of the fan openings. When the fans are operating, at least

- four times as much heat can be removed and the kVA load in-
- creased to at least double its value. |

65

‘Another arrangement is illustrated in FIG. 14 for air cooled

transformers designed for operation with natural convection

and alternative forced air cooling. A dry type transformer 485,
with heat dissipators 46 on its windings, is equipped with fan
47 housed in a bypass-free envelope 48. Even when fan 47 is
not in operation, the surface heat dissipators in the duct get
cooling air through the fan opening, along arrows 49, while

- the external surface dissipators get their cooling air mostly

75

along arrows 50, bypassing the envelope 48. The transformer-
fan assembly is surrounded by enclosure 51, shown in two ver-
sions. On the right side of FIG. 14, the side wall 32 of the en-
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closure has louver-like '_open_ings, 52.1 both on the top and the
bottom, serving as entrance and exit for the fresh cooling air.
On the left side of FIG. 14, a version is shown with a complete-
ly sealed enclosure. The sealed inner wall 53 is equipped with
heat dissipators §4A on their internal surface and dissipators
S4B on their external surfaces. The sealed wall 53 1S sur-
rounded by an outer wall §5 having built-in fans §6 on the bot-
tom and louver-like exit openings 57 on the top for the air
drawn in by fan 56. Baffle §8, with its extension §8.1, confines
the air flow along dissipator §4A. The sealed part of the enclo-
sure may be filled with dry air or a special insulating gas (freon
etc.). | o

The cooling process of the sealed version consists of two Cy-
cles: in'the internal cycle,. the cold internal cooling medium
moves upward along heat dissipators 46, picking up the heat,
then returns to its starting level. While- passing along internal
heat dissipator §4A, the cooling medi_um, guided by baffle 58,
transfers its heat content to wall §3 through fins of dissipator
54A. In the external cycle, fresh air is blown by the fan 56
through the channel formed by the external wall 55 and wall
53 from which it receives the heat via external heat dissipators
54B and leaves the unit through louvers 57. - |

When the fan 47 is in operation, all the dissipators 46 get ac-
celerated cooling air from fan 47. In the narrow passage, how-
ever, created by baffle extensions 58.1, the injector effect of
the high speed air. stream 49.1 along the external dissipators
creates a pressure drop above the passage which accelerates
the outside stream of air .along arrow 50, preventing a
downward flow along envelope 48. -

- Heat dissipators can be used also on sealed transformer en-
closures, or any extensions.thereof such. as cooling . tubes,
radiators, etc., which .contain insulating liquid. Since the lar-
gest gradient develops between the enclosure and the cooling

air on the outside surfaces when liquid to air-cooling is used,

the application of heat dissipators can be limited to the outside
surfaces in most cases. o o |

‘An illustrative embodiment is shown in FIGS. 15 and 16. To
the outside surfaces of the sealed enclosure 59 of a liquid

cooled - transformer, heat dissipators 60 are connected:

- mechanically. To.obtain additional cooling surfaces, radiators
61 are connected to the enclosure by tubes 62 allowing the in-
ternal cooling liquid to circulate through the radiators. Heat
dissipators 63 are connected to the outside surfaces of the
-radiators with heat conductive means. | S

‘The cooling air moves vertically up along the surfaces by
natural convection, or is driven by fans 64. To allow more air
to.get involved in the cooling process, to shorten the average
path length of the air along the radiator surface, and to pro-
vide fresh air also for the upper part of the radiators, the radia-
tors can be built in pairs slightly tilted closer together at the
top as shown by. radiators 61.1 and 61.2 in FIG. 15. If the
plane of the fins are tilted away from the closely arranged tops
of the pair, as shown, the normally vertical path 65 of the cool-
ing air can be deflected farther away from the center line
along path 65.1. This results in a substantial shortening of the

original path length of the air from P1-P2 to P1-P3. Tilted ar-

- rangements of radiators 61.1 and -61.2 are especially ad-
vantageous when they are used with alternative forced air
operation and a common fan 64 as shown, -
Attention is now called to FIGS. 17-41 which illustrate the
further utilization of heat dissipator layers, generally disclosed
in FIGS. 1-16, to achieve significantly improved transformer
constructions characterized generally by considerable savings

In weight and cost together with improvements in structural -

and electrical characteristics, More particularly, as discussed
in the introduction to this specification, conventional power
transformer designs intentionally incorporate gaps between
the core and coil structure and between coil structure sections
t‘or-establi'shing cooling ducts. As further pointed out, these

gaps require increased dimensions for a particular transformer

rating resulting in increased energy losses and increased
material costs. In addition, the gaps result in structurally un-
supported sections of the coil structure which are likely to be
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damaged due to the tremendous magnetic forces which can be
generated as a consequence of occasional short circuit cur-

rents. Further, the gaps adversely effect electrical charac.

teristics in a manner so as to increase the likelihood of damage
due to excess voltage surges between coil layers. In view of the
foregoing considerations, heat dissipators of the type thus far
discussed are utilized to achieve an essentially solid trans-

such gaps have been substantially

eliminated to thus avoid the related problems previously

pointed out.
FIG. 17 illustrates a sectional view of a coil structure in ac-

- cordance with the present invention which has been designed

without any gaps between coil sections to thus reduce energy
losses, dimensions, and material costs. Elimination of the gaps,
however, which normally function as cooling ducts, requires
the inclusion of other heat dissipation means. The coil stryc.
ture of FIG. 17 constitutes a multilayer layerwound structure
wherein an insulating wrap 101 is wrapped around a core leg
(not shown) with the first winding layer 102 wound about the

wrap 101. An insulating layer 103.1 is wrapped around wind-

ing layer 102. As shown, a first heat dissipator layer 104 is
placed against layer 103.1 and a second layer 105 is placed

‘against layer 104. Each of the layers 104 and 105 terminates

In fins, generally of the type shown at 14C in FIG. 3, extending
beyond the coil structure dimension. During the winding stage
of fabrication, the fins preferably extend in the dotted line
orientation shown in FIG. 17 at 104.1 and 105.1. After the
completion of the winding stage of fabrication, the fins are

bent over to the positions 104.2 and 105.2.

A normal insulating layer 103.2 is wrapped around the heat

- dissipator layer 105 followed by a second winding layer 106.
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Thus, the coil structure

Another insulating layer is wound around the winding layer

106 followed by heat dissipator layers 109 and 110. Addi-
‘tional winding layers 107, 108, insulating layers and heat dis-

sipator layers 111, 112 are placed in appropriate succession as
shown in FIG. 1 as the coil structure is built up. |

The heat dissipator layers are preferably formed of relative-
ly heavy sheets, of .approximately 0.040 inch thickness, of
some highly heat conductive non-magnetic material such as
aluminum. It is, of course, desirable to Incorporate a max-
tmum amount of heat dissipator layer area into the coil stryc.
ture and thus, as shown in FIG, 18, the heat dissipator layers
preferably surround the coil structure along its entire free sur-
face (outside of the core window area). In the case of a three
phase transformer as shown in FIG 19, it may be necessary to
limit the heat dissipator layers to the free end portions of each
coil structure. | N |

Regardless -of the amount of coil structure circumference
which can be utilized to contain a heat dissipator layer, in any
event after.the winding operation has been completed and the
coil structure:-has been removed from the winding machine,
the continuous strips, e.g. 105.3 of the heat dissipator layer
connecting the outer ends of the fins is cut up so as to create
groups of fins containing, for example, from three to 20 fins. A
lesser number of fins is contained in a group where the radius
of curvature of the heat dissipator layers is smaller. Simultane-
ously with the cutting up of the fins into groups, the groups of
unbent fins 104.1, 105.1, 110.1 (FIG. 17) are bent into close
horizontal ' position 104.2, 105.2, 109.2, 110.2, 111.2 and
112.2 as shown. The fins extend beyond the coil structure; and
spread out.e.g. alternately as groups 104.2 and 111.2, as
shown in FIGS. 18 and 19, so as to assure the maximum
amount -of  heat transfer to a cooling  medium flowing
therepast, and so that the fins offer a minimum resistance to
the cooling medium flow.

Note well that the coil structure of FIG. 17 has been formed
without the inclusion of any gaps or cooling ducts therein.
ure forms a solid integral unit having sig-
nificantly more inherent mechanical strength than conven-

tional coil structures: Incorporating cooling ducts. Note also,

as will be again mentioned hereinafter, that as a consequence
of eliminating internal cooling ducts, the means turn length of
the windings is reduced to thus reduce the material cost of the



coil structure as wéll.-asreducing_ the energy losses within the
coil structure. | | ' |
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‘Attention is now called to FIG. 20 which illustrates a single -

‘phase transformer having a butt-jointed shell:type core 113

‘having multiple steps in the cross-section to fill the round coil
structure 114. The finned heat dissipators '115.1 and 115.2
‘spread over the major part: of the circumference of the coil
structure -114 reducing the temperature of the hottest spot
114.1 and 114.2 close to the average temperature of the wind-
‘ing measurable on the basis of the resistance change of its con-
ductor. Brackets 116-are equipped’wjth a-movable pressure
plate 116.1 and a fixed pressure plate 116.2 for exerting pres-
sure to the butt-jointed legs and yoke parts of the core struc-
ture. - - -

Attention is now called to FIG. 21 which illustrates a coil
structure having a'low voltage, high current winding wound in
a single section with foil-type conductor, and a high voltage

low:current winding ' wound:in two sections; both windings are

- equipped with balanced temperature ‘heat dissipator arrange-
‘ments to be discussed in-greater detail hereinafter. |

More particularly, in FIG. 21 a first insulating layer 117 is
wrapped about the core structure (not shown). A full width
foil layer 118 is wound about the insulating layer 117. Heat
dissipator layers 119, similar to those discussed in conjunction
with FIG. 17, are then placed in the coil structure during fabri-
- cation adjacent to but insulated from the foil layer. The *-
start” foil lead 118.1 is shown in FIG. 21 as emerging from the
coil structure beneath the heat dissipator fins 119.1. The “-
finish™ foil lead 118.2 is illustrated as emerging from the coil
structure in the window area. | -

The two sections 121 and 122 of the high voltage winding
- are wound with relatively short axial dimensions and with
stepped down layer lengths toward their top layer. The inter-
‘connection of the two sections is the first layer of the high
voltage winding, as illustrated in FIG. 21, and this constitutes
the “start” of both sections, wound in oppositeé directions.
Thus, both *“finish™ leads 123 and 124 of the two high voltage
windings, are on the shortest top layer together with two taps
125. This arrangement facilitates the nsulation of the high
voltage leads connected to these terminals and taps.
- The heat dissipator arrangement of FIG. 21 utilizes the
balanced temperature cooling principle. More particularly, in
- convection cooling with a relatively limited quantity of cool-
ing medium passing along the cooling surfaces such as are pro-
vided in FIG. 21 by fins 119.1 and 119.2 for the foil wound
low voltage winding and fins 126.1 and 126.2 for high voltage
section 121 and fins 127.1 and 127.2 for high voltage section
122, the top fin surfaces 119.2, 127.1 and 127.2 are cooled
with cooling medium already preheated by the bottom dissipa-

tor surfaces 119.1 and 126.1 and 126.2. Recognizing this pre-

heating, and in order to achieve uniform temperatures for
both top and bottom sections of the coil structure, a greater
amount of heat dissipator surface area is incorporated for the
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In high voltage coils, such as sections 121 and 122 of FIG.

‘21, ‘each heat' dissipator ‘sheet can be connected most ad-

vantageously to the connecting turn between the surrounding
two layers, as a surge shield. This connection increases the in-
ternal capacitance between the winding layers so that a volt-
age surge passes through the winding easily without creating

‘too high a voltage gradient or oscillation. In this arrangement
a safe distance ‘128 should be ‘maintained betweén fin rows

connected to different voltages in the winding, which can be
achieved by using a comb-like insulating structure 129.1 at-

- tached to the ends of the fin rows. This should: preferably also
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be used on the fins rows 119.1 and 119.2 of the low voltage

winding, where all dissipators 119.1 and '119.2 can be con-
nected together to the neutral or other terminal of the low
voltage system. The role of the comb-like structure 129:2 is'to
keep the fins away from their high voltage neighbor by main-
taining the necessary gap 130 between the fin rows associated
with the high and low voltage windings respectively. |

It is pointed out that a ‘full width foil-wound low voltage
winding combined with a slightly shorter wire-wound high
voltage winding can withstarid heavy short circuit currents

without damage, even if they are constructed of aluminum

conductor normally having inferior ‘mechanical charac-
teristics. As previously mentioned, the reason as to why heavi-
er short circuit currents can be withstood without damage is
because in the absence of cooling ducts within the coil struc-
ture, the entire coil structure is solid leaving no portion unsup-

- ported which would be susceptible to bending. The stretching
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force which develops within the foil-wound low voltage wind-

‘ing portion of the coil structure of FIG. 21 is well within the

mechanical capabilities of the foil-wound winding. The com-
pression force developed in the wire-wound coil can easily be
withstood because of the solid nature of the coil which
prevents bending.

- Attention is now called to FIG. 22 which illustrates an ex-

emplary embodiment of a sealed enclosure convection cooled
transformer utilizing a pair of coil structures as shown in F 1G.

~ 33. Only one of the coil structures can be seen mounted on
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33

~top of the coil structure to compensate for the preheating of

the cooling medium resulting from contact with the fin sur-
faces toward the bottom of the coil structure. That is, in order
to assure balanced temperatures, note in FIG. 21, that two
rows of top dissipator fins 119.2 are utilized while only one
row of bottom dissipator fins 119.1 are used for cooling the
low voltage winding. Similarly, for the top high voltage section
122, dissipator fins 127.1 and 127.2 are each comprised of
two rows of fins while the bottom section 121 employs dissipa-
“tors 126.1 and 126.2 each comprised of one row of fins. -

It is pointed out that the full width foil-wound characteristic
of the low voltage winding also functions to equalize the
uneven temperatures in the coil. That is, the foil, being a
bridge for heat transfer in an axial direction, prevents the
build-up of substantial internal hot spots. In wire-wound coils,
the hottest spot develops slightly over the center horizontal
plane because the axial mobility for the heat is limited by the
relatively small cross-sectional area of the heat dissipator em-
bedded in the wire-wound coil. |
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core 131 in FIG. 22. The coil structure that is visible includes
vertical heat dissipator layers incorporated between winding
layers and having horizontally oriented fins 132 extending
beyond the coil structure. The transformer of FIG. 22 utilizes

~-a vertical heat dissipator sheet 133 inserted between the coil
structures in a ‘manner better illustrated in FIG. 33. As’is

further shown in FIG. 22, heat dissipators 134.1, 134.2 of the
type previously explained in connection with FIG. 17 are at-
tached to the adjacent inner and outer walls of the sealed en-
closure 13$. Baffle 136 separates the transformer from the en-
closure wall and defines a convection flow path for the cooling
medium. The cooling process associated with the operation of
the transformer of FIG. 22 is comprised of an internal and ex-
ternal cycle. The internal cycle is closed loop. That is, when
the transformer warms up, cooling medium starts to circulate
along arrows 137, passing along dissipators 132, 133, warm ing
up while removing the heat. The flow path continues through
dissipator 134.1 where the heat content will be transferred to
the external heat dissipators 134.2 through the wall 135. The
cooling medium returns to the transformer behind baffle 136
along arrows 137.1. The external cooling cycle is open and is
defined by the flow of ambient air through dissipators 134.2 to

remove the heat content therefrom. It is pointed out that the

vertical heat dissipator 133 of FIG. 22 may be constructed in
the same manner as the dissipators (e.g. 132, 134.1 etc.) used
internal to the coil structure, except that the dissipator 133
used between coil structures preferably has less twist on the
fins thereof to exhibit an approximate 45° angle to the vertical.
A still further fin arrangement is illustrated in FIG. 23 wherein
the vertical dissipator sheet 133 is split up on its outside por-
tion into vertical strips 133.1 and 133.2 by an appropriate
shearing tool. S

~ As previously pointed out, power transformérs constructed
in accordance with the present invention are preferably con-
structed with internal extended heat dissipators and without
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internal cooling ducts. _Thé resulting solid structure lends itself

to achieve a substantial improvement in the thermal charac-
teristics of the transformer. It is well known that power trans-
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formers are often subjected to a highly variable load present- -

ing a peak which lasts several hours in each day. Most of the
transformers operate under a fraction of peak load most of the
day, keeping the temperature of the coil structure and core far
below their limits. When the peak load occurs, the tempera-

ture of the coil structure starts to rise in accordance with its

thermal time constant. The value of the time constant is sub-

stantially proportional to the mass involved in the warming up

process and substantially inversely related to the specific heat
transfer of the warming up mass. Therefore, coil structures
- built with ducts between coil sections and the core, the coil
structures have fairly short time constants because they have
little mass and large specific heat transfer. The temperature of
the coil structure in conventional transformers therefore fol-

lows the load changes very rapidly. Thus, exposed to sudden -

prone to burning up. S |
- If the solid ductless coil structure according to the present

overload, the coil structures in conventional transformers are

invention is built to fit closely to the core with negligible gaps -

- therebetween which can be filled up with impregnating
varnish, the temperature change of the coil structure for the

same overload becomes significantly slower than in conven-

tional coil structures. The ‘heat dissipator cooled solid coil
sttucture in accordance with the invention lends itself to be in-
tegrated thermally with the core especially when a rectangular
coil -shape is used. In this case, the coil structure can be

brought into good heat conductive relationship with the core, -

10
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tenth of the dimension W,,
- suming radii R on corners equal to the steps. The width W,, of

14

By eliminating the gaps between core and coils usually
present in conventional power transformers, a reduction in the
mean turn length can be achieved, leading to copper weight
reduction. A further reduction can be achieved by using the
optimum dimensional proportions in the rectangular core
cross-sections. In cores built from strips having two different
widths W, and W, and one step on their corners, as shown in
FIG. 27, a minimum of the circumferencial length around the
core is obtained when the magnitude of the step is about one-
of the wider core steel width, as-

the narrower core steel is in that case equal to 0.80 W,,. The
length of the circumference is 97.7 percent compared to a
square core having the same cross-sectional area.

~Using three different strip width and two steps in the core
leg, as in FIG. 28, the optimum radii R on the corner is equal
to 0.215 W,,, resulting in a reduction of the length of the cir-

- cumference to 95.25 percent of that of the square core. The

20
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strip widths for that pattern are: W,,=0.874 Wi, W,=0.57
W,,; this means also the reduction of the heat transfer area
between core and coil to 71 percent compared to the one step

‘core.

- Using four different strip,'w.idths, as shbwn'in FIG. 29 W, =0
.45 W, with a comparable reduction in the heat transfer. The
circumference is 93.8 percent of that of the square core with

- the same area, with a corner radius of 0.275 W,,. Considering
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bringing the cut surfaces of the core laminations close to the

coil. The core has much higher heat conductivity parallel to
the lamination than perpendicular - thereto. - Consequently,
~ when the coil structure touches the core on the cut surfaces,

that when the coil structure starts to warm up, its heat content
- escapes.into the core which has a specific heat storage capaci-
-ty four to six times that of the coil structure.

To achieve a thermally integrated core and. coil structure,

the'coil should be wound with precise dimension on its inside

surface. FIG. 24 shows a simple approach to .achieve the
required precision. To jaws 138.1 and 138.2 having a width
equal to one of the standard core steel laminations are fitted
into a standard lathe chuck fastened to the spindle of the
winding machine. Both jaws are adjustable with an operating
screw. The jaws have rounded corners and can be extended

‘with a flat supporting member 139 on the side areas of the coil

-Structure. At the start of the winding operation, the distance
between outside end surfaces 140.1 and 140.2 of the jaws

35
- the core and coil structure becomes thermally integrated so

the small gain in copper weight reduction compared to the in-
convenience of the manny different strip widths and reduced

heat transfer, it is probable that in most applications by in-

creasing the number of steps in the core lamination beyond
two 1s not justified. (The smallest circumference is 88.6 per-

cent with round cross-section. )

In larger three phase transformers the need arises to accom-
modate internal heat dissipators in longer portions of the cir-
cumference of the coils. This extension of the heat dissipator

~area can be achieved by extending the core leg cross-section

- with narrower stacks on both end areas of the leg, as shown in
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FIGS. 30 and 31. The main part of the core 147 is built from
strips having width A, supplemented with extension stacks

. 148, 149 and 150 on both ends with strip widths B, C and D as

- shown in the lower part of FIG. 30. To wind the coil to fit the
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should be adjusted slightly below the stack height of the core

given in the design. After wrapping on the necessary inside in-
* sulating layers, the first layer 141 of the winding can be wound
on. Then the jaws 138.1 and 138.2 should be pulled apart in
accordance with arrows 138.3, 138.4 respectively, to get the
correct stack height, stretching the first layer in the process.
The rest of the winding should be wound with adequate ten-
- sion to assure tight structure also on the sides.

Coils wound with inside opening equal to the outside dimen-

~outside top or bottom surfaces
- shown in FIG. 31. If necessary,

- placed even further, to provide even more clearance to the

extended core, jaws 151 can be assembled with jaws 152 and
153 (as shown in top part of FIG. 30) on the same lathe chuck
described in connection with FIG. 24. Heat dissipator layers
154, 155 and 156 can be accommodated over the coil in the

‘window area by placing the narrower yoke steel stacks 148.1,

149.1 and 150.1 away from the window in alignment with the

of the core respectively, as
the stack 148.1 can be dis-

- window area for dissipator fins. Displacement of stack 148.1
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- clearance b’ from stack 148.1’
~necessary circulation of the cooling medium.
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sions of the core lamination cannot be slipped over the legofa

preassembled core in the conventional manner: therefore new

methods are rnieeded to assemble the thermally integrated core

and coils. FIG. 25 illustrates a method which is fast and
economical. In the horizontally placed coil 142, after in-
troducing the narrower stack 143, convenient smaller stacks
144.1 of the leg steel 144 are inserted in a slightly tilted posi-
tion as shown, until the opening becomes filled up with the
main stack 144 close to the limiting line 144.2. The last
~laminations of the main stack 144 can be inserted by bending
them around a convenient size dowel 145 placed in the center
in axial direction. The last to be forced in along arrow 146.2 as
a “‘steel wedge™ as shown in FIG. 26 is the lower half 146.1 of
the upper narrower stack 146, to which several extra sheets
can be added to reach the necessary tightness. -
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~of course, requires a commensurate extension

_ of the length of
stack 148 in the leg, until heat dissipator 154 has the necessary

in the window area, to obtain

Core structures built to fit tightly in precision wound coils
described in connection with FIGS. 24, 25 and 26 do not lend
themselves easily for the conventional interleaved core
lamination  process using the same patterns alternately as

~shown in FIG. 34. Furthermore, economical and technical ad-

vantages can be achieved by using butt-jointed, or hybrid butt-
jointed interleaved cores. FIG. 32 part A illustrates an exem-
plary embodiment. Between two full width leg steel stacks
157, two short stacks of yoke steel 158 are placed with butt
joints. Narrower leg steel stacks 159 are interconnected with
adequately dimensioned narrower yoke steel stack 160. The
core can be built entirely with butt joints, assembled most con-

‘veniently with horizontally positioned legs as shown in FIG. 25§

and 26. After the assembly is completed, to eliminate the gaps
in the butt joints, the best procedure is to turn the unit with
legs horizontally but with yoke steel vertical, then excite the
core to the highest flux, then let the magnetic forces close the
gaps by loosening up the brackets and applying some
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mechanical shocks by hammer or vibrator. When the exiting

current reaches its minimum, that indicates that. the gaps are

already closed and the brackets can be bolted tight. To.secure
- the legs in that position, holes 161 can be drilled ‘through
~ brackets into the core and ttghtly ﬁttmg pins can then be
driven into the holes. Another way to secure the legs in posi-
tion is to provide the brackets with movable pressure plates

116.1 and fixed plates 116. 2 as descrlbed in connectlon with

FI1G. 20. |
- Another way to keep. the leg steel in place IS by mterleavlng
steel pattern A with pattern B in FIG. 32.The mterleavmg can

10

When the dissipator strip is. 1nserted between two discs, it

can follow the curvature.of the disc winding up to a maximum
curvature as shown in FIG. 35 at portions 177, when there is

no more clearance between the flat portions 175. If more

curved discs are also-in use, wider tapered portions 172 should
be removed by the die. With two or three different tapered . cu-
touts 172, the whole range .of the used curvatures can be
covered. When strips with wider cutouts 172 used in less

“curved discs, the heat transfer of the lower part of the discs
suffers shghtly, havlng only partlal contact with the heat dis-

- _31pator

be unsymmetrical e.g. after placlng uniform stacksof 1.5t02
- electrtcally to-the first turn of the disc and leave sufficient gap

cm. all around from pattern A, slngle sheets or several sheets
can be placed according to pattern'B, and so on. Accordlng to
another version, equally large stacks. of butt-_lomted core parts
can be placed alternately from pattem A and B repeatedly.
The latter version offers a special advantage when flux is
excited in the loose core, leg steel stacks 157 from pattern A
cannot move closer, since yoke steel stacks 158 keep them
apart Interleaved alternate leg steel stacks 162 from pattern B
‘can and will move toward each other hortzontally under the

mfluence of magnetlc forces, as shown in FIG. 33. This move- -

~ ment is limited by the clearance in' the opening of coils 163
resultmg in a situation, in which leg steel stacks 157 from pat—
tern A are pressed agalnst outward sides of the coils 163 while
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The best procedure 1S to connect: the coated heat dissipators

| between the two ends not 1o. create a shorted turn. The neces-

sary electric insulation 178, 178.1 can be cut out of selid insu-

"latlng material, or it may be apphed as sufficiently heavy coat-

ing on the flat portion 175 of the dissipator. In the exemplary

k'embodunent in FIG. 37 where twin dissipators are used

between two dlscs the heavy msulanng layer 178.1 should be

between the two heat dtsmpators keepmg the heat transfer
Ipossnbly unobstructed between disc wlndtng 169. and dlSSlpa-

tor .portions 175, The start of the two strips should both be

- connected to the start turn of the disc winding. In this arrange-
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members 162 of pattern B are pressed. against the window

sides of coils 163 as the arrows 1nd1cate The same freedorn of

movement exists in vertical dtrectlon for yoke steel parts 158

and 160 of pattern A; these parts of the yoke steel tend to
move into the window area and grab the coil both from the top

and bottom firmly. This phenomenon eliminates any loose
contact between coils and core automat:cally, wnth no wedges |

to force in; the ughtness of the unit has a noise dampenlng ef-
fect on the magnettc vibrations generated in the core by the
flux. .

When vertlcal plane heat dlss1pators 164 are used between
coils 163 (used also i in FIG. 22) as 1tem 133, and shown i in
detail in FIG. 23), it is necessary to press the coils together to
ensure a good heat transfer path toward the flat part of coils

'163. The conventionally cut core pattern 165.1, 165.2 shown
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in FIG. 34 when stacked. up in fairly large stacks alternately, |

(e.g. first 1.5 to 2. cm. stacks of pattern A from FIG. 34, then |

similar size stacks from pattern B and so on; all with butt _|omts
within stacks) the core can. tighten itself up toward the. win-
dow 166 from all four directions when the loosely stacked
- core 165.1, 165.2 receives the full flux after applying the
necessary voltage over the terminals of its coils. Both A and B
part of the core has the freedom to slide in the. directions in-
dicated by arrows under the influence of the flux, shrmklng
both window dunenslons, until the coils are firmly under pres-
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ment, the presence of the connected heat dtSStpator Strips in-

‘creases the internal capacitance between discs. substantially.

Consequently, any hlgh voltage surge entering the coil on its
terminals, finds an easy bypass through - the internal
capacltances Consequently, the coil displays a non- osc1llat1ng

characteristic due to the extensive surge shleldmg provided by

the dlSSlpatOI'S - |
- When large numbers of dlsc wrndlngs are bu1lt up w1th dis-

s1pators along the leg, the cooling medium warms up and the
upper regions of the wrndlng have much higher temperature
rise. To'compensate for this, i.e., balance the temperatures, it
iS usually desirable to use more dissipators on coil sections

located in hlgher regions, as previously described in connec-

tion with FIG. 21. This prtnctple can be adapted to disc- -type

‘windings by, e. g, usmg the single arrangement illustrated in

FIG. 36 on lower regions of the winding, while using the twin
dissipators accordlng to FIG 37, on central regions, and triple
dissipators on the hlgher regtons combmlng F1G. 36 with FIG.
37. -

| Another way to equaltze the temperatures between higher
and lower regions is to prevent substantial warming up of the
cooltng medium by channelmg it off and allow fresh cooling

- medium access to htgher regions. An exemplary embodnn ent
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sure, mcludmg dlsslpator 164 between them. This situation

can be maintained by simply ttghtenlng up the core bolts
between brackets while the flux is still on.

FIGS. 35, 36 and 37 illustrate a *‘disc” or “pancake" type
winding used in larger power transformers, and is equipped
with a heat dissipator embodiment in accordance with the
present invention. Over a solid insulating tube 168, the turns
169 of a disc-type wmdtng is arranged. Between two ad]acent
discs, a prefabncated strip of heat dissipator 170 is wound in.

Two versions are tllustrated the first shown in FIG 35 and

FIG. 36, the second in FIGS. 35and 37.

Both versions of the dissipator strip 170 are prefabrlcated In
- a progressive die, bending up a continuous strip 171 on the
- outside contour of the strip 170, punchtng out a tapered nar-

row portion 172 of the aluminum sheet and shearing and twist-

ing up fins 173. The wedge-shaped elements of the dissipator
strip according to the second version in FIG. 37 has a double
bend 174 between its flat portion 175 and its fins 173. Both

versions of the dissipator strips 170 are preferably coated with

insulating film. Their flat portions 17§ are narrow enough to
prevent excessive eddy currents. The lower portion 176 of the
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 age windings and when the finish lead of such a winding is
brought out on-the end portion of a layer wound winding in
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for channel means serving that purpose in connection with
disc-type wmdtngs is illustrated in FIG. 38 wherein two stacks
of disc-type windings 181, 182 are built up over insulating
tube 180. A lower stack 181 and an upper stack 182 are both
1nterleaved Wlth drsslpator strips 183.1 and 183.2 reSpecuvely

Between the upper and lower stacks, a gap 184 is provided to

accommodate a special baffle which is designed to channel the
warm coolmg med:um rising through lower dissipators 183.1
along arrow 185 away from the coil while allowing the fresh
cooling medium 186 to enter between channel members 187.
Similar baffles can be used also with other arrangements, e. g.
between heat d1s51pators 127.1 and 127.2 in FIG. 21, etc.

Larger transformers have heavy currents in their low volt-

the conventional manner, a considerable part of the otherwise

useful fin area is lost. To avoid that difficulty, finish leads can-

be brought out on the sides in the window where no fins are

- present; such an approach is particularly easy when a foil con-
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strip 170 is subsequently cut off leaving wedge-shaped flat

portions 175 with a proper radial dlmenston to fit to the radial

dtmenston of the wmdmg
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ductor is used on the low voltage side. as shown in FIG. 39. On
winding 188, “start” foil lead 189 is accommodated as a
folded out extension of the first layer of the coil, entering
beyond all heat dlSSlpatorS 190. Finish lead 191 of the same
winding can be brought out on the side, folding the foil
downwards, or upwards (192) as needed. Winding 188 can be
the whole low voltage winding, or only a part of it; other parts
may be arranged on the same leg, above or below the wmdlng
188, connected to it in the window, before the leg steel IS
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stacked into the windings. In multi-legged- designs, the other
parts of the winding are on the next leg, as shown in FIGS. 40
and 41. Either delta and Y-connection in three phase units, or
series and parallel connection in single phase units are feasible
in the window without the interference with the heat dissipa-
tors on the ends of the windings. In FIG. 40, three windings A,
B and C start with start leads 193 brought out under dissipa-
tors 194; finish lead 195 on leg A is brought out in the window
and connected to the last turn of coil B, which has its finish
lead 196 in turn connected to coil C in the other window; the
finish lead 197 of coil C can be brought to the terminal board
easily as a neutral lead for the three phase Y-connection. In
single phase units, having legs A and B only, the connection
leads to a series connection with center tap 195 available if
needed. Nevertheless, series parallel connection is also feasi-
ble bringing all four leads to the terminal board. |

In FIG. 41, a delta connection is illustrated. Start leads such
as 198 on leg A, are brought out beyond the heat dissipators
199. Finish lead 200 of coil A is brought out in the window;
similarly, a foil tap lead 201 on the first turn of coil B is
- brought out adjacently to lead 200: they can be connected
together conveniently in the window area. Similarly, finish
- lead 202 of coil B can be brought out in the other window and
connected conveniently with tap 203 brought out from the
tirst turn of coil C. Finish lead 204 of coil C can be connected
with an outside jumper lead 205 to start lead 198 of coil A,
COmpleting the delta connection, with no ‘interference
between leads and heat dissipators. Similarly, in single phase
units, having coils A and B only, a parallel connection can be
established connecting leads 200 to 201 and 202 to 198.

Various additional modifications of the above-described
embodiments of the invention will occur to those skilled in the
art, and therefore the invention should be broadly construed
in accordance with its full spirit and scope.

- ‘Whatis claimed is; | | |

1. In a-power transformer having Improved heat dissipation
characteristics and comprising at least one core leg and a
generally tubular winding structure having an axis and includ-
ing a plurality of layers defining tubular surfaces, the winding
structure generating heat through electric and magnetic ener-
gy losses, the improvement comprising: |

‘heat dissipator means including at least one layer of non-
~ magnetizable highly heat conductive material in heat con-
ductive contact with at least one of said tubular surfaces,

- said layer including portions extending axially beyond at

least one end of said tubular surface, said extended por-

- tions connected to a louver-like structure disposed in a

plane substantially perpendicular to said axis of said tubu-
lar structure and including fins, the fins of said louver-like
structure being disposed substantially in planes parallel to
said axis of said tubular structure whereby proper flow of

cooling medium is maintained for the dissipation of heat
by convection.

2. A transformer according to claim 1 characterized by said

dissipator means comprising at least two layers arranged over
the same transfer surface of said winding structure.
3. A transformer according to claim 1 wherein said heat
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including a greater number of rows toward one end of said axis
than toward the other end thereof.

6. The improvement of claim 1 wherein said louver-like

Structure comprises groups of fins having gaps between the
outer ends thereof.

7. The improvement of claim 6 wherein continuous Strips

Interconnect the outer ends of the fins in each group.
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8. The improvement of claim 7 wherein said heat dissipator
means includes at least a second layer of non-magnetizable
highly heat conductive material in heat conductive contact
with one of said tubular surfaces, said layer including a portion

‘extending axially beyond the same end of said tubular surface

as said first layer, said extended portion connected to a lou ver-
like structure disposed in a plane substantially perpendicular
to said axis of said tubular winding structure and comprises
groups of fins, at least one of said groups of fins on said second

layer being in substantially axial alignment with one of said

gaps in said first layer. |
- 9. The improvement of claim 1 wherein said generally tubu-
lar winding structure includes two tubular coil sections of

winding layers disposed in axially spaced apart relation, each

of said sections including heat dissipator means, and at least

one of said means having louver-like structure disposed in the
space between adjacent tubular winding sections.

10. The improvement of claim 1 wherein one of said inter-

~nal layers of said winding structure includes a start lead

disposed at one end of said tubular winding structure and
passing beneath said louver-like structure and a finish lead

emerging in the window portion of said tubular winding struc-
ture.

11. The improvement of claim 10 wherein said transformer

‘Includes at least one adjacent winding structure and the leads

between adjacent structures are interconnected in the win-
dow. | -

12. In a transformer having improved heat dissipation
characteristics and comprising at least one core leg and a

- winding structure ¢omprised of discs each having an outer
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conductive layer is disposed between two different windings of ¢

said transfer each having electrical insulation for the required
- test voltages on both sides of said heat conductive layer and

being connected to ground, thus playing a secondary role as
ground shield. | o

4. A transformer according to claim 1 characterized by the

application of insulating layers with improved heat conductivi-

ty to said heat transfer surfaces, said insulating layers compris-
ing fine grains of solid, highly heat conductive insulating
- material embedded in the base material of the insulating
layers. L | - : ”

3. The transformer according to claim 1 characterized by a

plurality of layers of said heat dissipator means each extending'

beyond at least one dimension of said winding structure, said
extending portions each comprised of cooling fins projecting
therefrom and arranged in separate rows along said axis, and
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marginal edge and an axis, the coil discs being stacked in axial
relation along the leg of the core, the winding structure
generating heat through electric and magnetic energy losses,
the improvement comprising:

_heat dissipator means of generally disc-like construction
~disposed between said winding discs, a louver-like struc-
- ture connected to said disc-like construction closely ad-
jacent the outer marginal edge of said disc construction
and extending beyond said edge, said louver-like struc.
ture including fins disposed substantially in planes per-
pendicular to the plane of said disc construction whereby
proper flow of cooling medium is maintained for the dis-

. sipation of heat by convection. |
13. The improvement of claim 12 wherein said disc is di-

vided by separating channels along selected paths of the heat
flow to reduce eddy currents generated by stray flux.

14. The improvement of claim 13 wherein said separating.
channels extend to the inner marginal edge of said disc and
said louver-like structure includes a continuous strip mechani-
cally interconnecting the outer ends of said fins. |

15. The improvement of claim 14 wherein dissipator flat
portions are defined by said separating channels and are
tapered inwardly so as to have closely adjacent edges when
said disc is wrapped between adjacent disc windings.

16. The power transformer of claim 1 having a physical con-
struction for reducing the peripheral surface about the coil
winding structure so as to reduce the amount of copper
required in the transformer and to thermally integrate the core
and coil comprising: |

said core leg having a substantially rectangular cross section

with corners each having at least one step at each corner;
said tubular winding structure including an inner winding
layer wound about said core leg with substantially no gap
therebetween to thus thermally integrate said core and
inner winding layer, at least one additional coil winding
layer wound about said inner layer with substantially no
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gap thereb'etween to thus thermally integrate said core

- structure and said additional coil winding layer; and
said heat dissipator layers interleaved between adjacent coil
winding layers of said coil structure. R
17. The transformer of claim 16 wherein the leg of said sub-
stantially rectangular core comprises a stack of steel lamina-

tion of two different widths, the narrower stack being accom-

modated further away from the center plane of said leg, and
the proportion between the widest and the narrowest steel
stack width being between 1:0.75 and 1:0.85 for cores having
two different stack widths to achieve substantially minimum
circumference for said core leg and minimum mean turn
length for the surrounding winding at any given cross-sec-
tional area of said leg. | | |

18. The transformer of claim 16 wherein the leg of said sub-

stantially rectangular core comprises a stack of steel lamina- .
“tion of three different widths, each narrower stack being posi-

-tioned further away from the center plane of said leg, and the
‘proportion between.the widest and the narrowest steel stack

widths being between 1:0.5 and 1:0.65 for cores having three

~ different stack widths, to achieve substantially minimum cir-
- cumference for said core leg and minimum mean turn length
for the surrounding winding at any given cross-sectional area
ofsaidleg. . = | | o |

19. In a transformer having at least one active part in which
heat is generated by electric and magnetic energy losses, heat
dissipator means including at least one exterior layer of highly
conductive material mechanically connected to a heat transfer
surface on the active part, the improvement comprising:

an enclosure entirely surrounding said transformer;

‘a fan positioned substantially below said transformer for
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forcing a cooling medium through said heat dissipator

means; -
a venturi tube disposed about the periphery of said fan, . .

an envelope extending upward from said venturi tube ad-

~ Jacent the lower edge of said heat dissipator means, and

‘said envelope and said enclosure defining a bypass duct
through which a cooling medium is moved along the ex-
terior layer of said heat dissipator means by convection or
by induction when said fan is operating. | |
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- section at one end of said core leg has a larger number of dis-

sipator means than the dissipator means on those sections
closer to the opposite end of said core leg. B
21. A transformer having improved heat dissipation charac-
teristics comprising: o : -
a generally tubular winding structure in which heat is
generated by electric and magnetic energy losses and in-
cluding first and second tubular winding layers each hav-
Ing a heat transfer surface spaced from and opposed to
the other of said winding layers; o o
heat dissipator means defining a region of occupancy and
- including within said region at least one portion having an
axis of orientation, said portion being subdivided along
said axis into a plurality of zones, said heat dissipator
means including at least one layer of non-magnetic highly
“heat conductive material, means mechanically connect-
- ing said heat conductive layer to at least one of said wind-
ing heat transfer surfaces, and a plurality of cooling fins
each extending out of said at least one heat conductive
layer and connected in heat conductive relation thereto
within at least one of said zones of said region, said fins in-
cluding major surfaces bordered by free leading and trail-
ing edges and a side edge substantially coincident with
said heat conductive layer, said major surfaces being
spaced from said transfer surface and being oriented sub-
stantially parallel to the axis of orientation and having a
dimension between the leading and trailing edges thereof
in the direction of said winding axis which is less than
one-fourth of the dimension of said region of occupancy
measured in the same direction; and - |
sald winding structure includes a low voltage winding

formed by a foil having heat digs?ator.layer sinterleaved
therewith and a high voltage winding wound around said

low voltage winding and insulated therefrom, said high
voltage winding formed of a plurality of layers of wire
with the layers decreasing in axial dimension with increas-

- Ing distance from said low voltage winding. |
22. The transformer according to claim 21 including a

- comb-like insulating member fixed to the outer ends of fins in
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20. The improvement of claim 9 wherein the tubular coil

different zones to maintain them in spaced relationship.
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