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University although the equipment is obsoclete and can provide
its students with basic education necessary for mining engi-~

neers.,

Table 3~13 shows a model for themes of experiments and necessary
eqipment for a mining engineering department, For Dharma Agung
University it would be appropriate to provide equipment
necessary - for observation of minerals siﬁce it has nearly
‘nothing. For. University of Sriwijaya, oil analysis related

equiprent will be provided as discussged above,

Relation to the HEDS

This grant aid cooperation project was requested by the Indonesian

government in the process of the HEDS project. The HEDS project is
already in progress in the form of a project type technical coopera-
tibﬂ scheme and R/D was signed between the Japanese side and the
;ndonesian side on april 12, 1890. As shown in Table 2-4 and
rig. 3-1, the above mentioned téchnical cooperation scheme is c¢lo-
sely linked with this grant aid cooperation project and directs

this.,. The relations of both pfojects are as follows:

The technical cooperation project traiﬁs young teaching staff of the
engineering departments of the 11 target universities in three
allotment in five yeara. Those who obtained higher degrees through
this training and teaching staff who attended éeminars and workshops
on récent topics in science and technology and on recent engineering
education methods are expected to utilize equipment provided by the
grant aid project for experiments and practices of §-1 grade stu-
dents of the engineéring departments of the 11 target universities,
The above mentioned workshops and seminars are also activities of

the technical cooperation project.

The technical cooperation'project provides the host training insti-
tutipﬁ-which performs training mentioned above with equipment which
is to be used by the trainees for their research, In the cir-
cumstances, these young teaching staff are expécted to acguire
skills of experimental technique and equipment maintenance, Thus

the maintenance system of equipment for §-1 grade student experi-



(3)

ments provided through the grant aid project will be improved and
effective and ingenious use of the equipment is.expected on their

own initiatives.

Provigsion o¢f eduational and training equipment by this grant aid
will activate student experiments and increase opportunities of the
participation of more teachers in ORT (On: the Research TraininQ)
concerning university management such- as budget control, faéility

maintenance, administration of practice courses.
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3,2.6 Basic Policy for Inplenent

ation of Grant aAid Cooperation

feasibility and the
is judged

The present evaluation confirms the henefits,
project implementation capacity of Indonesia, It

appropriate to implement this proiect within the framework of grant

‘aid of the Japanese gdovernment since - the purpose and expected

results are in line with the grant aid rationale. Acqording;y, on

the assumption of a grant aid of the Japanese government, the '
outline of the Project will be reviewed and a Basic Design‘will'be :
prepared as in the following. However, it is considered appiopriate

to modify part of the request, as mentioned in the evaluation of

requested facilities and equipment.

3.3 oOutline of the Project

3. 3.1

3.3.2

Executing Body and Operation System

The éxecuting‘Body of this project is the DirectoréteZCenéraI of
Higher FEducation (DGHE}, Ministry of Education and <Culture,
tndonesia. As shown in Diagram a-~13-2 in Appendix 13, wiéhin the
DGHE, Bureau of Academic Affairs, Bureau of" Student Affairs and
Bureau of Research and Community Services are in'charge'éi;éctlﬁ.of
the national universities, while Bureau of Private Institutions is
in charge of private universiﬁies on a central goéérnment level ang

in the regions Private Education Secretariat on a regional level,

Plan of Activities

The Project is to expand educational equipment necessary for prac-
tice courses for S$-1 grade level (equivalent to undergraduate} stu-
dents of the engineering departments of the following eleven tafget

universgities:



Target Universities:
" In Sumatera

University.6f=syiah Kuala {Banda Aceh, national)

_Univeisity cf North Sumatera (Medan, national)
-'Univéréity'ofJNommensén (Medan, private)

pharma Agung University (Medan, private)

Univéréity of Medan Area (Medan, private)

Islami¢ University of North Sumatera (Medan,'private)

University of Andalas (Padang, national)

University of Sriwijaya (Palembang, national)

University of Lampung (Lampung, national)
In Xalimantan

. University of Tanjungpura (Pontianak, national)

University of Lambung Mangkurat (Banjarmasin, national)
Target Departments:

Civil Engineering (pértly'including Architectural Engineering)
Méchanical Engineering
 Electrical Engiﬁeering (includes Electronic Engineering)
Chemical Ehéinée;ing .
Industrial Management (equiﬁaient to Industrial Engineering)
Mining Engineering

University Administration

3.3.3 Proposged Project Sites

Proposed project sites are in Seven cities in Sumatera and

Kalimantan. The Location of each University is shown in Appendix 5.
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outline of Equipment Requested

selected for S-1 grade student . experiments in

BEquipment was
as a result of detailed study of the existing

following departments
equipment and expansion plans of each department,

a, Laboratory edquipment £or_c1v11 englneer1ng department

h., Laboratory equipment for mechanical englneerlng department
c, Lahoratory eguipment for electrical englneerlng.department
a. Laboratory equipment for chemical engineering Bepartment
e. Laboratory equipment for industrial engineering_department
£. Laboratory equipment for mining engineering department

g. Equipment for university management
Followings are list of major practice themes and equipment.
Laboratory Equipment for Civil Engineering Department

There are 11 ‘target universities which have .a civil engineering

department. The following equipment will be selected for them.

- gurveying Practice Equipment (Transit, Tripod, Theodolite, Plate,

Level etc,)

- S0il Test Equipment [Trimmer, Pycnémeter,'Liquid Limi£ Appratus,

Practice Size Measuring Apparatus, etc.)

~ concrete Testing Equipment (Balance, Mixer, Compressive Strength

Test, Dryer, etc.)

- pavement Testing Equipment (Penetration Test BEquipment, Softening

Point Tester Set, Flash Point Tester, etec.)

~ Hydraulics Experiment Equipment (Ventury Hetet,'Wave'Genératidn

Pank, Open Channel Apparatus, Orifice Experiment Unit, etc.)
Laboratory Equipment for Mechanical Engineering Department

There are 8 target universitieg which have a mechanical engineering

department. The following equipment will be selected for them.



= Workshop Practice EBguipment {Lathe, Milling Machine, Drilling
Machine, €td.)

-~ Material - Testing - Experimental = Equipment  {(Universal Testing
Machine, Universal Tensile Machlne, Brinnell Hardness Tester,

Chalpy Impact Testlng Machlne, ete,)

- Heat Treatment and Castlng Plactlce Equ1pment (Electric Furnace,
' Sand Mill, Shell Mould etc.)

- Welding Practice Bquipment {spot Welding Machine, Arc Welding

Machine, eta.)

- Fluid Machinery Experimental Equipment {Piping System, Pressure-

‘loss Measuring Uﬁit, Turbine Pump, Oriffice, etc.)

- Internal Combust1on Engine"Expérimental Equipment (Gasoline,

’Englne, SpeC1f1c Grav1ty Heter, Bomb calory meter, etc.,)

- Refrlgeratlon and Heat  Transfer Experimental Equipment

(Refr1gerator, Calory Meter, etc, )

- instfument/ﬂachine MGChanics Experlmental Bquipment (Vibration

Meter, Torqueweter, Osclllosc0pe, ete. }
- Common Miscellaneous Tool {Spaner, Piperench, Hammer, etc.)
(3} Laboratory Equipment for Electrical Engineering

Théré_are57'par§et universities which have an electrical engineering

department. The following equipment will be selected for them,

- Blectromaghetic Basic Experimental EBquipment (AC/DC Voltmeter,

Ammeter, Variable Transformer, ete.)

- Electrlcal Machine Experimental Equ1pment {Wattmeter, EXperimental

Inductlon Motor, Torque Meter, ete.)

- High__Voltage Experimental EBquipment (Silicon Rectifier, High

Voltage Test Set, Impulse Voltage Generators, etc.)
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- Tele~communication and Electronics Equipment (Pulse Generator, X-Y

Recorder, Microprocessor and Computer Testing Unit, ch.)=

- Common Electrical Tool {Dril}l, Tester, Spanner,'Plieks,_etc.)

Laboratory Equipment for Chemical Engineering Departmeqt

There are 3 target univeﬁsities which have  a _chemical
enginesring départment, following equipment will .be__selected for

them,

chemical Analysis Experimental Equipment (PH Meter, ~Platinum

t

crucible, Blectrical Furnace, Refractometer, etc.)

- Physical Properties Measdrement Egquipment (Pycnometer,

Ostwald-vViscosity Meter, Drying'0ven, etc, )

~ Fluid Experimental Equipment (Orifice Flow Meter, 4Centrifuga1

Pump, Packed column, etc.)

- Heat Conductance Experiment Equipment (stirrer, High and Low

Temperature Tank, Millivolt Meter, etc.)

- bistillation Experiment Equipment' {Hicroflask, Mantle Heater,

Packed Column, etc.)

- Drying Ezxperiment Equipment (Drying Chamber with'Balance, Blower,

etc.,)

- Adsorption  Experiment Equipment  (Beaker, Stirrer, Fluorescence

Adsorption Spectrophotometer, etc,)
- Filtration Testing Bquipment (Leaf Filter, Vacuum Pump, etc.)
Laboratory Equipment for Industrial Engineering Depariment

There are 4 target Universities which have an _ihdustrial
engineering department, The following equipment ﬁill be seiected

for them.
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3,3.5

(1)

~ Operational and Production Management and -Statisties Practice
Fquipment (Video; Screen, Slide Proijector, etc.)

- Production Design'kraetice Bquipment (Drafter, Light, Table, etc.)

- Factory Planning Practice Equipment {Layout model, Machine Model,

Template, etc,)

- Work Engineering Practice Equipment (Microchronometer, Stopwatch,

ete. )

- Production/Human Engineefing Practice Equipment (Video, Tape

Ré¢0£der, Stopwatch', etc, )
Laboratory Bauipment for Mining'Engineering Department

There are 2 target Universities which have a mining engineering

department. The followings equipment will be selected for them,

< ‘Rocks, ﬁinefal Observatioh/kﬁalysis Bquipment (Rock Cutter, Small

" 8ized Grinding Machine set, Microscope etc,)

- Petroleum Analysis Equipmént {viscosimeter, Aniline Point Tester,

Asphalt Penetration Tester, etc,)

~ Prospecting Equipment (Resistivity Surveying Equipment, ete.)

Plan of Implementation and Operation

Maintenance System

. Maintenance of equipment after the implementation of the Project is

in charge of the staff members of the existing departments since the

target departments are existing ones which have the current curri-

.cula and practice courses, In addition to teaching staff, there are
-a head and 4 or 5 assistants for experiments in each laboratory. So
: the_'equipment- will be maintained following the present system

.withoutsinéreasing the number of the staff.

The ratioiéf the teaching staff to students in the target univer-

sities ié between 1-10 and 1-20, Since the criteria for equipment

selection is for basic experiments for S-1 grade students, there
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ar of staff for conducting addi-.

will be no need to increase the numb
ag the

tional experiments made pogsible by the new guipment.

higher education development program mentxoned before and other

expansion plans of teachers are expected to increase the number of
teaching staff by more than 0% in the Repelita V, there will he no

problem with the shortage of teachers.

Maintenance Costs

The maintenance costs Lo be borne by the universities including
purchase costs for spare parts and costs for electricity, water etc,
will increase after the impleméntation of this project. However, as
often mentioned, equipment provided by this project is for $-1 grade
student experiments and not expensive instruments with complicated
electronic circuits or precision instruments, therefore the main-
tenance cost increase will be neq11g1ble. It is also noted that
student experiments do not uée equipment "which consume a larqe
amount of electricity, water, heat etc. Although actual figﬁres
will be examined in Chapter 4, Basic Design, the following is

assumed an increase for one student per year.

Laboratory equipment for civil engineering. ~t Rp.1,000 3,000
Laboratory equipment for mechanical engineering : Rp.2,000 - 5,000

Laboratory eguipment for electrical engineering : Rp.1,500 - 3,500

Laboratory equipment for chemical engineering : Rp.1,000 - 2,000
Laboratory equipment for industrial engineering : Rp.200 - 500
Laboratory equipment for mining engineering : Rp.500 - 1,000

The reason why any given department shows a rande of figﬁres is that
the amount of equipment held at present and to be provided by other
bilateral and multilateral assistance programs differs from uni-
versity to university. Since the tuition fees which a Student.of
national university pays a year is  about 100,000 Rupiah, the
increase is at most by 5% of the present costs., If we coﬁSider-the
expenses some Students must pay for ITB for their tréining.iﬁ the
practice courses which they can not take in their own university due
to lack of proper equipment amount to 1 to 1,5 million Rupiah, the
financial benefits as a whole will surpass the small increase of a

student financial burden,



The above 1s an outline of the Project based on the request of the
DGHE and ;further clarified'during the on site survey, The following
-sections will deal with a basic design of the Project.
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Table 3-6 Actural Activiiies In Hechanicls Bngineerlng Laboratories

Course

IRSYTAH

usy

KA

DA

0150

UNAND‘

UNSR]

HOWHENSEN

Fluid machinevy experiment

{1} Heasurementi of fluid delivery rafe

*

{2) foasurenent of wearlng loss

¥ .

S oK %

(3) Pump performance

LA S NI

*

{4} Turbine perofrmance

(6) Air blower performance

Wl oK ] M o] A

(8) Small wind tunns! experiment

{7} compressor performance

IR IR

Il.

Internal combustion engine

(1) Deconposition and composttion

{2) Haterial examination of engine

{3) Engine performance

- fonstant speed of rotation

(4} Bngine performance

- Constant load

{5} Gae turbine performance

11,

Orawing, Machine elements

{1) Design & Drawing

{2) Kachine elements

CIv.

Katerial expervimenf

(1) Tensile and cempression test

{2) Bending test

{3) Buckling test

(4} Bardness measurement

WK K] %

{5) Casting experinent

{a) Send mould maching

(b) Helting, Casting

{8) Examination of micro-structure

(7) Examination of ductile-brittle
transition (Chaply impact test)

(8) Corrosion Lest

Therpodynanpics experiment

(1) Calorimetry '

fleat transfer and refcigeration

air copditlioning experiment

(1) Adlabatic sahirator experiment

{2) Refrigerator performance

Yeiding Practice

(1) ¥elding of stainless steel

(2) Acetylene gas welding

(3) Spot welding

VILL.

Yelding practice

{1) Calibration test of micrometer

{2} Tool maker's microscope test

{3) Heasurement of vibration

i1

Practice of pachine teol

{1) Practice of lalhe

(2) Practice of drilling machine and
shaper '

{3) Practice of Filing and polishing
{seraping}




Table 3-7{1)

Detaile of Model Electrical Engineering Laboratory

ITEM

PURPOSE

MAJOR EQUIPMENT

1. ELECTRICITY.

|

1.1 Voltmeter juse of voltmeter A.C.voltmeters,

B D.C.voltmeters, batteries,
switches, standard variable
resilstor, lamps

1.2 Ammeter use of ammeter D.C.ammeters, A.C.Ammeters,
: : fixed resistors, shunt,
batteries; loads, switches
1.3 Resistor uge of varlous resistors D.C. voltmeter.
D.C.milliammeter, fixed
resistor, batteriss,
switches. various kinds of
_ resistors - ' :
1.4 Circuilt Tester méésﬁtement of D.C.voltage, |circult testers, batteries,
: D.C.current, A.C.voltage, slidac, various kinds of
resistance etc. using a resistors, diodes, ‘
circuit tester electrolytic capacitor
1.5 Ohm's Law D.C.milliamneter,
D.C.voltmeter, slide
reostat, D.C.power source,
switches, fixed and
variable resistors
1.6 Kifchhﬂff’a\Law D.C.ammeters, rheostats,
' ' batteries, switches,
clrcuit tester
1.7 Characteristics |measurement of the inter- D.C.voltmeter, load
test of a dry nal resistance and the resistor, dry cell,
cell characteristics of dry cell |switches, stopwatch
1.8 Pointer type megsurement of the sensi- galvanometer,
~ galvanometer tivity of a pointer type D.C.voltmeter, high
‘ galvanometer resistor, battery, variable
' resistor, switches,
stopwatch
1.9 Measurement of {measurement of resistance |D.C.power source,
registance. by using a galvanometer and D.C.voltmeter, D.C.ammeter
the drop method |ammeter slide rheostat, switches,
e o o registors
1.10 Measurement of measurement of resistance pointer type galvanometer,
reslstance by - [using a galvanometer and slide rheostats, universal
the drop method a known resistance shunt, battery, switches
1,11 Measuremsnt of |measurement of the galvanometer, slide

resistance by
the equal defle-
ction method

‘{resistance of a

galvanometer

rheostat, standard
resistors, battery,
switches

359




Tahle 3-7 {2)
Detalls of Model Electrical Eng

ineering Laboratory

TTEM

1.12

Measurement of
resistance by
the Wheatstone
bridge

] PURPOSE

MAJOR EQUIPMENT

|reslstors,

PG bok,
universa
multimeter,

alvanometer,

% shunt, battery,
fixed SR
low frequency
choking coil

1.13

Measurement of
the resistance
of a galvano-
meter by the
Kelvin method

meagurement of the
resistance of a

§§1vanometer using a

eatshone bridge

galvanometer. slide
theostats, batteries,
switches, Wheatstone bridge

1.14 Measurement of |measurement of resistivity D.C.ammeter, rheostat
resistance usingjby the Kelvin double battery, switches, Kelvin
the Kelvin bridge method double ﬁridge, micrometer
double bridge ' _

1.15 Messurment of Kohlrausch'’s bridge, U type
the resistance tube, water tank, -
of electrolyte thermometer, electric
by the Khol- heater, electrolyte
rausch bridge i - o '

1.16 Measurement of earthplate, auxiliary
earthing resis- earthpole, Kohlrausc
tance by the bridge
Kholrausch
bridge

1.17 Measurement of |measurement of the insula- megger, transformer,
insulation tion resistance of interior wiring
resistance by electric e?uipment and
the megger interior wiring

1.18 Measurement of |measurement of the resis- Imirror galvanometer,
insulation tance of insultated wire D.C.volimeter, D.C.power
resistance by by the direct deflection source, rheostat, universal
the mirror me thod shunt, insultated wire, -
galvanometer switches - SR

1.1% Measursment of ballistic galvanometer, .
the constants of rheostat, mutual
the ballistic inductance, :
galvanometer p.C.millismmeter, slide

rheostat, switches,
battery, stopwatch

1.20 Calibration of gtandard D.C. meters,
D.C.meters D.C.voltmeters and ammeters

to be calibrated, shunt,

thostat, switches, -

D.C.power source . .
1.21 Measurement of, battery, standard cell,

the electro-
motive force
of a battery
using the
potentiometer

power-augply battery, .
pointer _yge galvanometer,
shunt, resletor to sdjust
the supply voltage, =
resistor to protéct the
standard cell, D.C.ammeter,
switches, :

D.C.potentiometer, volt box



:Table 3-7 (3)

~Detalls of Model Electrical Engineering Laboratory

TTEM

PURPOSE

MAJOR EQUIPMENT

1.22

Calibration of

an-ammeter and a
voltmeter using
the ‘potentio-~ -
meter R

ammeter, voltmeter, -
D.C.power supply, standard
cell;, D.C.ammeter, pointer
type galvanometer, standard
resistor, rheostat, shunt,
b.C.potentiometer, volt

“1box switches

Measurement of .

the characte~
ristics of the
thermocouple

measurement of the
thermo-electromotive
force of a

thermocupple, slidac,
electric furnace, thermo-
stat, switches,
D.C.millivoltmeter,
thermometer, watches

1.24

_cteristics of

Méaéuréméni'éf
the charge-~
discharge chara-

the storage
battery

ﬁeasﬁ:ement of the
charge and discharge
characteristics of a lead

.{storage battery

storage battery,
D.C.voltmeter, D.C.ammeter,

‘|rheostat, densitometer,

switches, thermometer

1.25

Measurement of-
electrochemical

equivalent using|

+the voltmeter

voltmeter, D,.C.ammeter,
storage battery, rheostat,
switches, sulfuric acid,
alchol, chemical balance,
copper sulfate, beaker

1.26

‘Measurement. of -

capacltance and-
inductance using
an A,C.bridge

Principle of the A.C.
bridge and measurement of
Land € :

inductance, capsacitor,
variable standard
inductance, variable
standard capacitor, low
frequency oscillator,
receiver, keys, A.C.bridge

Use of.the

1.27 observation of A.C.wave oscilloscope, slidac,
Oscilloscope ‘tforms signal generator, circuit
L . tester, ‘vacuum tube
voltmeter, circuit to
operate an oscilloscope
1.28 Measurement of - lmeasurement of L and © by |iron-core inductance, air-

L and G by the
potential drop
method - -

the potential drop method.
characteristics of iron-

‘|core inductance

core coil, capacitor,
standard rheostat,
A.C.voltmeter, A.C.ammeter,
slidac, switches

1.29

Messurement of
one-phase
electric

power

measursment of one-phase
electric power by three
methods; one-phase
wattmeter method, three
ammeters method, three
voltmeters method

one-phase wattmeter,
A.C.ammeters,
A.C.voltmeters, standard,
rheostat, variable reactor,
lamp, switches

1.30

Measurement of
three-phage.
electric

power

measyurement of three-phase

glectri¢ power by the two
wattmeters method

one-phase wattmeter,
three-phase wattmeter,
A,C.ammeter, '
A.C.voltmeters, switches,
balanced three-phase load,
induction voltage regulator

3 -6l




Table 3-7 (4)

Details of Model Electrical Engineering Laboratory

ITEM

PURPOSE

MAJOR EQUIPMENT

1.3

Characteristic
measurement of
the integrating -
wattmeter _

one-phase integrating
wattmeter, one-phase
wattmeter, A.G.voltmeter,
A.C.ammeter, load resistor,
variabie reactor, slidac,
switches, stopwatch

1.32

Hysteresis loop

measurement of the
magnetic hysteresis of a

a flux meter

ring type iron-core using -

flux meter, D.C. ammeter,
A.C.ammeter slidac, :
switches, slide rheostat,
storage battery, iron cores

.33

Measurement of
iron loss by the
Epstein appratus

Imeasurement of iron loss

using the epstein
apparatus and the
magnetization curve of
magnetic materials

A.C.voltmeters,
A.C.ammeter; wattmeter,
frequency meter, mutual
inductance, slidac,
‘switches, Epsteln
apparatus, seight scale,
magnetic materials

1.34

Efficiency test
of an electric
heater

beaker, thermometer, :
A.C.ammeter, A.C. voltmeter,
slidac, switches,

wattmeter, integrating
wattmeter, electric heater

1.35

Measurement bf
the characteri-
stics of fuse

relation between fusing
current and fusing time

A.C.ammeter, cycle counter,
rheostat, lamp, switches,
micrometer, balance,

‘| stopwatch, fuses

1.

36

Observation of
wave forms by
the electro-
magnetic
oscillograph

battery, ».C.millismmeter,
rheostat, switches,
electromagnetic - -
oscillograph, slidac,
A.C.voltmeter, A.C.ammeter,
iron-core inductance

.37

Measurement of
the four termi-
nal network
congtant

for the D.C.circuit-battery,
D.C.voltmeters, D.C. '
ammeters, resistors in the
four terminal network,
switches | .

for the A.C.circult-slidac,
A.C.voltmeters, A.C, :
ammeters, switches,

ltransformer, filxed -

resistors, dual irace

2. ELECTRIC MACHINES

oscilloscope

2.1 HMeasurement of

8 turn ratio of
& one-phase
transformer

and 1ts polari-

ty test

one-phase transformers,
A.C.voltmeters, fuse
holder, knife switches




Detalls

Table 3.7 (5)

of Model Electrical Engineering Laboratory

TTEM

 PURPOSE

MAJOR EQUIPMENT

2.2

No load test of
a one phase
transformer

no-load loss of.a
transformer. measurement

jof exciting current.

calculation of excitatien

ladmittance

one-phase transformer, one-
phase induction voltage
regulator, one-phase
wattmeter, rheostat, A.C.
voltmeter, A.C.ammeter,
D.C.voltmeter, D.C.ammeter,
knife switch

measurement of the load

2.% short circuit - Jone-phase transformer, one-
“test of a one- |loss and the impedance phase induction wvoltage
phase trans- voltage of a transformer. regulator, one-phase
. former . calculation of the percent |[wattmeter, A.C.ammeter,
- impedance. Voltage A.C.voltmeter, knifeswitch,
regulation and thermometer
: conventional efflciency
2.4 Load test of _measurement of the input  jone-phase transformers,one-

. a. one-phase

. transformer

power and output power
with load. measurement of
the voltage regulstion and

|phase wattmeter,

A.C.votmeter, A.C.ammeter,
induction voltage regulator,

- fefficiency one~phase load apparatus

2.5 Three~ phase . Jvarious methods of three- |one-phase transformers,

_connection of . jphase connection, voltage regulators,
one-phase trans-|relation of the phase A.C.voltmeters, .
former : voltage and the line A.C.ammeters, one-phase
: voltage wattmeters, megger,
D.C.voltmeter, D.C.ammeter,
thermometer

2.6 Temperature rise cne-phase transformers,
test of a trans- voltage regulators,
former by the A.C.voltmeters,
loading back - A.C.amneters, one-phase
method “lwattmeters, megger,

D.C.voltmeter, D.C.ammeter,
thermometer '

2.7 Other six-phase connection. one-phase transformers,
connections of T-connection. Relation of jA.C.voltmeter, load
transformers the phase valtage and the lapparatus, electromagnetic
' S . |iline voltage oscillograph

2.8 Starting test of|starting characteristics cage-type induction motors,

a three-phase
indgctian_mptbr

of a three-phase induction
motor '

wourd-rotor induction
motor, synchroscope,
starting compensator, Y-
delta switch, resistors,
A.C.voltmeters,
A.C.ammeters, shunt

2!9

Prawing of a
circle diagram
of the three-
phase induction
motor

drawing method of circle
diagrem. measurement and
computation of the
characteristics to draw a
circle diagram

three-phase induction

motor, one-phasze

wattmeters, A.C.voltmeter,
A.C.ammeter, freguency
meter, three-phase
induction voltage regulator,
D.C.ammeter, D.C.voltmeter,
resistor, thermometers




Details of Model Electrical

ITEY

2.10

Load test of
the three-phase
induction motor

ric nanometer

usins the elect-
Y

Table 3-7 (

6
Engknaering Laboratory

JP—

PURPOSE

'MAJOR EQUIPMENT

—_—T

three-phase inductlon motor,
electric dynamometer, three-
phase.inductioh_voltage
regulator, A.C.voltmeter,
A.C.ammeter, three-phase .
wattmeter, D.C.amme er,. )
tachometer . o

2.11

Characteristics
test of a one-
phase induction
voltage regu-
lator

no-load and short-circuit
test of a one-phase
induction voltage
regulator

one-phase induction voltage
regulators, one-phase -
wattmeters, A.C.voltnieters,
A.C.ammeters, frequency
meter : .

2.12

Starting test
of a D.C.moter

starting cahracteristicg,
construction features of
starting apparatus

a

D.C,shunt motor, starter,

|£ield regulator,

tachometer, D.C.: ammeters,
D.C.voltmeter, synchroscope

2.13

'Sgeed control
(o]

a D.C.motor

advantages and disadvan-
tage of various speed
control methods

D;C,motOr,_D.C;gene:ator}
three-phage induction motor,
starter, field regulator,

tarmature series resistor,

D.C.voltmeters, -
D.C.ammeters, A.C.ammeter,
A.C.voltmeter, tachometer

2.14

Load characte-
ristics test of
a D.C.motor

vertification of torque
and efficiency by
rotation speed

D.C.mctor}§enerator"
starter, field reguiators,
tachometer, D.C.voltmeters,
D.C.ammeters load resistor

2.15

No-load chara-
cteristics test
of a D.C.gene-
rator

relation of the current
and the induced electro-
motive force in. D.C.gen-
erator. relation between
rotation speed and induced

electromotive force

D.C. motor-generator,
starter, field regulators,
tachometer, D.C.voltmeter,
D.C.smmeter

2.186

Load characte-
ristics of &
D.C.generator

measurement of the
terminal voltages vs the
load currents

D.C.motor-generator, field
reéulators.'starter,.-
I.C.voltmeters, D.C.
ammeters, tachometer

load resistors . - -

2.17

No-load test
of a three-
phase synch-
ronous gene-
rator

no-load and short-circuit
test of a three-phase
synchronous generator.
eyunchronous impedance.
ghort-clrcuit ratio.
voltage regulation

D.C.three-phase gsynchronous
motor-generator, field
regulatore, starter, D.C,
voltmeters, D.C.ammeters,
A.C.voltmeter, A.C.
ammeters, frequency,

meter, tachometer’

2.18

Load test of
g three-phase
synchronous
generator

load tegt.'calculation of
the efficiency and voltage
regulation

D.GC.three-phase synchronous

motor-generator, field
regulators, starter,three-
phase load aBparatua, D.C.
voltmeters, D.C.ammeters,
A.C.voltmeter, A.C.ammeter,
three-phase wattmeter,
three-phase power-factor
meter, frequency meter




Table 3-7 (7)

Petails of ‘Model Klectrical Engineering Laboratory
"ITEM _ PURFQEE MAJOR EQUIPMENT
2.19 Parallel - “Itheory of parallel running |three-phase gynchronous
running of of synchronous generators. |[motor-generator, starter,
three-phase synchronization. load field regulators.' '
-synchromous. “tsharing synchronigm indicator,
generator ' . A.C.voltmeter, freguency
R meter, three-phase
wattmeter, three-phase
X wer-factor mater,
C.ammeter, D.G.voltmeter,
D.C.ammeter, phase meter
2.20 Starting test operation of a three-phase |three-phagse synchromous
and characte- sgnchroneus motor, phase motor with D.C.generator,
ristics test of jcharacter, load character - |starting compensator, field
a three-phase S ' regulators, load apparatus.
synchronocus - three-phase wattmeter,
" motor three-phase power-factor
meter, A.C.voltmeter,
A.C.ammeter, frequency
meter, D.C.voltmeter,
. SR D.C.ammeters
2.21 Characteristics™ three-phase shunt -
test-of a three- commitator motor, electric
phase shunt - - dynsmometer, field
commutator motor regulator, A.C.voltmeter,

' three-phase wattmeter,
three-phase power-factor
meter, A.C.ammeter,
D.C.ammeters, tachometer,

: spring balance
2.22 Thyristor silicon controlled - thyristor, synchroscope,
L rectifisr, principle of three-phase wattmeter,
: ' rectifier, constructions, |A.C.voltmeters, A.C.
characteristics ' _ ammeters, D.C. voltermeter,
_ E D.C.ammeter, load apparatus
2.23 Automatic amplidyne, D.C.motor-
voltage '~ generator, D.C.stabllizing
ad justment of Bower supply, D.C.ammeters,
a-D.C.generator .C.voltmeter, tachometer,
usin§ the electromagnetic
amplidyne oscillograph, voltage
R setting comparison
S ‘ apparatus
2.24 Automatic automatic adjustment of D.C.motor-generator,
voltaﬁe the output voltage of a thyristor automatic voltage
Ad justment of D.C.genrator uaing the regulator, electromagnetic
a D.C.generator {thyristor and the mapgnetic joscillograph, anchroscope,
using thyristors amplifier D.C.volimeter, D.C.anmeter,
ST T tachometer
Automatic Speed |construction and V8 motor, VS motor control

2.25

control of the
VS motor S

characteristics o
motor. principle
automatic speed ¢

£ the V3
of
ontrol

system, electric
dynamometer, three-phase
wattmeter, A.C.voltmeter,
A.C.ammeter, D.C.ammeter,
electromagnetic
osciliograph
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ITEM

PURPOSE

MAJOR EQUIPMENT

2.26 Automatic
operation of
motor by the
sequence
control

a

.

sequence control.

three-phase induction

motor, electromagnetic
contactors, push-button
switches, timing relay,
auxiliary relay R

3. HIGH VOLTAGE

L

3.1 High voltage
experiment

high voltage test of
electric equipment and
facilities S

high_ﬁoltage testing device

3.2 Sparking
discharge test

Graduation of a voltmeter
using the sphere ﬁap.
relation betwen the
discharge voltage, the gap
length and electrode
shapes

high voltage testing
devicg, 3ta:da§§‘sp ere
a ar gap,.disc
%lgétrode% giéctrostatic
voltmeter, A.C.voltmeter

3.3 Breakdown test

breakdown test methods of
insulating materials_and
insulatin§ 0il. insulating
characteristics of
materials

high voltage generator,
insulating material testing
e?uipment. insulating oil
withetand voltage testing
device, A.C.volimeter,
electrostatic voltmeter
A.C.ammeter | T »

3.4 Impulse voltage
generator

operation of an impulse

voltage generator.
starting characteristics.
messurement of the = °
utilization factor and the
output characteristics.

A.Cihigh voltage“‘; :
generator, hig 'volta§e
rectifieér, Impulse voltage
generator, control panel.
speed.tri§§ered.sweep Brown
tube-oscilloscope, . .
klydonograph . '

3.5 Insulator test

dry flashover vbltage tast
%mpglse flashover voltage
&8

A.C.high voltage testing
device, implulse voltage
generator, high speed
triggered sweep = . .
Brown tube oscillograph,
ingultators .

4. TRANSMITTION AND

DISTRIBUTION . e
4.1 Relsys the construction features A{C.ammeter,-A.C.voltmeter,
. of the inductive .. [frequency meter, cycle
overcurrent relay and its counter, load resistor,
testing method- switches SR
4.2 Characteristics |measurement of the circuit |A.C.voltmeters, ammeters,

measurement of
the transmission
line using imi-
tated transmi-
gsion line

constants and the
characteristics of a
transmission line

one-phase wattmetar,
glidacs, power~factor
line, switches, power -
factor vreguletion load
appratus, artificial
transmission line device
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PURPOSE

MAJOR EQUIPMENT

5. LIGHTING

relation among the light

the light flux
ysing & light-
flux meter

5.1 Voltage charac- D.C.voltmeters,
teristics of intensitg. power: D.C.ammeters, slide
incandecent consumption, current, rheostat, voitage divider,
light resistance and voltage photometer '
5.2 Cheracteristics. wattmeter, A.C.voltmeters,
- of fluorescent A.C.ammeter, slidac,
lamps o variable capacitor,
. stabilizer, glow lLamp,
{switch, capacitor for
limiting noise, fluorescent
_ lamps :
5.3 Measurement of illuminometer
Allumination
intensity _
5.4 Measurement of Bhotameter, D.C.voltmeters,
.the light .- .C.ammeters, slidac¢
intensity . and . rheostat, voitage divider,
the distribution standard lamp, switches
_cuzrve of light g '
5.5 Meagurement of- D.C.voltmeters, D.C.

ammeters, rheostats,
sphere tyfe flux meter,
standard lamp, lamp

-1for comparison

6. ELECTRONICS

characteristics of the

pdwer supplfzdevice,

6.1 Electronic
refrigeration electronic refrigeration thermoelectric elements
o elements and the power
o | supply
6.2 High frequency Ptinciple of the inductive [high fregquency inductive
inductive reating. operation of a heater, shore durometer,
heasting high frequency heating beaker, thermometer
: e device -
6.3 Characteristics jmeasurement of the. various vacuum tube
of the vacuum sensitivity and frequency |(voltmeters, A.C.voltmeter,
tube voltmeter . {characteristics of a slidac, standard signal
: o : vacuum tube voltmeter generator, low frequenci
' oscillator, switches, fixed
: . resistor
6.4 Measurement:of |principle of Q meter Q meter, LCR meter, coils,
circult cons- - o capacitors
tants in & high : :
frequency range -
~using Q meter
6.5 Static - | . . D.C.ammeters,
characteristics D.C.volumeters,

of vacuum diode

eliminators, slide
rheostats,
diodes

switches, vacuum
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PURPOSE

~ MAJOR EQUIPMENT

ITEM
6.6 Static D.C.ammeters
characteristics D.C.voltmeters -
of tricde eliminators; slide
' rheostats, switches,:
triodes ' R
6.7 Static measurement of the static D.C.voltmeters, R
"' " oharscteristics {characteristics of tetrode |D.C.ammeters, eliminators,
of tetrode and (and pentode. functilon of & slide rheostats, switches,
pentode screen grid and a tetrodes, pentodes
suppressor grid
6.8 Characteristics [measurment of the voltage regulator tube,
of discharge characteristics of a thyratron, D.C.voltmeters,
tube voltage regulator tube D.C.ammeters, slide -
and thyratron theostats, eiiminators,
switches, fixed resistors
6.9 Static measurement of the standard lamp, D.C.
: characteristics [relation between the voltmeter, A.C.voltmeter,
of photo tube incident light flux and p.C.microammeter, slide
the photo current rheostat, eliminator,
slidac, switches, fixed
resistors, photo tubes
6.10 Characteristics |measurement of the D.C.voltmeter,
of diode . {characteristics of the D.C.ammeters,
gllcon and germanium D.C.power supply, 'slide
diode (point contact and rheostat, switches
junction) o '
.11 Characteristics D.C.voltmeter, ‘
of thermistor |b.C.amnters, batteries,
and varistor -811de rheostat, IR
Ealvanameter,'electric
eater, wheatshone bridge,
switches, slidac, beaker,
thermometer, thermietor’
varistor : :
6.12 static C‘ner.rac:t:e--—I D.C.voltmeters, .
ristics of tran- b.C.,ammeters, ﬁatteries,
sistor glide rheostat, switches,
transistors - - :
6.13 Synchroscope 9{n¢hr03¢ope, slidacy’
signal generator, E; se
enerator, D.C.voltmeter,
.C.voltmeter, vacuum tube
voltmeter, battery, fixed
reslstors, capacitors,
slide rheostat: -
6.14 Measurement of |measurement of vacuum tube |low frequency oscillaor,

vacuum tube
constants

constants using &
A.C.bridge

eliminators, slide

Irheostats, D.C.voltmeters,
i1p.C.ammeter, wave detector,

mutual inductor, wvarloue
resistors -

3 —68
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ITEM

PURPOSE

MAJOR EQUIPMENT

6,15

H parameter of

© translstor

low frequency oscillator,
D.C.voltmeters,
D.C.milliammeter, wvacuum
tube - voltmeters,
eliminators, slide
rheosgtats, resistors,
transistor tester,
transistors

6.10

Measurement  of

static characteristics of

SCR, -D.C.power sugflies,

the static: the silicon controlled low frequency oscillator,

characteristics (rectifiler D.C.voltmaters,

of the SCR = D,C.miliammeters, slide
rheostats, resistors, '
variable resistors,
sychroscope, clrcuit

, _ ‘ - tester, change-over switches
6.17 Chardcteristics’ |measurement of the Tamplifiers, eliminators,

- of the low fre-

quency voltage
amplification
circuit using
vacuum tube

characteristics of low
frequency voltage
amplifilers using vacuum
tubes (resistante - -
amplifiers tranformer- -
coupled amplifiers, chalk-

~“lcapacitor coupled
: amplifiers)

variable resistance
attenustor, low frequency
oscillator, vacuum tube
voltmeter, synchroscope,
fixed resistors;
capacitors, low frequency
choking coil, change-over
switches, circult tester,
phase meter

6.18

Charscteristics
of the low fre-
quenc¥;vnltage
amplifiers

using transis-

measurement of the

characteristics of low .
freguegcy voltage
amplifiers using
transistors. (resistance

amplifiers, battery,
variahble resistance
attenuator, low frequancy
oscillator, vacuum tube
voltmeter, synchroscope,

tor amplifiers, transformer- change-over switches,
: coupled amplifiers) circuit tester, fixed
- . ‘ _ registor o
6.19 Characteristics amplifiers, low fregquency

of the negative

oscillator, variable

© feed-back resistance attenuator,
amplifier- lvacuum tube voltmeter,

' synchroscope, circuit.
tester, fixed resistors,
cagacitor, change~over

: switches .
6.20 Characteristics [measurement of the optimum [amplifiers, eliminators,
of .the low fre- {conditions of the vacuum vacuum tube voltmeters,
' quenc¥ power tube power amplifiers and |D.C.voltmeters,
camplifiere calculation of the D.C.ammter, low fraquency

using. vacuum -
tubes

lefficiency

oscillator, output
transformer,circuit
tester, rheostat,
synchroscope, wattmeter

6.21

- ampli

GharécteriSticS]measurment of the optimum
~of -the low fre-

quenc¥ipower'
ers
uging transi-
stors

Teconditions of the

transistor power
amplifiers and their
charscteristics

amplifier, D.C,voltmeter,
vacuum tube voltmeters,
D.C.ammeters, rheostat, low
frequency oscillator,
output transformer,
battery, synchroscope
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PURPOSE

[

- MAJOR EQUIPMENT

6,22

Characteristics
of the vacuum
tube mediuvm

amplifer ai§na1
enerator, input
oad resistor, .
synchroscope, eliminator

impedance,

frequency
amp?ifiers . _

6.23 Characteristics high frequency amplifier,
of the vacuum signal generator, wacuum
tube high tube voltmeter, eliminator,
frequency capacitors, circuit tester
amp%ifiers o o

6.24 Wide band amplifier, eliminator, low
amplifiers frequaency oscillator

signal generator,,puise
generator, synchroscope,
variable resistance
attenuator; change-over
switches, high frequency
chalking coils, capacitors,
fixed resistors

6.25 Transistor measurement of the- video frequency amplifier,

video frequ-
ency amplifiers

characteristics of the
transistor video frequency
amplifiers and the emitter
|follower amplifier

signal generator, vacuum
tube voltmeter, .
synchroscope, fixed
resistor, capacitor

Vamplifier, D.C.voltmeters,

6.26 Characteristics|
of the D.C. batteries, D.C.vacuum tube
amplifier voltmeter, eliminator,
D.C.ammeter, sllidac,
A.C.voltmeter, slide
rheostat - .
6.27 Characteristics |measurement of the back-coupling oscillator,
of the back- characteristics of the eliminator, D.C.voltmeters,
coupling I.C.ammeter, high frequency

oscillator

Hartley circuit

battery,

fixed resistors,
i generator,

switches, signa
wave detector, -
synchroscope, high frequency
transformers, low frequency
transformer .

oscillator, eliminator,

6.28 Characteristics |the characteristics of a
of the CR CR oscillator and the D.C.voltmeter, rheostats,
oscillator comparison with the back- variabl capacitcrs. S
coupling oscillator thermister; synchroscope,
low frequency oscillator,
slidac, A,C.voltmeter
65,29 Measurement of .[measuremmt of the . modulator, D.C,voltmeters,

the characteri-
stics of the AM
modulation
circuit

carrier, signal wave an
modulation percentage

D.C.ammeter, eliminators,
gignel generator, low
frequency oeclllator,
synchroscope, change-over
switch, vacuum tube
voltmeters -
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PURPOSE

MAJOR EQUIPMENT

- Msasurement of

diode wave detection,

6.30 _ |wave detector, eliminators,
the characteri- glate_detection and grid gignal geherator, low
“atics of the AM |detectlon of the AM frequency oscillator,
detection modulated wave D.C.voltmeters, capacitors,
clrouit ik : : synchroscope, vacuum tube
S voltmeters, high frequency
Jamplifier '
6.31 Measurement of - |measurement of the modulator, eliminators,
the character- jfrequency modulation D.G.voltmeter, heterodyne
istics of the characteristics of the FM |wavemeter, s¥nchr09co e,
M modulation - circuit using resctance capacitors, Yixed resistors
circuit : tubes _ _
6.32 Measurement of |Foster-Seely circuit, and |demodulator, signal

the character-~
istics of the

FM demodulation
circuit '

Ratio circuit

generator, D.C.vacuum tube
voltmeter, micro ampere
meter,_eliminator ‘cirvcuit
tester, fixed resistors

6.33

Characteristics
of .a rectifier
with smoothin

voltage regulation of a

lrectitier with smoothing

circuli. measurement of

rectifier, A.C.voltmeter,
A.C,wattmeter, '
D.C.voltmeter D.C.ammeter,

circuit - riggles end rectification jvacuum tube voltmeter,
“1efficiency slide rheostat, switches,
_ slidac, synchroscope
6.34 Transient -~ measurement of the charge D.G.power-supplﬁy
phenomenon of and“discharge D.C.voltmeter, D.C.
of the RC : characteristics of the RC  |microammeters, switches,
circuit : circuit and the fixed resistors,
PR agplication of the RC capacitors, stopwatch
_ circuit to a pulse circuit | k
6.35 Clipper, slicer,|wave shaping circuits clipper, clamp circuit,

clamping cir-
cuit, differen-
tial circuit,

differential circuit,
integration circuit,
battery, D.C.voltmeters,

- integration capacitors, fixed
“eirewit o resistoys, signal .
generator, non-sinusoidal
waves generator,
synchroscope
6,36 Measurement of  [waveformsat each astable multivibrator

the characteri-
stics of the
multivibrator

electrode of a

Amultivibrator and their

plication to electronics

-2£rcuits :

{vacuum tube), astable
multivibrator {transistor),
bistable multivibrator,-
eliminator, battery, fixed
resistors, capacitors,
D.C.Voltmeters,
D.C.ammeters, synchroscope,
amplifier, nonsimusoidal
waves generator
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PURPOSE
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6.37

Measgurement of
the characteri-
gtics of the
gaw tooth
csciliator

measuremént of the
characteristics of saw
tooth oscillators using
discharge tubes

Tsaw tooth oscillator ueing

diode -discharge: tube, saw-.
tooth oscillator using
thgratron. eliminators,
D.C.voltmeters, . - .-
D.C.millismmeter, . .
nonsinusoidal wave
generator, amplifier,
capacltors, fixed .
resistors, synchroscope

6.38

Measurement of
the characteri-
stics of the
registance
attenuator .

understanding of the four
terminal network by the
measurement of the -
characteristics of a

jresistance attenuator

low frequency oscillator,
level meter, change-over
syltch, fixed reslistors,
high. frequency variable

resistor C e :

6.39

Measurement of
the characteri-
stics of
filters

to construct a filter
circuit of simple elements
and to measure its
characteristice

variable induction-box,
variable. capacitors, low
fregquency oscillator,
variable” resisgstance -
attenuator, vacuum tube. -
voltmeter, change-over
switﬁhes-ipﬁd resistor,
artificial line (low
frequency) -

6.40

Anal¥sis of
nonsinusoidal
waves

to analyze nonsinusoidal
waves and to investigate
what characteristics of
amplifiers are required
for nonsinusoidal waves
used in electronic
circuit

nonsinusoidal waves. '
generator {triangle waves,
rectangular wave, . pulee -
wave), variable high pass
filter, variable low pass
filter, synchroscope, load
resistors, -
Klirrfaktormeter, change-
over switch, nonsinusoldal

wave circuit

7. TELECOMMURICATION

7!1

Measurement of
natural frequ-
encies of
antennz and
antenna constant

antenna, signal genevator,
heterodyne wavemeter, high
frequency ammeter, high
freguency trangformer,
variable high freﬁuency
resistor, standard. - -
inductances, switch -

7.2

Measurement of
the characteris-
tics of the
Lecher wire

to measure the
characteristics of a
Lecher wire. to understand
the standing wave and the
cheracteristic impedance.
to learn about ultrashort
wAvVes

ultrashort wave signal
ﬁenerator, loose coupling
igh fre?uenc transformer,
Lecher wire, high frequency
ammeter, vacuum tube
voltmeter, high frequency
variable resistor,
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ITEM

PURPOSE

_MAJOR EQUIPMENT

7.3

Measurement  of
the cahracteris-
tics of & .

- loudspeaker

measurement of the
characteristic of the

cone type dynamic
loudspeaker and -
combination with amplifier

low frequency oscillator,
low frequency amplifiers,
transformer, loudspeaker,
condenser microphone,
reslstance attenuator,
vacuum tube voltmeters,
sounder, change-over
switch, synchroscope,
acoustlc experiment
equipment .

R

Characteristics

of a receiver

measurement of the noise
limiting sensitivity and.
selectivity of a receiver

rec¢eiver, load circuit,
artificial antenna, signal
generator, change-over
switch, hi§h pass filter,
band pass filter, level
meter, vacuum tube
voltmeter, synchroscope

7.5

Transmitter

ad justment of a radio
transmitter :

radio transmitter.

artificial antenna,
illuminometer, D.G.power
sugply n.C,ammeter,
D.C.voltmeter, low
pass filter, resistance
attenuator, wvacuum tube
voltmeter, pickup coil,
synchrescope, change-over
switch, freguency meter

7.6

Relays for
copmunication

relay kit, D.C.ammeter,
D.C. power supply,
galvanometer, standard
variable resistor,

standard capacitor, circuit
tester, registerxr,
synchroscope, electronic
counter, oscillograph

7.7

Ad justment of
a superhetero~.
dyne recelver

superheterodyne receiver,
signal penerator,
synchroscope, circuit
tester, vacuum tube
voltmeter, cagacitors.
b.C.ammeter, Fixed
resistors

1.8

Adjustmet of

~the television
receiver -

television receiver, sweep
oscillator, oscilloscope,
low frequency oscillator,
vacuum tube voltmeter,
circuit tester, fixed
resistor, capacitor, mmrker
generatox

7-9'

Measurement of
ultrashort wavesg

measurement of the
characteristics of the
klystron and the standing
wave in s microwave
circult

microwave experiment
equipment, microampere
metey, oscilloscope,
amplifier

313
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ITEM

8. CONTROL

PURPOSE

MAJOR - EQUIPMENT

8.1 Analog computer

circuit of an analog .
computer and programming
to solve differential
equations

D.G;aﬁplifiar;;_:~-r

‘| synchroscope, 8quare wave
{generator, rheostat, fixed

resisrors, capacitors,
analo§ computer, .
ogelilograph -

Measurement of
the indicial

response in the
temperature

sensor and the
electric
furnace

1o understand the transfer
function by measurinﬁ the
characteristics of the
equivalent circuits of a.
temperature sensor and -
an electric furnace in a
automatic control system

thermocouxle, electric
furnace, A.C.wattmeter,
A.C.ammeter, A.C, : -
voltmeter, D.C.amplifier,
oscillograph, X-Y recorder,
thermometer, slidac

8.3

Characteristic
measurement of a
differential
transformer

characteristic measurement
of a differential
transformer which is used
to detect linear and
angular displacement

slidac, differential
transformer, vacuum tube
voltmeters, sKnchroscope,,
micrometer, rheostat, - -
variable capacitor .

8.4

Bode diagram of
the CR compen-
sation circult

to understand the transfer
function and the stability
criterion by drawing the
Bode diagram

ulgralow frequency,
oscillator, oscillograph,

‘I fixed resistors, capacltors

battery, rheostat

8.5 Charscteristic |measurement of the servomotor, sgring.balance,
measurement of |characteristics of 8 two- slidac, oscilloscope,
"an A.C. servo- |pahse servomotor. stopwatch, A.C.voltmetexs,
motor gservomotor in an automatic |A.C.ammeter, Eully, T
control system capacitors,; fixed resistor
8.6 Characteristic - |measurement of the static [eliminator, vacuum. tube

measurement of
FET transistor

characteristics of FET
transistor using
synchroscope

voltmeter slide rheostat;
synchroscope, low frequency,
osciliator, FET translstors, -
transistor (28C324), diode,
fixed resistors, ewitches,
p.C.amplifier . | ' '

Characteristics
of logic circuit

pulsge generatdf;fdual“tréce
sgnchroscnge, logic circuit
rheostat, battery, switches

8.8 Characteristic compensation ampliifier,
measurement of D.C.power supplies,
analog 1G variable volga'ejpowar

suplies, switches, input
resistors, load resistore,
capacitors, signal.
generator, pulse generator,
gsynchroscop L

8.9 Characteristlc pulse generators, o
measurement of eliminators, synchroscope,
digital 1C milliammeter, DuG.. . - .

voltmeter, thermostat,
thremometer, 20R-ZAND, DTL
3-input NAND gate (TD 1001M)
operational amplifier -




Table 3-8 (1) Actual Activities in Electrical Engineering Laboratories

' Theme

‘ USU |UNSRI|UNTAN| UMA | UDA |UISU

1. Electric Circuit a) b)
1.1 Ohm’s law * *

1.2 Kirchhoff's law * * *
1.3 D.C. circuit x

1.4 Serles circdit * *

1,5 Parallel circult % *

1.6 R-C-L circuit * %

1.7 Breakdown voltage of R, Cand L *
1.8 A.C. circuit *

1.9 Voltage and current in a R-G-L *

circuit - _ .
1.10 Changefof'the voltage and current
with the frequency change in the *
. R-C-L &ircuit
1.11 Four terminal network * * *
1;12'Thevenin-and=ﬂorton theorem * * * *
1.13 Superﬁ@sitipn principle * *
1.14 Electric powér * * *
1.15 Improvemen£ of power factor * *
1.16 Phase shift - *
— A B
1.17 Transient phenomena *
o P
1.18 Resonance
. veY . .

1.19 Three phase system *

1.20 ﬁuhualfiﬁduction *

1,21 Network | Tk

2. Electric Measgurement c) d}

2.1 .Eiéctfic measurement instruments * *

2.2 R-C-L elements *

' : — [

2.3 Circuit meter ¥
2,4 Electronic circuit meter

2.5 Potentiometer *




Table 3-8 (2) Actual Activities in Blectrical Engineering Laboratories

Theme USU |UNSRT|UNTAN] UMA | UDA |uUISU
.6 Wheatstone bridge S
Range of ammeter and voltmeter _**
. calibration of D.C. ammeters and ® [ -
voltmeters ,
2.9 Thermocouple - *
2.10 Measurement of earthing resistance * T« *
2.11 Measureemnt of iron core loss % *
2.12 Wattmeter * *
2.13 Integrating wattmeter d *
2.14 Measurement of 1-phase electric *
power -
2,15 Measurement of 3-phase electric *
power
2.16 Illuminometer ¥
2.17 Oscilloscope *
3, Electric Machines
3.1 Transformer * b * *
3.2 1l-phase transformer T |
3.3 . 3-phase transformer *
3.4 No-load, short-circuit and load *
tests of l-phase transformer
3.5 Motor * *
3.6 D.C. motor * *
Induction motor * *
8 oad tines oRP i hane Thauction o "
motor
3.9 Running, stopping, reverse running,
load tests of 3-phase induction *
motor
3.10 Synchronous motor *
3.11 Three phase synchronous motor *
3.12 Three phase synchronous motor * T
3.13 Cage type synchronous motor * T
3.14 Shunt synchronous motor *




Table: 3-8 (3)

‘Actual Activities in Electrical Engineering Laboratories

usu

ﬁ Theme _ UNSRI{UNTAN| UMA | UDA |UISU
3.15 D. cy genemtor T«
3:16 No-load short- circuit and load *
--tests af}D C. generator
-3,17 One phase synchroﬂgus generator « | *
—ETES:ThreB phésé_synchfoqous generastor * *
3.19 Ho-load, short-cirouit and load and
parallei opgration tests of 3-phase *
- synchronous generator
3,20 Three phase synchronous generator ] ::
3.21 D.C. machines ® %
3. 22-‘A_:.C_.-— machines %
3. 23.Converter * *
4, High Voltage Technology ey £)
4.1 Measurement of I.C. high voltage * *
4.2 Measurement of A.C. high voltage * *
4.3 Breakdown voltage of gas insulation| * *
4.4 Breakdown voltage of oil-immersed * * T
transformer
4.5 :corona characteristics and corona * x |
voltage
4.6 Electric field distribution on * * N
connected insulators
5. Transmission and Diatribution
5.1 Thermal relay * g) k)
5.2 Measuring relay *
5.3 Overcurrent relay *
5.4 ,Inverse-timé-over'current relay #*
mgjgi'Difectionél earth fault relay *
5.6 Differential relay *
5.7 - Detection of cable errors uging e * _
- & .cable fault locator L
5.8 Load simulation *
5.9 Load balance in the three phase * T
.system
5.10 Electric power eystem experlment *

3 717



Table 3-8 {4) Actual Activities in Electrical Engineering Laboratories

Theme USU |UNSRIJUNTAN| UMA | UDA |UISU

6. Electronics _ 1)

6.1 Diode x| x| %
6.2 Rectifying circuit * . * *
6.3 Transistor and its application * * %
6.4 Amplifiers * S I
6.5 Thyristor * * *
6.6 TRIAC *

6.7 Operational amplifier * ¥

6.8 Oscillator * B * *
6.9 Multivibrator * * hd
6.10 Thermistor i ¥
6.11 Photocell *
6.12'Electrdnics timer *

6.13 Flectronics circuit *
7. Telecommunication

7.1 Measurement of fidelity *

7.2 Measurement of sensitivity: o

7.3 Measurement of selectivity *

7.4 Frequency filter circuit * -

7.5 Tuning circuit ' * -

7.6 Resonance circult *

7.7 Cable impedance characteristics and * T

communication efficiency

7.8 Oscillation circuit %

7.9 Modulation and demodulation *

7.10 AM. Transmitter *

7.11 Redio | "
8. Computer and Control System

8.1 Logic gate and circuit ®

8.2 Characteristics and operation of * :

AND, OR, NOT, NOR gate circuit C

8.3 De Morgan theorem P A




Table 3-8 (5) Actual Activities in Electrical'Engineering Laboratories

Theme _ . USU |UNSRI|UNTAN] [MA UDA |UISU
Sequehtial circuits (flip~flop) *

Characteristics and ogeration of *
£lip-flop circulte using IC

8.6 Characteristics of a one bit binary *
addition gnd_substraqtiqn cireuits

8.7 Characteristics and operation of *
comparator circults _

8.8 Characteristics and operation of a
BCD decode counter and a BCD to ' *
seven segment decoder circuit .

8.9 Characteristics and operation of a *
BCD up and down counter

8.10 Micrprocessor : _ *

8.11 Analog computer ' *

Note : a) Thete are a number of experiments of electric eircuits although the
details of themes are not available.

b)) All expériments are conducted at the University of North Sumsatera
since there are no facilitiles of its own. The themes of experiments
are the same as those at the North Sumstera University.

¢) The details are not svailable.

d) The details are not available.

'e) High voltage technology practices are conducted at Bandung Institute
Technology since there are no facilities of its own.

" £) High voltage technology practices are conducted at Institute Tech-
nology Bandung since there are no facilities of its own.

g) Transmission and Distribution practices are also conducted at Insti-
tute Technology Bundung since there are no facilities of its own.

“h) Tranamissigﬁ and Distribution prectices are also conducted at Insti.
‘tute Technology Bundung since there are no facilities of lts own.

i) Basic electronics and power electronics experiments are conducted
although the details are not available.
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Table 3-10 Actual Activities in Chemical Engineering Laboratories

Labpratdry Work UNSYIAH|{ USU UNSRI |Remarks

1. Chemical Analysis

Fi.l Qualitative Analysis

1.2 Quantitative Analy9is

‘1) Titration Analyeis

2) Gravimetric-Analysié

3) Instrumental Analysis

Z. Chemical Engineering Experimgnt

2.1 Simple Distillation . -

2.2 Heat Convectidn

2.3 Spray Drying

Wetted Wall Column

2.5 Filtration

2.6 Ftactional’ﬂistillation

2.7 TFluidization

2.8 Mass Traﬁsfer‘in Fixed Bed

2.9 Liquid-Liquid Extraction

2.10 Measurement of Heat Conductivity

2.11 Gés—Liquid Absorptién

3. Chemical Process Experiment

3,1 Fermentation of Starch

i
|

3.2

3.3 Manufacture of Pulp

3.4 Esterification

3.5 Synsesis of Urea-Formaldelyde

4. Micro-Biology

4.1 Starch Permentation

"
.-—...—....—.-m—.--u—-m—.-——-.—m--_.—-_—_’—r———.a——-T—_——_-—.)——)—"—p—-—L_—m——_m—n_—f_——L——u
-3 1
__...._._..L-.-..—.._....._.._.L.._l_—._.»._..,__._r___...._..___;.,...__...__...s_.__—._.}.___.._r_._._._'._...______.._

_—F_L___‘_M_.ML__L___..______F.___._‘__._____[_._._”_u_H_..,___..__.,_.,_.,_

4,2 Micro Organism

l
I
I
L
1
I
1
l
I
2.4 Masg Transfer Operation in -
P | L
L
]
|
|
|
|
|
i
l
|
l
|
|
|
|
|




K00 Ho¥(4. 57 WoysAs 2q] Surdoay Souwt juopuodsp 03
Jajoteand jUSpUSAIPUT B SUTIBTANIOY A PRIRINETS

3/d ST MAYSAS ¥ IO SOTISTJIVI0BIV(Y BOURWIOIISG V| VOTIRINUWIS ampsmaoo )
*IN0 parlied
. A1e51%08dd ST mndeempmona pUT pautvdy elv 93wwoed o :
BITI0I0Y ‘0JBA3J0S ‘Qfd | 8JBd1JOS JO TOTIPZITTIR PUE 2Inpsd0dd 8Uijeladg mqﬂasmthgm umaanaou 1% | furassutuy Jajnduo) ‘%
. mumwaahmmo
L TeoTiaqeudre
*SU0TIenbe UOTSSAIZST JvAUT] AQ peZiyRme 30 80masaE
omﬂn aOQumn -0z pu® poUIIBasSat ST Safeniuel SNOTA¥A UT. y00q J0 Aouenbady 3o
‘{apou mo,uanquumqn ‘3/4 ‘e1qel JagEnY WOpURY ISNGTIRA JB £I3100JYDd (BOTYSQEYATs JO 38)U80-Jdd 1STSATREE TBOTSTIZIS 7°F
s30mpodd agy 19nposd ¢ 30
uou @muzmdme 5370sad 8y} jo. UQT1eIaDTSUCT WT4 A377eab 3uTdUeRijul
jonpoad ay; SUTOUSNTIUT $I93°WEIRd SROTUB[TI0STH sIetoweded
qla wfe g ‘syooy Suirduns *2/4 AqQ peziiese ST jounpord. v IO $2T]51193082%Q) 30 STSATRUY [-¢ |fUTJaaui8uUy DTISTIRIE ¢
2127d 31828 47111081 “muﬁnoma FutAdog Jafdon JO AT0J pum ‘BUTYODL DPUR uIMATIRDT JO
U0T]09d5Iad J0F 97qe} SUYoRS) ‘TopOW jnofe] aTedg! 00TIRINBTJUGY ‘S$200ad JOo SUTEURISIIPUN YFNOJY} ueidé
‘alenbs-] ‘oleTdwel ‘I9NIRIg ‘IPITS TRUGTIRAADE ¥3150p ST JuBTd DPoIJT9ads ¢ jo Uuyd In0de In0fe] Jo uBTSIQ 22
: . ‘2218 "WOTIRIAE0 §,J13WI0K
. X0¢ 21894 pue $83203d FuTIniovinutd 3O HOTIBISPTISUOD UT.
‘$7007 Burljedq ‘J9IJBIP 1B0II9) ‘HIA U/K R pezATeuUT ST STY) JO UOTIBITITISAY ® A303093 Jo geyd Butuuweigd
‘pIame] ‘o1e7d noLeT ‘13hom AITTTOL) BYRCS | PUR POIDNIS ST AJ030®T BUTISTXe ¥ JO UBTd 1n0ARy Ino £27 10 Apmis 1% IN0ART AJOJ0B] %
*¥JOM 941 O 8UTY BTOUM JOJ
Pa1BMIYSS ST ¥JOM BU) JOT SaTITATIOR [{R2J2A0 pUR
poTJod wepURZ 1B XJo# 1833} 9yl JO SUOTIBAZSSQO
/4 FYIA 390US UOTIRAISSQO ‘eygel JaqUnu 3048 ‘auUTUIRE JO/PUR SIPXIOM IO UWOTLIpEOD STSATRUY
wepURy ‘97qel AUTY WRPURY 'Yoleddels ‘U0lTMsweT] Jurieaado Jo 3uswdpnp ydInb v {83 0] JIBpIC UT | durydeeg yJIOH ¢°T
j “lUBWAINS VY
boo3WTy JIoA Y JO SITNSaJ 9yl JO UOTIROTJITIUSPT
U39J25 apIIg _umumaouﬁxﬁ q1Ta Jayl1adcn WJou ) Io AJUITLIIIe VRN
"I1A “u01eMd0ls ‘snivredde TOTI0M-OHAR ‘HIA w/U § 8yl I0 ApRis ® U3noJy) pOURTSep ST WMaISAS yI0y yJou Jo udTsag g1
*WalT YIoa PAIEISI JI0] jumIInSEIW
maqu YEnoayl N0 patIIed ale JUTINION 0 UOTIe(al
J212m032TH [uT JuswdInba pue S3TIITTIOR) JJOM JO UOTIRIBSPISUAD 1UBUIINS B
‘snpededde GOT104 OTAR “IIPI0DSI OOPIL 'ULIEndOIR pue amTI YJoM PIePURIS JO BOTIRUTRIAIAQ WYY YJOK T°T fuyyasyuiduy yaom "I

1uzddinby AJ0jyeIoqe] J0Tey

Apatg 10 S§Uajuc) puB 2aT3D0CqQ

w97 0K £1038J0GR]

ALLEDTRY]
yiop £IclvIQQe]

(2/1) SBILIIATLOY DNIHTANIONI TVIQISNGNI TIAOH 40 $TIVIAC

1178 =iqe],

3 —84



"ROTADD

maﬁ»nmdq JTqRIIRY mﬂpanmqa¢ RYCVERNELES andTed
‘3039918p SES SepJtezel- ‘J939W Xn] JaziTHRY
WOGIRD 0IPAR “IIIIH HOTIBJIGLL - ‘JelAm Ta24%)

. sousaed
T LGURIY TREOT}ZONPY OPITS L9328 ‘MIA U/u §

“pouTRI) ogaﬂ
9900 X0 S1019939p §23 ‘SI019% TOTIRIQIA ST UORS
SIUQLNIISUT TROTIATEUR [RIUSWUOITAUS SROTILA

*pauTeI} ST wﬁmﬂhmwms
o4xou DUB STRTIBTEN SEPIOZRY 'SHOUBISANIITO

S3U9WNI 3 SUT
TRIUINUOITAYS J0]
oUTT 2pTAS 7BOII0eAd

BurJesurguy
TEYURYOITAUY G

BuiyIon ‘SWaTQold 43838 JOJ BTIS1IJI0 TRATIORIG

SUTUITY UOTIONPOI B3 UT UOTRITITIUAP!

IO 3UIpuURISIAPI 1'%

IUHUCENCYH SUTYIRY

pUe 90UeMIO]I8d-SIT JO PIZA{RUT PO pRINIOTINGRT A2oT0EYOR]
‘3YeT 8215 [TRUS|. - ST $ided AJAUTYITR JO 2USUOAEOD UG wo BIn70vINURY 17¢| $S20034 FUTIN]OBIRUR ¢
ATQ3RTEY

APNIS 3O STUSIWON PUR BATISAlG)

wa1] YI0H hhoumhonma

Y104 AI01RI0GRT

quandinhg AJolwdeqe] Jofey

(2/7) SIILIATLOV ENTHIANIONG TVIHISAONI THQOR 30 STIVISC

11°¢ |1q3]

3 -85



Table 3-12 Actual Activities in Industiral Engineering Laboratories

6.2 Environmental Analysis Instrument

- Laboratory Work usu UDA | visu | UMA
1. Work Study | ! l l
1.1 Work Measurement l *. I * l * l *
1.2 Design of Work System l * l * I * -[ ¥
1.3 Work Sampling | * ! - I * I *
2, PFactory Layout Plan I f ' I
2.1 Leyout Study I * ' * I * 1 *
2.2 Planning of Layout Plan | * , * J *® _'l ¥*
3. Statistic Analysis | f l w
3.1 Analysis of Parameters relating to * * * W
gquality of product . I ( { '{
3.2 Statistical Analysis Method t * I - ‘ * ! -
4. Computer Engineering ‘ { ‘ [
4.1 Computer Progiramming ‘ * _l * l * l L%
4.2 Computer Simulation l * I - 'l, - l -
5. Machine Processing Technique l . ! L_ l
5.1 Manufacture of Machine Element l * I - I - l -
6. Environmental Engineering l l I 1
6.1 Environment Design * l - I - l -
1

and their Application

| IR




Table 3-13 (1) Details of Model Mining Enigneering Laboratories

Name of Name of Objects and Contents Ma jor Equipment
Lahoratory Experiment . "of Experiment

1. Geology 1.1 Basic To study sedimental Sediments' Model
Lab. Geology ‘|structure through models -

{1.2 Basic Rock-

Mineral
Analysis

To study composition and
crystal structure of

lrocks. and minerals

Rock-Mineral Models
Sections, Crystal
models, Reflex and
stereo microscope

1.3 Geological

To study the way of geo-
logical™ survey through
field training or to
study the geo%ogical

1structure through Aero-

Stereoscope, Clino-
mater, Geological
hammer, Magnifier

_ o 1photography
2. Mineral Mineral Analy- {To-analyse rocks and Stereo microscope,
Analysis gis minerals by means of Reflex microscope,
Lab. : microscopy method of Rock cutter/trimmer,
section samples Section sample making
equipment, aggingl
golishing machine,
-ray fluorescence
analyser, Dryer,
Crusher, Abbe refra-
ctmeter, Hardness
tester, Sieves,
- _ Balances
3. Land Survey [Land Survey To train leveling and Level, Transit,
Lab. : : Tripod, Steel tape,

traversing technique

ques

4. Geophysical
Prospecting
Lab. '

Geophysical .
Prospacting

In general: To prospect

1location of structure

under ground and geolo-
gic structure, geomag-
netic character, forma-
tion-resistivity and
secismic character at
stratication plan will
be measured. .

4.1 Electrical

To prospect mineral bed

Electrical prospec-

prospecting|{vein), specific struc- jting system

‘ 1ture underground and {Resistivitﬁ meter,
other §eologic struc- Amplifier, Recorder
ture, formation resis- and others)
tivity will be measured.

4.2 Electro- To prospect depth, shape|Electromagnetic
~magnetic of basement an %eolo- reflaction profiling
Reflection iglecal structure through sgstem
Profiling electromagnetic reflec- |(Proton magnetometer,

tion profiling methed.

These geological infor-
wations are Informed as
magnetic value of geo-

loglcal layers.

and others




Table 3-13 (2) Details of Model Mining Enigneering Laboratories

Name of
Laboratory

Name of
Experiment

Objects ‘and Contents
of Experiment

Major Equipment

4,3 Selsmic
Prospecting

| P.and'S—wave.transfered

through basement and
geological layers to be
measured to prospect
any geological infor-
mations under ground.

Seismograph .
(Seismic Oscillograph

|Trigger remote con-

troller and ste.)
Bed detector

4.4 Radioactive
Well Logging

To prospect depth of
oil reservoir, gas re-
servolr or to constrast
geological gtructures,

radioactive ray will be

measured,

P-8 velocity lopging
gystem or Geo
logging system

5. Mining Ex-
ploitation

Exploitation

In General: To study
practical method for ex-

ploitation (practical

exploitation, intake
area detour, grauting
at mining road/drive)

5.1 Ailr
Compression
Testing

As soft ground exploi-
tation in general air
pressure inside the
tunnel will be increased
to aviod cave-in and
water excude. An air
compression testing
{experiment) is an
experiment to teach
safety exploiting
through practical
simulation

Compressor, Pressure
gauge, Alr flow -
meter, Prony Brake
and etc.

5.2 Rock
Drilling

To practice rock dril-
ling by means of a
machine drili or an
auger

Machine drill, Drill
bit, Red, Jack,
Drifter, Auger,
Syncroscope, Electro-
magnetic osillograph,
Torsion meter,
Amplifier, Boring
machine, etc.

5.3 Mud Logging

To evaluate oil showing.
by quantitative analy-
gis of oil or gas
content in the mud
sample

Gas chromatograph,
Hydrometer, Viscosi-
meter, Sulfer analyser,
Nitrogen Anslyser,
Evaporator, pH meter,
gte. -

5.4 Ventilation
Testing

To study safety design
of mining road by -
measuring air circu-
lation condition

Axial fan, Centrifu-
gal fan, Rotating
meter, Watt meter,
Apmeter, Alrometer




Pable 3-13 (3) Detalls of Model Mining Enigneering Laboratories

‘Objects and Contents

Name of - . Name of - - Ma jor Equipment
Laboratory Expariment - of Experiwment
5.5 Tunnel To: practice safety Transit, Level,
Safety design of coal or ore . |Pocket compass,
JDeslgn mining road by studying |Respirator
: gas break-out, gas
residence, temperature
increass and other envi-
ronmental breaking out
|mechanism
6. Mining Mining JIn General: To practice
Mechanics jMechanics operation, installation,
o : maintenance method of
equipment necessary for
mining engineering
6.1 Cutting In order to measure & Electromagnetic
Resistivity |character of stress oscillograph, Resis-
Testing propagation and break- [tivity torque meter,
e ing character, rock Dinamometer, Shore
sample or discontinuous [hardness tester,
layer which has a fault ;Shummit hammer,
. Jor a joint will be Shear testing machine
‘|looked into of their Maffle Furnece,
uniasxial compression Table balance,
strength. Constant temperature
drying chamber,
Penetration resisti-
vity testing machine
8.2 Mining To practice designing Drawing table,
Machine for necessary equipment |Drafting machine,
Design for mining engineering |[Table top calculator

16.3 Haﬁlage

To practice haulage

Mini conveyor, Shoot,

Testing method of to study cost |feeder, Small heist,
(Off-the-~ effective haulage Scraper, Motor,
Road method Hydraulic pump
Houling) )
6.4 Rope Testing pull rope and Wire fatigue testing
. Strength main rope of their machine, Wire rolling
Testing strength testing machine, Wire

bending testing
machine, Wire torsion
testing machine

6.5 Rdof.Conﬁrnl
and Testing
Strut

Measure mine stress to
estimate strut or stru-~
cture's strength

Iron strut, Hinged
bar, stress gauge,
Resistive torque
meter, Recording
oscillograph,
Photoelasticity
testing equiment




Table 3-13 (4) Details of Model Mining Enlgneering Laboratoyies

. — : ' e
Name of B Name of . Objects and Contents - Ma jor Equipment.
Laboratory Experiment of Experiment . .. |- ' R s
7. Mineral 7.1 Screen To make quanﬁitative Standard sleve,
Dressing Analysis analysis of mineral or Riffle sampler,

ore samplés by means
of screening. -

{sand bath, Infrared

dryer,: Jaw crusher,
Stamp mill, Hammer
mill, Sample grinder,
Rod mill, Hot mill

7.2 Separation
Test

To analyse content
of rare metal within
a vein :

Mineral jig. Shaking
table,: Hydro-cydélone-

| separater, Glass type

floating separater,
Mechanical floating
separater, Msgnetic
separater, Filtering
apparatus, Alr flow
meter, Ligquid flow

imeter, Muffle

furnace, F Nano
ammeter, etc.

7.3 0il1 Analysis

API, Evaporation
pressure, Viscocity, ,
Sulfer content, Nitogen
content, Salinity, Wateg
content, Heavy metal
content and other nece-
seary data will be
examined to determinég
quality of oil.
{Practice)

Centrifuge plaro-
graph, Titlation
apparatus, Photoele-
ctric colorimeter,
Flame photometer,
Salinometer, Water

‘content analyser,

Infrared spectro-
photometer, Spectro-
photometer, Sulfer
analyser, Ni-analyser

jetc.




-TabLe 3-14 Actual Activities in Mining Enginnering Laboratory

6.4 Roof Control and Strut
~ Testing |

 Laboratory Work UNSRI UDA

1. Basic geology
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