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UNITARY C@@L?NG TANK E@R RECT?RS 
Otto Jensen,Maiyern,Pa.,assignor to I-T-E Cireüit 
Breaker Company,Philadalphia,?a.,a eorporation of 
Pennsylvania 

Continuation of appication Ser. No. 55i,837,?ee,8, 
1955,Thisapplication ?)ee.24,1959,8er. No,86?,937 

My inVention relates to an arrangement Of equipment 
for high current capacity mechanical rectifiers and more 
Specifically to an arrangement Wherein al of the high cur 
rent carrying components of a mechanical rectifier are 
placed in the closest poSSible relationShip with one an 
Other,and are aSSembled in a unitary tank,This is a 
continuation application of ny copending application 
Serial No. 551,807,filed December 8,1955,assigned to 
the assignee of the preSent application. 

Mechanical converters of the type described in copend 
ing applications Serial No. 212,017,filed February 21, 
1951,now Patent No.2,693,569,and Serial No.201,880, 
filed July 31,1952,now Patent No. 2,759,128,and as 
Signed to the aSSignee of the instant appication,require 
power transformers to provide the proper Secondary volt 
age for D.-C. utization,The circuit from the trans 
former Secondaries are connected in Series with the main 
Windings of commutating reactors. Heretofore a Separate 
and independent tank unit Was provided to house the 
poWer transformers with the commutating reactors posi 
tioned OutSide the tank. 
With this prior art arrangement the conamütating re 

actors Were mounted inside the buiding and Were pro 
vided With an encioSure on top of Which Was mounted a 
fan which forced air in through the bottom of the Stack 
of reactorS and Out the top. HOWever,a cOnSiderable 
amount of dirt Was bloWninto the reactor WindingS. Due 
to this undeSirable condition,it WaS conSidered desirable 
to treat the cofhmutating reactor in the Same manner as 
a transformer to obtain better and cieaner cooling by 
providing the reactor with a tank arrangement Similar to 
that used forthe power transformer. 
Howeyer,this arrangement has many of the disadvan 

tages encounteredin previous arrangement plüs other dis 
advantages. For example,when the reactoris mounted 
in a Separate tank the plürality of connections between 
the power transformer Secondaries and the reactor main 
Windings must be made through external bushings and 
leads,Thus,this arrangement increases the number of 
bushings required and also takes up considerably more 
Space. Furthermore,this arrangement sti? has the dis 
advantage ofrequiringtwo Separate andindependent cool 
ing SyStems,one for the transformer and another for the 
reactor,Also the length of the bus lines between the 
two components of the Separately mounted transformer 
and reactor reSulted in inSertion of from 3 to 3?%% re 
actanée in the circuit resultingin the deterioration of the 
COntactS, 
With the arrangement of myinventional of the aboye 

disadvantages are overcome. With my novel arrange 
ment of proViding a unitary housing ortank forthe com 
mutating reactors and the power transformers,it is pos 
sible to obtain 

(1)Shorter length of bus leads between the trans 
former Secondaries and the main winding of the reactorS 
to thereby reduce the reactance to less than one haff of 
one percent and thereby prevent deterioration of the con 
tactS; 
(2)A Single cooling System to cool both the trans 

former and commutating reactorsto thereby eliminate the 
neceSsity of an extra cooling unit; 

(3) Material reductionin the number oftank bushings 
required Since althe connections between the transformer 
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2 
Secondaries and the main winding of the commutating 
reactors can be made within the unitary tank for the 
combination of the two circuit units; 

(4) Economy by requiring a Single iarge tank for the 
combination rather than Separate independent tankS; 

(5) Considerabie Saving in Space; 
(6) Better and cleaner cooling of the reactor and pre 

vents dirt from being blown into the windings, 
ft wil be apparent that al of the above problems are 

common to any type of high Current low Voltage Tecti 
fier System and the invention,which Solves these prob 
1ems,is applicable regardless of the rectifier element used, 
Whether it be of the contact type,Semi-conductor type, 
or the like,Wherein Saturable reactorS or Other reactOrS 
Such aS commutatingreactors are neceSSary in Some func 
tion. 
Two embodiments of my novel arrangement are Set 

forth in the appending disclosure fn the first embodi 
ment the commutating reactor Stacks are mounted on the 
side of power Supply transformers and hence are cooled 
by oil Which has not paSSed through the transformer 
meanS. In the Second enbodiment the individual com 
mutatingreactors are mounted on top of their respective 
power Supply transformerS. Although this latter embodi 
ment has the disadvantage of having the reactors cooled 
by the Oil Which has paSSed through the transformer,it 
has the added advantage of providing a more compact 
unit With Shorter lead length betWeen the transformers 
and reactOrS. - 

Accordingly,an object of my invention is to proyide 
a unitary tank to house the combination of power trans 
formers and Commütating reactOrS. 
Another object of my invention is to provide a novel 

Structural arrangement for a mechanical converter Which 
introduces leSS than One half of One percent reactance 
into the circuit. 
Another object of my invention is to provide a com 

bination transformer and commutating reactor housing 
Which requires a Single cooling System. 
Sti another object of my invention is to provide a 

mechanical converter With a nove combination arrange 
ment for the transformers and reactors which wil prevent 
deterioration to the Switching.contact. 
Another object of my invention is to provide a novel 

arrangement for a mechanical converter Which Wil Sub 
Stantialy reduce the required number ofbushings required 
for the connection betWeen the transformers and reac 
tOrS. 
A further object of myinventionis to provide a novel 

combination tank for transformer and reactor which re 
SuitS in economy and Saving of Space. 
A fürther object of my inventionis to provide a novel 

conbination transformer and commutating reactor unit 
with the latter unit aligned on the Side of the former. 
A fürther object of my invention is to provide a novel 

Combination arrangement,for a transformer and com 
mutatingreactorwith the reactor foreach phase mounted 
on top of its reSpective transformer. 
My novel invention may be fürther extended to pro 

Vide a unitary housing for extremeiy high current ca 
pacity mechanical rectifers,wherein phase shifters,step 
reactors (as described in copending appication Serial 
541,709,fied October 20,1955,noy abandoned)and 
interphase transformers taay be housed in the same tank 
as is the commutating reactor and main poyer trans 
former. If desired,this type of unitary tank Inay then 
be So constructed as to haye the contact mechanism po 
Sitioned immediately on top of the tank to thereby ap 
preciably Shorten the length of the bus required to con 
nect the contact mechanism to the other high current 
carrying components within the tank. 
The requirement for extremely high current capacity 
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rectifying equipment is typfed in the aluminum indus 
try. It has been found that for more eficient produc 
tion of aluminum that 1arger ports be used having an 
Overall capacity of 150000 amperes at 300 volts,whereas 
the previous rating for aluminum pots has been 60,000 
amperes at 900 voits,fn aluminum manufacture,it is 
Seen that by increasing the current rating of a pot from 
60,000 to 150,000 amperes,a larger pot could be used, 
thereby alowing the use offewer auxiliaries per pound 
Ofaiuminum manufactured, 

HOWeVer,this changing trend in current and voltage 
ratings for aluminum manufacture requires that the cur 
rent conversion equipment Supplying this D.-C,power 
must Supply a much greater current,thereby1eadingto 
higher resistance losses in the bus,and a lower volt 
age,Which means that a voltage drop in the conversion 
ünit due to reactance or resistance losses wil result in 
a much greater loss in eficiency than would be had in 
the higher voltage units. 

It is therefore essential for an economically desirable 
conversion unit that the A.-C. voltage drop and the cop 
per lOSSeS be as Small as possible and be compatible with 
an economical use of the copper. Thatisto say,copper 
losses may be decreased by vastly increasing the cross 
Sectional area of the copper conductors but the cost in 
doingSo may beprohibitive. 
The principle of my invention is to overcome the 

above mentioned problems by placing each of the com 
ponentS Which carry this high currentin as close a prox 
imity as possible,thus leading to a decreased length of 
copper bus,Which in turn leads to a Small copper loss 
by cutting down the resistance as wellas a Smaler reac 
tive loss,thereby maintaining eficiency and powerfactor 
at a desirable level, 

It iS to be Seen that by applying my novel invention 
to decrease both copper losses and inductive voltage drop 
I inherently provide a Single cooling system with which 
each of the high current carrying components of the 
rectifier unit are cooled,Similarly,there is a material 
reduction in the number of tank bushings required since 
al of the interconnections between the components take 
placewithin the unitarytankstructure. 

Accordingly another object of my invention is to pro 
Vide a unitary tank Structure for a mechanical rectifier 
Which contains power transformers,commutating reac 
tors,phase shifters,interphase transformers and step re 
actOrS. 

Another object of my inventionis to substantialy de 
CreaSe copper loSSes and inductive voltage drop in a me 
chanical converter by providing a unitary tank struc 
ture for the housing and cooling each of the high current 
carrying components,and to thereafter mount the contact 
mechanism on top ofthe enciosed tank. 
These and other objects of my invention wi1 be ap 

parent from the folowing description whentakenin con 
nection with the drawingsinwhich: 
FIGURE 1 is a Schematic electrical connection dia 

gram of a nechanical converter to which my invention 
may be applied. 
FIGURE 2is a perSpective view of the contact mecha 

nism of the mechanical converter. 
FiGURE3 is a perspective view of the mountingand 

arrangement for combiningthe transformerassemblyand 
commutating reactor assembly Which are to be placed 
withina unitarytank, 
FIGURE4is a cross-sectional schematic view of my 

novel combination transformer and commutating re 
actor unit in connection with an entire rectification 
circuit. 
F{GURE 5 is a perspective view of a secondembodi 

Hient of my novel combination transformer and com 
mutating reactor when positioned in a unitary tank. 
FIGURE 6 is a circuit diagram of a high current ca 

pacity mechanical rectifer unit having a 12 phase out 
put voltage ripple. 
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4 
FiGURE 7 is a cross-Sectional Schematic view of a 

Unitary tank Structure containing the high current car 
rying components of the circuit of F?GURE 6. 
F?GURE 8 Shows a Sectional view of FIGURE 7, 

takenalongthelines 8?8 ofF?GURE7. 
F?GURE 9 is a Sectional view of FfGURE 7 when 

takenalongthelines9?9 ofFIGURE7. 
FiGURE 10 is a Sectional Viey of FIGURE 7 When 

taken along the lines ????6 of FIGURE 7. 
FIGURE 11 Shows stil another circuit diagram for 

a mechanical rectifier having a high current capacity and 
an Output Voltage havinga24phaseripple. 
FIGURE 12 is a Sectional viey of a unitary tank 

Structure containing the components of the circuit dia 
gram ofFIGURE11. 
F?GURE i3 is a Sectional view of FIGURE 12 taken 

alongthe lines ?3??3 of FiGURE12. 
FIGURE 14 is a Sectional view of FiGURE 12 when 

taken along the lines 14?14 of FfGURE 12. 
fn FIGURE 1 the Source of alternating current is 

derived from an A.-C. voltage Source which energizes 
the conductors l@ and passes through the circuit break 
ers ? to the Step down transformer 2. The currentis 
SubSequently paSSed through commutating reactors f3 to 
Step the Current for commutating purposes as set forth 
in United States Patent 2,693,569 assigned to the assignee 
of the instant application. The construction of the com 
mutating reactor is described in copending appication 
Serial No. 301,880,filed July 31,1952,now Patent No. 
2,759,128,and assigned to the assignee of the instant 
application. 
The current then passes through the disconnectswitches 

14 to the contact aSSemblies ?5 and 16,The contactas 
Semblies 15 and f6,which are Sequentialy operatedin 
Synchronism With the frequency of the Source,are con 
nected to the alternatingsource buses ?@a,b and c to the 
direct currentload buses20 and21. 
For purposes of Simplification,I have shown in FIG 

URE 2 the mechanical Switching arrangement which is 
utized forphases A of FIGURE1,it being understood 
that the Switchingapparatusforphases Band Careiden 
ticalin construction. 
A Synchronous motor 49 drives the shaft 41 whichin 

turn Operates the eccentric member 43 to thereby alter 
nately drive the push rods 46 and 47 upwardlythrough 
the bel crankS 44,A detailed explanation of the con 
Struction of the adjustmentand control by means48isset 
forth in copending application Serial No.307.024,fled 
August29,1952,and now Patent No.2.845,592. 
The upWard movement ofthepush rod47willurge the 

disc Shaped bridging contact 31 upward against the bias 
of the helical Spring49 and thereby disengageitfromen 
gagenent with the Stationary A.-C. contact 28 and the 
posive D.C. stationary contact26. During this period 
Cf time the push rod 46is inits lowermost positionand 
hence the bridging contact associated with the structure 
?6is biaSedinto contactengagement bythe helicalspring 
aSSociated with the contact assembly16. 
On the next halfcycle,theposition ofthe pushrods 46 

and 47Wil be reversed by the bel crank 44 so thatthe 
push rod 47 Wil be in its lowermost position and the 
push rod46 wi beinits uppermost position. Henceat 
this time the bridgingcontact3f associated with the con 
tactblockaSSembly ?5Will beinengagementwithitsasso 
ciated Stationary contacts23and26andthe bridgingcon 
tact aSSociated With the contact blockassembly16wi1be 
disengaged fromits associated contacts25 and 27. 
Thus throughout a complete cycle of operation the 

bridging contacts wil also complete a mechanical Cycle 
of Cperation. 
The tank unit of FIGURE3 shows thearrangementof 

components for the rectification system of FiGURE 1. 
Thus it is necessary to provide the mechanical converter 
With three commutating reactors,each correspondingto 
One of the three phases. To achieve a compactarrange 
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ment,the commutatingreactors13a,135 and i3c of FIG 
URE 3are placed on top of one another to form a Stack 
and are Supported by aiuminum Spiders 56 Which are in 
turn supported from a center column whichis not Seen in 
the draWing, 
The commutating reactors are then inSulated from the 

Supporting Spiders 5@ by the phenolic base memberS 51 
and 52. 
A detailed description of the commutating reactOrs 

shown in FIGURE 3 may be had with reference to my 
copending appication Serial No. 301,880,filed ?uly 31, 
1952,now Patent No.2.759,128. 
As further Seen in FIGURE 3,the input terminals 69 

and 6? of the reactors ?3 are connected by means of the 
Dlurality of vertical bus bars 66,67 and 68,reSpectively. 
The power Supply transformer ?2 has windingS ?2a, 

?25 and i2c forphases Which correSpond to lines a,b and 
c of power line ?6 of FIGURE which are positiohed to 
the left of the commutating reactor Stacks 13a,13b and 
13c and are Supported from the common base construc 
tion,The primary Windings of the transformer coils12a, 
12b and f2c are energized from primary leads(not 
ShOWn) Which are connected to the uait at the upper left 
hand Corner. 

Energy from the Secondary Windings of the tranSformer 
12is fed to commutatingreactor windings53,54 and 55 
by means of Secondary bus bars 62and istaken from the 
commutating reactors by the bus bars 63. It is to be 
noted that the connection between bus bars 9@ and 91 
takes place Within the tank unit thereby avoidinggaskets 
and that the length of the bus runis very Short to thereby 
reduce bus resistance andinductance. 
Atap changing means Shown generally at S5a is then 

positioned above the transformer aSSembly. The assem 
blyis then provided with hook means 64,65 foreasy re 
mOValfrom the tank aS Seen in FIGURE5, 

Another embodiment for a compact arrangement for 
the commutating reactors i3a,13b and 13c and power 
Supply transformer cois ?2a,12b and 12c is Shown in 
FIGURE 5. In this embodiment,in which like numer 
als have been assigned to parts Similar to the embodiment 
of FiGURE 3,the commutating reactors ?3 are posi 
tioned on top of the power Supply transformer ?2. 
AS can be clearly seen in FIGURE 5,the bus bars 62 

which connect the Secondary coils ?2a,?25 and 12c of 
transformer ?2 to the main winding of the reactors 13a, 
?3b and 13c are considerably shorter than as shown in 
F?GURE 3 and therefore present a greatly decreased re 
Sistance andreactance. 
AS further Seen in F?GURE 5,the entire combination 

of the power Supply transformers and commutating re 
actors are positionedin atank15@,Thetank150ispro 
Vided with a plurality of radiator coolingfins15? which 
are connected to the tank ?56 by tubiag i52 at their top 
and are Similary connected at their lower end(nct 
Shown),After the combined unit of transformers ?2 
and reactors i3 are positionedin tank ?5@,the entire unit 
is fied With aninsulatingand coolingoisuchaspyranol. 
The entire Unit is then Sealed closed by a cover ?34 as 

may be Seen in F?GURE4 Which shows the general Sche 
matic View of the System of FIGURE 1 and F?GURES 3 
or 5. Hence,as the components within the tank ?5@ be 
gin to Warm up,heat wil be transferred to the oil means 
by conVection. As the hot oi has a lower density than 
the cold oil,it will raise in the tank150 and pass through 
OpeningS 152into the radiator coolingfins i5?. 
The large exposed Surfaces of the radiators i5 wil 

enSure rapid cColing of the oi? therein and passit bac 
into the tank through the lower openings(not shown) 
which are similar to opening ?52.,Hence,a single con 
tinuous closed oi cooled System is proVided as a meanS 
to dissinate the heat generated by both the transformers 
12 and com?autating reactors ?3, 

ft is to be moted in conjunction with FiGURE4 that, 
as was shown in F?GURE 1,the input A.-C. power lines 
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1@ are taken through the A.-C,Switchgear 11 and then 
into the unitary tank 150 Which contains the powertrans 
former f2 and the commutating reactor i3,From the 
tank 159the poweris then passed to the contact mecha 
nism15and thence to the D.-C. Switchgear155andfinally 
to the D.-C. buseS26?2?. 
FIGURE 6 shows a particular circuit diagram of a 

mechanical rectifier System which may be used for high 
currentappications. In this figure itis Seen that an input 
A.-C.power Source 20@ is connected to a first and Second 
transformer20? and 2@2,respectively. Transformer 201 
is Shown as comprising a primary winding203 connected 
in delta and having two Secondary Windings 264 and 205 
connected in Y. Simiarly,the power transformer 202 
is provided with two Y connected Secondaries 266 and 
2$7. The neutral point of the Secondary windings 204 
and 295 are brought out to an interphase transformer 
2@8 and similarly the neutral points of Windings 2@6 and 
2@7 are connected to an interphase transformer 299, 
A center tap is then taken from each of the interphaSe 

transformers 2@8 and209 and are connected through tWo 
step reactors 2i@ and 2?i,respectively,to stil another 
interphase transformer 212. A center tap is then made 
at the interphase transformer 2?2 and the negative D.-C. 
bus bar of the rectifier unitis taken therefrom. The Sec 
ondary windings 204,205,206 and 297,respectively,are 
then Shown as havingeach phase connected in Series With 
the commutating reactors2i3,2?4,215 and 216,reSpec 
tively,and the contacts 2?7,2?8,2í9 and 220,respec 
tively. Each of these assemblies are then connected to 
gether to provide the positive output bus of the rectifier 
systern of F?GURE6. 

It is to be noted that in the case of FIGURE 6 the 
output voitage Wil have a 12 phase ripple,This is of 
great importance in many applications since by increaS 
ing the ripple frequency,telephone interference is de 
creased. fn the case of 12 phases With its aSSociated in 
crease in power capacity,itis of interest to note that for 
the same power per phase as the circuit of FIGURE 1, 
that the circuit of FiGURE 6 although doubling the 
power Output,appreciably decreases telephonic inter 
ference. 

Since the power requirements of the circuit of FiG 
URE 6 are drawn to extremely high current capacitieS 
at relatively low voltages,it is essential that the length 
of copper conductors connecting the Various current car 
rying compoRents of the System be as Short as possible. 
??GURE 7 Shows the arrangement of the components 

of FIGURE 6 in a unitary tank structure Shown gen 
eraly by the wals 22?,cover 222 and base 223. The 
tank Structure is shown as being placed adjacent to the 
büilding wal 224. The building wal 224 has an aper 
ture 229therein above the floor leyel23@ Which is posi 
tioned to receive the D.-C. büs bars coming Out of the 
unitary tank Structure,The unitary tank Structure of 
F?GURE 7 is further constructed to have a throat 234 
which is adapted to bring input A.-C. leads into the tank 
structure,ft is Seen that the unitary tank Which is poSi 
tioned on the concrete cushion 225 has the two power 
transformers 2@? and 232,as Seen more Specifically in 
F?GURES 8 and 9 which are Sectionai views through the 
ines 8?8 &nd9?9 respectively of FíGURE7,positioned 
at the base thereof. 
As Seen in FIGURE 8,the tap changing equipment 

226ispositioned between the iron cores227 and228 of 
the transformers 291 and 2$2 reSpectively. Immediately 
on top of the transformers 29? and 202,the Step reactors 
2?? and 2?? are positioned as Seen With reference to 
F?GURES 7,8 and 9. The interphase transformers208, 
2@9and 2??are,as shown in F?GURES7 and 10where 
F?GURE 10 is a Sectional view of FIGURE 7 taken 
along lines 10??{,positioned at one Side of the Step re 
actors 2?@ and 2?i. The ünitary tank Structure is then 
completed by the assembly of the commutating reactors 
2?3,2?4,215 and 216,as Seen in FIGURES 7 and 8, 
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phase transformers being connected to combine contacts 
passinga positive unidirectional currentinto a single posi 
tive lead and to combine contacts passing a negative uni 
directional current to a common negativelead;saidphase 
Shifter being connected toenergize said powertransformer 
primary Windingfrom Said multiphase source;said com 
mutating reactors,interphase transformers,phase shifter, 
Step reactors and power transformers beiag housed within 
a single tank unit;electrical conductors;said commutat ingreactors,power transformers,phase shifter,step reac 
tors and interphase transformers being electrically con 
nected withinsaid tanks bysaidelectrical conductors;said 
electrical conductors being constructed to have a mini 
mum length to thereby decrease resistive losses and react 
ance;an oil coolingsystem in Said tankunit;said oicool 
ing System comprisinga meansto circulate said oilwithin 
Said Single tank unit and a means to extract heat from 
Said oil;said oil being circulated to absorb heatfrom said 
commutating reactors,power transformers andinterphase 
transformers;said heat absorbed by said oil being dis 
sipated by Said means to extract heat;said contact mech 
anism being positioned and maintained on the cover of 
Said single tank unit. 

3. In a rectifier for providing unidirectional current 
from a multiphase Source to a direct current load com 
prisinga plurality of saturable reactors andpowersupply 
transformers;each ofsaid powertransformerscomprising 
primary and Secondary windings;each of said saturable 
reactors being comprised of a magnetic core and a main 
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winding wound thereon;Said saturable reactors and Said 
power transformers housed within a Single tank unit;elec 
trical conductors;said Secondary windings of said power 
transformers beingelectrically connected within said tank 
to associated main Windings of said Saturable reactors by 
Saidelectrical conductors;saidelectrical conductors being 
constructed to have a minimum length to thereby decrease 
their resistance and reactance; an oi cooling system in 
Said tank unit;said oil cooling system comprisinga means 
to circulate Said oil within Said Single tank unit and a 
means to eXtract heat from Said oil; Said oil being cir 
culated to abSorb heat from Said Saturable reactors and 
power transformers,Said heat absorbed by said oil being 
dissipated bysaid meansto extract heat. 
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