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PREFACE.

The objeot of designing and building a constant our-
rent transformer of the floating coil type was not only to
further the designer's knowledge of transformer construotion,
but to leave a pieoe of apparatus to be used in experimental
work in the Department of Electrical Engineering at the
Michigan Agricultural College.

The caloulations found herein were worked out from
standard formulae. The design being the ideas and know-
ledge of the writer on oapability of working, strength of
apparatus, economical construotion, and appearance. Any
of the points are susoeptible of demonstration, thus doing
away with all methods leading to complexity..

While the working qualities of any apparatus ap-
proaches a standard that is desirable only after much ex-
perimenting and designing, and this being only the second
one of its kind ever built, probably oould be made more
effiocient after the final test has been performed. The idea
in mind of designing and oconstruotiang of suoh apparatus,
however, was to form a starting point whereby others may
profit by that which has been done and, thus assisted, be

able to construct one more efficient in its performanoces.

H.J.Hs
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This thesis, a design of an exrerimental constant
ourrent transformer of the floating coil type, was select-
ed with an object in view to oconstruct and test the trans-
former and note how the test results agreed with the theo-
retical results. The latter being derived from the theo-
retical formulae on transformers..

A oconstant current transformer is in some respeots
like an ordinary constant potential transformer Bf the
shell type. The latter haging a constant voltage impressed
on the primary and a constant voltage taken from the second-
ary.. This is not so with the former, while it is like the
latter in regard to the primary, it uiffers in the secondary
having a varying voltage and constant current. Tiais result
may be obtained in various ways, but in this design it is
acoomplished by varying the distance ostween the primary
and secondary ocoils as tihe load changes. Tiis elsment of
design makes it inpossible to have the coils interleaved,
as it is in many of the constant potential transformers,
but that they must be separate and distinct. Another dif-
ference is that there must be a low nagnetical reluctanoe
or more leakage in the core and that it must be of greater
length to allow for the separation of the coils..

In general, there are two types of constant current
transformers, first with floating coils, which has both
coils movable, scoond with semi-floating coils, whioh has

but one coil movable (usually the secondary). The latter
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type is the one selecied for designed due to its simpler
wechanical construction, and also because smaller sizes
of this transformer are more often of tnis type. The
movable sescondary coil is suspended fromrzn arm whioch is
pivoted near its midale point. PFrom tue outer end of the
other arm is suspended a weight wnich countsrbalances the
secondary ocoil..

The theory of the operation of this traneformer is
as follows. First considering the primary ocoil, with a
constant E. M. F. impreseed uron this coil the total mag-
netism within the coil will be practiocally oonstant at all
times.. The strength of the field surrounding the sedond-
ary ocoil will govern the E. M. F. generated by that coil.
In all types of stationary transformers the secondary ocur-
rent is nearly opposite in time-phase relation to the pri-
mary current, so that there is not only a repulsive thrust
betwcen the two ooils but there exists a tendency for the
magnetic lines from the primary ooil to be foroed out into
space without penetrating the seoondary coil. In ths or-
dinary potential transformer this repelling action is pre-
vented fron producing motion between the two coils by the
rigid mechaniocal oconstruction, while the proximity of the
two coils limits the magnetio leakage. In the constant

ourrent transformer, however, the repelling aotion is utiliz-

ed to adjust the secondary coil into a position relative to

the amount of electriocal pressure used; when the secondary
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coil is at a great distance from the primary the paths for
the leakage lines are inoreased and the lines whioh inter-
link the secondary are less than when the coils are nearly
together. The counter weight mechanically attached to the
movable ocoil is so adjusted that, when the desired ourrent
exists in the seocondary coil (independent in its position
along the core), the weight is just balanced. An inorease
in current increases the repulsion and causes the ocoils to
move further apart. With any ourrent less than normal, the
repelling force diminishes and the ssoondary coil falls
nearer to the primary, thereby restoring the ocurrent to
normal..

This type of transformer is used to produce constant
current for series nitrogen filled lamp circuits which are
being used very extensively in street illumination.

This transformer, when ocompleted, most likely will be
used for laboratory experiments and as the one wnich was in
the laboratory was destroyed in the recent purning of the
Engineering Building, it'was necessary to use the frequency
and voltage that would be suprplied to the laboratory. There-
fore soxe of the specifiocations were fixed. First, the
available prirmary voltage was 320. The frequency was 60
oycles.. The secondary load was to be a nuxber of four amps
series magda lamps giving a secondary output of about 600
watts, when all the lamps were burning.

Knowing this, the most logical order of procedure was
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as followser
l. Caloculations and design.
2. Construction of mechanical, electrical and mag-
gtio parts..
3. Assembly.
4. Tdsting.
5« Rerorts.

ELECTRICAL AND MAGNETIC DESIGN.

The design involved an investigation of what had pre-
»viouely bcen done along this line. It was found that there
were no books which treated of constant current transiormer
design.. However, with some information of the theoretical
results Ly a Censral Electric designer and the results of
the former thesis by Messrs. Lester and Fox, it was decided
to use some of their ideas. Their finished piece of appara-
tus showed that the leakage was far too small as was the
limits of motion between coils. This was overcome by de-
creasing the size of cors and increasing the number of turns
in the coils. It was also decidad to design the transformer
a8 a constant potential transformer of lengthensd rniagnetio
cirouit, which it woula te if the two coils were in contaot
at all times. As it was impossible to get the required con-
stants for the transformer iron it was necesusary to use

those and the metiod outlined in Sheldon, Mason, & Haus-



De
mann's, "Alternzting Current iachinery," (page 155 to 160).

Notation Used in the Design..
$p = Maximum flux.

Primary Voltage.

o]
n

Number of rzriwary turns..

2 Wt

Trequenoy, cyocles psr seconde

1 + o
1"

Secondary voltage.
3.1416

=
]

o]
(]
n

Number of sedondary turns..

>
i

Sectional area of core.

to
n

Magnstio flux density.

[
n

Magnetioc permeability.

NI.= Ampere turns.

—
(]

Lengtn oi magnetio ciarcuit.

l—
R = Ja~ = lagnetio reluctance.

-
n

Current in am eres..

Pg = Eddy current power.

X = A oonstant depending uron the resistivity of the
iron..
V = Volume of core in omd.

Pn = Hysteresis powsr,

R = The hysteresis constant of the iron.
t = Thickness of one lamina in om.

r = Resistance in ohms.

ML = llean length of turn.






Ge

Caloulations.

The size of core decided u~on was as shown in the
blue rrint No. 1.

The delivered secondary voltage at full load = Q%Q
= 160,

b volts were approximated as the secondary voltage
drop..

Therefore Eg = 1504+ 6 = 1556 volts induced in the

secondary.

B was taken as 60,000 lines per sguare inch.

60 oycles.

£
A 1.76 x 1.75 = 3.06 Bqe in..
$=AXxB= 3.06 x 80,000 = 245,000,
. |

31 inches.

From Shelddn, lason & Hausnan
Pa = 108 \/5 EE
npw
8 8 - 8
from which ny = 10 VE-EP = 10 Va Ep = 107K
TwxXPn 27fx \VET

: 8 g
Therefore ng = 10 Ze
VETTfﬁE

100,000,000 x 166 = 237

Substituting above values ng = X §71416 X 60 x 245,000
"p _ 320

ng ~ 1566

oT np = 348

From "Dynamo Electric iachines," by Wiener, (page

336) u for annealed Wrought iron (B= &0,000).

NIgir = 043133 x 80,000 = 25,064.

NIiron = 3142
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NI |
wE L o 25,004 - g05,3

NIiron Sle
R= 1 _ - 31 3 = 0.00196

uA - 80343 X 3,06 x (2.54)

Inagnetizing = 10 Rfm  _ 10 x 0.00196 x 345,000
TR T NEwa, T T aVE x 5.1416 x it

= 0.77b6 amperes.

Pg = Kv£dtdpy?
- 1.6
K = o
V = 1.75 x 54.25 x (2.54)3 = 1565
£f3 = 3600

t2 = (0,016 x 2.54)% = 0.00145

3
B, =(85289%) * = 154,000, 000

P, = L1e6 X 1565 x 3600 x 0.00145 x 154,000,000
100000, 000

30,00 watts.

- Vxfxngx Bt6
o 20)T
1555 x 60 x 0.0031 x (12,400)1+6 _
10, 000, 000
R0+69.5 = 89.5 watts, iron loss.

€9.60
220

- Primary current required to supply iron loss =
= 0.4068 amperes.

Iexciting =‘\Rb.775)34-(0.406852 = 0.875 ampsres.
Exoiting NIp = 0.875 x 348 = 304 turns.

From the blue print No. 1, ML of coil = 15 inches.
Length of wire in Primary Coil = 348 X 1B = 435 goet,
Length of wire in Secondary Coil = §§ZI§_2§E 397 feet.
A ourrent deneity of approximately 1000 amperes per

8Q. in. was chosen as being allowable.
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Area cf sscondary wire = 1%53 = 0.004 8q. in.

No. 13 wires, D.C.C., B and S gauge, has an area of
0.0041 8q. in. so this size was used.

4 4+ 0.0041 = 983 ampsres per s8q. in. density in second-

aTy..
Ng = 237,
Resistance of No. 13 wire per fouot at 60°C. = 0.002377
onus..
Ssoondary resistance = 297 x Q002277 = 0.675 ohms.
IgRg = 4 x 0.675 = 2.70 ssoondary voltage drop..
I.2Rg = (4)® x 0.676 = 10.8 watts, secondary oopper
loss..

600.00 watts delivered power.
89.50 watts iron loss.
10.80 watts ssoondary copper loss.

14.70 watts assumed as primary copper loss.

716,00 watts primary surplizd power.
Assuming a powsr faotor of 85% w9 have —..rid __

£8l a or Sop 350 x 0.85
= 3.83 primary amperes.

| Assuming a current demsity of 1000 amperes por sQqe
in. as vefors.
E i 383 o

Area of riwmary wirs 1505 = 9+00362 sq. in.

Using a No. 13 wire (area 0.004l) ths ocurrent density
is S%S%EIE 932 amperes per 8Q. in. density in primary.
Ny = 438.

Primary rcustance = 438 x 0.002377 = 0.9906 onms.
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Ipo = 3.8 x 0.9906 = 3.79 primary voltage drop..
Ip%R, = (3.82)2 x 0.9905 = 14.75 watts, primary
copper loss..
This value is nearly what was assumed..
Adding again
600,00
3950
10.8
_14.75_
715.05 watts.

600
715.05

Diametar of Nu. 13 douonle cotton covered wire = 0.084

= 0.840 = 84% Effioiency.

inches..
Using a ocoil 16 wires wide and 23 wires high gives a
coil for the primary of 345 turns.
Using a co0il 16 wires wide and 16 wires nign gives a
coil for the secondary of 240 turns.
Size of primary coil in oross seotion:
23 x 0.084 = 1.932 inches high.
15 x 0.084 = 1.260 inches wide.
Size of seocondary coil in oross ssctiont
16 x 0.064 = 1.344 inches high.
15 x 0.084 = 1.260 inohas wide.
Tnis gives 12 - (1.932 1.344) = 8.724 inches of

motion for ssecondary coil to travel in.
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Results of Calculations..

Delivered seocondary voltage at full load = 1B0.
Number of turns in the primary = 348.
Numoer of turns in tihe secondary = 337

u = 803.3

R = 0.00196.

Tiagnetizing = Q4775 amperes.

Pe= 20.00 watts.

Py= 69.50 watts.

Total iron loss = £9.5 watts.

Exciting ocurrent = 0.875 amperes.

Zxoiting ampsre turns = 304

Primary current density = 9383 ampsres par 8q. in.
Seocondary current density = 983 ampsres psr 83. in..
Size of wire No. 13, D.C.C., B and 8 gauge (both coils).
Primary Resistanoce = 0.9906 ohms.

Seoondary Resistanoce = 0.675 ohms..

Seoondary IR drop = 2.70 volts.

Scdondary coprer loss = 10.8 watts.

Length of wire in priwmary coil = 435 fest.

Lengta o wire in secunuary cuil = 237 faat.

Power supplied to primary 2t iull load = 715.050 watts.
Primary current at full load = 3.823 am_.sres.
Priwmary IR drop = 3.79 volis..

Efficienoy of transformer at full load = 84%.

Power factor at full load assumcd a# 85%.
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Primary coilrs

23 layers, 15 turns psr layer.

1.932 inches hign, 1.26 inches wide.
Sscondary coilrs

16 layers, 15 turns per layer.

1.344 inches nigh, 1.26 inchss wide.

Mechanical Design.

The machanical requirements were as follows.

A suitable bass including an arrangemsent for olamp-
ing lower ends of laminations..

A cap or top cuntaining a like olamzing arrang:swsnt
for tne upper onus of tae laminations and also furnishing a
bearing for ths weight and coil arus..

A suitable means of mechaniocally connecting base and
cap in a rigid and substantial manner..

Suitable waight anda coil arms rroviding suffiocient
1ift and means for adjusting the weight effect..

A means of clamzing or holding the rrimary coil in a
stationary ‘'position and olamps for the movable or secondary
coil to which suprporting cords could be attached.

Provision for a dash pot.

Binding posts..

In the machanical design the writsr first considered
the most natural natsrial for base and oap, that of cast
iron.. On a more tnorougi investigation of strengtu, adap-

tability, cconowmical construction, and appearance the frame
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was built up out of angle-iron, channel iron, ana mild
8teel pars. The dimensions oI the {rawms vsing aeteruwined
by the core, appearancs, and strength necessary. Tiais de-
8ign clamp»s ths core in correct position as wsll as sustain-
ing the arms and bsaring.

It was decided to make the weight and coil arwms of
wrought iron, rather than of cast iron, because of their
peculiar shane, and also because of greater strength of the
former material and the fact that the arcs had to have a
groove turncd in them. Thse bearing for these arms had ne-
cessarily to be of a kind thot would not have much friotion,
for it was not expected that the repulsive action betwsen
coils would be very great and it was desirable to have the
transiorncr as sensitive to changes in load as possible.
There wire two types of bearings whioh would fulfill the
requirements. First, ball bearings; second, knife edges..
The ball bearings were ohosun pecause witn tnis type a great-
er swing oi arc was allowable, waiocn wade it possible to make
the 00il and weight arws shorter than would azve bzsen the
case had knife adges veen used, and still maintain the same
lift.. Anotaer reacon for this seleotion was that the ad-
Justment of the bearings would not be easily disturbed as
would knife edges. The weight arm was designed to be pi-
voted as shown to allow for inoreasing, decreasing or keep-
ing the weight efiect constant as the coils segparated.

It was deoided to wedge the primary coil in pesition
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as the only tendenoy to move would be downward.

Little oan be said of the secundary coil sunnorts,
dash pot and binding ypocts as their size and shape wers
largely a matter of decision of the writer..

In all of the construotion the ordinary shop methods
wsre used. It might be mentioned that the laminations were
out with tinner's snips, and ths coils had to be wound in

the lathe.
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