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Principle and Performance of Silicon Controlled Rectifiers

Research Laboratory Junji SHIMIZU + Hiroshi GAMO

Voltage-current characteristics in the reverse direction and in the forward blocking system as well as the turn-on and turn-

off mechanism are vital factors in the study of p-n-p-n silicon controlled rectihers.

on the equations of Moll et al

alphas on emitter current is considered as an essential condition for the turning on.

which underlie the theory of the switching action of the devices.

Description is made on the above terms based
In silicon the dependency of

But special measurement is made on the

characteristics at each base layer with actual rectifiers so as to investigate the effects of gate current and leakage current on the

turn-on action. About the turn-on and turn-off time—the vital factors of the switching element—a ‘discussion is made on the

physical mechanism producing them in consideration of the flowing in and cut of excess charges through the base layers.
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Characteristics and Ratings of Silicon Controlled Rectifiers

Research Laboratory Junji SHIMIZU

Kitaitami Works

Shigeru FUNAKAWA - Tadaaki MIZOGUCHI

» Takahiko 1IDA

Since the debut of silicon controlled rectifiers as the most hopeful and promising solid state control devices, versatile

applications have been developed in various fields.
meet increasing demands with current ratings of 3A, 5A, 10A, 12A,

variety of type tests were conducted on these cells to study their characteristics and determine the ratings.

Mitsubishi silicon controlled rectifiers are now in quantity production to

20A, and 100A, and voltage rating of up to 400V. A

In this paper,

discussed the definitions and test methods about the ratings and characteristics on their basis.
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Basic Problems of SCR Application Circuits

Research Laboratory

Hisao OKA

Despite of a relatively short history since the development, the SCR is promised of hopeful future in the application to

various field of engineering. However, there are several technical problems common to all the cases in the designing of the SCR

application so as to take its full advantage and to make the device highly reliable.

This paper describes this problems beginning

with general matters for consideration and touching on the selection of ratings with special emphasis on the caution not to over-

run the maximum ratings in operation.

development of the devices.

Finally the design on the basic circuits is fully dealt with to pave the way to the sound
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Application of Silicon Controlled Rectifiers to Induction Motors

Nagoya Works Tard YOSHIDA

In the reactor control of induction motors, the SCR is employed for amplifiers of the automatic control system in place of
magnetic ones, improving the control characteristics a great deal and making it more practical. When applied to the control of
the rope way or to the remote position control of the ingot buggy in the steel industry, the device is well commented by users.
Mitsubishi has developed a SCR control system for induction motors through a direct connecling of SCR to the more circuit, it
has heen proved that this system has much quicker response and smaller speed variation than the connectional reactor control,
resulting in for better control characleristics. Moreover, connected in series or parallel to secondary resistors of induction motors,

the SCR serves to provide more effective operation characteristics depending on applications as a secondary circuit control system.
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Fig. 2.7 Phase shifting reactor control.
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Fig. 2.8 Reactor control panel with SCR for crane.
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Application of Silicon Controlled Rectifiers to AC Generators

Nagasaki Works Toshiharu TAKEUCH]

In the latest trend in comparatively small capacity AC generalors, it has been turning to common practices to build them

on sell-exciting system- excitation with static exciters- because of a number of advantages from the viewpoint of the character

and the construction.

extend gradually the field of application to large capacity machines.

In addition with the elevation of the reliability of semiconductor rectifiers, the static exciter has come to

This paper describes the excitation system which, unlike

the conventional self-excitation system working on series reactors and current transformers, imparls a constant voltage chara-

cteristic through direct supply of exciting current to a generator by the use of SCR as well as examples of SCR applied to

automatic voltage regulation of a self excited AC generator.
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Fig. 2.1 Block diagram of self-exmted generator with
AVR operating on SCR.
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Fig. 2.12 Generator external characteristic.
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SCRIEE PEZESHHE D H M

WO B
of DC Motors

Isamu HOSONO

SCR Control

ltami  Works

DC power sources of DC motors have been mostly replaced with static devices for some years. For large DC motors have

been used plenty of static Ward-Leonard sets using mercury arc rectifiers. Under the circumstances the SCR has been introduced

of late with marked success, which spurs the trend of turning the power sources to static machine application even to small and

middle capacity DC machines. This has revolutionized small and medium motor applications. Mitsubishi has developed static

Ward-Leonard sets, to cope with the situation, ranging from a few hundred watts to scores of kilowatts. Some of them have

been put to practical use nowadays.
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Fig. 2.2 SCR control panel for 120 W motor.
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Fig. 2.3 Static Ward Leonard set by silicon
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Fig. 2.8 Speed control circuit with current limitter.
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Fig. 2.9 Current control circuit.
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Fig. 2.10 Cascade control circuit.
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Fig. 2.11 SCR static Ward Leonard set.
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Fig. 3.6 DC voltage
and current wave form.
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Fig. 3.7 DC voltage
and current wave form.
(current interrupted)
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Fig. 3.9 Out put voltage of static Ward-Leonard system
(without automatic control).
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Application of Silicon Controlled Rectifier to DC Motor Control

Nagoya Works Taro YOSHIDA - Yukio KAJINO

In the past variable voltage control devices for DC motors using magnetic amplifiers or thyratrons were produced in

quantities by Mitsubishi. On the other hand variable voltage control devices for DC motors with SCR (silicon controlled

rectifier) built for trial have resulted in better operating characteristics, more economy and smaller size than the old devices.

Since than all variable voltage control devices for DC motors have been built with SCR, their capacities ranging from several

hundred watts to a few kilo-watts. They are used for machine tools and for many other purposes. Also those ranging from

several watts to one hundred watts have come into practical use for business machines.
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Fig. 2.1 Voltage control of DC motor by SCR.
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Fig. 2.7 SCR firing phase control
panel and SCR power unit for
4kW DC motor of hobbing
machine.
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Fig. 2.8 Variable
voltage control panel
for table feeding of
milling machine.
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Fig. 2.9 Static characteristics of variable voltage

control for DC motor.
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Application of Semiconductor Controlled Rectifiers to Inverters

Research Laboratory

Tadashi KAWAI « Hisao OKA - Moriyuki SUGIMOTO - Masakazu OSHIMA

The latest development of semiconductor controlled rectifiers (SCR) has brought about gradual changes in inverter application

which was under a certain restriction in the past. Having many excellent performances, the SCR still needs solutions of numerous

problems on the circuits inherent to devise SCR inverters and also of a good many technical questions so as to have the best

advantage of it. In an aim of the complete solution, Mitsubishi has built a 500 W 120 cycle SCR inverter for trial and achieved

almost anticipated results.

source side.

This device is a series inverter having a feature of regenerating a part of output power on a DC

It has simple construction, little output voltage variation and excellent operation stability, being completely

transistorized on gate control circuits, adequate for control of inverter output frequency and capable of positive start and stop.
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Application of SCR to Ultrasonic Power
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The ultrasonic power has been almost exclusively applied to industry inspite of its old history. The advent of silicon controlled

rectifiers, however, has brought about a change in the situation, resulting in the adaptation of new SCR to ultrasonic power

oscillators.

than audible ones to ultrasonic energy by means of a vibrator.

The ultrasonic device in general is to convert the electrical output power of an oscillator having higher frequencies

The oscillator in the past, to electron tubes, which now have

been replaced with semi-conductor (SCR)so as to make the set lightweight, of easy operation, stable and inexpressive. This

means a great advance for ultrasonic devices.

This article describes the characteristic of ultrasonic waves and vibrators together

with ultrasonic oscillator experimental circuits of new system and their test results.
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Failures of SCR and Protection against them

Hisao OKA

Research Laboratry

In designing circuits employing the SCR for practial use, it is not only the first requisite to make proper selection of

element ratings and circuit systems, but also essential to provide for any possible failure by means of adequate protecting

devices.

Weighing relative merits between dependability and economy is not to be neglected either in the design.

Likewise every caution should be exercised in the application, setup and operation to avoid liability of accident.

This paper deals

with various causes and protection in connection with various failures, wrong operations and element deteriorations liable to

occur in the SCR application.
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Electric Equipment of Mitsubishi Sky Ring and

San-Ai Dream Center

Head Office Yoshio SETO - Kyohei HAMADA

At the corner of the fourth street of Ginza—the heart of the Great Tokyo—has come out a San-Ai Dream Center in the

form of an epocal luminant tower. From the fourth to the nineth floor of the building is given a name of Mitsubishi Sky Ring.

As will be seen in the photograph the Mitsubishi Sky Ring and San-Ai Dream Center is a ultra-modern building in which the most

advanced sense is taken up based on superior architectural style in the world. Electric equipment installed here is an essence of the

today’s technological advances becoming to the ultra-modern structure. The article gives a description on lighting equipment,

loudspeaker arrangement, telephone exchange facilities and automatic fire alarms housed in the second underground floor.

1.1 ZHEEH 201009 BLU ZF F)-stuz-
Fig. 1.1 Mitsubishi Sky Ring and San-Ai Dream Center.
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Fig. 2.1 Schematic wiring diagram of power receiving equipment.
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X 3.8 avbto-wtuva GE=H)
Fig. 3.8 Control center (group No. 3).
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Fig. 3.9 Control power monitor panel.
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Fig. 3.10 Control center (groups No. 1 and No. 3)
and 20k VA cubicle (on the left).
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Elevator Installations of Mitsubishi Sky Ring and San-Ai Dream Center

Head Office

Shiro KAWAHARA

Two small GL elevators have been installed in a unique building with a cylindrical glass enclosure—the Mitsubishi Sky Ring

towering in the busiest corner of Ginza, Tokyo.

The elevator shaft and machine rooms together with piping spaces, air ducts

and staires are all housed in the same steel framed reinfared cylindrical concrete core of 5.3 m. in inner diameter. Limitted available

spaces offered many difficulties.

need for the particular bank, in additon to other numerous hard problems encountered with.

For instance, Mitsubishi had to design newly type GL-21KE small traction machines to meet the
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ASTA Automatic Programming System

Research Laboratory

Junzo TOYODA - Shozaburo NAKATSUKA - Yoshiaki UMEDA

An electromnic digital computer MELCOM LD-1 has been developed at Mitsubishi Research Laboratory asa pilot model

of MELCOM 1101 F and is now in operation at Osaka University with success.

A programming system ASIA is one produced for trial to go with the above computer and of interpreter type auto-

matic system built to meet the demand of operating with ease on technical problems of comparatively small scale. The

ASIA has marked features as given below.

binary machine code.

(1) Employment of a symbolic code and a relative address translated into

(2) Provision of a middle point binary number system.
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Fig. 3.1 Command structure of ASIA.
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UDC 621. 839

Type HK Electromagnetic Clutches

Nagoya Works  Shoji SUGIYAMA « Hiroshi NISHINO

The production of machine tools in this country has marked a striking increase for past five years. Worthy of mention

is not only quantity increase but also theirs improvement in the performance.

Of various factors contributing to this

technological advancements, the progress in the application of electromagnetic clutches play a great part. Without these

devices automatic operation, remote control and high efficiency of machine tools can never be expected. Mitsubishi has been

supplying the market with type JKA electromagnetic switches, establishing a steady foot hold in the circles. Now the Comp-

any stands ready to deliver another developments, type HK units, to cope with the rapid advance in the technology of

manufacturing.
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Water Cooled and Gas Cooled Hermetic Motor

Nagasaki Works
Nagoya Works

for Turbo-Refrigerators

Yuko SHINRYO - Shohachirg ITO
Kiyoshi SAKO

Increasing demands for air conditioning equipment not only in office buildings but also factories have come to call for special

three phase induction motors to drive turbo refrigerators which are mostly installed in small-spaced, underground rooms. Pre-

vention of noise is another requisites to the machines for the purpose.

into an enclosed type.

This has brought forth a trend of building the motors

This article gives descriptions on water cooled and gas cooled hermetic motors for use with turbo re-

frigerators, going into details of their special construction, cooling system, lubrication, insulating method and electrical charac-

teristics.
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Force Balance Type Transducer

Research Laboratory  Y{iji YOSHIYAMA - Takayoshi EZAWA

Based on the principle of an automatic feedback control system and provided with a very sturdy feedback element of an
electromagnet, a force balance type transducer—the most popular detector in the process measurement—can be possessed of high
stability and high accuracy. A transducer described herein is one developed by Mitsubishi with a compact and strong permanent
magnet of its own product being employed, inductance of stability and high sensitivity for a position detector of a moving part
and silicon semi-conductors for the elements of electronic circuits, thus a very compact and high performance unit being made
available. All the essential particulars of the transducer are elucidated together and lastly a pressure transducer combined with

a Bourdon tube and springs is exemplified.
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