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itself to the changes in accuracy while in opera-
tion.

X. CONCLUSION

We have given an outline of small and medium
capacity induction motors specially designed to
meet their various uses. It is regretted that
space does not allow us to touch on many others,

such as the H grade motors using silicon resin,
motors with cone shaped rotors, speed control of
cage type motors by magnetic coupling, totally
enclosed water cooled type motors which cool the
rotor centers with water. There are many other
fields remaining in which induction motors may
be specifically applied, and we hope that with the
kind cooperation and understanding of our clients,
we can further the rational use of electric motors.
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Part 1.-30,000 kVA Umbrella Type A.C. Generator

By
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Synopsis

The umbrella type water turbine generator delivered to Utsubo power station, Kansai Electric
Power Co., output being 30,000 kVA, speed 200 R.P.M. is the machine near to the manufacturing
limit of umbrella type generator from the relation between output and speeed ; in this respect we may
say the machine is the record of product. Since received the order, we devoted ourselves to design
and manufacture, gathering all our technics, thus the machine has many such feature that we utilize
“ Gitter winding ’’ for stator winding, the dimension of the thrust bearing is determined by fully
considering the stability of rotor, we used thick steel plates for rotor yoke in order to increase the

mechanical strength etc.

Having finished recently and being under installation of it, we report the outline of the machine

construction and test result in our factory.

I. INTRODUCTION

The umbrella type water turbine generator de-
liver to Utsubo Power Station, Kansai Electric
Power Co. is directly coupled with a 27,000 kW
Francis water turbine, such as hereinafter de-
scribed, output being 30,000 kVA, and speed 200
R.P.M. Referring to the world-wide examples
of water turbine generators, a definite relation-
ship between output and R.P. M. is respectively
observed both for ordinary type and umbrella
type, as shown in Fig. 1. The present generator
attains almost to the limit of manufacturing pos-
sibility, and in this respect, we may say it is the
record of the umbrella type generator.

Since having received the order, last spring,
we devoted ourselves to design and manufacture,
gathering all our technics, and having finished
recently with satisfactory results of factory tests,
and being-now under installation, we report the
outline of the machine for your reference.

II. OUTLINE OF GENERATOR

As wellknown to the art, the umbrella type A.C.
generator has its thrust and guide bearings under
the rotor spider, its upper guide bearing being
dispensed with. For the reason that the thrust
bearing and the guide bearing must be located as
nearly as possible to the cenire of gravity of the
rotor its for stability, the rotor spider has, in
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Fig. 1. Example of Wéter Turbine Generator.

general, an umbrella type construction. In case of
an umbrella type generator, the upper bracket, be-
ing required only for supporting the exciter part, Fig. 2. 30,000 kVA Umbrella type Generator.
becomes simple and light in construc-
tion. The stationary frame, being
required only for supporting the iron

core, its winding and the load on the 2 _
upper bracket, having no responsibility f g

for the thrust of the water turbine, also _ Vi i
becomes simple and light in construc- %ﬁé’ﬁ

tion as compared with that of the or-
dinary type. Since the lower bracket
should house the thrust bearing and the
guide bearing tharein, it shouldbe con-
structed stronger than that of the
ordinary type, but since its span is
comparatively short, it is by no means
bulky as much as the upper bracket of
the ordinary type. In short, the cha-
racteristic features of the umbrella type
generator are as follows:

a) The height of the machine is
reduced and the shaft length is
shortened.

b) Since the rotor 1s simply removed
from the shaft, the lifting weight
and height of the crane is reduced.

c) The height of the housing and the
capacity of the crane may be re-
duced so that the cost of construc-
tion may be saved.

d) Easy centering in assembling and
easy coupling between the shaft and

*J § e Il =

the rotor.

e) The total weight of the generator
is reduced by 10—13% if compared Fig. 3. Sectional Drawing of 30,000 kVA Generator and
with that of the ordinary type. Francis Water Turbine.
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Totally Enclosed Air Circulation

type.
Number of Unit: 1 unit
Output 30,000 kVA
Voltage 11,000V
Current 1,570 A
Frequency 60 C/S
No. of Rev. 200 R.P. M.

Power Factor: 0.85 (lag)
Guaranteed Efficiency :

Load 1009s| 8095 6025 409

With power factor 1.0 97.8%[97.6% 97.1%[96.0%

With power factor 0.85(97.29596.99596.49195.2%
Short Circuit Ratio: 1.2

Main Exciter Sub-Exciter

Output 250 kW 6 kW
Voltage 250V 220V
Current 820 A 27.3A
No. of Rev. 200R.P.M 200R.P. M

Since the exciter unit is of a telescopic type, in
which the subexciter is contained into the com-
mutator body, its appearance is not only smart,
but also it has advantage of reducing the height
of the generator.

&

Fig. 4. Stator of 30,000 kVA Generator.

III. CONSTRUCTION OF STATOR

The stator frame is of a welded steel plate con-
struction, splitted into four blocks from the re-
quirements of transportation. The stator iron
core is consturucted with silicon steel plates of T
class half lapped, several axial air ducts being
provided therethrough for increasing the cooling
area, and fastened together through studs with
sufficient strength for preventing relaxation due
to impulses and vibrations. Every core disc, after
being punched, is annealed in an air-tight. condi-
tion for preventing the increase of core loss
resulting from the stress due to stamping, and

painted with a special paint for layer insultion.
The press finger for core teeth is made of non-
magnetic steel to prevent increase of core loss
due to leakage magnetic flux.
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Fig 5. Gitter Winding.

While, as the stator winding of the generator
of this kind, a multiple star lap winding has
hitherto been commonly adopted, with the present
generator, Gitter winding of ome coil, one turn
is adopted to form a single star wave winding.
With this winding, the conductor is divided into
a number of elements of small section arranged
in multiple layer in two parallel raw, which are
transposed once in the stator core slot to decrease
the deep slot effect of current due to the slot
leakage magnetic flux, thereby preventing the
increase of copper loss to utilize copper material
most efficiently. The coil ends are rivetted toge-
ther and solder finished to reduce the contact
resistance as much as possible. With this system,
the following advantages are obtained.

a) The cross sectional area of the conductor is
reduced with the result of saving the copper
material.

b) The dimension of the slot is reduced so. that
the generator may be constructed in compact
form. ,

¢) One coil, one turn winding obviates the fear
of layer short and the use of differential pro-
tective relay.

d) For adopting wave winding, the connecting
bars between the coils are not required.

As for insulation, micanite is heat pressed into
the slot, and the coil end is wound with insulat-
ing tape such as mica tape or glass tape. Of
course, asphaltic compounds are carefully impre-
gnated throughout the coil to shut out any bubble
therein. As for corona protection, the portion
of the coil leading into the slot is coated with
graphite of comparatively low resistance, while
the portion thereof ranging within 25 mm. from
the outlet of the slot is coated with graphite paint
of comparatively high resistance, to obtain mild
potential gradient, thereby serving to suppress
the corona. The insulation test of the coil itself
shows a very high breakdown voltage higher than
130 kV with impulse of standard wave  form.
The weak point ratio, that is the ratio of insula-
tion resistance between the applied voltages 2.5 kV
and 15kV for 10 min. duration, was less than 1.3.
The value of tan. ¢ under hot condition is about
102, accompanying no hysteresis phenomena.
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The Siemens Co. has adopted the Gitter winding
for water turbine generators of large capacity
after the World War II, Our Co. also intends to
adopt the Gitter winding for water turbine ge-
nerators, whose ratings exceed 20,000 kVA. The
two 23,500 kVA generators installed at Jintsugawa
Second Power Station, Hokuriku Electric Power
Co., and the two 24,000 kVA generators which are
now being designed and manufactured for Sudagai
Power Station, Tokyo Electric Power Co., have
also the Gitter winding.

The lower bracket is of welded steel plate con-
struction having an oil tank for containing thrust
and guide bearings therein, the arm of the bracket
shall be splitted from the requirements of trans-
portation. The inner diameter of the bracket is
larger than the outer diameter of the flange of
the generator shaft directly coupled to the turbine
shaft. Accordingly, there is no need of splitting
the oil tank into two parts, thus allowing its
simple assembling and disassembling, and obviat-
ing the fear of oil leakage along their fitting sur-
faces. The lower bracket has 6 oil brakes and 6
oil jacks.

The upper bracket also is of a welded steel plate
type, simple in consturuction, light in weight,
because it is required only to support the weight
of the exciter unit.

IV. ROTOR CONSTRUCTION

As the core length is long and the outer dia-
meter of the rotor is comparatively small, no
appreciable difference with respect to the distance
between the guide bearing and the centre of gra-
vity of the rotor is observed between umbrella
type and T type spiders. Therefore, we adopted
the strong T type construction. From this mean-

ing, the present generator may be said as semi-
umbrella type.

The spider is made of cast iron, and around its
outer periphery, an annulariyoke formed by re-3

Fig. 6. Rotor of 30,000 kVA Generator.
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Fig. 7. Rotor -Yoke of 30,000 kVA Generator.

aming through the thick steel plates lapped one
another, is heat fitted, the spider and the yoke
being coupled together through guide keys. The
fastening allowance of the yoke is so selected that
its stress may not amount to an excessive value
under stationary conditions, while the allowance
may be reduced to zero at overspeed when the valve
of turbine is opened. Thus, since the fastening al-
lowance becomes negative under runaway speed,
the guide keys are used to prevent the yoke from
becoming eccentric. - ‘

The magnetic pole comprises a laminated pole
piece attached integrally with the pole core made
of wrought iron by means of electric welding,
which, in turn, is secured to the yoke through a
dove tail key. For the purpose of improving the
wave form of voltage, the magnetic pole is skewed
by one slot pitch to suppress the higher harmo-
nics due to slot. In this case, since mere mecha-
nical skewing causes too much skew-effect for vol-
tage wave form, care is taken to limit it to one
electrical slot pitch skewing.

The magnetic - pole piece is provided with a
damper winding for preventing the vibration and
suppressing the abnormal voltage. With the field
coil, edgewise windings are used and after asbestos
papers varnished with adhesive varnish are in-
serted therebetween as layer insulation, the con-

Fig. 8. Iron Core of Pole.
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Since this generator is designed almost at the
limit of manufacture for an umbrella type, special
consideration are taken with respect to the sta-
bility of the rotor. Its rotation was very stable
under infavourable base conditions during factory
test, and no vibration was observed even with
1302 overspeed, it being astonishingly calm iun.

VI. TESTING RESULT OF GENERATOR

The no load saturation curve and the 3 phase
short circuit characteristic are as shown in Fig.
12, short circuit ratio being 1.23, voltage regula-
tion 21.82 at power factor 0.85 and 11.8% at
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Fig. 12. No-load Saturation and Short Circuit
Curve of 30,000 kVA Generator.
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Fig. 13. Efficiency Curve of 30,000 kVA Generator.

power factor 1.0, thereby sufficiently satisfying
the guaranteed value. The efficiency at the rated
power factor and at 1.0 power factor are as
shown in Fig. 13.

The following table shows the test result of
temperature rise at no load and short circuit con-
ditions, but the numerical value serves only to
your reference because the temperature rise test
was performed under a condition similar to en-
closed ventilated type, removing a portion of
air duct from the relation of quantity of cooling
water.

Stator winding | Rotor Winding

Temp. rise
(thermo) (resist) (thermo) (resist)
at No load test 23.0°C | 15.6°C | 15.0°C | 10.2°C
at Short circuit test | 26.5°C | 40.0°C | 12.5°C | —

As for the wave form of the stator voltage, in
spite of the number of slots per pole per phase
of the stator being an integer number, harmonics
were not observed, the wave distortion factor
being 1.62. : ’

The value of GD* of the rotor measured under
the rotor coasting test was 2089 tm?, thereby suf-
ficiently satisfying GD? 2000 tm?® demanded by the
water turbine. ' '

From oscillograph, the build-up voltage of. the
main exciter was observed to be 784 V/S, the ceil-
ing voltage being 470.5V.

As the air cooler ‘of the main generator, so-
called U-fintube (tube with coiled fin) in used for
the purpose of compactness and large cooling
effect, and the result of temperature test using a
testing wind tunnel was sufficiently satisfactory.

This is the general explanation of the outline
of construction and results of factory test of our
30,000 kVA generator delivered to Utsubo power
station, Kansai Electric Power Co. The present
generator is not only the record of our Co. in
capacity, but also it is the most noteworthy machine
in the features that it was designed and manu-
factured gathering all excellent technics since

~ establishment of our company, and demonstrates
originalities in the points of design and manu-
facture.
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30,000 kVA A.C. Generator and Water Turbine Produced for Utsubo Power Station

Since it is intended to install one more unit in
the near future, the present turbine is designed
so as to be easily added with an inlet valve (a
butterfly valve) in such occasion.

Further, special attention is paid with respect
to the materials and constructions of the machine
parts.

A) Water turbine proper.

1) For facilitating the installation of the casing
as simply as possible, the number of split
blocks for transportation is minimized within
the limitation of freight car. It is made of
steel plates splitted into four blocks, (the
winding end portion being, however, made
integrally with speed ring for the conveni-
ence of manufacturing), every block compris-

Fig. 3. Sectional View
of Water Turbine.

Fig. 2. Plan of the

Arrangement of Machines.

ing 5 steel plates butt welded with one ano-
ther. ;

The speed ring made of cast iron is splitted
into four blocks jointed with the casing through
a three row rivet lap joint. :

At the seam between splitted blocks are
used both zigzag two row rivet lap joint and
flange joint.

In the present power station, a water pres-
sure test for the casing made of steel plates
rivetted together was performed at the in-
stalling site for the first time in Japan, the
result being satisfactory as there was no
leakage of water observed.

2) As the guide bearing of the water turbine,

a self-contained oil immersed type is adopted
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30,000 kVA A.C. Generator and Water Turbine Produced for Utsubo Power Station

Fig. 8. Cabinet type Governor.

devices are contained, and at the board sur-
face of which are attached hand operating
handles, push button switches for electro-
magnets, switches for operating motors and
various meters (indicators for guide vane,
load limitation, speed regulation, and speed
variation, pressure meters, temperature me-
ters, tachometers and output meters etc.)

2) The universal actuator is of a motor-driven,

totally enclosed, and automatic o0il supplying
type of the latest design in which a spring
plate pendulum is provided.

3) Two servomotors are used, which are in-

stalled at the outside of the barrel on the
underground 1st floor.

4) Since the inlet valve is now dispensed with,

0

the servo-motor is so designed that its closing
side is normally subjected to oil pressure
whenever guide vanes are totally closed,
thereby reducing the seam gaps between
guide vanes themselves and minimizing the
leakage of water.

Oil Pressure Device.

1) Unit system is adopted and oil pressure

pumps are of the same type and function,
each being directly coupled to a motor for
normal use and to a sub-small water turbine
for emergency use.

If required, however, the turbine driven
oil pressure pump may normally be used,
while the motor driven one for emergency
case.

Specification of Oil Pressure Pump -

Type : Gear Pump
Delivery Pressure : 18 kg/cm?
Delivery Quantity of oil : 360L/s
Number of Revolutions : 850R.P.M.
Required HP : 30HP

As the small water turbine, a Francis water
turbine is adopted on account of high flood level.
No speed governor is attached, and instead, for

speed regulating purposes,

a servo-motor for

29

regulating the guide vane opening is equipped
therewith to prevent over.speed at no load.

2)

Speéiﬁcation of Small Water Turbine

Type Vertical Shaft, Single
‘ Wheel, Single Flashing
Spiral Francis Water
Turbine
Max. Output : 30kW
Effective Head : 30m
Quantity of Flow : 160L/s
No. of Rev. : 80R.P.M.
Pressure oil delivered from the oil pressure

pump is sent to a pressure oil tank through
an unloader valve and an auxiliary tank to-
maintain rated oil level and rated oil pres-
sure therein. The construction is such that
the air to be supplied simultaneously in this
case may be sent in a form of large air bub-
bles instead of being mixed with the oil.

3) An air compressor is equipped therewith so

D)

that the quantity of air required for main-
taining rated level and oil pressure in the
pressure oil tank may be supplied therein
within 30 minutes.

Water Supply Device.

Water is delivered from an intermediate point

of the penstock to an upper water tank, from
which water may automatically be supplied to
the water turbine, guide bearing of generator,
thrust bearing, cooling pipes for oil and gene-
rator and other machine and apparatus through
the control at the switch board or cabinet panel.

E)

Drainage Device.

1) Two spiral pumps anb one auxilliary jet

2)

pump are provided for drainage of the station
and water is sent outdoors out of drain pits
on the underground 2nd floor.

One double suction, spiral pump equipped
with a vacuum pump is provided for draining
the draft tube.

3) The leakage of water from the upper cover

F)

of the water turbine is collected near the
draft tube through natural flow and is nor-
mally sucked into and drained from the draft
tube by utilizing its vacuum, the same being
over-flown into exhaust pits when the exhaust
through the draft tube becomes impossible
owing to the rise of tail race level, therefrom
being discharged outdoors through the afore-
mentioned water exhausting pumps.

A check valve of a cork-ball type is pro-
vided with the draft tube for preventing re-
verse flow therefrom.

Control Device.
One man control system is adopted and the

control devices are contained into the cabinet
panel.



'saIn) O For-y Sord/y gl B
L4} 01 v
£ Om
/9’1
/ Vi
2 ~
A s
r v - (114 1
x V2,7
V% B
Vi ) 7z y
A 4 g Ve
Pt %ﬂ/ 6
Sl
s
L 3
‘POYPIN Xopuj Jo sjuiod Surmsed]N 11 "381]

Jueg buddey

‘SutuedQ suep opmo

-9UBA 9pIND JO JUSWON OLINBIPAY 0T 81
0¢
|
0z
-l m §
n T -
Ol lfs Otfg O, OWfa O 04 O 0% Ol | L,
aadbag buadg M
[T
HEN 0w

ssofulIvls 258/8]) SUBA 9pIN3g 9} UM BUDUI

-ouayd Sursul[d a9y} 01 302dsdI TYIIM S[RLIdJRUL

uo wolqold B PIIINOdO0 21971 ‘A[[RUOISEII()
*foaddY] SLUVT L2MOT PuD

0€

404q) puv souv A apimr) uNiaq 53] Suidnis ((q

21 "81g ul
umoys are ] "SI ur umoys se sjurod Surins
-BOUI 9} WOIJ Paurelqo SI[NSII oY} PUB JUB[J
Iamod ognsy) 10} poyjlowr srgyy pojdope oam

‘pojdodde A[jersusd 104 j0u ng ‘[rea

-oxd 01 suidaq AJ3usdar UYOdIYM ‘mof Jo Ajruenb
SULINSEOW JI0J POYIRWL B ST POYIOW XIPUT AT,
9L Py Xopur (D
‘paute)e sI o] ‘SIq Ul UMOUS SB SOIISLId)
-0BIBYO AI0J0RISIIES ‘SUOISSNOSIP SNOLIBA Id}Je
pue 189} AJULIOUJe 9Yl JO IJBYL UM Swes O}
Apreau swir) e e powrojiod sem 3s9) SIUY,
SIUDA 2p:ng) A0f 159 Surso;) onputonyy (g

AN Limuend) I1ojem-Loudddg "6 St

S/ew fiitveng
0¢

0§ 0% 0z 019.9
4
GL
m
2
]
7/ L3
e =
~ . gg .
//
Fusiaiy3 paajubdeng - : 5
AN M Jauuny  [3pow
N_-_ﬂ% Jo fauaioiy)d pajianual
| | | o6

*AoU9IdlJe padjurIEnNg O]

Spo9OXa NS9L 9Y3 JBY} UDSS SI J1 pue ¢ "SI ul

umoys SI [ B[NUWLIOJ $,APOOJA] SUIsn Iduuni [enjoe
01 poonpal AJUSIOYD JO IN[RA PIINSBIW JYJ,

*SIOW0]STI) JO 90UIS

-0xd 91} Ul $1S9] [BIDISUWIWIOD IOJ Posn oie ‘9zIs

[enjoe 93 JO 9G°G: T O[OS PIDNPIAL B JO SISYI0
pue Iouuni ‘aqnl 1yeip ‘Suised [eiids [opoIy

s, Kousoyfly (v

ANTHINL YALVM THAONW “Al

*901IN0S O ‘p pue
‘2 e 913 Jo 1o3re woi} paddols aq Aew suIlydIBRW
9y} ‘90IN0s O P Pue O [J0( WOIJ PI[[0IJU0D
oq 01 pordepe ST 100 dLI} 9y} 20UIS ‘ISyIng
*9ATRA O13PUSBW-01309[0 9yl umop Surddoip Aq
-o10] ‘wistueyoow 3urpoy ot} dril A[[edrueosul
o1 poysnd og AJuo Aew PIeOq 3JOUIGRD JO 9IB]
-ans 9y} uo youms uolng ysnd ‘Surddors uodn
pUB ‘PO JNO SI 9IINOS ILIJOI[3 [0I1U0D JY} Ia3Je
U2AD PoONuUIUuod o Aewl uopersdo oyl ‘snyj,
*OA[BA  O11oUBBW-01309[0 oyl umop ISurddoip
Agoratyy ‘wstueydow Suipjoy oyl dril o1 pazis
-I9uo ST [r0o drij ® ‘ouryoew 9y} Surddols uy
"pazi3ioua-ap
ST 10D 3uIploy o] ‘wsiueydow IJuIip[oy B Aq
peyoo] ATwiiy SI I1 Iojje pue ‘[100 SUIpjoy 3yj Jo
uorjezrdiouo uodn posiel SI 19USBRWOIINR 9U)
pue 100 Suljenioe 913 0} UOIIPPR Ul papiroxd
SI 1100 SUIpjoy B UYOIYM Ul ‘QUIQIN] Idjem [[BUUS
oyl jo 7Jeyy 1dodxe ‘odAy SuIipjoy yonod B Jo
[[e 21 SOA[RA OJI1OUSRUI-0I}I9[O [OIJU0D IYJ,

GSAT ‘T "IOA MITAdY Mud(q Ifnyg



steel) and its upper and lower liners (13%
stainess steel). Accordingly, a model test is
immediately performed with a spare guide vane.
From the results, we observed that the clinging
phenomena would not occur provided the gap
between the moving and fixed materials exceeds
0.1 mm.

Since the actual machine had this gap of 0.2-
0.25 mm when measured at installed site, we

Introduction of Products

30,000 kVA Furnace Transformer with On Lord Tap Switch

believe that no clinging phenomena would occur.

In the foregoing, we disclosed and explained
the outline of the water turbine unit delivered
to Utsubo Power Station and the results of its
model test. At the final of this discription, we
must express our sincere gratitude for the kind
advices of Kansai Electric Power Co. in manu-
facturing and installing the present water tur-
bine.

30,000 kVA FURNACE TRANSFORMER WITH
ON LOAD TAP SWITCH

(Produced for Messrs.

Fuji Denki Seizo K. K. is outstanding in our
country for excellency of engineering techniques,
and is proud of the Fuji Furnace Transformer,
the performance of which eclipses any produced
before. Recently we have completed a 30,000kVA
capacity Furnace Transformer for our client, the
Electro-Chemical Industry Co., Ltd. and is a re-
cord breaking achievement for us in the post-war
period. The new Siemens techniques, and our
many years of experience were applied in manu-
facturing this transformer. It is of the same
type as the three phase 40,000 kVA transformer
ordered by the Manchurian Electro Chemical
Industry Co., Ltd. which construction was unfor-
tunately suspended before completion because of
the war’'s end. The indirect voltage method, in
which the series transformer is inserted in the
secondary side for adjusting of load voltages in
the secondary side, has been adopted.

We introduce herewith an outline of Specifica-
tions.

0Oil circulating water cooled type, with on load
tap changer.

Single phase 60C Three sets of 10,000kVA
transformers.

(comprising series transformer)
Primary Voltage 60,000 V
Secondary Voltage 255V-145V (5V step, 23

31

Electro Chemical Industries, Ltd.)

stages)

-Secondary Current 47,600 A (Furnace current
82,300 A)

Bank Connection A—A_~///

Total weight 42tons Net weight 22.5tons

Oil capacity 11,200 L
Core and Coil

The core is of the core type, with both the main
and series transformer having a rectangular sec-
tion same as the shell type. The silicon steel
sheets used are those which have undergone
severe testing and have passed sheet testing by
sheet-measuring instruments.

In order to improve cooling efficiency such con-
struction technique have been adopted as installing
an oil way at right angle to the steel sheet pile,
and another oil way paulled to the pile as a pas-
sage to the coil line under a coil yoke, consider-
ing the thickness of the silicon steel sheet pile.

The primary voltage of ordinary type furnace
transformers are limited to 30kV at the most,
and we have adopted the disk type copper sheet
coil made of copper sheet cut out in a circular
shape and arranged high and low voltage wind-
ing in sandwitch type. However, in this case when
the voltage is 60kV, the above method cannot
be applied as the thickness of insulating material
between the high and low voltage increased to



