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Explanstory notes

The monetary unit in the Democratic People’s Republic of Korea is the
won (W).

Besides the common abbreviations, symbols and terms, the following have
been used in this report:

CAD computer-aided designing

caM computer-aided manufacturing
CNe computerized numerical control
CIA chief technical adviser

IcH Institute of Controlled Machines
KB kilo bytes = 1024 bits

n/a man-months

| o numerical coatrol

uPD pational project director
PC(board), PCB printed circuit board

PLC programmable logic controller
RAM random access BemOry

R&D research and development

ROM Rrad only memory

TOKIEN transfer of knowledge through expatriste nationals

Mention of the names of firms and commercial products does not imply the
exdorsement by the United Nations Development Programme (UNDP) or the United
Baticns Industrial Development Organization (UNIDO).

At the time of completing this report (January 1988), not 2ll final
figures were known. Such figures have been estimated as accurately as possible
and merked by an asterisk (*).

The snnexes to this report have not been formally edited.




CONTENIS
INTRODUCTION ........ciciiciceenersocssoosocenosssscsososacsscnscsnssonnsnns
A. Project background ...........c..iiiitiiiiiitetetonrrantaccoaerenannn
B. Justification of the project .. ... ... . ittt ennennnn.
C. Implementing organizations ............ . iiiiiiiiiiiiiiiiiiiiiien,
D. Momnitoring of the project ..........iiiiiiiirirrnrrirnenenonnnnnns
Chapter
I. THE PROJECT .....ccieccrecccccncaconnnoncnononccsosnenasnanscannsnns
A. Immediate objectives ......... ... iiiiiiiriiiiirirereeannnns
B. Expected outputs .........c.ccccveericrcrcceccncercercncovcncas
C. Achieved outputs and their utilization.......................
D. IBPULS ...cvoiiiiieircirncncnoneosccscconssccancncoscsccooncsos
II. TIMPLEMENTATION OF THE PROJECT ........cccevveccvrecrocccsccoccors
A. NManagement of the project ..........cocvvevrevevverereroconns
B. Institutional framework .............ccccvcevcccsscescnscoces
C. Training ......c.cvviiiiminnririeneesocnerercnssonnevovossocns
D. Provision of premises, equipment, software and know-how .....
E. Activities in the field ............cvvrrrrvroernrssocrocnnes
1. HMasnufacturing of the cross-table ........................
2. Integration of the cross-table with the servo-drives
and the CHC unit ......cvvvvvvrevrvreccevecsoncrocnnceens
3. Integration of the cross-table with the measuring
system for inductosyns ...........ccccviriinriererennaens
&. Development of the modular system of electronic boards
for microprocessor control units ........................
S. Application and development of programs and problem-
oriented software ...... tesrienen ceececsssssonas cecceress
6. Development of messuring dovieos and -.thods ............
7. Development of control units for NC machine-tools and
training of machine-tool users .................. veeseans
8. Development of servo-drives ....................... coeene
7. Rxpertise .............0ciienen. teeececsctessescnenoscnesns
III. PFINAL PROJECT PERFORMANCE VERSUS PLANNED PERFORMANCE ............
A, InPUtS . ...ovviiivivrvorerioveoresronessesrresvorrosrersosnos

10

11

13

15

15

15

17

18

21

21

22

22

22

24

26

26

26

29

29




Chapter
1. UNDP/UNIDO inputs ......ccccvvccecncacannnccnnaccanncanne
2. Govermment imputs ............ ...ttt iiiieaaa,
B. Izmediate objectives ..........c.iiiiitiiiiitiitrerecncennnns
C. Outputs ..........ciiiiiinneereerorensoscnscsnsnnssnnscnnnncannae
IV. TASKS NOT FULLY COMPLETED UPON TERMINATION OF THE PROJECT .......
A. Government .......... ...ttt cnnrrrocronnanaanen
B. UNIDO ......cccteeveoososonssossossososnssssssscsncsescsonsse
V. CONCLUSIONS AND RECOMMENDATIONS .........ccccvvverrecvercccccnncns
A. To sll parties ........ccceeervcrsecccesonccccancnnacncasenns
B. Tothe Government ............ccietvrcrrcccrcrcnncncrsonnene
C. TO UNDP/UNIDO .......cecencvcrcceccccncscnsoccscnsc-nonsososse
Annexes
I. Technical/performance parameters achieved through the project ....
I1. Programme of NC machine-tool research and development for

the years 1988 to 1990 ........cccvvvccvveccscnccncenencrnnconncen
III. List of the non-expendable equipment delivered for the project ...
IV. List of personnel of laboratories ..............covrvieieneeeennn.
V. List of training provided through the project ....................

VI. Training courses held in the Institute of Controlled Machines
S 3 Y 1 3
VII. List of provided expertise .............ccciveirrirerrerecrenrecen
VIII. List of equipment not yet delivered by UNIDO ..........ccovcvvvr..

29
1

k)
32
33
33
33
34
34
35

37

41

43
54
39
61

65
66
67




INTRODUCTION
A. Prcject background

The Government of the Democratic People's Republic of Korea has recognized
the development of numerically controlled (NC) machine-tools as the crucial
goal for the national economy and not only for the machine building industry
alone. The project was preceded by preparatory assistance delivered under the
following projects:

DP/DRK/81/010, "NC machine-tools, equipment and methods™; and
DP/DRK/81/016, "Computerized techmology for automation in industrial
applications”™.

This assistance consisted of a study tour of six nationals to Austria, Federal
Republic of Germany, India and Polsad, as well as the provision of consultants’
services. The mission of five UNIDO consultants, totalling 17 m/m, took place
from February to May 1984 in order to:

(a) Evaluate the availsbility of local infrastructure to implement the
project;

{b) Focus the sims of the future project on the most important and
realistic objectives;

(¢) Formulate training programmes for fellows to be sent sbroad;
(d) Specify the equipment required for laboratories;

(e) Give lectures on chosen topics (microprocessor control, numerically
controiled (NC) machine-tools, computer-aided designing (CAD), computer-aided
manufacturing (CAM), and cutting processes), in order to prepare the local
staff -for their training programmes and their future work.

The consultants (Messcrs. H. Orlowski, M. Bossak, J. Buc, Z. Wojcik and
S. Zientarski) evaluated the situation, delivered lectures and produced a
comprehensive report with findings and recommendations, including training
programmes for 19 fellows (282 m/m) and purchase specifications and justifi-
cations for equipment. These lists had been agreed with the Goverament. It
was also found, that two additional consultants (on servo-drives and printed
circuit (PC) board manufacturigg) should be places for the seme purposes, but
for a shorter time (two months each). Later Messrs. S. Maliszewski and
J. Michalski were fielded.

Based on the results of these missions, UNIDO preparea : project document
for the large-scale project: "Development of numerically con:rolled machine-
tools” (DP/DRK/84/001) with a budget of $US 2,367,700 and 420,257,500 (in kind),
for a duration of 2.5 years. This project was spproved on 74 September 1984.

B. Justjficetion of the project

The Democratic People’s Republic of Kores hsd s relatively large machine-
tool building industry, including two major factories locatad st Huichon and
Kusong. In the past machipe-tools had been an importsnt foreign exchange
esrner for the country. Approximately 50 per cent of tha local production had
been exported. However, in 1984, with the worldwide tread to apply numericslly
controlled machine-tools in the machine-building and meta)-working industries,
there was a danger Lhat the volume of machine-tool export would decline unless
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the products would be modernized. 1In view of that, the Government intended to
rehabilitate the existing machine-tool industry and to introduce progressively
modern msnufacturing techniques that would ensure higher efficiency, better
product quality and competitiveness on the world market. The introduction of
activities concerning NC machine-tools is not only important for the machine-
tool building industry, but the application of such modern equipment is also
indispensable in order to improve the quality of final products of many metal-
processing industries. Therefore the UNDP/UNIDO assistance was invited in two
areas:

(a) Designing and manufacturing of NC machine-tools; and
(b) Application of NC machine-tools.

Looking closely at designing and manufacturing of NC machine-tools one can
distinguish two fields of activities: wmechanical and electrical/electronic.

Mechanical sctivities desl with machine-tools themselves, and in particular
with problems concerning designing (which in turn requires modern computer-aided
methods), manufacturing and testing of machine-tools and their parts.

Electrical/electronic activities deal with conirol units, servo-drives
and eventually the development of some components like measuring transducers
(e.g. inductosyn: and encoders) and DC servo-motors. To manufacture modern
electronic and electric circuits one has to have access to PC board manufac-
toring facilities.

The epplication of NC wachine-tools, besides the tcraining of the user’s
staff, reqguires research in iwo main fields:

(a) Investigation of cutting psrameters (e.g. measurement of cutting
forces); and

{b) Development of programming wmethods for NC machine-toolc, referred to
as "computer-sided manufacturing” methods.

All sfore-mentioned activities must be covered if the development of NC
machine-toocls is seriously considered. Therefore, these activities have been
included in the project document as project objectives or outputs.

C. Implementing organizations

Because of the complexity of the project, the choice of the proper
implementor was considered frua the very beginning an important but also very
difficult tesk. Designing and manufactucing are directly connected with
industry; but even here st least three organizations were involved: Kusong
snd Huichon factories and the independent Design Office locsted in Kusong.

But due to the lack of any backgro.nd in electronic control srd computer
applications in the machine-tool building industry, an outside resesrch and
development organizstion had to bs involved. 1In the Democratic People's
Republic of Kores, the Academy of Sciences plays s crucial role in resesrch
and development for industry in general. The Acadumy consists of 42 different
institutes and functions on the ministerial level. 1In 1984 two institutas,
namely the Institute of Automation snd the Institute of Mechanical Engineering,
were commissioned to attsin the important national goal of accelerating the
intrnduction of modern methods of menufacturing to the machine-tool and
machine-building industries. In the ysar 1985 the new Irstiitute of Controlled
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Machines was established, taking over parts of the premises, staff and
equipment of the sbove-mentioned institutes. 1.e director of the Institute
of Controlled Machines, Li Jong Dok, was nominated as the national project
director (NPD) and from the Government side, the Academy of Sciences was
responsible for the implementsation of the project. UNIDO was chosen as
executing agency on behalf of the United Nations Development Programme and,
in spite of the size and complexity of the project, no subcontractors were
involved.

Vhile it was advantageous to have to co-operate with only one organization
. and one government agency, this solution also had some shortcomings, the msin
ones being:

(a) The government bodies responsible for the machine-building industries
were not enough involved in the project, and the Academy of Sciences had little
influence on the machine-tool building factories;

(b) The staff of the new institute had only limited experience in NC
machine-tools whereas for instance the staff of the Xim Chaek Technical
University, having more than 10 years experience in this field, has not been
involved in the project.

D. Monitoring of the project

In order to ensure the smooth implementation of the project, three levels
of co-ordination and implementation control were planned:

Level 1: Natio.al Steering Committee chaired by the vice-president of the
Academy of Sciences. The chairman was supposed to sppoint the mwmbers of this
Committee choosing appropriate directors of co-operating national institutes
and ministries. The Committee was supposed to meet at least once every four
months.

Level 2: Co-ordinating Group chaired by the national project director.
The chairman was supposed to appoint directors of related institutes, fac-
tories, design offices and UNIDO chief technical adviser (CTA). The Committee
was supposed to meet at least once a month and to invite a UNDP representative
to attend each meeting.

Level 3: Working Group chaired by the national project director. The
cheirman was supposed to appoint national rspresentatives as required and to
invite the UNIDO CIA and, if necessary, other UNIDO consultants. The Working
Group was supposed to meet once a week.

Meetings at all three levels were held regularly They helped to monitor
progress, and to anticipate and solve problems by taking the necessary measures
in advance. Howevsr, in order to improve future work, some remarks may be
permitted regarding the two upper lesvels:

(a) The level 1 body happened to have very little influence on organizs-
tions outside the Academy of Sciences, in particular on factories:

(b) The main shortcoming of decisions taken ai levels 1 and 2 was the
lack of setting a time frame for planned events snd the lack of a clear indi-
cation of available resources (manpowsr, materials);
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(¢) Although this was laid down in the project document, the UNDP snd

UNIDO representatives, including the CTA, were never invited to participate in
the level 2 meetings.

The tripartite review meetings, held once or twice each year {December 1985,
May and December 1986 and September 1987) played a major role in the monitoring
of the project. The CTA prepared five project progress reports, two project

evaluation reports, one project performance evaluation report, a number of inter-
mediate reports, and this terminal report.
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I. THE PROJECT

The project is presented here as it was finally set up. Differences
between the -~reliminary and the final project document are listed and discussed
in chepter III.

A. Immediate objectives

The project had three immediate objectives:

1. To enable the national staff to employ and develop up-to-date technical
methods in the design, manufacture and application of numerically controlled
machine-tools.

Planned verifiers

A demonstrated capability to design and test NC machine-tools with the
ut’lizstion of a fully operative cross-table with control system.

Achieved results

The cross-table and the control system were designed, manufactured,
integrated and tested. Achieved parameters sre presented in anmex I.

2. To strengthen and broaden the Institute’s facilities in order to enable
the national staff to carry out research and development in the design and
spplication of NC machine-tools.

Planned verifiers

The following adequately equipped laboratories:

Laboratories for testing and evaluation of NC machine-tools including
mechanical structures, control units, servo-drives and mecasuring
devices;

Design analysis and programming laboratories;

NC system laboratories;

Mechanical subassemblies, elements and cutting processes
lasboratories;

Printed circuit laboratory;
Servo-drive and transmission laboratory;

Demonstration and training in the application of NC programming in
machining lsboratory.

Achjeved results:

The following laboratories have been established through the project:
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— Researchers

Total Treined

Abbrevistion staff Total abroad
NC Machine-tool Laboratory MIL 19 15 7
Control Unit Laboratory CUL 16 12 2
Servo-drive Lsboratory SDL 18 14 A
Computer Laboratory CL 18 14 3
Measuring Laboratory ML 3 3 2
Sensor Laboratory SL 19 12 1
PC Board Worxshop PCW _18 _6 3
Total 106 76 22

The tasks listed in the project document are carried out by the
following laboratories: '

- Testing and evaluation of NC machine-tools: MIL and ML; mechanical
structures: MIL and ML; control umits: CUL; servo-drives: SDL;
measuring devices: ML and SL;

- Design analysis and programming: MIL and CL;

— NC systems: CUL;

— Mechanicsal subassemblies, elements and ~utting processes: MIL and
ML;

- Printed circuits: PCW;
- Servo-drives and transmissions: SDL;

- Demonstration and training in the application of NC programming:
MIL and CUL.

3. To elaborste & comprehensive and integrated long-range research and
development programme in the sress mentioned under points 1 and 2 above, in
accordance with the Government's Seven-Year National Industrial Development
Plan.

Planned verifiers

Appropriateness and timeliness of planned outputs with regard to national
development goals.

Achieved results
The programme has been elaborated and is attached ss annex II.
B. ed ou s
1. Design and manufacture of one cross-table with 2 axes, controlled by a
fully operative CNC system, equipped with DC drives supplied by UNIDO, encoders

in 2 axes and sn inductosyn in the X-axis.

2. Operating laboratories with at least 30 guslified national steff under-
taking the following major programmes:
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- Development of the modular system of electronic boards for
microprocessor ccntrol units;

— Development of programs and problem—oriented software;

- Development of measuring devices and methods;

~ Development of control units for NC machine-tools and trasining of NC
machine-tool users;

— Development of sgryo-drives.
3. Future research and development programme covering the above areas.
C. Achieved outputs and their utilization

1. Design and manufacture of a cross-tsble

The cross-table was designed, manufactured and integrated firstly with
the CNC system type Sinumerik, bought by UNDP/UNIDO as a sample, and with the
measuring system for inductosyns. Next, the Sinumerik control system was
replaced by the locally developed cuntrol unit. These activities produced the
following results:

(2) The capability has been gained to design, machinc and assemble main
subassemblies of ary NC mschine-tool, to manufacture friction--free plastic
slides and to apply ball-screws. These skills are required for the design and
manufacture of any NC machine-tool;

(b) The locsal personnel has learned how to integrate a 7’NC system with a
drive system and s controlled machine. This knowledge is indispensable for
both, the development of local NC machine-tools and the utilization of imported
NC machine-tools or thaic components;

{c) The Institute of Controlled Mschines is now equipped with the
precision, laser-based instrumentation for the measurement of inductosyms.
This is the basis for future resesrch work to develop inductosyns, which serve
as measuring devices for NC machine-tools.

2. Laboratories

Through the project seven laboratories have been established (scs the
list above) and, in the relatively short time of 1.5 years of their work,
almost all of them achieved appreciable results which now serve £or national
economy snd demonstrate laboratories’ full cepability for future work.

{a) Desvelopment of the modulsar system of electromi: boards for
micro n unit

With extensive assistance of UNIDO consultants, the modular system of
electronic boards for microprocessor control systems has been developed in
the Institute. The system consists of 18 different PC boards (modules)
and is fully expandable. The modulcs werse designod, manufacturcd and
tested locally. They were used for a control unit for NC machine-tools
{(see below) to demonstrate their performance. HKowever, they are not only
suitadble for different kinds of WC machine-tools, but slso for industrial
robots and nther applications, where digital automation is required. The
system includes two kinds of microprocessors (8 and 16 bit, respectively
models 2-80 and 8086) and also enables the assembling of programmable
logic controllers (PCL).
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Thanks to the delivery of tools and components and a proper training
of the personnel, nationals have also gained the ability to perforam in two
important fields:

(i) Manual designing of artwork for PC boards:
(i1) Assembly of electronic components on Lhe PC boards.

For the development of a modern system of electronic boards, a
facility for the manufacture (starting from artwork) of both single- and
double-sided PC boards is indispensable. The PC Board Workshop had been
recognized from the very beginning as a crucial element of this project,
because no such facilities existed earlier in the Democratic People's
Republic of Korea. Now, the PC Board Workshop is established and could
serve both, the Institute of Controlled Machires and other research and
development organizations. In fact, at present it is engaged in research
work for the Kim Chaek Technical University.

(b) Development of programmes and problem-oriented software

On the basis of extensive training abroad of 16 fellows and the
delivery by UNDP/UNIDO of software packages worth $US 135,683, the
Institute has gained the capability to use and develop software in the
following fields:

(i) Software for computer-aided designing (CAD) of machine-tools
and their subassemblies;

{ii) Creation of control programs for NC machine-tools by application
of computer-aided manufacturing (CAM) methods; :

(iii) Software for CAD of PC boards.

This software is described in more detail in chapter II, section E,
point 5.

(c) Development of measuring devices and methods

The development, manufacture and control of NC machine-tools calls
for devices and methods of extremely high precision.

To measure and test NC machine-tools, the Measuring Laborstory has
been established and equipped by UNDP/UNIDO with a cumprehensive set of
instruments of the most respected brands. A particularly valuable one is
the laser interferometer with a software package for processing measured
dsta. It enables quick messurement of linesar dimensions with high
sccuracy. The staff was trained in its spplication both abroad and on
the spot by UNIDO consultants. This iaboratory is now opersting and
could be used not only for measuring and testing oi NC machine-tools but
also for sll kinds of machine-tools. To increase accurscy and to extend
the range of measuring, new methods must be developed r.d tested.

Rach NC machine-tool incorporstes devices for the measuring of
positions in each of controlled sxes, for which inductosyns and encoders
sre most commonly used. To deal with this task, the Sensor Labora‘*ory
has been established and the development of inductosyns is its major
taskx. Due to limited resources, only s small input has been delivered
here: no trsining, no consultants, no know-how, but only, as mentioned
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above, & measurement system for inductosyns. Therefore, for the manufac-
ture of inductosyns the Laboratory utilizes only the technology delivered
for the manufacturing of PC boards, and its output is smaller than that
of other laboratories.

(d) Development of control units for NC machine-tools and training of NC
machine-tool users

The Control Unit Laboratory now has the capability to develop control
inits for NC machine-tools, using the modular microprocessor control
system described above. The capability is proved by having designed and
manufactured the control unit for a crosrs-table.

The Laboratory is able to build prototypes cf control units for
various NC machine-tools according to the demand of the national industry.

(e) Deve)l~-rment of servo-drives

The Servo-drive Laborstory has been established, its personmnel
trained, instruments bought and s consultant's assistance was provided.
Research and development work was undertaken in the field of designing
servo-drives for industrial robots.

3. Future research and development programme

The programme for future research and development activities covering NC
machine-tools and related subjects has been elaborated (see annex II) and is
now being fulfilled by the Institute of Controlled Machines and other organiza-
tions involved in this field.

D. Inputs

The following UNDP/UNIDO inputs were provided through the project:

1. Expertise

Expertise, totalling 76.9 m/m* was provided in the following fields:
control systems based on microprocessor technigue, interpolation in control
systems, control systems, computer-aided designing (CAD), computer-aided msnu-
facturing (CAM), NC lathe and cross-table design, NC machine-tool testing,
machine-tool servo-drives, feed-back in control systems and their integration
with machine-tools, interpolation and interfecing programming, software for NC
control systems, PC board manufacturing, CAD for PC boards, mechanical struc-
tures for electronic circuits, measurement of mechanical parameters and assemb-
ling of electronic circuits. The sbove-mentioned man-months include the
Placement of the chief technical adviser (CTA) for 22.9 m/m who also served
as consultant on microprocessor techniques.

2. Fellowships

The fellowships of a total of 250 m/m were provided for 28 fellows. This
input is discussed in the chapter II, section C.

3. Eguipment

UNDP/UNIDO delivered equipment worth $US 1,517,157* according to the
specification elaborsted during the preparatory mission (see annex III).
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The GCovernment's contribution for equipment was W8,020,000 (spproximately
$Us 3,730,000), including the main-frame computer.

4. Total inputs
In total, the UNDP/UNIDO input was $US 2,503,498%.

The total Government's input was W.2,383,616 (approximately $US 10,000,000)
which covered also buildings for lsboratories and the PC board maaufacturing
workshop, personnel, locsl training and services for comsultants (traasportation,

interpretation etc.).
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II. THPLEMENTATION OF THE PROJECT

A. Hanagewment of the project

The co-ordination of the project on the Government's side was assigned to
the national project director (NPD). At the iaception of the project this was
Li Son Bong, Director of the Institute of Automation, and from 1985 on Li Jong
Dok, Director of the Institute of Cortrolled Bachines.

UNDP/UNIDO assigned, with the approval of the Government, 4. Orlowski,
UNIDO expert on microprocessor control systems, as chief technical adviser
(CTA).

The project was monitored by s three-level co-ordination and implemen-
tation system (described in the Introduction, section D), tripartite review
meetings held regularly each year (in 1986 twice), the every-day work of the
backstopping officer and a special technical adviser, both in Vienns, the UNDP
resident representative in Pyongyang and their staff.

For the management and monitoring of the project, 11 activities had been
formmlated and tine-schedules (bar-charts) had been prepared for each of them.
The list of the activities was as follows:

1. Training abroad;
2. NC lathe prototype;
3. MNC milling-machine prototype;
4. MHicroprocessor modular control system;
S. Establishing of laboratory facilities in the Institute of Controlled
Machines;
S.1. Design and manufacture of a cross-table with a control system
(activity amended later);
6. Main-frame computer installation;
7. Estadblishing of CAD/CAM activity and training facilities;
8. Application of one industrial robot;
9. PC board manufacturing;
10. Training in NC applications;
11. Placement of consultants.

These activities were aimed at the ::hievement of the planned outputs
and, specifically, of demonstrable verifiers. The progress of the project was
continuously monitored and managed according to detailed time schedules (each
sctivity was described by 5 to 18 tasks, and s time firame indicated). During
each tripartite review meeting the time-schedules of activities were reviewed
and changed if necessary.

B. nstitutionsl framework

Almost sll activities at the site were concentrated in the Institute of
Controlled Machines of the Academy of Sciences of the Democratic Peuple’s
Republic of Korea in Pyongsong, where the following laboratories were
established and involved in the project:

1. Mc Mschine-tool Lsborstory

(utputs: Designing of the cross-table;
Messuring and testing of machine-tools.

Activities: 1, S and 5.1.




Control Uait Laboratory

Outputs: Development of the modular system of electromic boards for
aicroprocessor control units;
Development and manufacture of control units for MC
machine-tools.

Activities: 1, 4 and 5.

3. Servo-drive Laboratory
Outputs: Designing and manufacturing of ome cross-table with two axes
controlled (electrical part);
Development of servo-drives.

Activities: 1, 5 snd 5.1.

4. Computer Laboratory
Outputs: Development of programs and problem—oriented software.

Activities: S5, 6 and 7.

S. Measuring Laboratory
Outputs: Measuring and testing of machine-tools and their subassemblies.
Activities: 5, 5.1.
6. Sensor Lsboratory
Outputs: Development of measuring devices (inductosyns).
Activity: 5.
7. PC Board Manufscturing Workshop
Outputs: Participation in the development of the modular system of
electronic boards for microprocessor control systems;
Participation in the development of control units for NC
machine-tools.
Activity: 9.

The personnel of these laboratories is listed in snnex IV.

The mechanical part of the cross-table was manufactured in the
Comprehensive Machinery Factory of the Academy of Scisnces in Pyongsong
(castings, machining of small parts), the Kusong Factory (machining of large
parts) and in the NC Machine-tool Laboratory (assembling and testing).

The preliminary design of the NC lathe prototype was done by s joint
design team of the Institute and designers of the Industrial Design Office
working in Kusong.

The metsl cabinet for the control-unit prototype was msnufactured in the
EZxperiment Workshop for Computers of the Academy of Sciences in Pyongysng.
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The type Riad B-55 maic-frame computer in the Hydrometeorclogical
Institute in Pyongyeng was used to run programs prepared for the main-frame
computer.

UNIDO consultants were involved in all the above-mentioned activities. No
other organizations, in particular the Institute of NC machine-tools of the Kim
Chaek Technical University, were imnvolved.

The day-by-day management of the project was carried out by the NPD and
the CIA.

C. ZIraining

A detailed training programme had been established during the preparatory
mission in 1984. Fifty different training courses were proposed of total
duration of 282 months. Because the Government released only 28 staff to
sttend the courses, they were combined in such a way that some of the fellows
attended two or three courses in sequence, an approach which reduces the
practical utilization of the gained knowledge.

UNIDO had reserved places for trainees in Poland through the ZORPOT
Training and Consulting Organization, according to the views expressed by the
participants of the study tour and the availability of facilities. The
training was accomplished between Februsry 1985 and Jenuery 1986, i.e. with a
delay of five months. This was due to the late requirement of thc Govermment
to run half of the training courses in the German Democratic Republic, which
caused UNIDO great difficulties in providing the traianing according to the
previously settled programme and time table. Consequently, some training
courses had to be changed or the programme reduced and some were cancelled
(development of 16-bit microprocessor control units, inductosyns, DC motors,
ball-screws rnd application of industrial robots). During the 1985 tripartite
review meeting, it was decided to reduce the totsl training component and to
provide extended expertise for the uncovered fields. The reduction of training
was followed by a reduction of the number of goals, in order to stress the
major objectives of the project.

Training in Poland covered four fields: computer-aided designing
(4 programmes, 10 fellows), computer-aided manufacturing (4 programmes,
8 fellows), manufacturing of PC boards (3 programmes, 3 fellows) and
preparation of PCB art-work (2 programmes, 1 fellow). Training in the German
Democratic Republic covered three fields: design and manufacturing of the
CNC-600 numeric control unit (1 programme, 8 fellows), design and manufac-
turing of NC milling-machine (1 programme, 4 fellows) and cutting and welding
methods (1 programme, 1 fellow). Fellows sent to the German Democratic
Republic and Poland had also short visits to factories and research institutes
other than their main places of training. The list of the trasining provided
is presented in annex V.

In general, the training courses were considered useful, a fact which is
reflected in the minutes of the May 1986 tripartite review meeting. Particu-
larly good was the training in PC board manufacturing in Poland and in design-
ing and manufacturing of NC milling-machines in the GCerman Democratic Republic.
Nevertheless, some measures should be taken in the future to increase the
benefits derived from training. For details see chapters V, X, conclusions and
recommendations.
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D. Provigion of premises, equipmen:, software and know-how

1. Premises (government input)

The laboratories of the Institute of Controlled Machines were established
in an esrlier erected building in Pyongsong (about 30 km north of Pyongyang,
the capital), in an area where numerous institutes and facilities of the
Academy of Sciences asre situated. The space assigr'd fcr laboratories is
comfortable and during recomstruction all regquirements were fulfillied, with
the exception of the internal electric power installation which must be
improved to fulfill safety and earthing requirements. The adaptation of the
rooms, especially of those for the PC board Workshop where chemical processes
are carried out, was seriously delayed, i.e. by more Lhan six months.

Serious problems were caused by the instable electric power supply for
the whole Pyongsong scientific area, characterized by freguent breakdowns.
Until July 1986, i.e. durirg the first two years of the project, the voltage
fluctuated between 145 and 190 V instead of the stable 220 V. Since by
February 1986 the training of fellows was completed and the majority of the
equipment delivered, work was jeopardized only by the lack of a proper power
supply. As of August 1986, the voltage level was effectively improved to
about 200 V, but until April 1987 frequent breakdowns were registered (e.g. in
March 1987 electric power was continuously supplied only during 11 calendar
days). Although further irprovements were made, the electric power supply
remsined inadejuate for the requirements of an ares where modern research and
development work is supposed to be carried out. Failures of the electric
power supply cause stoppage of water supply, which is very disturbing for PC
board manufacturing and badly effects the lifetime of precision instruments
and computer systems.

Winters in Pyongsong are severe, with usual outdoor temperatures below
-5 °C, sometimes below -20 °C and the central heating system (steam system) is
not relisble, not sufficient and during long periods not operating at asll.
This situation is harmful to the sensitive instruments delivercd through the
project and jeopsrdizes the executior of precision measurements, let alone the
effects it has on the staff.

For 10 laboratory rooms (two for the minicomputer, two plotters, cross-
table, NC drilling-machine, NC milling-machine, mechanical measurement, sensor
laboratory and developing room in the PC board workshop) UNDP/UNIDO provided
16 air-conditioners. However, they are designed only for the stabilization of
temperature, but not for the heating of rooms during severe winters.

Delays ian the preparation of laboratory rooms and the lack of a stable
electric power supply were among the main reasons why the project was extended
by one year.

2. VYMon-expendsble equipment (UNDP/UNIDO input)

& list of equipment had been prepared in 1984 during the prepsratory
missions of six consultants. This list was later amended. After internstionsl
bidding, UNIDO purchased and delivered machines, instruments, software and
know-how according to the r-ecifications.

Due to restrictions imposed on the trade with the Democratic People’s
Republic of Korea by some developed market economy countries, some choices were
made sccording to availability, but not necessarily based on performance/price
advanteges. Accepting this factor, all required equipment was well chosen.
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For the majority of the equipment, UNIDO arranged for it to be gathered
in one place in Europe and transported by a chartered cargo plane directly to
the sirport situated 30 km away from the project site. The total cost for
storing (some items for a couple ol months), handling and transporting was
only $US 40,511, i.e. S per cent of the transported value. Mothing was lost or
broken. On the contrary, at least half of the few items which were transported
by standard carriers (by air or the Trans-Siberian railway) caused problems
such as loss, delay or deamage. Although almost everything was finally settled
(for exceptions see chapter IV), it involved costs and delays.

The received equipment was registered, checked and distributed to the
specific laboratories. An inventory system was established in the Institute
by which all instrur-nts with their accessories are registered and documented,
separately from expendable materials and components. Each item is assigned
to one persom, who is responsible for it. All operating manuals and techaical
instructions kave been translated into Korean by the enZ of 1987 and the trans-
lation of other items, such as masintenance manuals, is in progress. By thc end
of the project all instruments, with the exception of one (see chapter IV) were
working and in good condition. MNothing was lost. The list of equipment is
attached as annex III.

It should be pointed out that many pieces of the delivered equipment,
besices serving their main purposes, are slso master pieces for numeric
control. In particular, UNDP/UNIDO delivered:

- Two NC machine-tools (item 12 milling-machine and item 40.1 drilling-
machine);

- 7Two numerically controlled plotters (items 20 and 22.1);

- Sinumerik control unit for milling-machines (item 10, used for a cross-
table;

- Thyristor and transistor sarvo-drives (item 5).

3. Jlion-expendable equipment (government input)

The Government delivered the cross-table, the industrisl robot and ordered
the main-frame computer. In the meantime the Government established the access
to snother main-freme computer in the Hydrometeorological Institute.

4. Expendable equipment (UNDP/UNIDO input)
This equipment was delivered to cover the following needs:

-~ Materials, particularly chemicals, and small tools to manufacture PC
boards;

- Electronic components and small tools to build the modular microprocessor
control system and the numeric control unit;

- [Electronic and electric components for research work on servo-drives;
- Consumables for computers;

- Consumables for measuring instruments (especially registration paper and
batteries);
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- Spare parts for instruments (especially lemps and bulbs); and
~ Consumables for office machines.
5. %xpendable equipment (government imput)
This equipment was delivered to cover the following needs:
— Materials to build the cross-table;
- MHaterials for the metal cabinet of the control unit;
- Display for the control unit;
~ Some chemicals to manufucture PC boards;
- Tools and materials to run the NC milling-machine; and

- Some electronic components for research work in the Control Unit and
Servo-drive Laborastories.

6. Software

UNDP/UNIDO have delivered the following software:

(a) Software for computer-aided design (CAD) of machine-tools

This software, worth $US 44,616, is intended to be used for solving
problems submitied by design offices of the machine-buildiag industry. 1t
15 indispensable in the design.ng of NU macnine-tools, but is also useful
for the design of other machine-tools. It consists of:

1: PAMES finite element software package;
3: Pre- and post-processors for the PAMES software package;
Item 19.4: UNISYS modelling software package;
S: SPIDIS and SPIEIG spindle analysis software package;
6: ADAPT power transmission (gesr box) analysis software
package.

{b) Software for the crestion of control programs for NC machine-tools
by application of CAM methods

The spplication of NC machine-tools requires control tapes, specific
for each different detail (machining part) supposed to be manufactured by
s NC machine~-tool. It is very time-consuming and sometimes even impos-
sible to prepare these control tspes manually. Through this project, a
modern method of creating these tapes using computers was introduced for
the first time in the Democratic People’'s Republic of Korea. UNDP/UNIDO
bought the APT-like softwsre package and trained the personnel of the
Institute in how to usse it.

It is worth $US 73,400 and consists of:

Item 16.4: APT-like programming package;

Item 16.5: Post-processor for WMW type FKRSRS250/CNC-H646 milling
machine;

Item 19.7: Machinability data and optimization of cutting processes
software package.
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The software package is adapted through an apprepriste post-srocesser
for the creation of control tepes for the WMW NC milling-machine bought
through the project.

(c) Software for CAD of PC boards

This software (item 21: PROGRAF software package), worth $US 17,667,
was supplied and installed through the project, local personncl was
trained and now the software is being used. It is an important tool to
prepare artwork for PC boards to be manufactured in the PC Buard Workshop.

Together with instruments, the following programs have been
delivered:

Item 3 (Laser interferometer): Programs for processing measured
dats by the IMB PC/XT microcomputer;

Item 17 (minicomputer): An operating system, compilers, tests and s
lacrge prozTam library;

Item 17.3 (Grsphoscop): A graphic package to be used with the
minicomputar;

Item 20 (Benson flat-bed plotter): Tests and a graphic library to
be used with a minicomputer and a main-frame computer;

Item 25.2 (EPROM-programmer): Programs for running the programmer
by the IBM PC niqtoconputer;

Item 44 (Siemens system controller): Tests and a itnphic package.
7. Know-how

For the PC Board Workshop, the know-how for electroless copper plating
and copper and tin-lead el .ctroplating of PC boards was bought. It has enabled
the manufacturing of double-sided PC boards.

E. Activities in the field

1. Manufecturing of the cross-table

The cross-table was designed in the NC Machine-tool Laborstory during May
to December 1985 (designer: Ko-Sang-Ho), with the assistance of UNIDO consult-
snt A. Mankowski. The castings for the cross-table were made in a short time
in January 1986 in the Comprehensive Machinery Factory of the Academy of
Sciences in Pyongsong, where also small parts were msnufactured. Then s very
long time elapsed until the machine-tool building factory in Kusong machined
these castings and assembled the cross-table. When the cross-table was finslly
ready in June 1987, UNIDO consultant J. Gaciag tested it and, st the same time
trained the local steff in the use of modern testing instruments snd methods
(e.g. laser interferometer). J. Gaciag also made some recommendations concern-
ing the improvement of the cross-table snd future work. After the introduction
of the suggested improvements, the cross-table had sufficient performance
characteristics.

The experience gained by the local staff during the designing, manufactur-
ing and testing of the cross-table covers the following sspects which are
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important for developing any NC machine-tool: wmanufecturiag of friction-free
precision slideways and &pplicstion of ball-screws, inductosyns and encoders.

2. Integration of the cross-table with the servo-drives and the CNC unit

When the cross-table was completed in the ICM, the servicemen from
Koprotech, Poland, were invited to integrate this cross-table with the Siemens
type Sinumerik CNC unit and the two Siemens servo-drive units (thyristor and
transistor). All three units had been bought separately from Siemens and
assembled into two cabinets by Koprotech. This Siemens equipment is very good,
but it is not foreseen for direct application by end-users. 1Its construction
and documentation requires experienced lsbour for customization according to
final needs. This task was accomplished in November 1987.

The cross-table and the customized contiol snd drive systems permit tc
run 8 number of experiments on numerical control systems and thyristor and
transistor servo-drives.

3. Intepration of the cross-table with the measuring system for inductosyns

After the integration of the cross-table with the servo-drive and NC
units, Koprotech's servicemen integrated it with the measuring system for
inductosyns, bought from that company. This was done in November 1987.

This measuring system can be tsed both for R & D of inductosyns and for
their testing during batch production.

4. Development of the modular system of electronic boards for microprocessor

control units

(a) Designing of the modular system

The modular system of electronic boards for microprocessor control
units was designed in the Control Unit Laboratory with extensive assist-
ance of three UNIDO consultants (A. Kaczynski, J. Franczak and T. Pawelec)
during April-December 1986. It is an up-to-date system consisting of an
8-bit 2-80 and & 16-bit 8086 microprocessor and two standard buses, both
enabling multiprocessor work.

This system was then used snd checked for development of a CNC
control unit. The system consists of 18 different boards on modules (see
annex I), but is fully expandable due to its modular nature.

(b) Dpesigning of PC boards

Based on the logic schemes of the modular system, the local steff
(after training) designed themselves the PC board layouts and later
created the PC board srtworks using the manual method. This was done in
January-April 1987.

In the meantime the automatic PROGRAF software package for computer-
aided design of PC boards was put into operstion by the engineers of the
supplier (Metronex, Poland) and the staff was trained by UNIDO consultant
P. Perkowski in the use and development of this package. Bak Chan Un had
sarlier been on a thres-month fellowship at the manufacturer’s site in
Poland end had received training in this subject. The PROGRAF package was
implemented in June 1987 and was tested by designing one PC board for the
modular system.
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(c) Manufacturing of PC boards

During his preparatory mission UNIDO consultant J. Michalski recom-
mended the machines, materials and know-how to be bought, the necessary
construction work to prepare the premises for the execution of chemical
processes, and he formulated the training programme. Prior to this
project neither the Institute nor this country had had experience in
manufacturing doutle-sided PC boards.

The Academy of Sciences provided generous space in an existing
building and all construction work was completed sccording to require-
ments, although with a serious delay of about six months. These works
have included: electric installation, water installation (including
tanks for reserve water), waste water drain (including neutralization of
chemical sewage), ventilation, special lighting in some rooms, chemically-
proved floors and doors, as well as temperature and humidity stabilization.
The installations were well done and are working, with one exception (see
chapter V).

Three Korean engineers were trained in Poland (total 8 »/m) in the
experimental plant of the supplier of the know-how, the Inst:itute of
Tele-Radio, Warsaw.

While the purchase of mechines and instruments was relatively easy,
the purchase of materials was difficult due to three main factors:

- The large variety of different materials and smsall tools (hundreds
of items), required usually in snall.»not commercial quantities;

— The highly corrosive property of some materials (acids) which were
required in comparatively large quantities (hundreds of liters), but
transportation of which is governed by special rules;

- The lack of these materials in the Democratic People’s Republic of
Korea or the inability of the Academy of Sciences to provide them.

Fortunately UNIDO had involved only one supplier (Metronex, Poland)
in three other activities directly connected with PC board manufacturing:
training, delivery of some equipment and delivery of know-how for manufac-
turing of double-sided PC boards. Therefore it was relatively easy to
order from them a set of all materials and tools for one year of work in
the PC Bosrd Workshop. Only acids required in large quantities had to be
bought from China due to the high transportation cost from Europe. This
single purchase caused serious problems and was solved only thanks to the
deep involvement of the UNDP office and UNIDO SIDFA at Beijing.

All instruments, machines and technological processes were put into
operation and are working.

(d) s 1y snd putt into operation of electronic boards for the
modular system

The personnel of the Control Unit Laborstory (three technicians) werc
trained in the assembly of electronic circuits using modern technologies
and tools by UNIDO consultent K. Budny in July 1987. It now possesses
all the necessary skills for piece production, suitable for research and
development work.




- 24 -

This personnel assembled 25 of 18 different PC boards and manufac-
tured 64 cables of 39 different kinds in the period July to mid-September
1987. These PC boards and the model of the control unit as a whole wers
put into operation from mid-September to November 1987, with the assist-
ance of three UNIDO consultants, Messrs. Keczynski, Franczak snd Pawelec.
Only very few mistakes were found on the PC boards, much le¢=xs than one
could expect.

Future development work will be carried on for the substitution
{(wherever possible or reasonable) of materials and components bought with
hard currencies by locally made ones or such that are availsble through
bilateral exchange.

S. Appliiation and development of programs and problem-oriented softutré

The application of purchessed software and the development of a new one is
closely connected with the availability of computers. The software packeges
bought together with instruments were put into operation together with instru-
ments and caused no problems. This software is intended for direct use but
not for being improved in the Institute. Other application software packages
are intended to be used with a mzin-frame computer or a minicomputer system
and to be extended.

(a) Software to be run on the msin-frame computer

During the preliminary mission it had been decided that the main-
frame computer would constitute the Govermment’s input and that it should
be the Riad type, made in centrally planned economy countries, and
compatible to IBM 360/370. Unfortunately, the selection and contracting
by the government sgencies took a long time and the computer (the Polish-
made type R-34 min-frame computer) was delivered only om 30 November 1987.
Because the installation of such a computer necessarily takes a couple of
months, and since by the end of 1987 some imported comstruction elements
for the computer rooms were still not available, the purchase of this
computer had no influence on the progress of the project.

As a temporary solution, the Government promised to give access to a
similar computer in the Hydrometeorological Institute, a type R-55 main-
frame computer made in the Gorman Democratic Republic. But the saccess to
this computer, formally established since April 1987, sas sffected by two
shortcomings:

- Frequent breskdowns, aund

- The lack of experience among local personiel in the linkage of user’'s
software to the operating system of the main-frime computer.

Only in December 1987 all problems were solved snd the purchased
software was put into operstion. This, however, wes too late for its
useful application for the national economy and its furthar development
during the life of the project. Thesa ac.ivities are now foreseen for
the future (see annex II).

(b) of tw 0 ¢ mi @ stam

To run this software, UNIDO bought the Polish-made type SM-4 ‘
minicomputer system, compatible with the DEC PDP-11/34 computers. This
computer was put into operation as soon as suitable conditions existed at
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the Institute, i.e. in the second half of 1986. Subsequently, a part of
the purchased software, namely spindle, gear box and power transmisgion
analysis software packages, and in particular the PROGRAF system for
computer-aided design of PC boards, were put into operation, used and

. extended. To use the software package of the PROGRAF kind. one must have
a data bank, containing information on the characteristicr of the
components to be placed and connected automatically on PC boards, and of
technology parameters of the applied manufacturing processes. So far the
local staff fed this bank with data of 200 locally used electronic
components, 5 standards and 5 production data, rendering it capable to be
used for practicil work. The extension of the data bank and the develop-
ment of the system to cover future needs is included in the wcrk plan.

Only the UNISYS software package was not put into operation during
the project life. This package, as delivered, requires a skillful
personnel to integrate it with the particular computer system. It was
too difficult for the local staff and a consultant in this field,
supposed to be invited by the Government, has not yet been placed. UNIDO
asked the supplier to deliver s simpler version, but it did not srrive
until December 1987. For proposed solutions see chapter IV.

6. Development of measuring devices and methods
(a) Development of messuring devices

As reported before, the UNDP/UNIDO input for this task was very
small. Nevertheless, the researchers of the Sensor Laboratory, by using
the technological processes received for manufacturing of the PC boards,
succeeded in developing 10 micrometer inductosyns. These inductosyns are
planned to be manufactured in the near future and applied by the national
industry in locally made NC machine-tools (see annex II, item S).

(b) Development of measuring methods for messuring and testing of
machine-tools (NC mschine-tools in particulsy)

The development end manufacture of NC machine-tools require measuring
of mechanical and electrical parameters with vecy high precision. It con-
cerns both, machine.-tools as whole units, and separately their subassemblies
such as guide-ways and measuring sensors (e.g. inductosyns). Also, the
parameters of machining (e.g. cutting forces) must be measured to establish
the data required for control programs for numerically controlled machining.

Prior to this project, no sucu measuring facilities existed in the
Democratic People's Republic of Korea. Thanks to the project, s full sct
of instruments (including s laser interferometer) was provided and the
Measuring Laboratory has been established.

The fellows were trained in machine-building factories in the German
d Democratic Republic, in how to mesasure machine-tools during their pro-
duction. Later, in the first half of 1987, two UNIDO consultants,
J. Gaciag and J. Szymkowski, provided trsining in high-precision measure-
ment required for testing of models and prototypes of NC machine-tools
during their development.

At this stage, the Messuring Laborstory, the NC Machine-tool Laboratory
and the Servo-drive Laboratory together are fully capable of messuring NC
machine-tools, their subassemblies, servo-drives and inductosyns.
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In addition to the application of learned methods, these laboratories
also work on the improvement and development of both applied methods and
programs for processing measured data using cosputers.

Development of corirol units for NC machine-tools and training of machine -
tool users

(a) Development of the control unit

Based on the microprocessor modular control systes developed through
this project, control units for different machine-tools could be built.
In 1987 a prototype control unit, designed for a cross-table, was made.
It will be extended in 1988 to coatrol lathes.

Korean fellows were trained in this field in the NUMERIK factory at
Karl-Marx-Stadt, German Democratic Republic. During designing and putting
into operation of the control unit extensive assistance of UNIDO consult-
ants was provided:

- Electronic part: J. Kaczynski, T. Pawelec and J. Fraaczak;
- Software: J. Bienkowski and D. Krzywoblocki;
- Mechanical structure and cablirg: J. Rudzki.

The developed control unit incorporates two 16-bit and two 8-bit
microprocessors, a display and sophisticated circuits. Its parameters
are presented in anmex I. After completion of the control unit, it was
integrated with the cross-table, replacing the Sinumerik control unit,
and was checked. Later some necessary improvements were introduced.
UNIDO consultants Pawelec and Bienkowski assisted in that work. The
final testing of the developed control unit with the cross-table
completed the main output of the project and demonstrated the Institute's
capability to perform R & D of NC machine-tools. Integration and testing
took place in December 1987. Development work will be carried on in the
future in order to modify this control unit for application to specific
machine-tools and to establish its lot production.

(b) TIraining of NC machine-tool users

This training, executed by the personnel trained abroad and wmaking
use of the equipment delivered by the project, began in 1987. Six
training sessions of a total of 415 hours were held. The 226 participants
who asttended the training courses came from the Institute of Controlled
Machines, other research organizations, snd from the Huichon and Kusong
fectories. For details see annex VI.

Development of servo-drives

After the staff had completed the training in the Germsn Democratic

Republic, and with consultant Maliszewski in the field, work in the Servo-drive
Laboratory concentrated on the following topics:

(a) Full understanding and practicing the spplicstion of the sophisti-
casted instruments bought through the project, in particulsr the freguency
response analyser, loading device and thyristor and transistor servo-drive
systems for the cross-table. Now personnel know how to use these instru-
ments;
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(b) When the servo-drive unit in the received WMW NC milling-machine
broke down, the local personnel looked for reasons and eliminated a number
of faults, learning at the same time how to deal with servo-drives for NC
machine~tools;

(c) The servo-drive for industrial robots was designed in the laborstory;

(d) The personnel participated in designing the cross-table and its
integration with servo-drives.

Other practical work in this laboratory was limited due to the lack of
components. The ordering of components recommended by Mr. Maliszewski was
postponed until other purchsses, being more crucial for the project, would be
completed, i.e. until October/November 1987. Activities making use of these
components will be possible from 1988 onwards.

F. Ezxpertise

It was clear from the outset that the provision of extensive expertise by
UNIDO consultants was crucial for the success of this project. Later the
number of experts was increased because not all fields had been covered by
fellowships and many sophisticated instruments were delivered. 1In total
76.9 m/m of expertise were provided (see annex VII) by 17 consultants during
26 missions. They sll arrived on time, with the exception of one delay and
one too early placement, and performed their tasks very well.

At the beginning of the project some persons suggested to recruit comsult-
ants from different countries, according to the principles of "best available”
and "equal distribution”. However, it seemed advisable to limit the spectrum
of consultants' nationalities for the following reasons:

(a) The project deals with one single subject, although broad and compli-
cated. Therefore, experts dealing with different aspects must share the very
same idess of solutions. This means, that in many instances they should not
only be from one counry but even from one and the samc rescarch group;

(b) The work of s particular consultant was frequently closely linked to
the work of another one. Consequently the timing of their placement had to be
strictly adhered to; delays of more than one week were unacceptable in many
cases and, in fact, did not happen. This, again, was possible only if consult-
ants came from one source;

(c) Consultants, and even their visiting families, coming from the same
country could help each other by shipping books, scfiware, tools and electronic
components in a fast and reliable way:

(d) A lot of work could snd was prepared in the home country, prior to
placement and in co-operation with other consultants.

Because of these reasons, consultants were invited from two countries
only: the German Democratic Kepublic snd Poland.

During the December 1985 tripartite review meeting, considerably different
views on the extent of required expertise were expressed. UNIDO representa-
tives insisted that at least 91 m/m should be provided, while the government
representatives argued that 68 m/m would be sufficient. Finally it was decided
that 71 m/m will be provided by UNDP/UNIDO and 4 m/m by the Government through
bilateral co-operstion or TOKTEN. All consultants planned for by UNIDO were
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recruited and placed, although those from the German Democratic Republic were
ceplaced by Polish consultants, because the Government of the German Democratic
Republic could not provide the project with the required consultants for the
periods indicated.

Unfortunately, the Goverrment, in particulsr the Academy of Sciences, did
not succeed in placing any expert through bilateral or TOKTEN agreements. This
caused a delay in the application of the bought software and, in consequence,
jeopardized the development of new software. With that exception, the total
duration of the provided expertise was sufficient, however, only because the
designing of the NC milling-machine prototype and the manufacture of both, NC
lathe and NC milling-machine prototypes, were cancelled.
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IXII. FINAL PROJECT PERFORMANCE VERSUS PLANNED PERFORMANCE

The final substantive revision of the project document took place during
the December 1986 tripartite review meeting. The targetted time and project
objectives, as settled then, were reached. Compared with the original project
document signed in September 1984, the following changes were introduced:

A. Inputs
1. UNDP/UNIDO inputs

(a) Training

Fellowships were reduced from 282 m/m to 250 m/a, i.e. by 11 per
cent. The following training courses were waived: application of
industrial robots snd development of DC motors. Training on measuring
devices did not cover the manufacture of inductosyns. TIraining on trans-
mission did not cover pall-screws. Training courses on control units did
not include treaining in 16-bit microprocessor technique. These reductions
were caused by the fact that in the last moment the Government of the
Democratic People's Republic of Korea withdrew from these training
courses prepared in Poland and asked to have them in the German
Democratic Republic; however, the Government of the German Democratic
Republic was unable to provide such training and there was no time to
arrange it elsewhere.

(b) Ezxpertise

Expertise was increased from 67 m/m to 76.9 m/m, i.e. by 15 per
cent. This was decided in order to cover some topics not covered by
fellowships but still essential for the achievement of the project
objectives.

(c) Equipment

The equipment foreseen in the project document has been delivered,
with the following changes:

(i) Reductions:

- Three-dimensional measuring machine (item 2) - cancelled due to
its high price (about $US 100,000) and not being essentisl for
project completion;

- Microprocessor development system (item 25) - not svailable
from the developed market economy countries due to trade
restrictions and very expensive in centrally planned economy
countries (about $US 40,000). It has been replaced by the
microcomputer with suitable accessories and a PROM prograsmer
is planned to be built by ICM's staff using components
delivered by UNDP/UNIDO;

- Shaking test machine (item 37) - because a similar shaking
machine could be used in the Institute of Automation;

- Corrosion test chamber (item 38) - because it was not necessary
for this project;




- Digital AC power meter (item 6.3) - replaced by the simple
anaslogue Watt meter (item 57.63) being much cheaper ($US 175
versus $US 5,409);

- Comporents for the lathe and milling-machine prototypes -
because manufacturing of these prototiypes was waived.

(ii) Additional purchases:

- Control unit and components for the cross-table - following the
decision to build the cross-table;

- Standard chemicals required for the manufacture of PC boards -
because the quality of locally available chemicals was found to
be below requirements;

- Additional cocponents for the microprocessor modular control
system - becsuse the quality of locally available components
was below requirements;

- Air-conditioning equipment - because the Government was unable
to provide it on time and had no convertible currency to buy it
on the free market. The Covernment compensated this expenditure
by partial payment of consultants® hotel bills;

-~ Accessories, consumables and services for the bought
instruments. In fact, during the planning of the project,
the costs for keeping the instruments inm good working condition
during project life had been underestimated. In some other
cases, only after the instruments were put to practical use,
could it be determined what additionsl accessories were
indispensable.

UNDP/UNIDO were originally expected to spend $US 1,117,500 for
equipment, but in fact have spent $US 1,517,157*, i.e. an increase of
35 per cent has occurred.

There were three reasons for that incresse:

(a) The significent drop in the value of the US dollar between the

date when the purchase recommendations were made and the time when
payment for purchases was effected;

(b) The underestimation of the cost for transport, services and
accessories;

(c) The overestimation of the Government’'s capability to deliver
components and materials for msnufacturing processes from the local
market; eventuslly almost everything had to be delivered by UNDP/UNIDO.

The increase of the equipment cost was made up in the following way:

(a) $US 4,824 (7%) - through an increase of the project budget
during the December 1986 tripsrtite review
meeting;

(b) $US 59,000 (5%) - through ssvings on experts’ cost because the
Government psid some experts’ hotel bills;
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It should be noted that while the cost of training was reduced by
37 per cent, the quantity of training was reduced by only 11 per cent.
This was possible becsuse the cost of training was lower than had been
estimated.

The final increase of the project budget was 5.7 per cent
(3Us 2,503,498* versus planned $US 2,367,700), but two costly goals had
to be sacrificed, namely the development of NC lathe and milling-machine
prototypes which were replaced by the less expensive manufacturing of one
cross-table.

2. Government inputs

Beside the changes described above, there was one major change in the
government inputs: instead of materials and labour to design and manufacture
the NC lathe and NC milling-machine prototypes, the Government provided inputs
for designing and manufacturing & cross-table.

The total government input, in kind, was:

Originally pleanned: won 20,257,500
After extension of the project by one year, planned: won 26,336,500
Finally won 22,383,616.

Again, the savings are due to waiving the construction of the NC lathe and
milling-machine prototypes.

B. Immediate objectives

One project objective, namely "To enable national staff to use industriasl
robots in production processes” was deletei. Although the development of
industrial robots has not been envisaged for this project, the application of
industrisl robots in connection with NC machine-tools was recognized as one of
the objectives in the original project document. 1In order to focus the project
on & limited number of goals and taking into account that no UNDP/UNIDO input
was provided for it, this objective was dropped during the May 1986 tripartite
review meeting. However, it should be noted that this project will have an
impact on the progress in robotics in the Democratic People’'s Republic of Kores
through at least two of its objectives:

(a) The established Servo-drive Laboratory develops servo drives for
robots;

(b) The microprocessor modular control system develoécd through the
project is also useful for the control of industrial robots.

Originally activities were to be carried out in equal shares in three
Places: institutes, design offices and factories. Eventuslly they were
limited to one institute only. For an explanation see "Introduction”,
section C,

Topics dealing with the manufacturing of NC machine-tools were partly
covered by developing the cross-table and the msnufacturing of control units
was fully covered.
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C. Outputs

1. Designing of an NC milling-machine and manufacturing of NC lathe and NC
milling-machine prototypes

These outputs were dropped and partially replaced by designing and manu-
facturing of the cross-table. This deletion was due to the following reasons.

By the m'ddle of 1986, the technical designing of both machine-tool proto-
types should have been almost finalized and substantial progress in manufac-
turing had buen assumed. In fact, with the assistance of UNIDO consultants,
only rough technical specifications were completed.

UNIDO consultants working with designers of the Kusong and Huichon
factories found that both factories involved in the project were interested in
the development of NC machining centres but neither in lathes nor milling-
machines. Later, UNDP officials were informed that a decision to build
machining centres instead of a lathe snd a milling-machine had been taken by
the Committee of Metal and Machine-Building Industries, a high-level govern-
ment body and therefore out of the control of the Academy of Sciences. Until
October 1986, no final decision about the types of machine-tools for develop-
ment as prototypes had been taken. This uncertainty had the following effects:
some design work had been undertaken for a lathe, but only by the staff of ICM
without involvement of the industry, and nothing had been done for designing a
milling-machine. Of course, nothing had been manufactured for mackine-tool
prototypes. Finally, UNIDO suspended the placement of further comsultants on
machine-tool designing and manufacturing, because it was not possible to
prepare their job descriptions in agreement with both; the project document
and the reguirements of industry. '

Consequently it was not realistic to assume that all project objectives
could be reached within the planned time and cost frames. To build a
machining-centre prototype, some additional $US 200,000 were required.
Moreover, UNIDO consultant J. Gaciag found that the Kusong factory was not
fully equipped with the machine-tools required for the manufacturing of NC
maciine-tool prototypes. At least four expensive machines (a jig boring
machine or a machining-centre to machine spindle head bodies; a grinding
machine, to machine slideways and bodies; a gear grinding machine; and o
spindle grinding machine) would have been required, as well as s number of
instruments (including a balancing machine). 1In the Huichon factory facil-
ities were no better. Knowing from previous experience with this and othaer
projects how difricult co-operation among different organizations in this
country is, one could expect that the manufacture of NC machine-tool proto-
types would take very long.

For these rcasons, the December 1986 tripartite review meeting decided to
drop the development of lathe and milling-mschine prototypes. Instead, the
Institute built, in co-operation with the Kusong factory, s cross-table which
has been chesper and better suitable for research work.

2. jcation of indu robot

An industrial robot was bought by the Government, but its applicstion in
industrial processes was deleted from the project due to reasons cxplained
above.
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IV. TASKS NOT FULLY COMPLETED UPON TERMIMNATION OF THE PROJECT
A. Government

1. The main-frame computer, slthough bought and received, has not yet been
put into operation. The plan for its instsllation is presented in annex II,
item 7.

2. The cross-table has not been fitted with the hydraulic loading device for
investigation of servo-drives. ICM expects to do it in March 1988.

3. An expert in linking the user’'s software with the operating system of the
SK-A minicomputer should be placed through a bilsteral agreement. The expert
would help to solve problems with putting the UNISYS software package into
operation.

B. UNIDO

1. The UNISYS software package has not been put into operstion due to lack of
experience of the local personnel in how to integrate user’s software with the
operating system of the SM-4 minicomputer. Ways to solve this problem, being
alternative to the one described above under A.3, sre to supply another version
of the UNISYS packsge which is easier to apply, or to request the supplier to
send a serviceman to the Democratic People’s Republic of Korea to put the
UNISYS package into operation. UNIDO should try to arrange it through the
UNISYS supplier in Poland.

2. Some small pieces of egquipment recently orderzd by UNIDO for this project
have not yet been received. They are listed in snnex VIII. Probably they will
be delivered shortly.
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V. COMCLUSIONS AND RECOMMENDATIONS

A. To all parties

1. The original project document assumed a broad co-operation of organizations,
belonging to different high-level government agencies, as an indispensable

factor to achieve the project objectives and outputs. It was found that in the
Democratic People's Republic of Xorea to get such co-operation for UNDP/UNIDO -
projects is very difficult if not impossible. Therefore, projects in the

Democratic People's Republic of Korea should be fremed for only one ministry

(or an equivalent agency such as the Academy of Sciences), and preferably for

only one organization.

2. tVhen the project budget was establisked, broad use of locally manufactured
components and materials was assumed; practically, they could not be provided

at the requested time or had insufficient performance parameters. Therefore,

perticular care should be taken when the use of local resources is assumed.

3. Por large proiects with interlinked tasks, consultants should be recruited,

if possible, from one organization or imstitute or at least from one country
only. This was done with the present project and proved to be successful.

4. To get some additional money for equipment in this project, it was decided
in 1986 to pay the consultants only S0 per cent of their DSA and the Academy of
Sciences agreed to pay the cost of their accommodation. Many problems arose on
the subject of which costs should or should not be borne by the Academy of
Sciences. These probleas were spoiling a previously smooth stmosphere of con-
sultants’ work. Because good mutual relations between consultants and the
receiving country are crucisl for the success of projects, the CTA strongly
recommends to avoid, in the Democratic People’s Republic of Korea, arrangements
whereby the Government covers directly costs of consultants’ accommodation.

S. 1In the Democratic People’s Republic of Korea the standard of hotels, and
especially that of measls served in hotels, is rather modest. Therefore, a stay
in a hotel for more than one month is difficult if not unacceptable for many
experts, and the renting of flats and services can be arranged only through
government organizations, which may be easy once, while sometimes impossible,
and always needs time. 1In order to provide consultants with good living
conditions, especially if they are staying for a longer time, the exact type

of accommodation should be discussed and settled with the Government prior to
their placement, and the local UNDP office should take an active part ir it.

6. Once the training plan has been settled (programmes and placcs), it should
not be changed. If changes are introduced, s delay for thc whole project and
sdditional costs must be assumed; or otherwise¢ the quality of provided training
will be limited.

7. Por the managerial personnel, study tours should be srranged (to many
places but of short duration). They should not sttend long training courses
on narrow and sophisticated subjects which they do not need in their work, as
it happened with this project.

8. One fellow should be sent to lesarn one subject only. If he or she covers
more than one topic, the later usefulness and spplication of the learned skills
would be limited.




- 35 -

B. Io the Government

1. On many occasions nothing, or slmost nothing, was prepared prior to the
placement of consultants, to render their work efficient immediately after
their arrival, even if it was a consultant's second mission, and in his report
on the first mission he had put down what was required in order for him to
proceed with his assignment. Also, the interest demonstrated by nationals in
the work of consultants, e.g. attendance at lectures, was relatively modest.
To make full use of consultants’ time, the government organizations should
prepare all conditions to enhance their work and assign a sufficient number of
counterparts, well before the consultants' arrival.

2. Much more attention should be paid to the working conditions of employees.
For instance, the lighting must be sufficient and adequate furniture must be
provided for laboratories.

3. Considering that the local personnel has a lot to learn, these endeavours
should be strengthened and enough time should be devoted to separate, longer
lasting tasks. A frequent change of goals is ineffective and even counter-
productive in scientific work. This recommendation is perhaps the most
important one to ensure a2 continued benefit from this project.

4. With time and the continuous use of the instruments, their msintenance,
cslibration and repair sre required. At present, this work is entrusted to
each individual laboratory in ICM and the technicians working there. 1t is
recommended to establish one common maintenance workshop, suitably equippcd to
handle all repair and service work for measuring instruments for the Institute
and, even better, for the whole Academy's of Sciences area in Pyongsong.

" 5S. The Academy of Sciences should provide, through bilateral co-operation,
training in the maintenance of the minicomputer system and in the linking of
the computer operating systems with the user's software. This training is
needed and has so far not been provided.

6. 1In addition to the above, the Academy of Sciences should arrange for
regular visits of service engineers from the minicomputer manufacturer (twice
8 year) in order to maintain the minicomputer system in good working condition.

7. 1ICM must ensure a stable, continuous electrical power supply with suitable
parameters (220 VvV, 60 Hz).

8. Electric installations in ICM should be rebuilt and properly grounded
sccording to the internationally recognized safety standards. The laboratory
stands should have a fixed, built-in electric installation according to these
standards and must not be connected to wall outlets by movable cables.

9. The building of ICM should be effectively heated (above +18 °C indoor
temperature) when the outdoor temperature is low.

10. The water supply in ICM is often affected by bresks. For PC board
manufacturing this causes not only s loss of time and labour, but also losses
of expensive materials. An emergency water tank with s capacity of about

8 73 should therefore be put up and also connected to the developing machine.

11. The minicomputer system and the NC microprocessor control unit being the

most complex project inputs/outputs, s sufficient number of researchers, much
larger than in 1987, should be assigned to take care of and to develop the
hardware and the software.
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12. The developed devices, especially the cross-table and the control unit,

as well as the bought machines, especially the NC milling-machine, should be

run continuously and be extensively tested to find out all their shortcomings
and to iearn testing methods.

13. The responsibility for one technological process should not be split among
different organizational units. At present the designing of PC board artworks
is carried on in the Computer Laboratory and their manufecturing in the PCB
Workshop. It is recommended to produce production masters (films), to msnufac-
ture PC boards and to carry out related R & D work in the three divisions of
the PCB Workshop.

14. Many instruments delivered to the Institute are for the testing and
measuring of machine-tools according to a request from the industry. Such
machine-tools should be brought to the ICM for testing rather than instruments
being moved out from the Institute to various factories. This would greatly
minimize the danger of damaging the instruments and reduce the time required
for their calibration. To this end, a large room should be constructed at the
Institute permitting trucks to enter it easily, and an overhead crane should
be installed to place the machine-tools on the testing stands.

15. The developed microprocessor modular control system could and should be
used for different applications in automatic control, but not only for NC
machine-tools and industrial robots.

26. Through the project sophisticated instruments have been supplied and it
had been assumed that the basic instruments and tools avsilable at the
Institute of Mechanical Engineering and the Institute of Automation would be
used. The new Institute of Cuntrolled Machines has got very few of these
instruments and tools. For instance, it still is not equipped with a manual
electric drilling machine and an optic lever. It is therefore recommended to
equip ICM with the basic mechanical and electrical instruments such as level
gauges, squares, cylindrical squares, straightedges, rules, block gauges,
precision barometer, hydrometer and basic hand-tools in s sufficient number.

17. The Institute of Controlled Machines should be equipped with a wor.shop
with basic machine-tools and other facilities for the manufacturing and
modification of accessories required for testing of machine-tools and any
research work.

18. In the PCB Workshop, complicated chemical processes are being carried out
with a concentration of many different kinds of chemicals. However, their
usage over & period of time has resulted in some leakages and overflowing.
The key to solving this problem is maintenance. Since ICM has neither the
capability nor the necessary tools to maintain chemical installations, it is
recommended to try to obtain assistance from other chemical institutes, where
the necessary equipment and skillful labour may be found, to ensure that the
installstions of the PCB Workshop will continue to function effectivaly.

19. The capacity of the PCB Workshop is much larger than the needs of ICM or
sven of all orgsnizations developing NC machine-tools. 1It should, therefore,
serve other governmentsal R & D organizations. However, to enable this, the
Government should provide the Workshop with sufficient quantities of materiasls
and consumables required for the manufacturing processes.

20. The principles of designing and local standards for PC boards should be
est2biished. They should be elaborated on the basis of recommendations made
by the consultants and locally gsined experiencs.
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21. Vhen the local steff will have experience in the application of the
PROGRAF package for computer-aided designing of PC boards, they should be
trained on an advanced level by foreign consultants or through fellowships.
Bilateral co-operation could be used for this.

22. The creation of programs for NC machine-tools using CAM methods being a
complex task, eight staff of ICHM should be assigned exclusively to perfora
this task.

23. Some industrial branches are interested in specialized subsystems for the
design and manufacture of products with double-curved (sculptured) surfaces,
e.g. TV tubes, car bodies, ships, turbine blades, dies and moulds. After
having gained the necessary experience with the available APT-like system and
other software, ICM should, therefore, organize training courses for the
personnel from factories, and after completion of these training courses, the
joint institute-industry CAD development programmes should be considered.

24. After all improvements and changes of the project’'s outputs have been
completed, in particular those of the control unit, final documentation should
be produced for all devices and software packages developed through the
project.

25. The user's maintenance and programming manuals for the control unit should
be prepared soon.

26. All unfinished tasks (see charicr IV) should be completed as soon as
possible.

27. The R & D programme for NC machine-tools for 1988-19%0, presentcd in
annex 11 should be followed as closely as possible.

28. 1t is recommended to develop a power-supply unit for control units to
replace the imported ones. It can be done by using present knowledge,
instruments and patterns, but this needs time. The unit should work on the
switching principle.

C. To UNDP/UNIDO

1. In the Democratic People’s Republic of Korea, the recruitment of consult-
ants through bilateral agreements or by TOKIEN takes so much time that it
should not be considered ss an ~“ement of projects, but rather for the post-
project phase.

2. It was assumed that all fellows may use English easily, and if thcy were
not fluent during the preparatory mission, that they would improve their
language skills before going on fellowships. This not having been the case,
it is recommenscd that fellows, before going abroad, pass an examination in
the UNDP offica in the language of training; otherwise interpreters should
accompany them.

3. Instruments should not be delivered before rooms and installations are
ready. Otherwise the manufacturers’ guarantees expire too soon.

4. Since in the Democratic People's Republic of Kores there are no manufac-
turers’' maintenance facilities, at least not from developed market economy
countries, the delivery of maintenance documentation and tools should be made
obligatory and included in purchase orders.
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S. One lesson learned from . - project was that, when instruments are put
into operation and used, coms.:-:rable additional costs would arise. Additional
accessories and service tools were required, as well as consumables and spare
pacts, especially after the expiration of guarantees. These costs haéd been
underestimsted during the preparatory mission. In the future 25-30 per cent

of the value of purchased instruments should be obligated for their instal-
lation and exploitation.

6. For large projects, instruments and equipment should be gathered in one
place in a developed country, near the major sources of supply, and later
transported in bulk by charter. A lot of problems were avoided for this
project due to the implementation of that idea.

7. With regard to the transportation of goods from Europe and Japan to the
Democratic People's Republic of Korea the following was experienced:

(a) Consignments in small boxes (maximum size about 54 x 54 x 100 cm)

when sent through Beijing, arrive quickly;

(b) Large boxes do not fit into the small aircrafts operating between

Beijing and Pyongyang and remsain at Beijing airport until somebody from the
local UNDP office would find them and ship them by railway;

(¢} Consignments sent via the Union of Soviet Socialist Republics are
usually shipped (independently of what the original air-bill promises) via
Moscow - Khabarovsk (a distant town in Eastern Siberia) to Pyongyang, and they
are passing custom inspections twice (at Moscow and KXhabarovsk). This takes
two to three weeks. The Soviet carrier is much cheaper for suppliers
registered in COMECON countries than carriers opersting through Beijing (even
their national carriers). Therefore the Soviet carrier should be choser only
for large boxes and for shipments that are not urgent, coming from COMECON
countries.

8. For this project, hundreds of different electronic components and s good
number of chemicals were required. Such materials are usually sold in large
quantities only, lsrger than one project needs. The most outstanding example
was a condensor, of which one piece was required, but which was available only
in packs of 1,000 pieces. To avoid unnecessary expenses, the expert recommends
two alternative solutions:

(a) 1If UNIDO is involved in several similar projects, it would probably
be worth establishing a co-ordination/packing service which would buy
components in cheap, large bulks and redistribute them to the individual
projects by single consignments or by pouch;

(b) 1Instead of ordering from commercial enterprises, contracts could te
concluded with research or manufacturing organizations which deal in the
project's fields of activity and have their own stocks of the required goods.
The purchase orders for instruments, machines or know-how should be placed
with such organizations, and include the necessary quantities of all materials.
This solution was applied, with ¢ good result, for buying materials and small
tools for PC board manufacturing.

10. The procedure for buying books by UNIDO through Munksgaard A/S (Denmark)
for this project was not sstisfactory. when the recommended books were
ordered, sbout 50 per cent were delivered relatively quickly, and an sdditional
S per cent arrived during the following three years. UNIDO remained psssive
and the CTA was advised to wait for Munksgeard's resctions. For the out-
standing books, no substitutes were proposed nor was informstion received on
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the expected date of issue of new editions. The UNIDO book purchasing service
should be more active in tracing book supplies and providing substitutioms.

To do so0, the unit should employ technically competent people or make regular
use of concultants coming for briefings and debriefings to Headquarters, as
well as co-operate directly with leading publishers of technical literature.

11. Correspondence from Vienaa to Pyongyang and vice versa takes too long.
Cables are being sent through Bangkok and delivered sometimes after five days,
and let’ers sent by pouch arrive at Vienna two to three weeks after decparturc
from Pyongyang. UNIDO should try to improve that situation. Cables between
Pyongyang and Vienna should be sent directly and pouches should travel much
more quickly.

12. The UNIDO inputs listed in chapter IV should be completed as soon as
possible.



A. Cross-table

1. Tabie size:
Travel length in x - axis

2.

3.
4.
3.

Rapid

v - axis
traverse in both axes

Mavimun acceptable load on the table
Parallelism of slideways: x - axis

Roughness:

Yy - axis
X - axis
AY

Hardness: X - axis

Torque of friction:

Straightness of X movement: pitch

Y movement: pitch

B. Microprocessor modular control system

1.

n

-

3.
3,
5.
6.
7.
8.
9.
10.
13,
12.
13.
11.
15.
16.
17.
18.
19.
20.
21.

SBC8O
SBC86

RAM48
ERM16
DCOMO1
KRCM32
CPM01
cPMC2
CP¥03
CPM04
PIMO3

POMO3
SCM04
DIM32
DOM32
PCMO1
MOM01
MCM02
Power
I1aM01
1I1M01

This system consists of following PC boards

Single board 8-bit computer
Single board 16-bit computer

RAM memory of central bus
EFROM/RAM memory

Display control module
Kevboard interface module

{modules):

RAM 4KB, EPROM 32 KB,
Clock 4 MHz

RAM 16 KB, EPRC 64 KB,
Clock max. 3 MHz

48 KB

16 kB

RAM 4 kB, EPROM 2 KB

Control panel module mt.h operating circuits
alphanueric key matrix

" " "

NC kev matrix
machine key matrix

1/0 module for p031uon1ng measuremen' using inductosyns 3 axes

Servo-control analog output module

Digital input module
Digital output module
Peripheral and clock module
Monitor control module s 01
" " s 02
supply board for a mom.tor
Inductosyn pre-amplifiers
Inductosyn interface

C. Numeric control unit

encoders 3 axes
4 axes

32 inputs

32 outputs

DC 12 to 3oV

1. Control of 2 axes for lathes and 3 axes for milling-machines
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2. Linear and circular interpolation for 2 out of 3 axes.
3. Traversing and interpolation range: *- 99 m.
4. Input/output resolution: 0.001 mm.
5. Position measuring by encoders and inductosyns.
6. Compensations
- 199 blocks of memory for tool length, range +- 9999.999 mm;
cutter radius, range +- 999.999 mm;
- backlash compensation, range +- 0.635 mm.
7. Technology:
- feedrate: 1 mm/min to 5000 mm/min;
- rapid traverse up to 5000 mm/min.
8. Data input:
- paper tape input via a paper tape reader;
- MDI via the keyboard.
9. Program:
- input code: ISO;
- incremental or absclute values;
- programming of the actual contour;
- program memory up to 32 KB;
up to 9999 programs in the program memory:;
99 subroutines;
9999 blocks in each program or each subroutine;
- decimal point notation;
full circle programming;
-~ program editing (deletion, insertation, replacement}.
10. Manual overrides
- feedrate: 120, 110, 100, 90, 80, 70, 60, 50, 10, 30, 20 and 10 %;
- rapid traverse: 50 and 10 %.

D. Parameters measured after integration of the cross-table with the
developed control unit

1. Drift of servo-drives in both axes:
X - axis 0 to + 2 microm (delta
¥y - axis -5 to +13 " (delta

apr. 1 microm)
app. 6.1 microm).

2. Positioning accuracy:
x - axis at speed 5 m/min: delta
v - axis at speed 10 m/min: delta

1 microm;
1.9 microm.

3. Accuracy of the reference point:

X - axis delta = 0.22 microm;
v - axis delta = 1.4 microm.

4. Stability of movement velocity along lines:
delta = 0.1 m/min.

E. PC board manufacturing

1. Maximal size of one PC board: 300 x 450 mm;
2. Minimal width of a path or distance between

paths 0.3 mm;
3. Accuracy of drilling (repetation): 0.015 mm;

4. Maximal storage time of SnPb covered boards: 0.5 year.




Annex 11

PROGRAMME OF NC MACHINE-TOOL RESEARCH AND DEVELOPMENT
FOR THE YEARS 1988 TO 1990

Specification

- - - o ———— " - o - -

1.NC Machine-tool Laboratory

Head: Prof. Hong Ring Ho, staff 19 (including 15 researchers)

a) Designing (cooperation with the Designing Office)
b) Manufacturing (Kusong Factory)
c) Testing
Involved: § researchers and following equipment: # 1(all),3,4,5.7,
7(all),44,45(all) and 46(all).
1.2. Application of CAD for investigation of specific problems in machine-~

:
:
'
‘
:
:
1.1, Development of the NC lathe prototype H
]
:
:
:
:
:
tool designing {

a) Investigation of gear-boxes for the machine-tool industry !z==============z=================z==3==

b) Investigation of spindles for the machine-tool industry.
Involved: 1 researcher and following equipment: # 15, 16(all), 17.1, |
18 and 19 (all) ]

c) Adaptation of the finite element method software package = = =l=====

for local needs; !
d) Inveatigation of static displacements, stresses and dynamic time H
responses using the finite element method for machine-tools, robots|
and other applications. !
Involved: 1 researcher and equipment listed above. !
e) Investigation of dynamic characteristics of machine-tools and '

servo-drives !z====

Involved: 1 researcher, equipment listed above and cooperation with |
the Servo-drive Laboratory. H

O S CE Ve GO O 0 TP O O OB TE O SO S e




B CE D OE PE SN D SR PR NS D P L LS SR LD OD L B PP CP PR P AD TR SR AE Se 8 S v

-

Specification

1.3.

1.4.

1.5.

Manufacturing of control tapes for NC machine-tools
a) Development of postprocessors for specitic NC machine-tools:
- Testing the postprocessor #16.5 with the #12 NC milling-machine
delivered through the project = ==
- For one imported NC lathe
- For the NC lathe prototype (see 1.1 above)
- For the new 16-bit cont.rﬂ. it
- For one machining centre
b) Manufacturing of control tapes
- For # 12 the WW NC milling-machine (10 programs each year)
- For a NC lathe (10 programs each ye“*)
- For a machining centre (5 programs)
Involved: 3 researchers, #15 main-frame computer, #19. 5419.6 APT soft-
ware and # 12 NC milling machine,
Testing of machine-tools
- standard machine-tools: Kusong #3 lathe and Huichon milling-mach.
- the machining centre prototype
~ samplea from the pilot production of machining centres
- see also p.l.lc above
Involved: 3 researchers, following equipment:#1(all),3,4,5(all), 44,45
(all),46(all) and cooperation with the Measuring Laboratory.
Trainings for designers and users of NC machine-toola
a) Structure and operating principles of mechanical parts of the NC
milling-machine

- emm —- e ,e o= - e a-

n mm e c- e ae - - e

1989

1990

l"l‘c:o be done by personnel of the Ministry’s of Machine Building Industry organizations.




Specification 1988

80 hrs of lectures and practice for app. 20 persons each year

b) Structure and operating principles of the control unit for the !====== |====== !zz====
NC milling-machine H
100 hrs of lectures and practice for app. 60 persons each year H

c) Programming and operating of the NC milling-machine H
120 hrs of lectures and practice for app. 20 persons each year '
Involved: mainly #12 NC milling-machine '
d) Using of the PAMES software for the finite element method analysis |
- Composition of the PAMES software package H

70 hrs of lectures for app. 20 persons each year H

- Programming in the PAMES package H
120 hrs of lectures ard practice for app.20 persons each year '

- Running of the PAMES program and analysis of results !

80 hrs of lectures and practice for app. 20 persons each year !
Involved: # 15 & 17.1 computers and 16.1 & 19.3 scftware H

e) Using of the UNISYS, SPIDIS, SPIEIG and ADAPT software packages H
[}

;

:

:

]

]

'

[}

[}

'

!

)

[}

]

]

'

[]

)

for CAD of NC machine tools
- Field and methodes of application
150 hra of lectures for app. 20 persons each year
- Programming in thir software
120 hrs of lectures and practice for app. 20 pevsons each year
Involved: #17.1 minicomputer and #19.4, 19.5 and 19.6 software
f) Using of the APT software system for creation of control tapes
for NC machine-tools
- Structure of the system and preparation of data for this system
100 hrs of lectures for app. 20 persons each year
- Programming in this system
120 hrs of lectures and practice for app. 20 persons each year
Involved: #15 main-frame computer and #16.4 & 16.5 software

= Sy -
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Specification

2. Control Unit Laboratory

Head: Kim Young In, staff:

2.1.

2.2.

2.‘.
2..5.

researchersa)

Development of the CNC control unit for lathes

1990

16 (including 7 hardware and 5 software

a) Assembling and testing of the prototype

b) Integration of the prototype with the lathe and testing

c) Introduction of production of the lathe control units into the
factory (future production of app. 20 pcs per year)

Development of the CNC control unit for machining centres

a) Designing of the unit
b) Assembling and testing
c) Integration with the machine-tool

d) Introduction of production of the machining centre control units

into the factory

Poa.2.1 and 2.2 involve whole staff of the laboratory and following

equipment: #25.1 microcomputer and instruments #6.4,17.3,25(all),26.2,

29,32,33 and 34

Manufacturing of control wnits for lathes, and machining centres in

the factory

Additional researchers will be involved in this activity.

Designing and manufacturing of the PROM programmer (#25.3)

Involved: 1 hardware, 1 software researchers and 1 worker

Trainings on the structure and designing of numeric control units

a) Structures and applicatinn of the NC units using the modular system
with 16-bit microprocessors
120 hrs of lectures for app. 50 persons each year

b) Designing of additional modules for numeric control units
80 hrs of lectures for app. 50 persona each year




.tg‘
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m
[
n
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e
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c) Preparation of software for the numeric control unit
control unit prototype built through the project.
Remark: Designing of the control unit for a lathe is planned in 1987.

3. Servo-drive Laboratory
Head: Kim Won Gol, staff 18 (including 14 researchers)

the NC lathe feed drive

(all),6.1,7.9,27,30 and 32,

3.2. Development of the microproceasor servo-drive

a) Desaigning and manufacturing

b) Testing

Involved: 6 researchers and 2 workers and eqipment as for p.3.1.
3.3. Exploatation of the cross-table teating stand

a) Tesating of the servo-drives developed outside the Institute (

lathes, milling-machines and machining centres)

other organizations
Annually two one week trainings for app. 20 persons each.
Invelved: J researchers and § operators and the testing stand
(#5(all),#10(all)) '

research for industrial robots drives.
2) This plan was established on the assumption that the SIS
Ject for these activities would be granted.

o ———————— " Y T Y T - T S S S S Y e e D P S S e S e S S N S S S SN A S YES G S WU T W O @

120 hrs of lectures and practice for app. 20 persons each year
Involved: Mainly #25.1 microcomputer, #25.2 & 25.3 programmers and the

3.1. Testing of dynamic parameters of the locally developed servo-drive for

Involved: 5 researchers, 2 workers and following equipment:#5(all),10

b) Trainings on testing of servo-drives provided for customers from |

H
H
H
Remarka: 1) Other researchers of the Servo-drive Laboratory will deal with |
[)
!
:

for

pro-
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'
'
'
Head: Li Bion Tae, staff: 3 researchers, in the near future will be ex- H
tended up to 5 resecarchers. H
4.1. Eatablishing the facilities for measuring of: !gzss===z==a=s) !
a) vibration '
b) displacement :
c) noice '
This activity includes calibration of instruments and developing of H
weasuring methods. '
4.2. Testing of industrial robots developed in the Institute H
14.3. Measuring of prototypes presented by industry and outside research
organizations i
Pos.4.1 to 4.3 involved 3-5 researchers and equipment of this laboratory.
4.4. Investigation of dynamic characteristics of NC machine-tools and indu-|
strial robots using vibration and sound measuring equipment, computer |
programs for processing and analysing of measured data (to be develop-!
ped). Automatic fault diagnosis and correction are assumed.
Involved: New research group, to be established.
4.5. Trainings on using of the measuring instruments
a) Operating principles, structure and applications of the laser in-
terferometer
60 hrs of lectures and practice for app. 20 persons each year
Involved: #3 laser interferometer,
b) Operating principles, structure and methods of using the
type UPME0 multi-point measuring instrument
60 hrs of lectures and practice for app. 20 persons each year
Involved: # 1 & 1.1 to 1,15 instruments.
c) Operating principles, structure and methodes of application of the
type B8011 syatem controler
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80 hra of lectures and practice for app. 20 peraons each year
Involved: # 1, 1.13.2 and 44 inatrumentsa.

S$. Sensor Laboratory
Head: Li Zu Op, staff: 19 (including 12 researchera)

5.1. Manufacturing of the pilot. lot of 10 micrometer inductosyne scales and
alidesa !=ss=z=zzzss==s)
[}
¥
5.2. Manufacturing and application in the industry of 10 micr. inductosynes! = = |=sz=z=z==z=zz====
Poa.5.1 & 5.2 involve 3 reasearchera, 3 operators and # 22.1 photoplo- |
tter and the PCB workshop equipment. H
5.3. Testing of inductoayne scales and slides uaing the cross-table measur-|
ing stand {s====s=s===s
Involved: 2 researchers, 1 operator and the crosa-table, the #10 mea-
suring system for inductoaynes and #3 laser interferometer.

Remark: One piece means one inductoayne scale element (200 mm long) or
one slide.

6. Computer Laboratory
Head: Song Jae Gung, staff 18 (including 14 researchers)

6.1. Running and maintenance of the SM-4 minicompter aystem
a) Running of the SM-4 computer {useful working hours) \===z=zzzz==z=2=

| co oo ws cocn tn ot co 0o o6 2o oo on tn e 80 06 TS me - ae e AR BE A8 e mr fa oo o0 oo Bo
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6.2.

b) Foreign training of the personnel
{1 hardware, 1 software, 6 months each)

c) Training of the personnel in the Computer Institute
(1 hardware, 1 software, 2 months each)

d) Training of the personnel in the Railway College (the SM-4 minicom-
puter is there; 1 hardware, 1 software, one month each)

e) Viaita of the SM-4 minicomputer system foreign consultants (billateral lz===zs==2)

exchange; 4 men for one month each)
Involved: 2 researchera and 1 operator (from 1989 additionally
2 researchers and 2 operators) and following equipment:
# 17 minicomputer syatem, #22 Benson flat-bed plotter,
#30 oscilloscope

Utilization of CAD system for PC board designing

a) Designing of PC boards for other laboratories and outside customers
{number of pieces)

b) Application of the di itizer for the CAD system

c) Development and assembling of the off-line system for control of
the photoplot.ter

d) Extension of the CAD system data base

- electronic elements (now 200 types introduced)
- standards of PC boards (now 5 introduced)
- production data (now 3 entries)

e) Trainings on application of the PROGRAF CAD system for PCB's
designing

400 more




- Principles of ICB's designing
70 hrs of lectures for app. 50 persons each year
- Structure and properties of the PROGRAF system
100 hra of lecturcs for app. 50 persons each year
- Programming in the PROGRAF system
120 hra of lectures and practice for app. 70 persons each year
Involved: 3 researchers and #17.1,17.2,18,20,22,40.1 instru-
ments/machines and #21 software.

6.3. Interfacing the SM-4 minicomputer with the main-frame computer

- Adaptation of the APT and PAMES software packages to work in the
main-frame computer through terminals connected to the SM-4 mini-
computer system

Involved: the same personnel as for p. 6.1 (in future one more

researcher also) and following: equipment # 15, 17 and 18.

Trainings of the SM-4 minicomputer system usersa.

a) Training on application of the SM-4 computer (for 10 peranns)

b) Training on the PC board designing (for 15 persons)

Involved: Personnel and equipment as for pp. 5.1 and 5.2.

Development of internal (basic) software for the CNC control units

a) Software for a machining centre

b) An interactive programming system

c) Software for automatic determination of cutting conditions

input)

7. Main-frame Compute:r Laboratory

This laboratory is being organized. Because its purpose is to serve not
only the Inatitute of Controlled Machines but also to whole site of the
Academy of Sciences in Pyongsong, it will be probably arranged as an
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H Specification H 1988 H 1989 H 1990
b e o o 0 o R S S T o S T . 0 P2 T D T o R D D S P S T S e D T e e B g Yo S S -~ - [ R — -
E E E :
\ independent unit. Presently the Deputy Director of the Institute of Con-| H !
! trolled Machines Mr. Li Ui Gu is responsible for installation of the H H '
i main-frame computer and all preparatory work. The staff at present con- | H H
H sists of 11 persons, being trained (6 abroad). In future 40 persons H ' !
! will work, 30 of them for management, oparating and maintenance and 10 ! H '
! for software. ' 3' i
: l. ' '
17.1. Preparation of a room and electric installation =z=zz==!== ! !
17.2. Installation of the computer . | ===z ' '
H H 8 hrs/day | 24 hrs/day
17.3. Operating of the computer ! s=s==s!=====s3====z!===szzz===s=
17.4. Transfer of the PAMES and APT software packages to this computer H == ' H
H (8 terminals will be placed in the Inatitute of Controlled Machines) | ' H
17.5. Training of computer users on Operating System, JCL, Assembler Langu- | H !
age and high-level programming languages (e.g. Fortran) ! H H
- run by the supplier and foreign consultants (for 40 persons) {s====s H H
- rn by the local staff (for 400 persons in total) H ZSSTE= | SSEERs===sSSz)Szsszsssssss
] [) [}
) ' )
8. Printed Circuit Board Workshop : ' '
Head: Go Yong Chol, staff 18 (including 6 reseamhers) ' : '
[} ] [}
) ) [ ]
8.1. Production of PC boards ! 100 aq. m/year
[} 0
L]

- Single sided

- Double sided

Involved: 12 workers + 2 engineers and equipment of the PCB workshop
8.2. Maintenance and deep study of operation of instruments and

installations

- Maintenance
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- Study !z==z==z==zz=:=)
Involved: 2-3 researchers !

8.3. Establishing of manufacturing facilities for gold plating y======z=z=z=z
Involved: 1 researcher and the Government's equipment

8.4. Replacement of imported materials for production by the locally made
(Replacement of 16X of materials is planned at that time)
Involved: 6 researchers and #40.17,40.A equipment

General remarks:

i) All laboratories listed here belong to the Institute of Controlled Machines of the DPR of Korea Academy
of Sciences in Pyongaong. The Designing Office and listed factories belong to the Ministry of Machine Buil-
ding Industry.

ii) For management reasons the plan is arranged according to laboratories involved in its realization.

iii) Numbering of equipment involved in specific activities follows listing in the UNIDO Purchase Specification
for the project DP/DRK/84/001,

CAD - Computer Aided Designing

CAM - Computer Aided Manufacturing

CQNC - Computer Numerical Control

NC - Numerical Control

PC board, PCB - Printed Circuit Board

PROM - Programmable Read Only Memory — %
i Jonr‘é

Director of the Inatjtute of Controlled Machines
National Project Director
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Annex ITII
LIST OF THE NON-EXPENDABLE EQUIPMENT DELIVERED FOR THE PROJECT

v ltem | Specitfiontion UnitiQuaiMan, /Supp. 1Origin {LabiWorth $;  Remarks H
gmm———- R e et el b bR b aiait el e L L L L L LD DR DDl oo—— (e ————— jmm————— R et b D et LT H
VLE0, 005,009, 10130, HG-point type U1 GO-0 measuring anitiset | | (Hottinger | F1G ML 1780 '
LIA (Faree transducenrs ipes 10 ! FRG ML, 3836 H
1118, Cibisplacement. transducers s 125 ) " YIRG M RI61! )
11D Wibeation transducers ipes 9 v VFRG M 44717, 4
VIR Temperatare teansducers ipea {10 iWnahl sy H 3 [ ERKH '
VL1 1Sound mensuring equipment type QOONT tqet. 1 1 (Robotean  JGDR ML, HO36 ! '
111G (Torque transducers ad coupl ings ‘pes )Y Hlottinger EFRG ‘ML) 18TT0) '
V1 HEdBL ). Strain :inuos: \ | Elkai:’;:“f:}."?‘-’{\ Eili';‘pnn Es:: : i;:l,g"»i E
VWD Rotary transchweers vith preamplifiors s A+ Hnttinger (FRG ML Y60
'l:.l.l:l,{T.:i.' .\mpl‘il'im*s ! ' s 151 G L b 20763) b
oy ibrntion exeiber svstom st 1 1 B &K Menmaric) ML 19609 H o
.10 Contact loss transmission devices ‘srt. ) 3 (Hottinger JFRG ML 26031 H »
a1 tanalog LHi=channel type RTP-6GOO recorder ) prs 1 1 lKyvowna Yapan ML TIBI0) ! !
PlldLbiannlog tape PLE NV ploatter (gize AY) tpes L fLloyd {UR ML 1267 :
vidc2ibigital type IMBIG1/01 X=Y plotter (size Af) s 1 1 Philips tHollnnd M, 3133 '
Eod lCuttinge toree measuring platform for milling-machin.jset. | 1 (Kistler ‘Switzor ML 19816 !
VS P WR-channe ]l eogister tgahvanomet or type) ‘pes 11 TRvown Vinpan Ml ) 9404} H
1N llaser interterometer tset. V1 (Aleatel Wranco MUY T2235) H
R hunl channel type CFS10 ozt Fourier Anald vgoer eoapes ) L Telkedna=Rik. Jnpan JMELG 17730 !
AAI0LGIS i ko contral and drive=systoems for the oross-t,lset, 1 1 1 Siemens 'FRG shl) o 27358 H
H Assemhl ing and anstalintion ' : ‘Koprotech (Poland 18D H H
1556560 Inductosyns and encaders (as patterns) iset. | 6 (Heidenbhain| FRG st 2300} !
3.7 Vlnstrument. for measueaient ot fecd-drive tfluctuntions pe | 1 {koproatech (Poland M, H :
- - - o - - bu . tbond torque set st ! 1 IVibrometeor! 'l shl 151566 '
] igital multimeters type 11000 s LT ISiemens ERG W B TR !
H P Frequency coumtoer type B200808 0 ol: SEHEE UM " 1R HEUM 667 '
| VPortable dironet e type 11T ipes | 1 1 Akashi tdapan ML 14970 '
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17,3 tintrared thermometer type DS~ HM ipes
NV | Vivpe Talyrond 100 roundness measuring instrument. s
‘TR Surface measuring instrument type TGD prs
V7.4 Migital frequency response analyser type SEZISD po
9.1 ‘Electronice ffluxometer type 4254-00 'po
19.2 ‘Gauss-meter e
10 Measuring system for inductosynes 1|0t
V12 WNC milling-machine  type FRR SRS 250/0NC-HE 16 e
Hl H) IMin-trame computer type R-dd 1ant
V16,1 'l“\MliH finite oloment sof'tuare pnckace {set.
ek G, APP-like promiamming package and o postprocessor|set.
V171 ..Imi—onmputvr system tyvpe SM-| 180t
117.2  turaphical display for o minicomputer iprs
7038105 Paper tape pae-hes Y pes
18 Remote terminnl pes
9.8 hre- and postprocessors For the PWES softvare pack, (set.
YIU9L ) TENISYS VO30 medel ing softeare pnelage lanrt
19,5 ISPIDES & SPLELRG spind e analysais sottware packace (set
19,6 TADALY pouwer transmiscion (genr bot) annly. sot't  pac. (st
19,7 Machinability data & optamizat Lot cutt ., proces,sat't, (set.
20 Fint=bed plotter type 1IEH 1|t
el TPNGIAEF software package for CAD of 14 boards 1aet.
122.14622.2  Photoplotter type IR0 18|nt.
122.3 Spectra-proot darckroom pes
1221 (Camera type -3 pes
1251 VI /AT i ke microcanput or HET g
125.2 VEPROM-programmer H-TL
125.3  VPROM-progriumer (Lo be bailt loeaily) s
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' 1tem Specitication iUnitiQuaibian. /Supp. {Origin |LabiWorth $) Remarks H
e e e et E e D LD e L el B L PR L LR L Jmm———— R b L L L LD e L By '
126.1 Floppy disk drives ‘pes 4 2 (Metronex  (Polamdd jCL 1506 !
126.2 (Alpha-numeriecal terminnl with keyboard iset | | | " ‘Poland {CUL! 1042) '
126.3  iDot-matrix serial printer pes V1 B Polond UL 3174, 1
27 +Function generator type D20OOI tes V1 1Sienons VIRG 180 J1o1y H
28 ‘hulse generatov type D200 res " TERG 181, 842} '
29 V100-MH2 storage osca i loseope type 3277 ipes L I Sehlhumbor. France (UL 81811 '
130 125-Mliz storage oscilloscopes type DIODT ipes 13 (Siemens JFRG SDL,CL, S 9341 H
V32 Digital maltimeter type BLOLVI Ipes | 2 b G sDh,,Culg 1682, :
v33 ‘Electronic coumter type 2720 pes L iSehbumber, PFvance JQUL) 2087 H
131 logic analyser type 1M3551\/30 v=et L1 JPhilips tHol landjCULY 21610 !
HRES iLogic probe ipes B various ! wvarg 522 H
LG 'RIC meter type 10) ‘pes LR, MK SL 1767 !
HR Y| tHower supply uanit type Stabizet 6107960 ipes 1 1 1Siemens 1FRG 1Sbly 1941 '
VI0L1 INC dri Hing-machine type tompact 10 ipes 1 1Sehmol | VIR Wl 571104 H !
1002 Manunl drilline machine type Fh-300F ipes 1 lLaif VFRG VWL 12464 ) H &
V1001 (Brushing machine type Junior | P8 1 (Wesero RG W 11605, H '
110.5840.6. Lines for plating, with "knowv-hov™ and materinlsiset | 2 Metronex  (Poland {IXCW) 58892 !
10,7  lLaminator type 1T-812 ipes 1 " oloand 10w gi41) H
V108 JExposure unit type U-130 es 3t Point JUSA TIXW 31728, '
V109 Theveloping machine type 1-812/1 pes L1 Metronex (Poland IUW) 8716 !
140010 IStripping machine type 1=812/0 pes VL " Poland | ICW! LELH H
1101} (Etching machine type 186G pes 1 Hait VIFRG HOW 10639 :
140,12 1Sereen printing uniit. type DER MI'2H0 ipes 3 1 Instagraph, UK H A& H 4516 H
140,13 Gailloline ipes V1 ) lonal H WXWIGov, 's contribution |
1201 ITrimine and count our machine ires 11 1 loeal ' IUWiGov, 's contribution |
110015 Visual inapection appnratus iset. V1 {Moderne IRG HARTH 3706, :
140,17 (Devices for servicing chemieal processes ' vaet. 11 IMetroanes JPoland JPCW, 1714 '
vi0017010 Bench magnitior pes 5 Instagenaph, Ul 1OW,CULY J7508 !
VIOL1T. 20 Microsection kit st V1 " UK HARTH d872) '
VIOUITL 30 Spectrophol omet o pes L Venoptile GhI W 1433 !

T T e T e Tm = e et S e L L T et s e e LE e e T e N IR e Tt e vw e vm e v e o - P o " - o . o " - " O v O gy = o (s 1 = e e . W= — o o o - Y o = —— - T " - o=



)

V1017 .4, l:\bnr'nm\
V10017.5. Digital ph-
V10.17.6, 13,156, 16AGHE,

maenetic stiveer
-metoer

Ik jcew for

017,62, Fume cupbonrd

.‘.

Blovers
.10 Vibration tin
.53
(IR}

7.61 (imiversal

'JIJIUIJI{."

¢+ Remarks:

v i) The list.

S B

' the original
: inventary s
Vi) YWordh"

. materials
Vo) Worth is not

Pieczoeloectrienld

1CR manalactaring

r type ODOZ2Y with necossories

vrious i ypes)

ientor type

ing ogquipment

naduceoers type

LR

vi5.1

115.2  1Sound manalyse
15,3 1Digital thermomet o
1601 ) " "
46,1 1Dial gauges (
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inchwles atso sof'tuare and know-

docvment
ol lows

project.
t vhich

intliented ffor f'en

chavger

313-113 with a printer
Wigital micrometors (various typrs)
type writers, | coppicer, | projiect,

RTINS
torce {ransducer
Wattmeter type 1W-1 with o resistopy
Nitd battery

it proserved, bue

the Parchase Orders?
inputs inclade all costs, oog,

itoms bew

with a homner (82

how honght.

s not,

]
X
rpes
tset
ipes

ihata acquisition systoem(Osei ] lostoreT & BHO L Leontr, ) | set
iVibration measuring case type 00060

110t
'|et
s
pes
o BE
1pos
‘st
o
ypes
180t
2t
pes
pes
202) (st

yant,

to these

all cost

WModorine
1m0

|

]

1 Moderne
1 Moderne
1 1Siemens
| {Robntron
1 "

1 tWahl

l | Yokogawa

H !'BaLy

5 hnty
|
|
|
7
)
2
<
1
!
1

— —

Mitutoyo
] "
L

mvarious
‘Nationnl
iWestinaho,
1Siemons

B AR

BA N
iMetronn:,
HUEIR

by UNMDIY/UNTDO,
Iems are combined and listed according to their impnet on the projicct activiies and the numbering used in
reasons the Tist diff'ors from the UNEIX) equipmoent,
mmbers and structure,
it applicd transportation, installation,

rigin
]

VFRG
1R
tFRG
VR

: FRG

yGDR
HHAMT
HHSA
vJapan
HER
HEN
tdapan
1Japnn
Llnpan
1Japan
HUSA
VG

1 Denmnrk

]
Vo lnd
HHonglyo,

labiWo
J o

HAS N

N

AT

HASTH

H 3 [
Hel | P
Hh |
|
‘ML
N |
H | P
HE | I
ML
taen)
‘snr!
mwar)
LA
ML
ML
..\l)l.:
lv'“lu

sorvien,

rth 8!

6772
1065
1633
3127
7042}
1046
545!
1090
1004}
THA !
1049
GRIRY

necessories and

components were known vhen the list. was ereated,



Laborateries:

CL - Computer laboratory

CUl, - Control Unit laboratory

M. - Measuring Laboratory

MIL - NC Machine-Tool laboratory

PCW - Printed Circuit Board Workshop

SDl. - Servo-Drive laboratory

Sl. - Sensor laboratory

Manufactures & Suppliers

B &K - Bruecll and Kiner (Denmark)

R-T-1l - Rank-Taylor-liobson (United hingdom)
T.E. - Telemeter Electronie (United Kingdom)
ULSsL - United International Supplicrs Ltd. (llong Kong)
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Annex IV

LIST OF PERSONNEL OF LABORATORIES
) Only graduated researchers involved in the project are listed.

. 1. NC Machine-tool Laboratory

1.1 Hong Lin Ho prof.dr. trained head of the laboratory
1.2 Ko Sang Ho M.Sc.

i.3 Bak Song Gun M.SL. trained

1.1 Hwang Zae Bok trained

1.2 So Hong Chol train APl-software packags
1.6 Li InUn trainec

1.7 Han huk Se trained

1.8 Rim Chang Min trained PAMES software package
2. Control Lnit Laboratory

2.1 Kim Yong In dr. traired head of the laboratory
2.2 Li Le Sop hardware

2.3 Li Un Gang cdisplay designer

2.4 Pak Yong Hak

2.5 Kim Yong Nam

2.6 Hean Sung Jin

2.7 Song Dong Jin

2.8 Kim Song Gwan

2.9 Byon Tai Sik dr. trzined WMW NC millinz-machine
3. Servo-drive Laboratcry )

3.1 Kim Won Gol trained head of the labcratery
3.2 Chei Donz Chel irained

3.2 Choi hwan Sung trained

3.4 Jon Sung Gwan trained

4. Computer Laboratory
4.1 Song Zzi Gong trained head cf the laboratory
3.2 Tha Gon 1i
1.3 Li Ok S
1.4 Bak Cnan in trainas Uil or It boards
3.2 Li U Byong Trainec
4.6 khim Nam
+.7 Pak Yong Lcang
. 4.8 Li Song won
-.9 kim Ju Hwa
3. Measuring lLaboratory
5.1 Li Zion Tae head of the liaboratory
5.2 1i JuOp
5.3 Bak Myong Chun trained iaser interferomecter
5.4 Ham Se¢ Yong trained modal analyeis
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6. Sensor Laboratory

6.1 Li ZuOp trained as Ju Mu Rvul, head of the laboratory B
6.2 Che Dae Hean
6.2 Jong Song Ho

7. PC Board Workshop

7.1 Go Yong Chol head of the worlshop
7.2 Li Yong Zun M.Sc. traineé¢ chemical processes

7.3 Bek In Su trained

7.4 kim In Gnun trained electricai instruments
7.5 Kim Do Giang preparation of reagents
7.6 Poek hHe Gyong

T.7 Kim Ik Hyoh

7.8 Rang Hi Suk




Annex V
LIST OF TRAINING PROVIDED THROUGH THE PROJECT
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6

Nim In Gyun
An 11 l.:nﬂ
Ham Se Yong

Kim Yonu Bol

1.i In Un

la Ui Ga

i U fvane

Iheany Jae ok

sSong Zn Gong

Choi kwan Sung

Im Yun Hvok

Machine treatment in IC board manufacturing

NC Inthe programming and utilization

Computer annlysis of' experimental doatn
Dosigning and manut'actuaring of NC iathes
Practice in the machine-tool research centire
Designing and manutacturing of NC lathes
Practice in the machne-too!l research centre
Design annlysis of machine components

Degigning and manufacturing of N Iathes
ractice in the mnchine-tonl research cent.ree
hesigning ardd manut'acturing of CNC-600 NC units
Peact 1o in the mnchine=tonl resenrch oontoare
Comput er graphies and model ling t'or design of the
flesibe manutacturing systoms

Mrthonlology of N machine-tonl testing and (AM
eesign annlysig of machine components

Desitning el manufacturing of NC lathes
Practice in the machine-tool resenrch contre

NC i Hing-mnchine progranming  geomotry)
Post-processors and CAM sof'tvnre

Methodaolody of N machine-tool testing and (AM
Designing and manuf'acturing of CNC=-600 NG anits
Uriviet ice in the machine=tool research centre
bekigning and manufncturing of CNC=6GOO NC anits
I'metice in the machine=tool research eontee

[} (]

] L]

: Ilnee 1Present. )
H iplnce
{IM=-Poland | KXW
WIT-Poland ! 2)
‘PIMB-Polnand | ML,
INLLES-GDR H
OGN H
'NIILES=-GDhR ' 3)
FC=0GOR H
'PIMB Polnand | MTT,
INTLES=-(GDR H
VIFC=GDR H
INUMERIK-GDIR ) 1)
YRO=GDR !

TP =-Poland | Cl,
. [}

) '

' Koprotech-10,)
HNM=Poland | MTL,
INTLES-GOIR '
YIC-GDR '
'WUl=-'oland ) CL
[} " [}

[ [}
tKoprotech-11.}
INUMERIK=-GDR | SDL,
=GR !
INUMERIR=GDR ¢ 2)
=GR !
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S W W 4 Bt L WA AR S e S 3 e W T T M 3T W W T e W S B R R TN MR R = MR ew G T G G B e e N W S D S P Y D W Y W Y G G S W PP S W G S e R WY B P UM S mw B S S T W e e D SN M SR Y SN W e WY e G D S D M G Y D WD R D D S N e

=19 -



1]

14

20

21

Bak Mvong than

Kim then 11
Ju Mu kval
Kim Yonu In

Rak Chan U'n

Hone L.in Ho

Choi bhonge Chol

Rnak Song Gun

Han huk Se

Kim Chang Min

tomputer nnnlvsia of exporimontal datn

Designing and manutacturing off NC milling-machines
Practice in the machine=tool research contore
Designing and manutacturing of CNC=600 N unitr
ractice in the machine-tool rasenrch eontre
Besigning mixl manutacturing off NC mill ing-machines
I'ractice in the machine=tool research contre
Designing and manut'acturing of CNC=GUOD N units
Penetice in the machinn-tool resoarch contre
Comput er graphics

besigning of' Inyouts of printed hoards

Computer Aided Designing of L bonrda

besign annlysis of control and driving systoms
Hesigning and manufacturing ot NC milling-machines
I'rmetice in the mnchine=-ton! research centro
hosign annlysis of contral and driving systoms
besigning and manuf'acturing of CNC=800 NC units
Practice in the machine=tool resenrch centro
Design annlysia of machine component.s

Designing nnd inutacturing of NC milling-machines
I'raectice in the machinn=tonl reasearch contre

N Inthe progrming and utilization

Designing and manutacturing of' NC mi | ling-mnchinos
Practice in the machine-tool reacarch cunt ro

NC milling-mnehinn programming (geomot.ry )

besign annlysi’ of machine componentsa

Mothadology of mvechina-tonl testing and CAM

PIMB-Polnrul
TUNION=-GDR
1FO=-GDR
INUMERTK=-GDR
VRC=0GDR
VUNTON=CGDIR
FC=GIOR
INUMERTR=GDR
WFC-GDR
IPIMB=-Poland
1Era-Poland

{ IMM-Poland
1iMB-Poland
TUNION=GDR
HFC-UGDR

1 PIMB-Poland
INUMERTK=-GIR
VFC=GDR
1PIMP=Poinnd
TUNTON=GDR
FC=GR
"Wrr-poland
TUNTON=GDR
TFC=-GDR
WUT-Poland
'PIMB=-Poland

iplace

{Koprotech-Pl,|
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St
CuL,

CL

MI'L

SDL

MTL

MTL

M1,



] 1] ) ] (] [] ] [}
[} ) [} ‘ 1) ' [} )
' No | Namoe vfotal! m/m ) Subjoect of training i Place iPreacnt. )
' . : ' ' ' ‘place |
v 22 ) So Hong Chnl V12 N0 ) Computer Aided Manufacturing iWi-Poland | MIL
: ' : v 1.0 ) Methodology of machine-tool testing and M 1Koprot.ech-PL| :
1 23 0 Byon Tai Sik Ve 6.0 tomputer integrated manufacturing ‘WUT=-Polond | U, '
: H . v 5.0 1 Pastprocessors and CAM rof'tware WUT-Poland ) H
: . H VL0 Methorde oy of machine=tonl testing and CAM ‘Roprotach-bL; H
v 21} Kim Won Gol Vb A8 L Designineg and manufacturing of' CNC=600 NC units INUMERIK=-GDRR § SDL H
H ' H VOLH ) Practiens in the machine-tonl rescoarch centrn PIC=-GDR ! !
125 1 Jon Sung Gwian Vot hHh ) Designing and manuf'acturing oft UNC=600 NC units INUMERIR-GDR | SDL :
' ' ! VOGS L Peaectioe in the machine-tool resenrch ocontrao HC=GDR ! !
t 26 1 Won Zun Yong Vg 6.0 NC mi Hing-machine programming iWir'=Poland  § Y) H
' ' ! VG0 Cutting and welding methods VIHM=CGOR H !
v 27 ) Bak In Su v L0 ) themieal proensses in 1C board manutneturing 'IM-Poland | PCW |
{28 1 Li Yona Zun v D0 D Photoprinting in 1C board manutacturing VEMR-Poland | BXW
H : : H : i ' '
\ turand total: 250, including in GDR: 108 m/m and in Poland: 112 m/m, H
[] []
L] ]
v Remarlks: ,l‘) Now works ns beputy birector, !
. CUNtULE warks in the Institule of Aatomation, H
' 4 wWorks in husong Machine Ruailding Factory, H
) H Now vorks in the altice of the \eademy of Seiences, H
1 []
[] ]
H lra - ERA Instrument. aned tomputer Factory - Warsaw - 'nland )
H I - Reseaveh Contee of Machine=Tonl Bui lding - Kar)-Marx=-Stadt - GOR H
: (N - Institute ot Sthemat ieal Machines - Waraaw - Poland H
' e - Institute of Tele- Kadintechnigue - Warsaw - Poloand '
' Koprotech - Research and Teaining Contare of Machine-=Tools = Warsat - 'olond H
: NILES - Betrieh "Hy Mai " Grossmachiencnban - harl=Maex=Stadl - Ghik
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H NUMERIR - Botrieb "NIMERIL" - Karl-Marx-Stadt - GDR H
H PiMB - Industrial Institute of Construction Machines - CAD Centre - Warsaw - Poland H
H T - Tochnische Hochschule - Magdeburg - GDR H
\ UNION - Betrieh "UNION" - Karl-Marx-Stadt - GDR '
H wIT - Warsaw University of Technology - Warsaw - Poland H
[ [}
. L]
H L - Computer Laboratory '
H CuL - Control Unit Laboratory H
' ML - Measuring Laborntory H
' ML - Nt Machine-Tonl Laboratory '
H 1w - 1C Board Workshop H
. s, - Servo-Drive laboratory H
\ SL - Sensor Laboratory H
. ]
[} ’
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Annex V

TRAINING COURSES HELD IN THE INSTITUTE OF CONTROLLED MACHINES IN 1987

On the structurc and operating principle of the control unit
for NC milling-machines
Teacher: Byvong Thi Sik

U'ser's programming methods for NC mi b ling-machines
Teacher: Chn Gon L

tn the structure, desicning and ealculating methods 'or NC mn-
chine-tools
Teacher: Hong Lin llo

On the Computer Aided esigning system and methods for design-
ing of PC boards
Teacher: Bak Chan Uin

On the structuwre and operating principles of’ the UPM-6U
Teacher: L1 Bion Tae

‘Parti-!Duration)
ieip.  thours) |

[) [) [}
] ) [}
LT I 20 !
oGO0 60 '
[} ] [)
) 1 )
] ] )
) t [)
] ] 1
) ) ]
N 1§ J0 !
N H T 10 ‘
: ' '
' H 20 H
I I 20 !
! [ 20 !
L N I 20 !
] ) )
1 (] ]
C10 Y 1oo !
t 1 )
(] 1 ]
] ) )
L] L ’
+ [} ]
] [l ]
H o 30 !
H 5 | ) H
() 1 ]
] ) (]
(] [} '
) (] 1)
' 3 10 !
! qa ! 25 H
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Institute's ataff

Reseanrchers & engi-

neers from other

institutes and fac-

tories (+)
Institute's staff
As (+)

Institute’s staff
As (+)
[nstitute’s staftf
As [ +)

Engineers from Hui-

chon and Kusong
m.t. factories

Institute’s resear-
chers and operators

Outside researchers
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Annex VII

LIST OF PROVIDED EXPERTISKE

! No. : Name of the post. ! Consultant.’'s | Totnl }1984)1985!1986)1987)1988!

' ' ! name ; m/m H

: H H H : H H H H H

¢ 11-01 } Chiet Technical Adviser, Microprocessor control systems (H.Orlowski H 22.9%1 1.6 3.4, 8.5] 8,4} 1.1}

{ 11-02 } Interpolation in control systems J.Franczak . 4.5‘, H V2,00 2.5) H

' 11-03 ! Control systoms tJ.Kaczynski | 6.0%) ! ' 4,0} 2,0 '

! 11-04 ! Computer Aided Designing 'M.Bossnl ! 1.0 4 ' ; HED I I X !

7 11-05 | Computer Aided Manutacturing 1S.Zietarski ' 1.0 : ' ¢ 1.0} :

v 11-06 | NC lathe and cross-table designing ' AMankowslki H 7.0} 1 2.0} 5.0} H H

v 11-07 ! NC milling-machine designing and NU machine-tool testing {J.Gaciag . 3.0 ' V100 2,08 :

! 11-08 ! Machine-tool servo-drives 'S.Maliszewski | 1.8 ! Y1 0,2 H [
+ 11-11 | Feed-back in control systems and their integration with ('I'.Pawelee H 6.5 ) 1 1 2.9) 5.0} H o
: ! machine-tonls ' i H H ' H ' @
i 11-12 |} Interpolation and interfacing programming {D.Krzywoblocki | 3.4': ! HI W B v !
v 11-13 | Software for NC systems 1J.Bienkowski | (S.U': H v 1.1} 3,90 1.0

v 11-11 1 1C board manufacturing 1J.Michaiski ! 4.9 ) H V2.9, 2.0} H

' 11-15 ¢ CAD for M. boards P Perkowski ' 2.0 ' ! ' 2,0} !

v 11=19 1} Mechanieal structures f'or electvronic cireuits vJoRudzki ' d.0 H P 2.00 1.0} !

v 11-20 1 Measuroment of mechanienl parameteors ' vJ.Szymkowslky | 2.5 4 . H ' 2.5 !
VH=21 ) Assembling of electronie cirenits L Budny H 1.0 : ' ' 1.0} H

t 11-53 |} Short term consultant ‘R.Zielinski ! 0.7 |} H ' H H H

. ' ' ' ' ! : : ’

' ' Totnl: vo76.9%1 1,50 5.0131.8!36.1! 2.1!

\ : ' H : H H : H

1 Remark: wWhen prompt. placements were required, some consultants were placed initinlly as  "short term consul- '

: tants”. Heve these posts are combined with the respective consultants' lines, '

H :
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LIST OF EQUIPMENT NOT YET DELIVERED BY UNIDO
{Status 15 January 1988)
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! 1temiPosition| Name ‘Quan-; 1 i Supplic
H : : ity '

H H . : b '

VRGN ‘Transtormer and spare parts for] lset | yMctronox
: ' t plating lines . ' :

NI ¥ BN Test disk for B 8011 controller) | 115-9-C1516Siecmens
] [] ] 1 ] ]

L] L] L] 1 L ]

v 51 1 1Op-amplificr type WAT2H Vol N15=-7-C0968 ) ADO

' ' 2 lOp-amplitier type U84 VB0 G I5=T-COY2H RS

H ' 18  {Phatocoupler type 111 . H Behr

' : 12 10 type HALIOOLIRE VoA LIS-T-COULE I ADO

: N 181 1Dhiode BYTOR-200 V22 Vopasan
. ' 183 Diode INIQOOR) H 0 H "

H H 18} 1Diode BYT30-60O0/!5H.38 Vg2 . ! "

' o 193 Resistor 2 4955-950 Gpneks13-7-CO92L5 RS

H \ 372 Solvent. cleaning fluaid ' Hoy " ‘RS

v 52 68 he-goldering bit & 511-191 H | 19-7-C0881 IS

v 53 A08  'Wire 30 AWG vhitoe #359-908 hreelsth-7T-000312 RS

' ' 107 Capacitor 220 pft 20% VOpAek1H-T-CO312A RS

\ ' 12 Reed relaxy & 315-5505H V20 1 16-T-C03121 ks

' : 120 PMlug 9-uay & 16G6-1749 : 3 116-7-003128 RS

' : 121 Mue 15-way & AGG-185 J I " RS

' ' 422 M'lue 25-uny & 166-222 v 12 " RS

' : 424 1INC socket 73 ohm £ 453-8206 : 5 " ‘RS

: H 121 lood 25-wny # 169-5HY ' 50 " It

: ' 130 Hood for M 19-wny S VI H Ei

. . 131 tHood for M dh-way S K} I ns
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'Oryginnl wns destroyed, hesides it was

Sent. by rai luny

on 14 October 1987

‘in German while Fnglish ordored
'Ordered, status unknown

ihespatching expected before 15 Jan. 1988

'UNIDO are ordering

'Ordered, status unknown
IDespatched on 21 December 1987
] "

Dospateh expectod before 16 January 1988

Pouched before 15 January 1988

‘One reel received ingstead of 6 ordered
1Status

Status

unicnown
"






