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EzplanatorJ notes 

the monetar1 unit in the O..Ocratic People's Republic of lorea is the 
.,. (V). 

Besides the common abbreviations, s,abols and teras, the following have 
bee~ used in this report: 

CAD 
CAil 
CllC 
CD. 
lCll 
D 
a/a 
llC 
llPD 
PC(board) • PCB 
PLC 
Ull 
R&D 
ROii 
roaa 

c011p11ter-aided designing 
computer-aided .. naf acturing 
computerized naaerical control 
~hief technical adviser 
Institute of Controlled llachines 
kilo bJtes • 102• bits 
... -110nths 
n1191rical control 
pational project director 
printed circuit board 
progr .... ble logic controller 
randoa access me91DrJ 
research and development 
ltrad onlJ me91DrJ 
transfer of knowledge through espatriate nationals 

llention of the n ... s of firas and COllllercial products does not i11plJ the 
endors ... nt bJ tbe United Kations Development Progr .... (UllDP) or the United 
.. ti~n• Industrial Development Organization CUllIDO). 

At tbe ti .. of completing this report (JanuarJ 1988), not all final 
· figures ware tnown. Such figures have been estiaated as accuratelJ as possible 

and .. rked bJ an asterisk(*). 

Tile anaexes to this report have not been foraallJ edited. 
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IllTRODUCTIOll 

A. Preject background 

The Governaent of the Dellocratic People"s Republic of lorea has reco&Di%ed 
the developaent of nuaericallJ controlled ('!IC) aachine-tools as the crucial 
goal for the national econoaf and not onlJ for the .. chine building industrJ 
alone. The project was preceded bJ preparatorJ assistance delivered under the 
following projects: 

DP/DK/81/010. "llC aachine-tools 0 equipaent and -thods"; and 
DP/DK/81/016, "Coaputeri%ed technologf for autoaation in industrial 

applications". 

This assistance consisted of a studJ tour of sis nationals to Austria, Federal 
Republic of GeraanJ, India and Poland, as w.11 as the provision of consultants' 
services. The eission of five UllIDO consultants, totalling 17 ala, took place 
froa FebruarJ to l!aJ 1984 in order to: 

(a) Evaluate the availabilitJ of local infrastructure to iapl ... nt the 
project; 

(b) Focus the aias of the future project on the llDst iaportant and 
realistic objectives; 

<c> Foraulate training progr .... s for fellows to be sent abroad; 

(d) SpecifJ the equipment required for laboratories; 

(e) Give lectures on chosen topics (aicroprocessor control, nuaericallJ 
controlled (MC) aachine-tools, computer-aided designing (CAD), computer-aided 
aanufacturing (CAii), and cutting processes), in order to prepare the local 
staff ·for their training progr .... s and th•ir future work. 

The consultant' (llessrs. B. <>rlovski, K. Bossak, J. Bue, Z. Wojcik and 
s. Zientarski) evaluated the situation, delivered lectures and produced a 
comprehensive report wit~ findings and rec011mendations, including trainiag 
progr .... s for 19 fellows (282 a/a) and purchase specification' and justifi­
cations for equipment. These lists had been agreed with the Govet'lllleat. It 
was also found, that two additional consultants Con servo-drives and ~lated 
circuit (PC) board aanufacturiag) should be placeo for the s ... purposes, bvl 
for a shorter ti .. (two 'llODths eacb). Later Messrs. S. Bali•zewski and 
J. Kichalski were fielded. 

Based on the results of these aissions, UllIDO prepareo ~ project doca11ent 
for the larg•-scale project: "Development of naaericallJ coL~rolled aachin•­
tools" CDP/Dll/841001) with a budget of Sus 2,367,700 and \120,257,500 (in kind>. 
for a duration of 2.5 J•ars. ?bis project was approved on '~ September 1984. 

B. Justification of the proiect 

The Democratic People's Republic of lorea had a rel,tivelJ large aacbine­
tool building iLdustrJ, including two aajor factories lo~~t•d at Huichon and 
lusong. In tbe past aacbipe-tools bad beeo an iaportant £oreign exchange 
earner for the countrJ. Approsi .. telJ 50 per cent of th• local production bad 
been exported. However, in 1984, vitb tbe worldwide tre~d to applJ n\la4tricallJ 
controlled aachine-tools in tbe aacbine-building a~d .. t1l-working industries, 
tbere vat a dang•r th•t the voluae of f'V'cbine-tool •~port would decline unless 
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t.be product.• would be modernized. Ia vier of that.. t.he Gon~at intended to 
rehabilit.at.e t.he existing aachiae-t.ool industrJ and to introduce progressivelJ 
modern aaaufact.uring t.echniques that. would ensure higher efficieac1. bet.ter 
product. qualitJ and competitiveness on the world aarket. The introduction of 
activit.ies con~erning llC aachine-tools is not onlJ i11POrtant for the aachine-
tool building industr,. bat the application of such 110dern equipment is also ~ 
indispensable in order to iaprove the qualitJ of final products of aanJ aetal­
processing industries. Therefore the UllDP/UllIDO assistance was invited in tvo 
areas: 

(a) Designing and .. nufacturing of HC .. chine-tools; and 

(b) Application of llC aachine-tools. 

Looking closelJ at designing and aanuf acturing of HC aachine-tools one can 
distinguish two fields of actiYities: .. chanical and electrical/electronic. 

llecbaaical activities deal with aachiae-tools themselves, and ia particular 
with probl ... concerning desigaiag (vbich in tura requires modern computer-aided 
.. thods). aaaufacturiag and testing of .. chine-tools aad their parts. 

Electrical/electroaic activities deal with control uaits. serY0-4rives 
and eYeatuallJ the development of some coapoaeats like .. asuriag transducers 
(e.g. inducto•JD~ and encoders) and DC s•rYo-motors. To aanufacture modera 
electronic and electric circuits oae has to have access to PC board aaaufac­
turiag faci~iti•s. 

The application of llC »•chine-tools, besides the t.rainiag of the user's 
staff. requires research in ~vo aain fields: 

(a) Iavestigation of cutting par ... ters (e.g. aeasureaent of cutting 
forces); and 

(b) Development of progrumaing .. tbods for NC aachine-toolc, referred to 
as "ca11puter-aided aanufacturing" aethods. 

All afore .... ntioned activities aust be covered if the development ~f NC 
aachine-tools is seriouslJ considered. Therefore, these activities have been 
included in the project document as project objectives or outpu~s. 

C. Japl ... nting organizations 

Because of the coapleKitJ of th• project, the choice of the proper 
iapl ... ntor was considered fr~• the very beginning an iaportant but also very 
difficult task. Designing •nd aanufactu•iag are directly coaaected with 
iadustry; but evec here at least three organizations were iavolved: lusoag 
aad Buicbon factories and the iadepeadeat Desiga Office located in Kusong. 
But due to the lack of &DJ backgro·.ad in electroaic control awrd computer 
applications ia the aachine-tool building iadustrJ, aa outside researcb aad 
develo,..at orgaoizatioa bad to b~ involved. In the Dellocratic People's 
Republic of Korea, th• AcadeaJ of S~\eaces plays a crucial role in research 
and development for industrJ ia gener•l. '?be Acaduay consists of 42 different 
institutes and functions on the ainisterial l•Y•l. ID 1984 two institut•s, 
n ... lJ the l~stttute of Aut011&tioa and the lastitute of llechanical Engiaeering, 
were comnissioned to at.lain the iaportant national goal of accelerating the 
intrncl~ctlon of 110dern .. thods of aanuf acturing to the aachine-tool and 
aaehine-ballding lndu1tries. In tbe J••r 1985 the new Institute of Controlled 
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Bacbines was established, taking oYer parts of the pr .. ises, staff and 
equi,..nt of the aboYe-mentioned institutes. l~e director of tbe Institute 
of Controlled llacbines. Li Jong Dok, was noainated as tbe national project 
director (RPD) and froa th• GoYet"lmlent side, tbe AcadeaJ of Sciences was 
responsible for tbe i11pl ... ntation of tbe project. UlllDO was chosen as 
executing agencJ on behalf of the United Nations Development Progr .... and, 
in spite of the size and coaplexitJ of the project, no subcontractors were 
inYOlYed. 

While it was adYantageous to have to co-operate with onlJ one organization 
and one government agencJ, this solution also bad some sbortcoaings, the aain 
ones being: 

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

(b) T~e staff of the new institute had onlJ liaited experience in RC 
aachine-tools whereas for instance the staff of the ~ia Chaek Technical 
UniversitJ, haYing aore than 10 rears experience in this field, has not been 
involved in the project. 

~- ltonitoring of the project 

In order to ensure the saooth i11pleaentation of the project, three levels 
of co-ordination and i11pleaentation control were planned: 

Level 1: Ratio~al Steering Coaaittee chaired bJ the vice-president of the 
AcadeaJ of Sciences. The chairaan was supposed to appoint Ebe .....abers of this 
COlllittee choosing appropriate directors of co-operating national institutes 
and ainistries. The C01111ittee was supposed to meet at least once everJ four 
aonths. 

Level 2: Co-ordinating Group chaired bJ the national project direct~r. 
The chairaan was suppos~d to appoint directors of related institute•, fac­
tories, design offices and UllIDO chief technical adviser (CTA). The COlllllittee 
was supposed to aeet at least once a month and to invite a UllDP representative 
to attend each aeeting. 

Level 3: Working Group chaired bJ the national project director. The 
chairaan was supposed to appoint national r9presentatives as required and to 
invite the UllIDO CTA and, if necessarr, other UJIIDO consultants. The Working 
Croup was supposed to meet once a week. 

Beetings at all three lev•ls were held r•gularly. Ther helped to aonitor 
progress, and to anticipate and solve probleas bJ taking the necessarr aeasures 
in advance. Howev•r, in order to iaprove future wort, some reaarts a&J be 
peraitted regarding the two upper levels: 

(a) The level 1 bodJ happened to have verf little tnfluence on organi%a­
tions outside the .lcad .. J of Sciences, in particular on factories; 

(b) The aain shortcoming of decisions taken al levels 1 and 2 was the 
lack of setting a ti .. fraae for plann•d events aud tbe lack of a clear indi­
cation of available resources (aanpowar., aaterials); 
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(cl Al.though this was laid down in the project docuaent. the UNDP and 
UllIDO representatives, including the CTA, vere never invited to participate in 
the level 2 aeetings. 

The tripartite review aeeti~gs. held once or twice each fear (December 1985, 
!lay and December 1986 and Septeaber 1987) plaJed a major role in the monitoring 
of the project. The CTA prepared five project progress reports, tvo project 
evaluation reports, on~ project perforaance evaluation report. a nuaber of inter­
aediate reports. and this teraiual report. 
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I. THE PROJECT 

The project is presented here as it vas finallJ set up. Differences 
between the ~reliainarJ and the final project docuaent are listed and discussed 
in chapter III. 

A. llllllediate objectives 

The project bad three imaediate objectives: 

1. To enable the national staff to eaploJ and develop up-to-date technical 
.. tbods in the design, aanufacture and application of numericallJ controlled 
aacbine-tools. 

Planned verifiers 

A deaonstrated capabilitJ to design and test llC aachine-tools with the 
ut~lization of a fullJ operative ~ross-table with control s1stea. 

Achieved results 

The cross-table and the control s1stea were designed, aanufactured, 
integrated and tested. Achieved par ... ters are presented in annes I. 

2. To strengthen and broaden the Insti~ute's facilities in order to enable 
th~ national staff to carrJ out research and development in the design and 
application of NC aachine-tools. 

Planned verifiers 

The following adequatelJ equipped laboratories: 

- Laboratories for testing and evaluation of NC machine-tools including 
.. chanical structures, control units, servo-drives and measuring 
devices; 

Design analJsis and prograJlllling laboratories; 

- NC s1stea laboratories; 

- llechanical 1uba11emblies, elements and cutting processes 
laboratories; 

- Printed circuit laboratory; 

Servo-drive and transaission laboratory; 

Demonstration and training in the application of IC progr ... ing in 
aachining laboratorJ. 

65hieyed results: 

the following laboratories have been established through the project: 
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Researchers 
Total Trained 

AbbreYiation staff Total abroad 

llC llachine-tool LaboratorJ llTL 19 15 
Control Unit LaboratorJ CUL 16 12 
Servo-drive LaboratorJ SDL 18 14 
Coaputer LaboratorJ CL 18 14 
Beasuring LaboratorJ llL 3 3 
Sensor LaboratorJ SL 19 12 
PC Board VorKshop PCV 18 ~ 

Total 106 76 

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

7 
2 
4 
3 
2 
l 

....l 
22 

- Testing and evaluation of WC 11&chine-tools: l!TL and llL; aechanical 
structures: l!TL and llL; control units: CUL; servo-drives: SDL; 
measuring devices: llL and SL; 

Design analJsis and progr ... ing: l!TL and CL; 

- BC SJsteas: CUL; 

- l!echanical subasseablies, elements and ~utting processes: ll'tL and 
llL; 

Printed circuits: PCV; 

Servo-drives and transaissions: SDL; 

Dellonstration and training in the application of BC progr ... ing: 
l!TL and CUL. 

3. To elaborate a comprehensive and integrated long-range research and 
development progralllD8 in the areas .. ntioned under points 1 and 2 above, in 
accordance with the Government's Seven-Year Rational lndustr~al Development 
Plan. 

Planned verifiers 

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

.Achieved results 

The progr .... has been elaborated and is attached as annes II. 

e. lgptcted outnts 

1. Design and aanufacture of one cross-table with 2 ase1, controlled bJ a 
fullf operative CIC s11t•, equipped vitb DC drivH supplied bJ UlllDO, encoders 
in 2 ase1 aod an inducto1rn in the S-asis. 

2. Operating laboratories witb at least 30 qualified natioaal staff under­
taking tbe following aajor progr .... s: 
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- Development of the llOdular •Jstea of electronic boards for 
aicroprocessor ccntrol units; 

- Develop11ent of progruu and proble9-0rienled soflvare; 

- Developill.nt of aeasuring devices and aelhods; 

- Develop11ent of control units for RC aachine-lools and training of RC 
aachine-tool users; 

- Development of •lrTo-drives. 

3. Future research and de~elopmenl progrumie covering lhe above areas. 

C. Achiev!f outputs and their utilization 

1. Design and aanufacture of a cross-table 

The cross-table was designed, aanufactured and integrated firstlJ with 
the CRC 11stea tJPe SinU9erik, bought bJ UllDP/URIDO as a saaple, and with the 
aeasuring 11stea for inductosJDs. Rext, the Sin1111erik control s1stea was 
replaced bJ the locallJ developed cuntrol unit. These activit\es produced the 
following results: 

(a) The capabilitJ has been gained to design, aachinc and assemble aain 
subasseablies of anJ RC aachine-lool, to aauufacture friction--free plastic 
slides and lo applJ ball-screws. These skills are required for the design and 
aanufacture of &DJ RC Q&chine-lool; 

(b) The local personnel has learned how to integrate a 1.!llC system with a 
drive 111tea and a controlled aachine. This knowledge is indispensable for 
both, the development of local RC machine-tools and the utili~ation of imported 
RC aachine-tools or thai~ coaponents; 

(c) The lnstit~t• of Controlled llachines is now equipped with the 
precision, laser-based instrumentation for the .. asurement of inductosJDs. 
This is the basis for future research work to develop inductosrns, which serve 
as .. asuring devices for llC aachine-tools. 

2. L!boratodes 

Through the project seven laboratories have been established (s~~ the 
list above) and·, in tbe relativelJ short u .. of 1.5 years of thsir work, 
almost all of thea achieved appreciable results which now serve f~r national 
econoay and dea:onstrate laboratories• full capabilitJ for future work. 

(a) ptvelop111pt of the llOdular syst .. of electroni~ boards for 
aicroprocessor control unit1 

With estensive assistance of UNIDO consultants, the modular system of 
electronic boards for aicroprocessor control systems has been developed in 
the Institute. Th• srstea consists of 18 different 'c boards (modules) 
and ls fullJ espandable. The aodules were designod, manufactured and 
tested locallJ. 'fh•J were used for a control unit for NC machine-tool' <••• below) to deaon1trate their performance. Kowever, they are not only 
1uitabl• for different tind1 of WC aachine-tools, but also for industrial 
robot• and ~tber applicatioa1, where digital automation is required. The 
111tea includes two kinds of aicroproce11or1 (8 and 16 bit, respectivelJ 
aodel1 Z-10 and 8016) and also eftabl•• the a11emblin1 of progr1111&ble 
lo1ic controller• (PCT.). 
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Thanks to the deliwerJ of tools aad ca.poneats and a proper training 
of the personnvl, nationals have also gained the a~ilitJ to perfora in tvo 
iaportant fields: 

(i) Kanual desigaiag of artwork for PC boards; 

(ii> AsseablJ of electronic components on lhe PC boards. 

For the developaent of a aodera sJstea of electronic boards, a 
facilitJ for the .. nufacture (starting froa artwork) of both single- and 
double-sided PC boards is indispensable. the PC Board Workshop bad been 
recogni%ed froa the verJ beginning as a crucial element of this project, 
because no £uch facilities existed earlier in the Deaocratic People's 
Republic of ~orea. Nov, the PC Board Workshop is established and could 
serwe both, the Institute of Controlled Bachires and other research and 
developaent organizations. Ia fact, at present it is engaged in research 
work for the ~ia Chaek Te~bnical University. 

(b) Development of progr..-es and probl..-oriented software 

OD the basis of extensive training abroad of 16 fellows and the 
deliver, bJ UllDP/UllIDO of software packages worth $US 135,683, the 
Institute bas gained the capabilitJ to use and develop software ia the 
following fields: 

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

(ii) Creation of control progrUlS for RC machine-tools by application 
of computer-aided manufacturing (CAI!) methods; 

(iii) Software for CAD of PC boards. 

Tbis 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 aachine-tools calls 
for devices and methods of extremely high precision. 

to measure and test NC machine-tools, the Beasuring Laboratory has 
been established an~ equipped by UllDP/UNIDO with a ctrmprehensive set of 
instruments of the most respe:ted brands. A particularly valuable one is 
the laser interferometer with a software package for processing .. asured 
data. It enables quick .. asur ... nt of linear di .. n1ion1 with high 
accuracJ. The staff was trained ia its application both abroad and on 
the spot bJ UlllDO consultants. this laboratorJ is now operating and 
could be used not only for .. asuriog and testing of IC aacbine-tools but 
also for all kinds of 'l&cbine-tools. to increase accuracJ and t~ estend 
the range of .. asuring, new .. tbods must be developed '-ad tested. 

lach NC aachine-tool incorporates devices for the .. asuring of 
positions in each of controlled ases, for which \nducto1yn1 and encoders 
are 110st COllllOnlJ used. To deal with this task, ~be Sensor Labora•ory 
bas been establisb~d and th• development of inducto1yn1 is its aajor 
task. Due to limited resource•, onlJ a saall input bas been delivered 
here: no training, no consultants, no know-how, but onlJ, as .. ntioned 
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above. a .. asur ... nt s1stea for inductosJDs. Therefore, for the .. nufac­
ture of inductosJlls the Laborator1 utilizes onl1 the technologf delivered 
for the .. nufacturing of PC boards. and its output is ... 11er than that 
of other laboratori•s. 

(d) Developll!nt of control units for RC aacbine-tools and training of NC 
aacbine-tool users 

the Control Unit Laborator1 now bas the capabilitJ to develop control 
\.nits for IC .. chine-tools. using the 'llOdular aicroprocessor control 
s1stea described above. The capabilitJ is proved bJ having design•d and 
.. nufactured the control unit for a crosF-table. 

The LaboratorJ is able to build prototJPes of control units for 
various RC .. chine-tools according to the de11and of the national industrf. 

(e) l!!!!},._.,,..nt of servo-drives 

The Servo-drive Laboratorf bas been established, its personnel 
trained. instruments bought and a consultant•s assistance vas provided. 
Research and development work vas undertaken in the field of designing 
servo-drives for industrial robots. 

3. Future research and develop!!8nl progrmmae 

the programae for future r9searcb and development activities covering RC 
.. chine-tools and related subjects has been elaborated (see annex II) and is 
nov being fulfilled by the Institute of Controlled Machines and other organiza­
tions involved in this field. 

D. Inputs 

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

1. Exeerti se 

Expertise, totalling 76.9 m/m* was provided in the following fields: 
control systems based on microprocessor technique, interpolation in control 
SJstems, control srstems, computer-aided designing (CAD), computer-aided .. nu­
facturing (CAii), RC lathe and cross-table design, RC aachine-tool testing, 
.. chine-too! servo-drives, feed-back in control srstems and their integration 
with machine-tools, interpolation and interfacing progrmlllling, software for RC 
control systems, PC board manufacturing, CAD for PC boards, aechanical struc­
tures for electronic circuits, measurement of mechanical parameters and assftlllb­
ling of electronic circuits. the above-aentioned 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/a were provided for 28 fellows. Thi» 
input is discussed in the chapter II, section c. 

3. huintnt 

URDP/UJIIDO delivered equipment worth tus 1,517,157* according to the 
specification elaborated during the preparatorJ mission (see annex III). 
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Tb• cower1m9at•s coatril:natioa for ... i,..at was VS,020,000 (approziaatelJ 
SUS 3,730,000), iacl•diag the aaia-fr ... campater. 

4. Total inputs 

In tot.al, the UllDP/UlllDO iDP11t vas SUS 2,503,498•. 

Tbe total C0Yerlm9nt•s iDP11t was V&.2,383,616 (approdaatel:r SUS 10.000.000> 
which cowered also lnaildiugs for laboratories aad the PC board .... f act•ring 
workshop, personnel, local training and serYices for coas•ltuts (trausportatioa, 
interpretation etc.). 
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II. Im'l.lllDDTI09 OF DE PROHCt 

&. ••ag-•t of tM project 

Tb• co-ordiaatioa of the project oa lb• CoYer1m1ent•s side was assigned to 
tbe national project director (llPD). &t tbe i2ception of tbe project tbis vas 
Li Son Bong, Director of the Institute of .bta.ation, and fraa 1985 on Li Jong 
Dok, Director of tbe Iastitute of Controlled llachines. 

UllDP/UllIDO assigaed, vi.lb the approYal of the GoYe~at, 9. Orlowski, 
UlllDO espert oa aicroprocessor coatrol srst ... , as chief tecbaical adYiser 
(CU). 

Tile project was 11Daitored bJ a tbree-leYel co-ordiaatioa aad imple11ea­
tation srst .. (described ia tbe Iatroduction, sectioa D), tripartite reYiev 
... tings beld regularlJ eacb rear (ia 1986 twice>. tbe eY•rJ-'•J wort. of tbe 
backstopping officer aad a special tecbaical adYiser. botb ia Yi•-•· the UllDP 
resideat represeataliY9 ia PJongraag aad their staff. 

For the ... ag-.t aad 8Dftitoring of the project. 11 acliYities bad beea 
f.-lated aad t.ime-scbed•les (bar-cllarts) bad ben prepared :!or each of th ... 
Tile list of the actiYit.ies was as follows: 

1. Trainiag abroad; 
2. llC lathe prototne; 
3. llC ailliDg-8&chiae prototJPe; 
4~ llicroprocessor llOdalar coatrol •J•t .. ; 
5. Establishiag of laboratorr facilities in the Iastitate of Controlled 

llacbines; 
5.1. Design and aanafactare of a cross-table with a control srstea 

(actiYitJ ... nded later); 
6. Bain-fr ... cmapater installation; 
1. Establishing of CAD/CAii activitJ and training facilities; 
8. Application of ~~• industrial robot; 
9. PC board .. nufacturing; 

10. Training in llC applications; 
11. Plac ... nt of consultants. 

Tbese actiYi ties were ai•d at tbc- l,!biev ... nt of tbe planned outputs 
and, specificallJ, of de110nstrable verifiers. The progress of tbe project vas 
coatiauouslJ 110nitored and .. naged according to detailed ti .. schedules (eacb 
activitJ vas described bJ S to 18 tasks, and a ti .. f~ ... indicated). During 
each tripartite review ••ling tbe ti•-scbedules of activities were reviewed 
aad cbaaged if aecessarr. 

B. Institutional framework 

AlllOst all activities at tbe site were concentrated ia tbe Institute of 
Controlled llacbines of tbe Aead.., of Sciences of tbe Dellocratic Peuple's 
Republic of hrea iD PJongsong, where tbe follovtag laboratories were 
established and involved ia tbe project: 

1. IC ltcbipe-tool L1b9rator1 

r,atputs: Desigalng of tbe cross-table; 
.. asuring and testing of .. chine-tools. 

Activities: 1, S and 5.1. 
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2. Coat.rol uai t. Laltoraton 

o.t.,.t.s: Denloi-at of tile modwlar •r•t- of elect.roaic boards for 
aicroprocessor coat.rol wnit.s; 

Develoi-at. and -••fact.an of control aait.s for llC 
uchine-tools • 

.l.ctivit.ies: 1. 4 and 5. 

3. SerYO-drive Laboraton 

oat.pats: Designiag and aanufactaring of oae cross-table with t110 axes 
controlled (electrical part>; 

Development of serwo-drives. 

Activities: 1. 5 ana 5.1. 

4. c_,ater Laboraton 

oat.puts: Development of prograas and problea-oriented software. 

Activities: 5. 6 and 7. 

5. Beasaring Laboratory 

oatputs: lleasaring and testing of .. chine-tool• aad their subassemblies . 

.l.ctivit.ies: 5. 5.1. 

6. Sensor Laboratory 

oat.puts: Development Of .. asuring devices (inductOSJ1lS) • 

.a.ctiYi tr: 5. 

7. PC Board Banufacturing Workshop 

outputs: Participation in the development of the modular s1stea of 
electronic boards for aicroprocessor control systeas; 

Participation in the development of control units for NC 
aachine-tools. 

ActivitJ: 9. 

The personnel of these laboratories is listed in annex IV. 

The .. chanical part of the cross-table was manufactured in the 
Comprehensive BachinerJ FactorJ of the AcademJ of Sciences in PJongsong 
(castings ... chining of saall parts), the lusong Factory (machining of large 
parts) and in the NC Bachine-tool LaboratorJ (assembling and testing). 

Tb• preliainarJ design of the NC lathe prototJPe was done bJ a joint 
design teaa of the Institute and designers of tbe Industrial Design Office 
working in lusong. 

'?be .. tal cabinet for th• control-unit prototJPe was aanufactured in tb• 
&spert .. nt Workshop for Computers of tbe .I.cad.., of Sciences in PJongJang. 
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the tJPe llad 1-55 ... ic-fr... campater in the BJdre111eteorological 
lnstitate in PJongJutg was ••ed to nan progr ... prepared for the aain-fr ... 
ca.pater. 

UllIDO consultants were inYOlYed in all the abon--ntioned actiYities. Ro 
other orgutizations. in particular the Institute of llC .. chine-tools of the ~ia 
Cb•ek Technical UniYersitJ. wre involYed. 

the daJ-bJ-daJ .anag ... nt of the project was carried oat bJ the llPD utd 
th• cu.. 

c. training 

A detail.U training progr .... bad been established daring the preparatorr 
aission in 1984. FiftJ different training coarses "9re proposed of ~otal 
daration of 282 aonths. Bee•••• the Goyer111111nt released oalr 28 staff to 
attead th• coarses, tbeJ were caabiaed in such a var that sa11e of the fellows 
attended two or three c01arses in sequence. an approach which reduces the 
practical utilization of the gained knowledge. 

UllIDO bad reserYed places for trainees in Poland through the ZOIPOT 
Training and Consulting Organization, according to the views ezpressed bJ the 
participants of the studJ tour and the availabilitJ of facilities. the 
training was accoaplisbed between FebruarJ 1985 and JanaarJ 1986, i.e. with a 
delaJ of fiYe aontbs. This was due to the late require .. nt of the Governaent 
to ran half of the training courses in the German Democratic Republic, which 
caused UllIDO great difficulties in providing the traiding according to the 
previouslJ settled progra1111e and ti .. table. ConsequentlJ, some training 
courses bad to be changed or the progr.... reduced and some were cancelled 
(develop11ent of 16-bit aicroprocessor control units, inductosJDS, DC motors, 
ball-screws rad application of industrial robots). Daring the 1985 tripartite 
review .. eting, it was decided to reduce the total training component and to 
provide eztended ezpertise for the uncovered fields. The reduction of training 
was followed bJ a redaction of the naaber of goals, in order to stress the 
aajor objectives of the project. 

Training in Poland covered four fields: coaputer-aided designing 
(4 progr .... s, 10 fellows), computer-aided aanufacturing (4 progr .... s, 
8 fellows), aanufacturing of PC boards (3 progr .... s, 3 fellows) and 
preparation of PCB art-wort (2 progr .... s, 1 fellow). Training in the Ceraan 
DellOcratic lepvblic covered three fields: design and aanufacturing of the 
CllC-600 numeric control unit (1 progr .... , 8 fellows), design and aanufac-
turing of •c milling-machine (1 progr .... , 4 fellows) and cutting and welding 
.. tbods (1 progr .... , 1 fellow). Fellows sent to the German Democratic 
lepublic and Poland bad also short visits to factories and research institutes 
other than their aain places of training. The list of the training provided 
is presented in annez V. 

In general, the training courses were considered useful, a fact which is 
reflected in the minutes of the Kay 1986 trip•rtite review meeting. Particu­
larlJ good was the training in PC board aanufacturing in Poland and in design­
ing and aanufacturing of IC milling-machines in the German Demo,ratic Republic. 
levertheless, SOiie .. asures should be taken in the future to increase the 
benefits derived from training. ror details see chapters V, X, conclusions and 
recomendations. 



- 11 -

D. Provision of pr-ises, egui,..nt, software and tnov-hov 

l. Preaises (governaent input) 

The laboratories of the Institute of Controlled Kachines were established 
in an earlier erected building in PJongsong (about 30 lclll north of PJong1ang, 
the capital), in an area where nuaerous institutes and facilities of the 
AcadeaJ of Sciences are situated. The space assigr·d fer laboratories is 
cOllfortable and during reconstruction all requirewients were fulfilled, vith 
the exception of the internal electric poviar installation which aust be 
iaproved to fulfill safetJ and earthing requir..ents. The adaptation of the 
rooas, especiallJ of those for the PC board Vork~hop where cheaical processes 
are ca~ried out, was seriouslJ delaJed, i.e. bJ more lhan six aonths. 

Serious probleas were caused bJ the instable electric power supplJ for 
the whole PJongsong scientific area, characterized bJ frequent breakdowns. 
Until JulJ 1986, i.e. duriLg the first two 1ears of the project, the voltage 
fluctuated between 145 and 190 Y instead of the stable 220 Y. Since bf 
FebruarJ 1986 the training of fellows was completed and the .. joritr of the 
equi,.ent delivered, work was jeopardized onlJ bf the lack of a proper power 
supplJ. As of August 1986, the voltage level was effectivelf iaproved to 
about 200 Y, but until April 1987 frequent breakdowns were registered (e.g. in 
Karch 1987 electric power was continuouslr supplied onlf during 11 calendar 
daJs). Although further ir2rov ... nts were .. de, the electric power supplJ 
r-.ined inadeluate for the requir ... nts of an area where aodern research and 
development work is supposed to be carried out. Failures of the electric 
power supplJ cause stoppage of water supplJ, which is ver1 disturbing for PC 
board .. nufacturing and badlJ effects the lifetime of precision instruaents 
and coaputer s1steas. 

Winters in Prongsong are severe, with usual outdoor temperatures below 
-S •c. sometiaes below -20 •c and the central beating system (steaa system) is 
not reliable, not sufficient and during long periods not operating at all. 
This situation is harmful to the sensitive instruments delivered through the 
project and jeopardizes the execution of precision measurements, let alone the 
effects it has on the staff. 

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

Del&Js in the preparation of laboratorf rooms and the lack of a stable 
electric power supply were among the aain reasons why the project was extended 
bf 011e fear. 

2. lon-espendable eguiP19!nt (UIDP/UllDO input) 

A list of equipment had been prepared in 1984 during the preparatorf 
aissions of sis consultants. this list was later ... nded. After international 
bidding, UllDO purchased and delivered aachines, instrU11ents, software and 
know-bow according to the r:•cifications. 

Due to restrictions imposed on the trade with the Democratic People's 
Republic of lorea bf some developed aarket economy countries, some choices were 
aade according to availabilitf, but not neceuarily based on performance/price 
advantages. Accepting this factor, all required equipment was well chosen. 
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For the .. jorilJ' of the ..,aipmeat. mIDO arraaged for lt to be gatbe~ed 
ia oae place ia Europe and transported bJ' a chartered cargo plaae d\r•ctlJ' to 
the airport situated 30 lea avar fram the P'l"Oject site. Tb• total cost for 
storing heme it ... for a couple o~ 910aths>. baadliag and transportiag was 
onlJ' SUS 40.511. i.e. 5 per cent of th• transport.ed Yal•e. llothiag was lost or 
brokea. OD t.be contrarr. at least half of the f.., ltas wbicb w.re transported 
bJ ~tandard carriers (bJ air or the Trans-Siberian railvaJ') caused probl ... 
such as loss, dele, or d ... ge. Al.though almost e•er)'tbiag vas fiaallJ settled 
(for exceptions tee chapter IY>. it in1r0lved costs aad delars. 

The recei~ equi,.ent was registered, checked aad distributed to the 
specific laboratories. All inventor)' srstea vas established in the Institute 
bJ vhicb all instru"'nls vit.h their accessories are registered aad documented. 
separatelJ fnia expendable aaterials and COllpOnents. Each it .. is assigned 
to one person. who is responsible for it. All operating aanuals and tec!inical 
instructions ltave been traaslated into ~oreaa bJ the end of 1987 and the trans­
lation of otber it .... such as aaintenance aanuals, is in progress. BJ the end 
of the project all lastr1111ents, with the exception of one (see chapter IV) were 
workiag aad in good condition. •otbing vas lost. The list of equipment is 
attached as anaex III. 

It should be pointed oat that a&nJ pieces of the delivered equipment. 
besites serving their aain purposes, are also aaster pieces for numeric 
control. In particular, VllDP/UllIDO delivered: 

- Tvo llC aacbine-tools (it .. 12 ailling-.acbine aad it.ea 40.l drilling­
aacbine); 

- Tvo·nuaericallJ controlled plotter~ (iteas 20 and 22.1); 

Sinaaerik control unit for ailling-.acbines (it.ea 10, used for a cross­
table; 

- Tb,.ristor and trausistor s~rvo-drives (it.ea 5). 

3. •on-expendable equipment (government input) 

The Governaent delivered the cross-table, the industrial robot and ordered 
tbe aain-fr ... computer. I~ tbe .. anti .. tbe Govermaent established tbe access 
to another aain-fr ... computer in tbe HJdrometeorological Institute. 

4. Expendable eguipaent (UllDP/UllID'l input) 

This equipment was delivered to cover tbe following needs: 

- llaterials, particularlJ_cbeaicals, and small tools to aanufacture PC 
boards; 

Electronic components and small tools to build tbe modular aicroprocessor 
control •Jst .. and tbe nU11eric control unit; 

Electronic and electric coaponents for rese•rcb work on servo-drives; 

Consuaables for coapaters; 

Consuaables for .. a1uring in1tru .. nt1 <••peciallJ regi1tration paper and 
batteriH); 



- 20 -

- Spare parts for iastramaats (especiallJ lamps aad balbs); and 

- Cons ... bles for office aacbiaes. 

5. hpeadab1e egui.-nt tgowerwat input) 

Tbis equipmeat was deliwered to coyer the following aeeds: 

llalerials to build tbe cross-table; 

- Raterials for the metal cabinet of the control unit; 

- Displ&J for the control unit; 

Soae cheaicals to aanufacture PC boards; 

- Tools and aaterials to run the BC ailling-11achine; and 

- Soae electronic comiponents for res~arch work in the Control Unit and 
Serwo-driwe Laboratories. 

6. Softva~e 

UllDP/UllIDO have deliwered the following software: 

(a) Software for coaputer-aided d•sign (CAD) of aachine-tools 

This software. worth SUS 44.616, is intended to be used for solving 
probl ... subllit,ed bJ design offices of the aachine-buildi~g industry. It 
is indispensable in the design~ng of •~ aacniae-tools, bat is also useful 
for the design of other aachiae-tools. It consists of: 

Itea 16.1: 
It- 19.3: 
It- 19.4: 
u- 19.5: 
It- 19.6: 

P.AllES finite el ... nt software package; 
Pre- and post-processors for the PAllES software package; 
UllSYS aodelling software package; 
SPIDIS and SPIEIG spindle aoal1sis software package; 
ADAPT power transmission (gear bos) analJsis software 
package. 

(b) Software for the creation of control programs for RC machine-tools 
bt application of CAil methods 

The application of NC aachine-tools requires control tapes. specific 
for each different detail (aachining part) supposed to be manufactured by 
a BC aachine-tool. It is verJ time-consuming and sometimes even impos­
sible to prepare these control tapes aanuallJ. Through this project, a 
llOdern .. thod of creating these tapes using computers was introduced for 
the first ti .. in the Democratic People's Republic of lorea. UNDP/UNIDO 
bought the APT-like sof tv*r• package and train•~ the personnel of the 
Institute in how to use it. 

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

lt• 16.4: 
It• 16.5: 

It• 19.7: 

APT-like progr ... ing package; 
Po1t-proce11or for Wiii tJPe FlRllS2SO/CllC-H646 ailling 
aacbine; 
.. cbinabilitJ data and optiaizatiOA of catting processes 
software package. 
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The software package is adapted through an appr~priat- post-,rocessor 
for the creation of control tapes for the WllW MC ailling-aacbine bought 
through the project. 

(c) Software for CAD of PC boards 

This software (itea 21: PROGRAF sof~ware package), worth $US 17,667, 
was supplied and installed through the project, local personnel was 
trained and now the software is being used. It is an important tool to 
prepare artwork for PC board~ to he manufactured in the PC Buard Workshop. 

Together with instru.ents, the following programs have been 
delivered: 

Item 3 (Laser interferometer): Programs for processing aeasured 
data bJ the lllB PC/IT aicrocoaputer; 

Itea 17 (ainicomputer): An operating SJStea, coapilers, tests and a 
large pr~~paa librar1; 

Itea 17.3 (Grapboscop): A graphic package to be used with the 
ainicoaput~r; 

Itea 20 (Benson flat-bod plotter): Tests and a graphic librarJ to 
be used with a ainicoaputer and a aain-fraae coaputer; 

Item 25.2 (EPROll-programmer): Prograas for running the progrmmaer 
bJ the IBM PC aicrocoaputer; 

Item 44 (Siemens system controller): Tests and a graphic package. 

7. Know-bow 

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 aanufacturing of double-sided PC boards. 

E. Activities in the field 

1. Manufacturing of the cross-table 

The cross-table was designed in the NC Machine-tool Laboratory during Kay 
to December 1985 (designer: lo-Sang-Ho), with the assistance of UNIDO consult­
ant A. llankowski. The castings for the cross-table were aade in a short time 
in January 1986 in the Comprehensive llachinery Factory of the Acadeay of 
Sciences in Pyongsong, where also saall parts were aanufactured. Then a very 
long ti .. elapsed until the aacbine-tool building factory in lusong aacbined 
these castings and assembled the cross-table. When the cross-table was finally 
ready in June 1987, UNIDO consultant J. Gaciag tested it and, at the s ... ti .. 
trained lb• local staff in the use of 110dern testing instr1111ents and .. tbods 
(e.g. laser interferometer). J. Gaciag also aade some rec0111endations concern­
ing the iaprovement of tbe cross-table and future work. After the introduction 
of tbe suggested iaprov ... nts, the cross-table bad sufficient perforaance 
cbaracteristics. 

?he esperience gained by the local staff during the designing, aanufactur­
ing and testing of the cross-table covers the following asrects which are 
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import.ant for developing &DJ llC .. chine-tool: .. avfecl~~i~g of friction-free 
precision slidtntaJs and applicatio~ o{ ball-screws. inductosrus and encoders. 

2. Integration o( the cross-table with the servo-drives and the CllC unit 

When the cross-table was completed in the ICll. the servic ... n froa 
~oprotech. Poland, were invited to integrate this cross-table with the si ... ns 
tJPe Sinuaerik CllC unit and the two si ... ns servo-drive units (tb,ristor and 
transistor). All three units bad been bought separatelJ froa Siesaens and 
assembled into two cabinets bJ ~oprotech. This Siemens equipaent is verJ good, 
but it is not foreseen for direct app!i~ation bJ end-users. Its construction 
and docuaentation requires experienced labour for custoaization ac~ording to 
final nee.ds. This task was acco:aplished in Boveaber 1987. 

The cross-table and the custoaized cont~ol and drive s1steas permit tc 
run a nuaber of experiatnt• on numerical control SJSteas and thJristor and 
transistor servo-driv~s. 

3. Integration of the cross-table with the aeasuring s1stea for inductosyns 

After the integration of the cross-table with the servo-drive and BC 
units, ~oprotech's serviceaen integrated it with the aeasuring srstea for 
inductosrus, bought froa that coapanJ. This was done in Boveaber 1987. 

This aeasuring srstea can be csed both for R & D of inductosrns and for 
their testing during batch production. 

•- Development of tbe 110dular systea of electronic boards for aicroproeessor 
control 11Dits 

(a) Designing of the 110dular systea 

The aodular •Jstea of electronic boards for aicroprocessor control 
units was designed in the Control Unit Laboratorr with extensive assist­
ance of three UBIDO consultants (A. ~aczynski, J. Franczak and T. Pawelec) 
during April-December 1986. It is an up-to-date srstea consisting of an 
8-bit Z-80 and a 16-bit 8086 microprocessor and two standard buses, both 
enabling aultiprocessor work. 

this srstem vas then used and checked for development of a CNC 
control unit. The srstem consists of 18 different boards on modules (see 
annex 1), but is fullJ expandable due to its modular nature. 

(b) Designing of PC boards 

Based on the logic schemes of the modular srst•im, the local staff 
(after training) designed theaselves the PC board !ayouts and later 
created the PC board artworks using the manual method. This was done in 
Januarr-April 1987. 

In the .. anti .. the automatic PIOCIAf software package for computer­
aided design of PC boards was put into operation bJ the engineers of the 
supplier (lletronex, Poland) and the staff was trained bJ UllIDO consultant 
P. Perkowski in the use and develoP119nt of this package. Bat Chan Un bad 
earlier been on a three-montb fellowsbip at the aanufacturer's site in 
Poland and bad re~eived training in tbis subject. The PROGRAf package was 
iapl ... nted in Jane 1987 and was tested br designing one PC board for the 
modalar srst•. 
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(c) llanufacturing of PC boards 

During his preparatorJ aission UlllDO consultant J. Bichalski recoa­
aended the aachines. aaterials and know-how to be bought. the necessarJ 
construction work to prepare the preaises for the execution of cbeaieal 
processes. and he formulated the training progr~. Prior to this 
project neither the Institute nor this countrJ bad had experience in 
aanufacturing douLle-sided PC boards. 

The AcadeaJ of Sciences provided generous space in an existing 
building and all construction work was ca11pleted according to require­
aents. although with a serious delaJ of about six months. These works 
have included: electric installation. water installation (including 
tanks for reserve water), waste water drain (including neutralization of 
cbeaical sewage), ventilation. special lighting in so.a rooas, cheaicallJ­
proved floors and doors, as well as temperature and huaiditJ stabilization. 
The installations were well done and are working, with one exception (see 
chapter Y). 

Three lorean engineers were trained in Poland (total 8 p!a) in the 
experiaental plant of the supplier of the know-bow, the lnst!tute of 
Tele-Radio, Warsaw. 

While the purchase of aachines and instruments was relativelJ easy. 
the purchase of aaterials was difficult due to three aain factors: 

- The large varietJ of different aaterials and saall tools (hundreds 
of iteas>. required usuallJ in small, not c01Dercial quantities; 

- The highlJ corrosive propertr of some aaterials (acids) which were 
required in comparatively large quantities (hundreds of liters>. but 
transportation of which is governed bJ special rules; 

- The lack of these materials in the Damocratic People's Republic of 
lorea or the inabilitJ of the Acad .. J of Sciences to provide thea. 

FortunatelJ UNIDO had involved onlJ one supplier (Betronex, Poland) 
in three other activities directlJ connected with PC board aanufacturing: 
training. deliverr of SOiie equipment and deliverr of tnov-hov for aanufac­
turing of double-sided PC boards. Therefore it was relativelJ easJ to 
order frO"\ thea a set of all aaterials and tools for one fear of wort in 
the PC Board Workshop. OnlJ acids required in large quantities had to be 
bought from China due to the high transportation cost froa Europe. This 
single purchase caused serious problems and was solved only thanks to the 
deep involveaent of the UllDP office and UNIDO SIDFA at Beijing. 

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

(d) Ass!JPbly and putting into operation of electronic boards for the 
apdular nstn 

The personnel of the Control Unit LaboratorJ (three technicians) were 
trained in the assnblJ of electronic circuits using modern technologies 
and tools bJ UNIDO consult~nt l. BudnJ in JulJ 1987. It now po11e11e1 
all the nece11arJ stills for piece produ~tion, suitable for research and 
development work. 
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Thia personnel assembled 25 of 18 different PC boards aad ... uf ac­
tured 64 cables of 39 different kinda la the period JulJ to aid-Septellber 
1987. Tb••• PC boards aad the aodel of the control unit as a wllol• were 
put into operation fraaaid-Sept.-ber to llowember 1987. vith the assist­
ance of three UllIDO consultants. llessrs. ~aczpski. Franczalt aad Pawelec. 
OnlJ wery few aistakes were found on the PC boards. mach le~s than one 
could ezpect. 

Futu~e develop11ent vork vill be carried on for the aubstitution 
(wllerever possible or reasonable) of aaterials and components bought vith 
bard currencies bJ locallJ aade ones or such that are available through 
bilateral ezcbange. 

5. Appli~~tion and develop!!!nt of prograas and proble9-0riented software 

The applir.ation of purcba;ed software and the develop11ent of a new one is 
closelr connected with the aw,ilability of cQ11P11ters. Tbe software packages 
bought together with instru11ents were put into operation together vith iastru­
aents and caused no problems. 'this software is intended for direct use but 
not for being iaproYed in the Institute. other application software packages 
are intended to be used with a 11&in-fr ... ca.pater or a ainic011P11ter srstea 
and to be eztended. 

(a) Software to be run on tbe aain-fr ... CO!!ppter 

During the preliainarr aission it had been decided that the aain­
fraae computer would constitute the Govermaent•s input and that it should 
be the Riad tree. aade in centrallJ planned econoaJ countries. and 
compatible to 1811 360/370. Unfortunatelr. the selection and contracting 
bJ the government agencies took a long time and the coapuler (the Polish­
aade trpe R-34 •~in-frame computer) was delivered onlJ on 30 Noveaber 1987. 
Because the installation of such a computer necessarily takes a couple of 
110nths, and since by the end of 1987 some imported construction 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 proir.ised to give access to a 
similar computer in the ffydroaeleorological Insti~ule, a type R-55 main­
fraae computer aade in the G~rman Democratic Republic. But the access to 
this computer, formallJ established since April 1987, ~as affected by two 
shortcomings: 

Frequent breakdowns, and 

- The lack of ezperience emong local person~el in tbe linkage of user's 
software to tbe operating 11stea of tbe aain-fr~ .. computer. 

OnlJ in Deceaber 1987 all probleas were solvod ana the purchased 
software was put into operation. This, however. ves too late for its 
useful application for the national econ~J an~ its furth~r development 
during the life of the project. Tbes~• ac\ ivities are now foreseen for 
the future <••• annes II). 

(b) ioftvare to bt rap op tbt •ipicolll?]F•r snl• 

To run this softwart, UIIDO bought tht Polish .... de trpe SB-4 , 
•inicoaputer 11st,., coapatiblt with the DIC PDP-11/34 coaputers. Thi• 
computtr was put into optration a1 soon as suitable conditions esi1ted 'at 
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tbe Inatitute. i.e. in tbe ••cond balf of 1916. SubseqaenllJ. a part of 
tb• purchased software. n ... lJ spindle. gear box and power transaission 
aaalrsis •oftwar• packag•s. uad in particular tbe P!.OGRAF srst .. for 
computer-aided design of PC boards • .,.re put into operation. used and 
eztended. To use tbe software package of the PllOGRAF kind, one aust baYe 
a data bank. containing informatioa ~n the cbaracteristic• of the 
coaponents to be placed and connectAd aut011&ticallJ on PC boards. and of 
tecbnologJ parl\9eters of tbe applied aanufacturlng processes. So far the 
local staff fed this buak with data of 200 locallJ used electronic 
coaponents. 5 standards and 5 production data. rendering it capable to be 
used !or practic~l vort. The extension of the data bank and the develop­
aent of the s1stew to cover future needs is i~cluded in the wcrk plan. 

OnlJ 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 t~e particular coaputer s1stem. It vas 
too difficult for the local staff and a consult1nt in this field. 
supposed to be invited bJ the Governaent. has not Jet been placed. UHIDO 
asked toe supplier to deliver a simpler VPrsion. but it did not arrive 
until December 1987. For proposed solutions see chapter IV. 

6. Developaent of aeasuring devices and aethods 

(a) Developaent of measuring devices 

As reported before. the UllDP/UHIDO input for this task was ver1 
... Jl. Nevertheless, the researchers of the Sensor Laborator1. bJ using 
the technological processes received for aanufacturing of the PC boards. 
succeeded in developing 10 aicr011eter inductosJDS. These inducto•JD• are 
planned to be manufactured in the near future and applied bJ the national 
industry in locallJ aade IC aachine-tools (see annex II, itea 5). 

(b) Development of aeasuring methods for aeasuring and testing of 
aacbine-tools (NC machine-tools in particula~) 

The development and manufacture of •c aachine-tool~ require aeasuring 
of aechanical and electrical paraaeters with ve~J 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 aeasured to establish 
the data required for control programs for numerically controlled machining. 

Prior to this project, no sucu measuring facilities existed in tho 
Democratic People's Republic of Korea. Thanks to the project, a full set 
of instruments (including a laser interferometer) was provided and tho 
K•asuring Laboratory bas been established. 

The fellows were trained in machine-building factories in the German 
Democratic Republic, in how to aeasure machine-tools during their pro­
duction. Later, in the first half of 1987, two UtfIDO consultants, 
J. Caciag and J. Szymkowski, provided training in high-precision aeasure-· 
.. nt required for testing of models and prototJpes of NC aachine-tools 
during their development. 

At this stage, tbe Kea1uring LaboratorJ, tbe NC llachine-tool Laborator1 
and the Servo-drive Laboratorr together are fullJ capable of .. asuring •c 
aacbine-tools, thei~ 1uba11 .. blie1, 1ervo-drive1 and inductosJ1l•· 
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In addition to ~h• application of learned .. thods, these laboratories 
also wort on the illitroveaent and development of both applied aethods and 
progruu for processing aeasured data using ca.puters. 

7. Developaent of control units for RC .. chine-tools and training of .. chine­
tool users 

(a) Developaent of the control unit 

Based on the aicroprocessor .odular control SJSteR developed through 
this project, control units for different aachine-tools could be built. 
In 1987 a protot:rpe cont~ol unit, designed for a cross-table, was .. de. 
It will be extended in 1988 to control lathes. 

Korean fellows were trained in this field in the llUKElll~ f actorJ at 
~arl-llarx-Stadt, Geraan De91ocratic Republic. During designing and putting 
into operation of the control unit extensive assistance of URIDO consult­
ants was provided: 

Electronic part: J. ~aCZJDski, t. Pavelec and J. Franczak; 

Software: J. Bienkowski and D. Kr'ZJVOblocki; 

- Bechanical structure and cablin': J. Rudzki. 

The developed control unit incorporates two 16-bit and two 8-bit 
aicroproceslors, a displaJ and sophisticated circuits. Its parameters 
are presented in annex I. After completion of the control unit, it was 
integrated with the cross-table, replacing the Sinumerik control unit, 
and was checked. Later some necessarJ iaprovements were introduced. 
UlllDO consultants Pavelec and Bienkowski assisted in that work. The 
final testing of the developed control unit with the cross-table 
completed the aain output of the project and demonstrated the lnstitute's 
capabilitJ to perform R & D of WC machine-tools. Integration and testing 
took place in December 1987. Developaent work will be carried on in the 
future in ord-.r to modifJ this control unit for application to specific 
machine-tools and to establish its lot production. 

(b) training of RC machine-tool users 

This training, executed bJ the personnel trained abroad and making 
use of the equipment delivered bJ the project, began in 1987. Six 
training sessions of a total of 415 hours were held. the 226 part~cipants 
who attended the training courses came froa the Institute of Controlled 
Machines, other research organizations, and froa the Huichon and Kusong 
factories. ror details see annex YI. 

8. pevelopment of servo-driv•s 

After the staff had completed the training in the German Democratic 
Republic, and with consultant Kaliszewski in the field, work in the Servo-drive 
Laboratorr concentrated on the following topics: 

(a) full understanding and practicing the application of the sophisti­
cated instruaents bought through the project, in particular the frequoncr 
response analrser, loading device and thyristor and transistor servo-drive 
11st .. 1 for the cross-table. Kov personnel know how to use these instru­
.. nts; 
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(b) When the servo-driYe unit in the receiYed VllW NC ailling-aachine 
broke down. the local per¥onnel looked for reasons and eliainated a nuaber 
of faults. learning at the same tiae how to deal with serYo-drives for RC 
.. chine-tools; 

(c) The servo-drive for industrial robots was designed in the laborator1; 

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

Other practical work in this laboratorJ was limited due to the lack of 
components. The ordering of components reconaended bJ Kr. Kalis%evsti was 
postponed until other purch•~es, being more crucial for the project. would be 
completed, i.e. until October/November 1987. Activities aaking use of these 
components will be possible from 1988 onwards. 

F. Expertise 

It was clear froa the outset that the proYision of extensive expertise bJ 
UHIDO consultants was crucial for the success of this project. Later the 
number of experts was increased because not all fields had been covered bJ 
fellowships and .. DJ sophisticated instruments were delivered. In total 
76.9 a/a of expertise were provided (see annex Yll) bf 17 consultants during 
26 aissions. TheJ all arrived on time. with the exception of one delaJ and 
one too earlr placeaent, and performed their tasks verf well. 

At the beginning of the project some persons suggested to recruit consult­
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 ideas of solutions. This means, that in many instances they should not 
only be from one country but even from one and the same research group; 

(b) The work of a particular consultant was frequentlJ closely linked to 
the work of another one. Consequently the timing of their placement bad to be 
strictlf 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 ~onsult­
ants came from one source; 

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

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

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

During the December 198S tripartite review aeeting, considerably different 
views on the extent of required expertise were expressed. UJIIDO 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-operation or TOlTEN. All consultants planned f~r bf UNIDO were 
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recruited and placed. altbougb tbose fraa tbe Cer11&1a Dellocratic Republic were 
replaced bJ Polisb consultants. because tb• Gowenmient of lb• Ceraaa O..OCratic 
Republic could not prowide tbe project vitb tbe required consultants for tbe 
periods indicated. 

UnfortunatelJ, the Goveraaent, in particular the Acadear of Sciences, did 
not succeed in placing anr e:icpert through bilateral or TO~ agre ... nts. This 
caused a delaJ in the application of the bought software and, in consequence, 
jeopardized the development of nev software. Vitb that exception, the total 
duration of the provided expertise vas sufficient, however, onlJ because the 
designing of the RC ailling-aachine protolJPe and the 11&11ufacture of both, RC 
lathe and RC ailling-aachine protolJPes, were cancelled. 
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III. FlllAL PR0.1ECT PERFOllWICE VERSUS PLAllllED PEIFOlllAllCE 

The final substantiYe revision of the project document took place during 
the Decellber 1986 tripartite reYiev .. eting. The targetted time and project 
objectiYes. as settled then. were reached. C011pared with the original project 
docuaenl signed in September 1984 0 the following changes were introduced: 

A. Inputs 

1. U11DP/UlllDO inputs 

(a) Training 

Fellowships were reduced froa 282 ala lo 250 ala. i.e. bJ 11 per 
cent. The following training courses were waiYed: application of 
industrial robots and deYelopment of DC 110tors. Training on measuring 
devices did not cover the 11&aufacture of inductoSJDS. Training on trans­
aission did not cover Dall-screws. Training courses on control units did 
not include training in 16-bit aicroprocessor technique. These reductions 
were caused bJ the fact that in the last aoaent the Goverm1ent of the 
Dellocratic People's Republic of ~orea withdrew from these training 
courses prepared in Poland and asked to have thea in the Geraan 
Dellocralic Republic; however. the Governaent of the Geraan Deaocratic 
Republic was unable to provide such training and there was no time to 
arrange it elsewhere. 

( b > Expertise 

Expertise was increased froa 67 ala t:> 76.9 ml•. i.e. by 15 per 
cent. This was decided in order to cover soae 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 aeasuring aachine (item 2) - cancelled due to 
its high price (about $US 100,000) and not being essential for 
project completion; 

- Microprocessor development system (it .. 25) - not available 
froa the developed aarket economy countries due to trade 
restrictions and verJ expensive in centrallJ planned economy 
countdes (about $US 6),000). It bas been replaced bJ the 
microcomputer with suitable accessories and a PROM prograaaer 
is planned to be built by ICll's staff using components 
delivered bJ UlfDP/UlfIDO; 

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

Corrosion test chamber (itea 38) - ber.ause it was not necessary 
for this project; 
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- Digital AC power -l•r (it- 6.3) - replaced bJ lb• siapl• 
analogue Vall -ter (it .. 57.63) being .. ch cheaper <SUS 175 
Yersus SUS 5.409); 

Caaponants for the lathe and ailling-aachine prototJpes -
because aanufacturing of these prototJt>es was waiYed. 

(ii) Additional purchases: 

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

Standard cbeaicals required for the aanuf acture of PC boards -
J:oecause the qualitJ of locallJ available cheaicals was found to 
be below require.ents; 

- Additional cor..ponents for the aicroprocessor 110dular control 
srstea - bee•••• the qualilJ of locallJ available components 
was below requir-nts; 

- Air-conditioning equipment - because the Coverament was unable 
to provide it on ti .. and had no convertible currencJ to buJ it 
on the free aarket. The Coverument coapensated this espenditure 
bJ partial pa)11ent of consultants• hotel bills; 

- Accessories. consmaables and services for the bought 
instruments. In fact. during the planning of the project. 
the costs for teeprag the instru11ents in good working condition 
during project life had been anderestiaated. In some other 
cases. onlJ after the instruments were put to practical use, 
could it be deterained what additional accessories were 
indispensable. 

UllDP/UllIDO were originallJ 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 increase: 

(a) Tbe significant drop in the value of the US dollar between the 
date when the purchase recomnendations were aade and the time when 
paJ118nt for purchases was effected; 

(b) Tbe underestiaation of the cost for transport, services and 
accessories; 

(c) The overestiaation of tbe Covernaent•s capabilitJ to deliver 
components and aaterials for aaanaf acturing processes froa tbe local 
aarket; eventuallJ alllost everrthing bad to be delivered bJ UllDP/UllIDO. 

Tbe increase of tbe equipment cost was aade up in tbe following var: 

(a) Sus 4,824 (7'1.) - tbrougb an increase of tbe project budget 
during tbe Deceaber 1986 tripartite review 
-•ting; 

(b) Sus 59,000 (5'1.) - through savings on espert1' cost because the 
Government paid some experts• hotel bills; 
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It should be noted that while the cost of training was reduced bJ 
37 per cent. the quantitJ of training was reduced bJ onlJ 11 per cent. 
This was possible because the cost of training was low.r than bad been 
Htia&ted. 

The final increase of the project budget was 5.7 per cent 
($US 2.503.498* versus planned Sus 2.367.700), but two costlJ goals bad 
to be sacrificed, naaelr the development of llC lathe and ailling-aacbine 
prototJPes which were replaced bJ the less expensive aanufacturing of one 
cross-table. 

2. Govermaent inputs 

Beside the changes described above. there was one aajor change in the 
government inputs: instead of aaterials and labour to design and manufacture 
the RC lathe and RC ailling-aachine protolJPes. the Governaent provided inputs 
for designing and aanufacturing a cross-table. 

The total governaent input. in kind. was: 

OriginallJ planned: won 20,257,500 

After extension of the project bJ one rear, planned: won 26,336,500 

PinallJ won 22,383,616. 

Again, the savings are due to waiving the constructiok of the RC lathe and 
ailling-maachine prototJPes. 

B. I11m1ediate objectives 

One project objective, namelJ "To enable national staff to use industrial 
robots in production processes" was deleteJ. Although the development of 
industrial robots bas not been envisaged for this project, the application of 
industrial robots in connection with RC aachine-tools was recognized as one of 
the objectives in the original proj~ct docuaent. In order to focus the project 
on a limited number of goals and taking into account that no UllDP/UNIDO input 
was provided for it, this objective was dropped during the May 1986 tripartite 
review aeeting. However, it should be noted that this project will have an 
impact on the progress in robotics in the Democratic People's Republic of Korea 
through at least two of its objectives: 

(a) The esta~lished Servo-drive Laboratory develops servo drives for 
robots; 

(b) The microprocessor modular control system develo~ed 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. Eventually they were 
liaited to one institute only. Por an explanation see "Introduction", 
HCtiOD C. 

topics dealing with the manufacturing of RC aacbine-tools were partly 
covered bf developing tbe cross-table and the aanufacturing of control units 
was fullJ covered. 
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C. Outputs 

l. Designing of an llC ailling-aachine and aanufacturing of llC lathe and RC 
ailling-aachine prototxpes 

These outputs were dropped and partiallJ replaced bJ designing and manu­
facturing of the cross-table. This deletion vas due to the following reasons. 

BJ the a~ddle of 1986. the technical designing of both aachine-tool proto­
tJPes should have been alaost finalized and substantial progress in aanuf ac­
turing had b~en assuaed. In fact. with the assistance of UllIDO consultants. 
onlJ rough technical specifications were coapleted. 

UHIDO consultants working with designers of the ~usong and Huichon 
factories found that both factories involved in the project were interested in 
the development of MC aachining centres but neither in lathes nor ailling­
aachines. Later. UllDP officials were informed that a decision to build 
aachining centres instead of a lathe and a ailling-aachine had been taken bJ 
the C0111aittee of Ketal and Kachine-Building Industries. a high-level govern­
aent bodJ and therefore out of the control of the Acad..,. of Sciences. Until 
October 1986. no final decision about the trpes of aachine-tools for develop­
aent as prototJPeS had been taken. This uncertaintJ had the following effects: 
soae design work had been undertak~n for a lathe. but oolr bJ the staff of ICK 
without involvement of the industrr. and nothing had been done for designing a 
ailling-aachine. Of course. nothing had been manufactured for machine-tool 
prototJPes. FinallJ. UHIDO suspended the placeaent of further consultants on 
aachine-tool designing and aanufacturing. because it was not possible to 
prepare their job descriptions in agrell!lllent with both; the project document 
and the requirements of industrJ. 

ConsequentlJ 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 prototJpe. some additional tus 200,000 were required. 
lloreover, UHIDO consultant J. Gaciag found that the lusong factorJ was not 
fullJ equipped with the machine-tools required for the aanufacturing of RC 
a&~d1ne-tool prototJPes. At least four espensive aachines (a jig boring 
aachine or a aachining-centre to aachine spindle head bodies; a grinding 
aachine, to aachine slideways and bodies; a gear grinding aachine; and a 
spindle grinding aachine) would have been required, as well as a number of 
instruments (including a balancing machine). In the Huichon factorr facil­
ities were no better. Knowing from previous esperien=e with this and oth•r 
projects how dif iicult co-operation among different organizations in this 
countrJ is, one could es~ect that the manufacture of RC aachine-tool proto­
trpes would take very long. 

For these reasons, the December 1986 tripartite review .. eting decided to 
drop the development of lathe and milling-aachine prototypes. Instead, the 
Institute built, in co-operation with the lusong factorJ, a cross-table which 
has been cheaper and better suitable for research work. 

2. Application of industrial robots 

An industrial robot was bought by the Government, but its application in 
industrial processes was deleted from the project due to reasons explained 
above. 
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IY. USU llOT FULLY COllPLETED UPOll TDID•&nOll OF TD PRO.JECT 

A.. GoYenment 

1. The aain-fr ... computer. although bought and receiYed, bas not J•t been 
put into operation. Th• plan for its installation is presented in annex II. 
itea 7. 

2. The cross-table bas not been fitted with the hJdraulic loading deYice for 
investigation of servo-driYes. ICll expects to do it in Barch 1911. 

3. An expert in linking the user's software with the operating systea of the 
Sii-~ ainicmaputer should be placed through a bilateral agre~nt. The expert 
would help to solve problems with putting the UllISYS software package into 
operation. 

B. UllIDO 

1. The UllISYS software package bas not been pat into operatioa dae to lack of 
erperience of the local personnel in bov to integrate aser's soft.ware with the 
operating SJstea of the Sll-4 ainicQ11Pater. VaJs to solve this probl ... being 
alternative to the one described above ander A..3, are to supplJ another Yersioa 
of the UllISYS package which is easier to applJ, or to reqwest the S11pplier to 
send a serviceaan to the O..Ocratic People's Republic of Korea to pat the 
UllISYS package into operation. UllIDO should trJ to arrange it throagh the 
UllISYS supplier in Poland. 

2. Soae saall pieces of eqaipmenl recentlJ orde~~d hJ UlllDO for this project 
have not rel been received. TbeJ are listed in annex VIII. ProbablJ th•J will 
be delivered shortlj. 
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Y. cma.usIOllS .1111> DtD9GMDATIOllS 

&. To all parties 

1. Tbe origiaal project doc ... at assamied a broad co-operation of orgaaizatioas. 
beloagiag to differeat high-level gover1111aat agencies. as an iadispeasable 
factor to achieve the project objectives and 01atpats. It vas fouad that ia the 
O..OC:ratic People's Republic of Korea to get such co-operation for UllDP/UllIDO 
projects is verJ difficult if aot impossible. Tberefore, projects in the 
O..OC:ratic People's Republic of ~orea sboul~ be fr ... d for onlJ one ainistrJ 
(or aa equivaleat agencJ such as the &cadeaJ of Sciences), and preferablJ for 
oalJ oae organization. 

2. Vllea the project budget vas establisled. broad use of locallJ .. uufactured 
components and aaterials vas assumed; practicallJ. tbeJ could not be provided 
at tbe re41uested time or bad insufficient perforaance paraaeters. Therefore. 
particular care should be talc.ea when tbe use of local resources is assuacd. 

3. For large projects vitb interlinked tasks, consultants should be recruited. 
if possible, fraa one organization or institute or at least froa one countrJ 
onlJ. Tbis vas done vitb the present project and proved to be successful. 

4. To get some additional moD•J for equipment in this project. it was decided 
in 1916 to paJ the consultants onlJ 50 per cent of their DSA and the AcadeaJ of 
Sciences agreed to paJ the cost of their accOllllOdatiou. llanJ probleas arose on 
the nbject of which costs sh01ald or sh01ald not be borne bJ the &cadeaJ of 
Scieaces. These probleas were spoiling a previouslJ 1110oth atllosphere of con­
nltaats• work. Because good 8Dtual relations between consultants and the 
receiving couatrJ are crucial for the success of projects, theCTA stroaglJ 
rec..-eads to avoid, ia the Democratic People's Republic of ~rea. arraag ... nts 
vberebJ the Goverameat covers directlJ costs of consultants• accommodation. 

5. Ia the O..Ocratic People's Republic of ~orea the standard of hotels, and 
especiallJ that of .. als served ia hotels, is rather modest. therefore, a staJ 
ia a hotel f nr 110re than one llODth is difficult if not unacceptable for ... J 
experts, aad the rentiag of flats and services can be arranged only through 
goYenmeat organizations, vbich aay be easJ once, while sometimes impossible. 
and alwa7s aeeds ti... In order to provide consultants with good living 
coaditions, especiallJ if they are staying for a longer time, the exact type 
of acc011110dation should be discussed and settled with tbe Government prior to 
their placeaent, and the local UllDP office should take an active part in it. 

6. Once tbe training plan has been settled (programmes and places>. it should 
not be changed. If changes are introduced, a delay for the whole project and 
additional costs 11mst be ass ... d; or otherwisv the quality of provided training 
vill be liaited. 

7. For the aanagerial personnel, study tours should be arranged (to many 
places but of short duration). They should not attend long training courses 
oa aarrov and sophisticated subjects which th•J do not need in their work. as 
it bappeaed with this project. 

I. ODe fellow should be seat to learn one subject onlJ. If be or she covers 
more than one topic, the later usefulness and application of the learaed skills 
woald be liaited. 
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B. To the Governaent 

1. On aanJ occasions nothing, or almost nothing. was prepared prior to the 
plac ... nt of consultants, to render their work efficient i111RediatelJ after 
their arrival. even if it vas a consultant's second aission, and in his report 
on the first aission be bad put down what vas required in order for hia to 
proceed vitb bis assignment. Also, the interest de110nstrated bJ nationals in 
the work of consultants, e.g. attendance at lectures, vas relativelJ modest. 
To aake full use of consultants• tiae, the government organizations should 
prepare all conditions to enhance their work and assign a sufficient number of 
counterparts. well before the consultants• arriva!. 

2. Buch more attention should be paid to the working conditions of eaplorees. 
For instance, the lighting aust be sufficient and adequate furniture aust be 
provided for laboratories. 

3. Considering that the local personnel bas a lot to learn, these endeavours 
should be strengthened and enough tiae should be devoted to separate, longer 
lasting tasks. A frequent change of goals is ineffective and even counter­
productive in scientific work. This rec01111endation is perhaps the most 
iaportant one to ensure a continued benefit froa this project. 

4. With tiae and the continuous use of the instruments, their maintenance, 
calibration and repair are required. At present, this work is entrusted to 
each individual laboratory in ICI! and the technicians working there. It is 
reca1111ended to establish one comaon maintenance workshop, suitably equipped to 
handle all repair and service work for aeasuring instruments for the Institute 
and, even better, for the whole Acadeay's of Sciences area in Pyongsong .. 

5. The AcademJ 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. In addition to the above, the AcademJ of Sciences should arrange for 
regular visits of service engineers from the ainicomputer manufacturer (twice 
a fear) in order to maintain the minicomputer s1stem in good working condition. 

7. ICll aust ensure a stable, continuous electrical power supply with suitable 
par ... ters (220 V, 60 Hz). 

8. Electric installations in ICM should be rebuilt and properly grounded 
according to the internationally recognized 'afety standards. The laboratorJ 
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 
t.-perature) when the outdoor temperature is low. 

10. The water supply in ICM is often affected by breaks. For PC board 
manufacturing ~his causes not only a loss of time and labour, but also losses 
of expensive materials. An emergency water tank with a capacity of about 
8 •3 should therefore be put up and also connected to the developing machine. 

11. The ainicoaputer system and the NC microprocessor control unit being the 
110st complex project inputs/outputs, a 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 deYeloped de•ices, especiallJ the cross-table and the control unit, 
as well as th• bought .. chines, especiallJ the llC ailling-aachine, should be 
run continuouslJ and be eztensiY•lJ tested to find out all their shortcoaings 
and to learn testing .. thods. 

13. The responsibilitJ 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 LaboratorJ and their aanuf1cturing in the PCB 
Workshop. It is reca1111ended to produce production masters (filas), to aanufac­
ture PC boards and to carrJ out related R & D wort in the three divisions of 
the PCB Workshop. 

14. llanJ instruments delivered to the Institute are for the testing and 
91easuring of aacbine-tools according to a request froa the industrJ. Such 
aacbine-tools should be brought to the ICll for testing rather than instruaents 
being 90Yed out froa the Institute to Yarious factories. This would greatlJ 
ainiaize the danger of d ... ging the instruments and reduce the ti .. required 
for their calibration. To this end, a large rooa should be constructed at the 
Institute peraitting trucks to enter it easilJ, and an overhead crane should 
be installed to place the aachine-tools on the testing stands. 

15. The deYeloped aicroprocessor llOdular control 111t .. could and should be 
used for different applications in aut011&tic control, but not onlJ for llC 
aachine-tools and industrial robots. 

:6. Through the project sophisticated instruments have been supplied and it 
bad been as1U111td that the basic instruaents and tools available at the 
Institute of Mechanical Engineering and the Institute of Autoaation would be 
used. The new Institute of Controlled l!achines has got verJ few of these 
instruaents a6d tools. For instance, it still is not equipped with a manual 
electric drilling aachine and an optic lever. It is therefore rec0111Dended to 
equip ICll with the basic mechanical and electrical instruments such as level 
gau&es, squares, CJlindr.ical squares, straightedges, rules, block gauges, 
precision barometer, bydr011eter and basic band-tools in a sufficient number. 

17. The Institute of Controlled Machines should be equipped with a wor~shop 
with basic aachine-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 a&nJ different kinds of chemical~. However, their 
usage over a period of time bas resulted in some leakages and overflowing. 
The keJ to solving this problea is aaintenance. Since ICll has neither the 
capabilitJ nor the necessarJ tools to aaintain cb .. ical installations, it is 
recOllll8nded to trJ to obtain assistance froa other cheaical institutes, where 
tbe necessary equipment and skillful labour a&J be found, to ensure that the 
installations of the PCB Workshop will continue to function effectivaly. 

19. The capacitJ of the PCB Workshop is 11Ucb larger than the needs of ICll or 
even of all organizations developing •c aachine-tools. It should, therefore, 
serve other governmental a & D organizations. However, to enable this, the 
Government should provide the Workshop with sufficient quantities of aaterials 
and consumables required for the aanufacturing processes. 

20. :rhe principles of designing and local standards for re boards should be 
est:blish•d. They should be elaborated on the basis of recoaDendations made 
bJ the consultants and locallJ gained esperience. 
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21. Vben the local staff will haYe ezperieace in the a'Pf'lication of the 
PllOCIAF package for CCJllPUter-aided designing of PC boards, theJ should be 
trained on an adYanced leYel bJ foreign consultants or through fellowships. 
Bilateral co-operation could be used for this. 

22. The creation of prograas for MC aachine-tools using CAii .. thods being a 
complex task, eight staff of ICI! should be assigned exclusiYelJ to perfora 
this task. 

23. Some iadustrial branches are iaterested in specialized subsJsteas for the 
design and manufacture of products with double-curved (sculptured) surfaces, 
e.g. TV tubes, car bodies, ships, turbine blades, dies and 910ulds. After 
baying gained the necessarf experience with the available APT-like s1stea and 
other software, ICI! should, therefore, organize training courses for the 
persoaael froa factories, and after completion of these training courses, the 
joint institute-industrJ CAD developaent progra1111es should be considered. 

24. After all iaprove98nts and changes of the project's outputs have bocn 
completed, in particular those of the control unit, final docusentation should 
be produced for all devices and software packages developed through the 
project. 

25. The user's aaintenance and progr ... ing manuals for the control unit should 
be prepared soon. 

26. All unfinished tasks (see cha~t•r IY) should be completed as soon as 
possible. 

27. The R & D prograaae for NC aachine-tools for 1988-1990, presented in 
annex II should befolloved as closelJ as possible. • 

28. It is reca1111ended to develop a pover-supplJ unit for control units to 
replace the iaported ones. It can be done bJ using present knowledge, 
instruments and patterns, but this needs tiae. The unit should work on the 
switching principle. 

C. To UBDP/UNIDO 

1. In the Democratic People's Republic of lorea, the recruitment of consult­
ants through bilateral agreements or bJ TOlTEN takes so much time that it 
should not be considered as an ~,ement of projects, but rather for the post­
project phase. 

2. It was assumed that all fellows maJ use English easily, and if they 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 recommen~cd that fellows, before going abroad, pass an exaaination in 
the UJIDP off1ca in the language of training; otherwise interpreters should 
accompany them. 

3. Instruments should not be delivered before rooms and installations are 
readJ. Otherwise the aanufacturers' guarantees espire too soon. 

4. Since in the Dellocra~ic People's Republic of lorea there are no aanufac­
turers' aaintenance tacilities, at least not froa developed aarket econoaJ 
countries, the deliverJ of aaintenance docu.entation and tools should be aade 
obligatorJ and included in purchase orders. 
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5. Oil• lesson learaecl fr• ·, - project was that. vbea iastrumeats are put 
iato operation and used. cons.~·:.rabl• additional costs vould arise. Additional 
accessories and ••rYice tools were required. as well as consumables and spare 
parts. especiallJ after the ezpiration of guarantees. These costs had been 
underesti .. ted during th• preparatorJ aission. In the future 25-30 per eent 
of th• walue of purchased instl'119ents should be obligated for their instal­
lation and ezploitation. 

6. For large projects, instruments and equipmient should be gathered in one 
place in a developed countrJ, near the .. jor sources of supplJ. and later 
transported ia bulk bJ charter. A lot of probleas were avoided for this 
project due to the iapl ... ntatioa of that idea. 

1. Vith regard to the transportation of goods froa Europe and Japan to the 
Democratic People's Republic of ~orea the following was experienced: 

(a) Consignments in ... 11 boxes ( .. xiaua size about 54 x 54 z 100 ca) 
vben sent through Beijing, arrive quicklJ; 

(b) Large boxes do not fit into the saall aircrafts operating betv•en 
Beijing and PJongJang and reaain at Beijing airport until sOll8bodJ froa the 
local UllDP office would find thea and ship thea bJ railvar; 

(c) Consignments sent via the Union of Soviet Socialist Republics are 
usuallJ shipped (independentlJ of what the original air-bill proaises) via 
lloscov - lhabarovsk <a distant town in Eastern Siberia) to Pyongyang, and they 
are passing custoa inspections twice (&t lloscov and ~abarovsk). this takes 
two to three weeks. the Soviet carrier is much cheaper for suppliers 
registered in COllECON countries than carriers operating through Beijing (even 
their national carriers). thererore the Soviet carrier should be chosen only 
for large boxes and for shipments that are not urgent. coaing froa COllECON 
countries. 

8. For this project, hundreds of different electronic components and a good 
nuaber of chemicals were required. Such aaterials are usuallJ sold in large 
quantities onlJ, larger than one project needs. the aost 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 recom11ends 
two alternative solutions: 

(a) If UllIDO is involved in several siailar 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) Instead of ordering from coaMtrcial enterprises, contracts could be 
concluded with research or .. nufacturing organizations which deal in the 
project's fields of activitJ and have their own stocks of the required goods. 
the purchase orders for instruments, aacbines or know-bow should be placed 
with such organizations, and include the necessary quantities of all aaterials. 
This solution was applied, with ~ good result, for bufing materials and saall 
tools for PC board aanufacturing. 

10. th• procedure for bufing books by UJllDO through Bunksgaard A/S <Denmark) 
for this project was not satisfactorJ. When the rec01111ended books were 
ordered, about 50 per cent were delivered relativelf quicklJ, and an additional 
5 per cent arrived during the following three fears. UllIDO reaained passive 
and the CTA was advised to wait for Kunksgaard's reactions. ror the out­
standing books, no substitutes were proposed nor was information received on 



tbe e~cted date of issue of new editions. Tbe UlllDO book purchasing ser.ice 
should be aore active in tracing book supplies and providing substitutions. 
To do so, tbe unit should eaploJ tecbnicallJ competent people or .. ke regular 
use of con~ultants coaing for briefings and debriefings to Headquarters, as 
well as co-operate directlJ with leading publishers of technical literature. 

11. Correspondence froa Vien~• to PJongfang and vice versk lakes too long. 
Cables are being sent through Bangkok and delivered sometimes after five daJs, 
and let~ers sent bJ pouch arrive at Vienna two to three weeks after departure 
froa PJongJang. UHIDO should trJ to iaprove that situation. Cables between 
Pyongfang and Vienna should be sent directlJ and pouches should tr~vel much 
aore quickly. 

12. The UHIDO inputs listed in chapter IV should be completed as soon as 
possible. 
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Annez I 

Cross-table 

1. Table size: 800 x p~ ..... 
2. Travel length in x - a.xis 1000 lllD 

,_. - a.""is S\JO m 
3. Rapid traverse in both axes 10 m/min ... ~k'~illll.lll acceptable load on the table 1000 kgs 
5. Parallelism of slide.-ays: x - a.xis 0.02 DID 

,_- - a.'\:is 0.02 11111 

6. Roughness: x - axis 1.25 micro m 
y - axis 2.5 micro m .. Hardness: x - a.""is 46 HRC I • 

y - axis 30 HRC 
8. Torque of friction: table J.52 ~ 

SADDll 6.3 ~ 
9. Straightness of X movement: pit.ch 6 s 

ya~ 8 s 
Y movement: pitch 5 s 

yaw 6 s 

~licro~rocessor modular control system 

•this system consists of f oll!)h-ing PC boards I modules) : 

1. SBC80 Si~le board 8-bit computer 

2. SBC86 Single board 16-bit computer 

3. RA.'148 RA.'11 memory of central bus 
4 • EX-116 Er~/R.~'1 memory 
5. ~l Displa~· control module 
6. l\~132 Keyboard interface module 

R..\. '1 41\B, EPHC:r-1 32 KB, 
Clock 4 ~ 
R.~"1 16 KB, 
Clock ma.'\:. 
4£s KB 
16 KB 

EPPa1 6-1 KB, 
5 ~1Hz 

R.~Ys 4 KB, EPRCM 2 KB 

i. C?.101 Control panel module w"i t.h operating circuits 
8. CP.102 alpharn. •. neric ke~- matrix 
9. CP.-!03 l\C ke~- matrix 

10. C?.10~ machine ke,.· matrix 
11 • f'I~!ui 1/0 module for positioning measurement usi~ inductos)-ns 3 axes 
12 • PCt-103 " enccxiers J &'\:es 
l 3 • S~J0-1 Servo-controi analog output module 
l~. DP.132 Di&ital input.module 
15. Wl32 Digital output module 
16. roJOl Peripheral and clock module 
Ii. ~01 ~nitor control module• 01 
18. ~02 ,, s 02 
19. Power supply board for a DK>nitor 
20. IA'101 Inductosyn pre-amplifiers 
21. II!\101 Inductosyn interface 

~ axes 
32 inputs 
32 outputs 

DC 12 to 3o\' 

C. Numeric control lD'lit 

1 • Control of 2 axes for lathes and 3 a.'\:es for mill inc-machines 
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2. Linear and circular interpolation for 2 out of 3 ~-es. 
3. Tra'\"ersing and interpolation range: ·:- 99 m. 
4. Input/output resolution: 0.001 nn. 
5. Position measuring by encoders and inductos~-ns. 
6. Compensations 

- 199 blocks of memory for tool length, range +- 9999.999 nm; 
cutter radius, range +- 999.999 nm; 

- backlash compensation, rauge +- 0.65 mn. 
1 • Technology: 

- feedrate: 1 am/min to 5000 11111/min; 
- rapid tra,·er.=:-e up to 5000 an/min. 

8. Data L"lput: 
- papP.r tape input '\"ia a paper tape reader; 
- !.'IDI Yia the keyboard. 

9. Program: 
- input code: ISO; 
- increment.al or absolute values; 
- programning 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 JX>int notation; 
- full circle programni.ng; 
- program editing (deletion, insert.ation, replacement!. 

10. Manual o\·errides 
- feedrate: 120, 110, 100, 90, 80, 70, 60, 50, ~u. 30, 20 and 10 ~; 
- rapid traverse: 50 and 10 ~. 

D. Parameters measured after inte2ratio~ of the cross-table ~ith t.he 
de'\·eloped control unit 

1. Drift of sen·o-dri'\·es in both a."es: 
x - a."is U to + 2 microm (delta = app. 1 micrOJTd 
y - &."\\:is -5 to +13 <delta = app. 6.1 microml. 

2. Posi~ioning accuracy: 
x - axis at speed 5 m/min: delta 
~· - a."is at speed 10 m/min: delta 

3. Accurac)· of the reference point: 
x - a."l\:is delta 
Y - a."l\:iS delta 

4. Stabili tr of mo,·ement veloci t)· along lines: 
delta = O. l m/min. 

E. FC board manufacturing 

= l microm; 
= 1. 9 microm. 

= 0.2~ microm; 
= l. -i microm. 

1. Maximal size of one PC board: 300 :-; 450 nm; 
2. Minimal width of a path or distance betlieen 

paths 0 • 3 11111; 
3. Accuracy of drillina lrepetationl; 0.015 mn; 
4 • Maximal storage time of SnPb co,·ered boards: O. 5 )·ear. 
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PROCUlOll 01' NC MACHINl-TOOL RISllRCH AND DEVILOPDNT 
FOR THI YIARS 1988 TO 1990 

Specification 
·---------------------------------------------------------------------------
1.~ Hachine-tool Laboratory 

Head: Prof. Hons Rina Ho, staff 19 Uncludinac 15 researcihers) 

1.1. DevelopMmt of the ~ lathe prototype 
a) Desianina (cooperation with the Desi1nina Office) 
b) Manufacturina (Kusona Factory) 
c) Testina 
Involved: 5 researchers and followina equipnent: # l(all),3,4,5.7, 

7(all),44,45(all) and 46(all). 
1.2. Application of CAD for investisation of specific problems in machine­

tool desisnins 
a) lnveatiotion of sear-boxes for the machine-tool industry 

b) Inveatisation of spindles for the machine-tool industry. 
Involved: 1 researcher and followins equipnent: # 15, l6(all), 17.1, 

18 and 19 (all) 

1988 1989 1990 

------------------------ ------------------------ ------------------------

app. 3 - 4 analyse• per )'ear 
----------------------------------------------------------------------------app. !) - 4 anAlysea per year 
----------------------------------------------------------------------------

c) Adaptation of the finite element method aoftware packase - - -·------------· 

I 
I 
I 
I 
I 
I - - -·------------· for local needs; · 

d) lnveatisation of static displacements, stresses and dynamic time 
responses uains the finite element method for machine-tools, robots 
and other applications. 

Involved.: 1 researcher and equipnent listed above. 
e) lnveatisation of dynamic characteristics of ma.chine-tools and 

aervo-drivea 
l:lvolved.: 1 researcher, equipnent listed above and cooperation with 

the Servo-drive Laboratory. 

app. 5 analyses per year 
-----·------------·-----------------·------------·------------

app. 2 -

I 
I 
I 
I 
I 

' 3 analyses per )'ear 
------------·------------·------------------------·------------·------------

-----------------------------------------------------------------~-----------~--------------------------------------

.. 
w 
I 



-----------------------------· .. -----------.,·-------------·-------------------------------------------------------------

1.3. 

1.4. 

1.5. 

Specification 

Manufacturina of control tapes for NC machine-tools 
a) Developnent of postprocessors for specific NC machine-tools: 

- Testina the postprocessor #16.5 with the #12 NC millina-maohine 
delivered through the project = = = 

- For one imported NC lathe 
- For the NC lathe prototype (see 1 • 1 above ) 
- For the new 16-bit cont~l unit 
- For one machining centre 

b) Manufacturin1 of control tapes 
- Fort 12 the WHW NC milling-machine (10 prosrams each year) 
- For a NC lathe ( 10 prosrams each ye,~) 
- For a machinin« centre (5 programs) 

Involved: 3 researchers, t15 main-frame computer, #19.5&19.6 API' soft­
ware and # 12 NC millin« machine. 

Testing of muchine-tools 
- standard machine-tools: Kusorui #3 lathe and Huichon millins-mach. 
- the machining centre prototype 
- samples from the pilot production of machining centres 
- see also p.1.lc above 

Involved: 3 researchers, following equipnent:#l(all),3,4,S(all),44,45 
(all) ,46(all) and cooperation with the Measuring Laboratory. 

Trainings for designers and users of NC machine-tools 
a) Structure and operating principles of mechanical parts of the NC 

•illirur-nnchine 

1988 1989 1990 

------------:------------:------------· 

----------
------------------------------------------------ ------------------------ ------------------------
------------------------ ------------------------ ============ 
------------ ------------ -------------··---------- ------------ ------------------------------------

------------------------
------------------------

--- ------ ---

l)To be done by personnel of the Ministry's of Machine Buildina Industry oraanizations. 

-----------------------------------------------·-------------------------------------------------------------~-------

• • 



Specification 1988 1989 1990 
---------------------------------------------------------------------------=------------ ____________ ; ___________ _ 

80 hrs of lectures and practice for app. 20 parsons P.ach year. 
b) Structure and operatil\IE principles of the control unit for the 

NC millin11-machine 
100 hrs of lectures and practice for app. 60 persona each year 

c) Proirruninll and operating of the NC millinsr-machine 
120 hrs of lectures and practice for app. 20 persons each year 

Involved: mainly #12 NC milliruc-machine 
d) Uail'\ll of the PAHES software for the finite element method analysis 

- Composition of the PAHES software paoka1e 
70 hrs of lectures for app. 20 persons each year 

- Proaruning in the PAMBS paokace 
120 hrs of lectures and practice for app.20 persons each year 

- Running of the PAHES program and analysis of results 
80 hrs of lectures and practice for app. 20 persona each year 

Involved: I 15 & 17.1 computers and 16.1 & 19.3 scftlolal'e 
e) Using of the UNISYS, SPIDIS, SPIEIG and ADAPJ' software Jl&Cka«es 

for CAD of NC machine tools 
- Field and methodes of application 

150 hre of lectures for app. 20 persons each year 
- Pro«ranninat in thir software 

120 hrs of lectures and practice for app. 20 pe1·sons cRCh year 
Involved: 117.1 minicomputer and #19.4, 19.5 and 19.6 software 

f) Usina of the API' software system for creation of control tapes 
for NC 11BChine-tools 
- Structure of the system and preparation of data for this system 

100 hrs of lectures for app. 20 persons each year 
- Proaranniruc 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 

------------ ------------

========== 
-----­·------

------

------------

------

------
---· ---· 

------------

------
.. __ 
---

====== 
------

------

------
------

--------------------------------------------------------------------------------------------------------------------

• Ut 



--------------------------------------------------------------------------------------------------------------------Specification 1989 1989 1990 

:---------------------------------------------------------------------------!------------!------------:------------• • 
:2. Control Unit Laboratory 

• • 

Head: Kim Yo~ In, staff: 16 (including 7 hardware and 5 software 
researchers) 

:2.1. Developnent of the CNC control unit for lathes 

2.2. 

2.3. 

2.4. 

2.5. 

a) Assembliruc and testing of the prototype 
b) Inte1ration 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) 
Developaent of the CNC control unit for machinin.1 centres 
a) Designing of the lU'lit 
b) Assembling and testing 
c) Intearation with the mBChine-tool 
d) Introduction of production of the machinin.I centre control \D'lits 

into the factory 
Pos.2.1 and 2.2 involve whole staff of the labor-atory and followin.1 
equipnent: #25.t microcomputer and instruments t6.4,17.3,25(all),26.2, 

29,32,33 and 34 
Manufacturing of control \mits for lathes, and maohinin.1 centres in 
the factory 
Additional researchers will be involved in this activity, 
Designing and manufacturing of the PfQ1 proacnwner (#25.3) 
Involved: 1 hardware, t software researchers and t worker 
Trainings on the structure and desianina of numeric control units 
a) Structures and applicat='\n of the NC units uain.1 the modular system, 

with 16-bit microprocessors 
120 hrs of lectures for app. 50 persons each year 

b) Desianin.I of additional modules for numeric control units 
80 hrs of lectures for app. 50 persons each year 

----------------------

------------

--·= 
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-----------------------------------------------------------------------------------------Spcoificntion 1988 1989 1990 

·---------------------------------------------------------------------------!------------!------------!------------
c) Preparation of software for the nllllCric control lUlit 

120 hrs of lectures and practice for app. 20 persons each year 
Involved: Mainly #25.1 microcomputer, #25.2 & 25.3 pro1ramners and the 

control unit prototype built throUlh the project. 
Remark: Desi«ninl of the control unit for a lathe is planned in 1987. 

3. Servo-drive Laboratory 
Head: Ki• Won Gol, staff 18 ( includinJC 14 researchers) 

3.1. Testins of dynamic parameters of the locally developed servo-drive for 
the NC lathe feed drive 
Involved: 5 researchers, 2 workers and followin.c equipnent:#5(all),10 

(all),6.1,7.9,27,30 and 32. 
3.2. Developnent of the microprocessor servo-drive 

a) Desi«niNI and manufacturin.c 
b) Testins 
Involved: 6 researchers and 2 workers and eqipnent as for p.3.t. 

3.3. Exploatation of the cross-table testir\8 at.and 
a) Teatina of the servo-dr·ives developed outside the Institute (for 

lathes, •illina-machines and machinina centres) 
b) Traininas on testina of servo-drives provided for customers from 

other oraanizations 
Annually two ona week traininlCs for app. 20 persona each. 

Involved: 3 researchers and 5 operators and the teatirur stand 
(t5(all),t10(all)) 

.~s: 1) other researchers of the Servo-drive Laboratory will deal with 
research for industrial robots drives. 

2) 'Ibis plan was established on the assunption that the SIS pro­
ject for these activities would be granted. 

------ --- --------- --- ---

------------------------

------------------------ ------------------------

app. 20 teats each year 
------------·------------·------------------------·------------·------------
------------·------------·------------------------·------------·------------
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---------------------------------------------------------------------------------·----------------------------------Specification 1988 1989 1990 

-----------------------------------~--------------------------------------- ------------!------------:------------4. Heaaurinc Laboratory 

Head: Li Bion Tae, staff: 3 researohera, in t.he ne~r future will be ex­
tended up to 5 researchers. 

4.1. Eatablishina the facilitiea for meaaurina of: ------------------------a) vibration 
b) displacaaent 
c) noice 
'l'hi• activity includes calibration of inatn.nenta and developinl of 
meaauriNI methods. 

4.2. Teatinl of induatrial robota developed in the Institute 
4.3. Heasurinl of prototypes preaented by induatry and outside reaearch 

oraaniationa 
Poa.4.1 to 4.3 involved 3-5 reaearchera and equipnent of thia laboratory. 

4.4. Inveatiaation of' cl.Ynmftic characteriatioa of NC machine-tool• and indu­
strial robota uaiNI vibration and aound meaauriNI equipnent, computer 
proanuu for proceaaina and analyaiNC of measured data (to be develop­
ped). Automatic fault diasnoaia and correction are aaauned. 
Involved: New research 1roup, to be eatabliahed. 

4.5. TrainiNla on uaiNI of t.he meaauriNI inatrunenta 
a) OperatiNI principles, atNCture and application• of the laaer in­

terferaaeter 
60 hra of lecturea and practice for app. 20 peraona each year 
Involved: #3 laser interferometer, 

b) Operatint1 principlea, atNCture and methoda of uaina the 
type UPM60 multi-point meaaurirur inatrunent 
60 hrs of lecture• and practice for app. 20 peraona each year 
Involved: # 1 & 1.1 to 1.15 inatrunenta. 

------

------

c) OperatiNI principles, atNCture and methodea of application of the I====== 
type 88011 ayatem controler 

------

------

============: 
app. 3-5 problema/year 

====================··=·· 

------

=== 

========·=·= 

==· 
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--------------------------------------------------------------------------------------------------------------------Speci fioation 1988 1989 1990 

·---------------------------------------------------------------------------!------------!------------:------------80 hra of lectureR and pnwt i or. for app. 20 pcrRon• f!!!loh ye,,,r 
Involved: t \, 1.13.2 ancl 44 inRt1'1ftf!ntR. 

5. Senaor Laborator;r 
Head: Li Zu Op, staff: \9 ( iooludiNll 12 reaearcherR) 

5.1. Hanufacturin« of lhft pi lot Jot of 10 miornmf9t..,1• induotoRynn NOAle• and 
alidea :::========== 

•s.2. Manufacturing and application in the industry of 10 micr. induotoaynea 
Poa.5.1 & 5.2 involve 3 researchers, 3 operators and# 22.1 photoplo­

tter and thP. PCB workahor cquipncnt. 
5.3. Testin.c of inductosyne sC'.alea and slides usirui the croaa-table meuur­

ina: stand 
Involved: 2 researchers, 1 operator and the croas-table, the #10 mea­
aurirur system for inductoaynea and #3 laser interferometer. 

,Re.ark: One piece means onP. inductoRyne Reale elP.ment (200 ""' lone) or 
one slide • 

• • 
l6. Cmapiter Laborator~ 
: Head: Sona: Jae Qunl, staff 18 Unch.ding 14 researcher•) 
' ' :s.1. Rln'lina: and maintenance of the SH-4 minicompter system 

a) Rwinirur of the SH-4 computer (useful workin• hours) 

150 p;,a/year 
============:============ 

------------·------------·------------------------·------------·------------

990 : 1540 : 1540 

·------------·------------·-----------­·------------·------------·------------
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---------------------------------------------------------------------------~----------------------------------------Speoi fication 1988 1989 1990 

--------------------------------------------------------~------------------ ------------:------------

,6.2. 

b) Foreisn trainil'llit of the personnel 
(1 hardware, 1 software, 6 months each) 

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

d) Trainil'lllt of the persomel in the Rail way <X-llege (the SM-4 minicom­
puter is there; l hardware, l software, one month each) 

------------

= 

' I 
I 
I 
I 
I 
I 
I 

e) Visits of the ~-4 minicomp.ater systom foreil(n consultants (billBteral 
exchmure i 4 men for one month each) 

·- -·- - = = > 

Involved: 2 reaearchP.rs and 1 operator (from 1989 additionally 
2 researchers and 2 operators) and followinar equipnent: 
I 17 minicomputer system, #22 Benson flat-bed plotter, 
130 oscilloscope 

Utilization of CAD system for PC board desi1tninar 
a) Designing of PC boards for other laboratories and outside customers 

(m.mber of pieces) 
b) Application of the di 1.tizer for the CAD system 
c) Develo~nt and assembling of the off-line system for control of 

the photoplotter 
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) TraininJ(s on application of the PROORAF CAD system for PCB'a 

desisninar 

70 100 100 
-----··------ ------------ ------------------ ·----- ------------ ------------------------

------------------------
200 more 300 more 400 more 

------------------------ ------------------------ ============ 
20 more 20 more 30 more 

------------·------------·------------------------·------------·------------10 more 10 more 10 more 
------------·------------·------------------------·------------·------------

--------------------------------------------------------------------------------------------------------------------
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·---------------------------------------------------------------------------!----------··-:------------=------------

6.3. 

,6.4. 
I 
I 

I 
I 

I 
I 

:6.5. 

I 

• 
-I 
I 
I • 
I 
I 

Principles of l~'s deshmiM 
70 hrs of lectures for app. 50 persons each year 
Structure and properties ot' the ~ system 
100 hra of lectureR for app. 50 persons each year 
Progranniruc in the ~ system 
120 hrs 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. 

Interfacing the SM-4 minicomputer with the main-frame computer 
- Adaptation of the API' and PAMES software packages to work in the 

11111in-frame computer throwch terminals connected to the SM-4 mini­
comp.Jter system 

Involved: the same personnel as for p. 6.1 (in futurP. one more 
researcher also) and following: oquipnent # 15, 17 and 18. 

Trainings of the SM-4 minicomput.nr RyRt.c:mt userR. 
11) Training on application of the SM-4 computer (for 10 persons) 
b) Training on the FC hoard desiJ(nin« (for 15 pp,rRnnR) 
Involved: Personnel and equipnent. aR for pp. 5.J and 5.2. 
Developnent of internal ( bft.ttic) Roft.WBrP. for the CNr. oont.rol uni t.s 
a) Software for 11 machiniruf centre 
b) An interactive prof(ramnin.c system 
c) Software for automatic detennination of cutting c.-mdi tions 
-involved: -s-reseatcherR, 1 operator and a microcomputer (GovemmP.nt's 

inp.Jt) 

:7. Hain-frame Caap.ite~~ Laborato17 
This laboratory is beiruf organized. Bec-.ause its purpose is to sP.rve not , 
only the Institute of Controlled Machines but also to whole site of the 
Academy of Sciences in Pyongsonac, it will be probably arranged as an 

--- --- ------ --- ---
------ ------ ------------ ------ ------

------------

------------------------

= 
= 

------------------------ ----------··-------------
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--------------------------------------------------------------------------------------------------------------------Specification : 1988 : 1989 ; 1990 

·---------------------------------------------------------------------------!------------!------------!------------
independent W'lit. Presently the Deputy Director of the Institute of Con­
trolled Machines Mr. Li Ui Gu is responsible for installation ot' the 
-.in-frame computer and all preparatory work. The staff at present con­
sists of 11 persons, being trained ( 6 abroad) • In future 40 persons 
will work, 30 of them for man111Cement 1 oparatiruc and maintenance and 10 
for software. 

7.1. Preparation of a room and electric installation 
7.2. Installation of the computer 

_______ , __ 
-------·--

7.3. Operatina of the computer 
7.4. Transfer of the PAHES and APr software packa1es to this computer 

(8 tenainals will be placed in the Institute of Controlled Machines) 
7.5. Trainina of computer users on Operatina System, JCL, Assembler Lanau­

a1e and high-level progranming lan.cuages (e.a. Fortran) 
- run by the supplier and forei.rn consultants (for 40 persons) 
- nm by the local staff (for 400 persons in total) 

8. Printed Circuit Board Workshop 
Head: Go Yoruc Chol, staff 18 Uncludiruc 6 researchers) 

8.1. Production of PC boards 
- Sinale sided 

- Double sided 
Involved: 12 workers + 2 engineers and equipnent of the PCB workshop 

8.2. Maintenance and deep study of operation of instn.nents and 
installations 
- Maintenance 

--------
8 hrs/day 24 hrs/day 

------·------------·------------------·------------·------------

------------
------·------------·------------------·------------·------------

100 aq.m/year 
------------·------------·------------------------·------------·------------150sq.m/year:170aq.m/year:200.q.m/::vear 

------------·------------·------------------------·------------·------------· 

------------·------------·------------· ------------·------------·------------· --------------------------------------------------------------------------------------------------------------------
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Specification 

- Study 
Involved: 2-3 researchers 

8.3. Establishiruc of monufacturiruc facilities for gold platin• 
Involved: 1 researcher and the Government's equipnent 

1988 1989 1990 

------------------------
========================= 

8.4. Replacement of import.ed materials for production by the locally made 
(Replacement of 16X of materials is planned at that time) ------------------------
Involved: 6 reaearchers and 140.17,40.A equipnent . 

General '-'811U'ks: 
i) All laboratories listed here belo~ to the Institute of Controlled Machines of the DPR of Korea AcadmlY 

of Sciences in Pyongsona. The Desi1nina Office and listed factories belona to the Ministry ot Haohine Buil­
dina Industry. 

ii) For 11BN1aement reasons the plan is arranaed accordina to laboratories involved in its realization. 
iii) N\.mberina of equipnent involved in specific activities follows liatina in the UNIDO Purchase Specification 

for the project DP/DRK/84/001. 

CAD - Comp.ater Aided Desi1mi~ 
CAM - Computer Aided Manufacturiru( 
C>IC - eo.p.ater Numerical Control 
NC - NuDerical Control 
PC board, PCB - Printed Circuit Board 
PID1 - ~ranmable Read Qily Memory 

~/~~~ .............. ~ ~p.. ................... . 
i JonK150k 

Director of the Institute of Controll*'Ct MachineR 
National Project Director 

--------------------------------------------------------------------------------------------------------------------
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----------------------------------------------------:----:---:---------- ---:----------------------

26. l !Floppy disk drin~s 
26, 2 : Alphn-mJmC!rir.n l t 0rmi nn I "'i th ltr.~·bnnrd 
2t>.J :Dot.-mntrb: serial printc!r 
27 ! Function a:0n0ratnr in)(' 1>~00 I 
28 'l'uls<' itcmr.rnt.nr t YP'' 1>:!1110 
:rn IUU-~111~ storna:<' nsc•1 I l11srnp1' t~V"' ;1~77 
:m 25-Mlt;~ stornC:c! nR1·i I losr.op<• type• DlOOi 
:1i llia:itnl m11lt.imP.t<-1· t:qx• BIOll 
~13 EIN't.ronic c·rnmt r.r· t n1P :!i~O 
:JI 1.nstic nnalysPr t ~'P'' l'!'l:l:if> l v:m 
:15 Los.tie prob<' 

• :Ui Hl..C mr.I 0r I '.\"f>t~ 1111 
:t!J l'ow0r supply unit tn>" Slabi:~"t tilO/!UHl 
10.l NC rlrilli1u!-tn.'ll'hinl' t:o.·1)(' lompm·t 10 
·IO.~ Mamml drillina: mnc·hinr t.Yl>f' Fh-:lmlE 
JO. I Brushin~ mnr.hinr typ<! .Junior I 
:J0.5&40.ti. Lines for plnt im~. with "lmrn•-hn,o" nnci mnt .... rinls 
·IO. 7 Lnminnt.or t :-1)(' T-Hl~ 
·10. R E:'\110~m·r uni t t '.\T'IC' I'\ - I :111 
10.~1 lk'\'f'lnpim? 1n.'lc'hinr typ«• T-·H l~/n 
'10.10 Strippi.nit m.'lrhinP tnlf" T-Hli/ll 
10. 1 I Etrh i net mnc·h i nP. t '.\'11<' I."\(; I ·) 
40. 12 ~rf'cm print i na \Ill it. t ~·1r l>Eh ~11 '~fill 
'1 Cl. 1 :t , c ;u i I 1 o t.i nr 
40.J.I !'l'rimina nn<i 0rnmtc11w mnrhin<" 
•10. 15 :ViR\t:ll inl'lp<~ction nppm·nt.11s 
'10. li :Jlp\·irc?s for RC'l'\'i<·i11t? dlf~mirnl pr11('f'SHI':\ 

·10.17.l. BPnrh mm!nit'irr 
•ltl.17 .l. Mic•rosN·t irn1 Id t 

, -10. Ii. :1. S1lf'1 •t l'nphot nmPt c•r 

:pcs : 4! :Mctrone>x 
sot : l 
pes 
r-cs 
pc!=i 
pr.s 
pr.•s 

, pt"!'I 

:pc·s 
!".ct 
pcs 
pea 
pC'R 

l~R 

pos 
pns 
RC"'t 

pcs 
)1f'R 

pcs 
pr.~ 

pcs 
J>l'.'S 

p<'S 
pcs 
RC!t. 

srt. 
}X'S 

s1~t. 

1 
1 : Si.r.m •• ~ns 
l : .. 
l : S~h 111ml10r. 
:i :siemens 
~ 

I 
I 
!) 

l 
1 
l 
1 

Sd\ Lumbc~r. 
l'hil ips 
\'nri nus 
'I'. I~. 
Sir.mens 
Sr.hmol I 
Lai.f 

J : \fosr.ro 
2 
1 

Mr.tronrx 

I 
I I l>u 1-'nint 

!'-lntrnnm: I 
l 
1 
1 
I 
I 
1 
I 

" 
1:1 it' 
J ns t.n1trnph 
lcir.nl 
lor.nl 
Mex le~ rl1f! 

Mf•t rnnm: 
~ : I nsl.nL?mph 

J'olnnrl 
Pnlnnd 
Polnnd 
FHU 

LL : 
Cl!l .• : 
LL : 
sn1.: 

rnli : 81, : 
Fran<·e : I .1.IL: 
FHli 8111.' Cl. I 81, 
FWi SIJl.,1.'1 11. 
1··ranv<' : l.111, 
llol Lnrul:CUL 

I \'f\l' 

t.'I\ HL 
l'l~ti SI>!. 
1'1~1 j 1 uv 
FUCi 11(.1\' 
f·Wi ,., 'W 

l'olnnd I 'C\v 
, l'o l nnd ,., .. w 
lJSI\ PC1v 
l'olnnd I 'Cly 
Polrmd PCW 
Flm lUv 
l!l\ PCW 

1506: 
l<M:.:!: 
3tiil: 
:nu 1: 
8~12: 

RJHJ: 
9:H 1: 
ltiH2: 
2087: 

21610' 
522 

17f:i7 
HMI 

571H 
12•HM: 
I ·1605: 
588!12 

H:l·l 1 
:nns 

Hi 1B 
UH~M 

toU:~!I 

45·W: 
ll.'W 
11t1v 

(inv , ' i; cont. r i bu t.i on 
I inv, 'R r.ontri but. ion 

fo'Uli :tn\' 
l'o 1 anrl : l n\' 
1 h 1nv,n11., 

l!I\ 

:li :m: 
1; rn: 
J 7!)0: 
:1sn: 

T"'~ : ,Jrnnpt'. i h : I iPH 
: I 'I. '\y: 
:1nv: I ·I :1:1 : 

I 
I 
I 
I 

---------------------·---------·--------------··----------------------------------------------------------------------

"' • 
I 



Itr.m : Sp<'•'i fic•nt inn l:nitl<~mlMrm./Supp. :01·i1.ti11 :1.ahllfort.h s: Hmnnrl<R 

----:---:----------:----··--:---:----------------------
·Ill. 17. '1. l .nborn t Ill·~· m:u:?nPt i r· Ht i rT• • 1· 

·IU.li.5. IHJ.{it4"l.I ph-mrlPr 
·tu. Ii .ti, l:i, lfi, IW.;t;:L l>1•\ i1•1·~: 1'01· l't I\ 111:111111':11•t111·i111! 
·10. 17. til. Fumr. c11ptio:u"f'I 
4·1 :1>ntn uc·quisi t i1111 Hystc•m(ClHc•i I l0Htn1·r·T ~· l\HOl lco11t 1•,) 
·15.1 :vil>rnt.ion 1nc•ns1wimt c•as" t;q><· oornm 
·15.2 :sound nnnb·s1·1· t~·r•· 01102:1 wit.h 111~r<~!'lstwiP~;; 

·15. J : Di qit n) t hrrmnmnt "'' 
·Hi. ·I 

I> i n J qm u~r.s ( v:u· i 011s i ·' T>Ps > 
,Ma~nrt.ir ~tnnrfs 

pc·~: 

JlC!'I 

Hf!I 

pr.s 
Sf't. 

Hrt. 
Rf' t. 
pc"'R 
)X'!-1 

46. J 
·Hi. 2 
·16. :i 
•Hi. ·I 

:t>ii?im.'\t.ir i11dic-atnr tnir :'iD-·ll:J h'ith n printr-r 

•fll'!'I 
lprB 
:srt 

17 
55 
55A 
5fi 
57 .10 
57.53 
57. li:t 
57.GI 

:t>i ~it n) micromPtt~r!; I \'ar i mm t ~·pr'R l 
:off'ic't' r.qui 11111rnt.( :! t n}C' , .... 1 tr•r ... I l'nppir·r I I 
:Air-r.onnit ionin.l! •~q1ii1.nPnt 
: Ur.h11mi di fi r.rH 
: •H Oh'f'l'S 

!\'ihrnt.ion t1·nn .. rh11·Pr~; l:'o"P" 1:1;11s 

: pc~ 
p1·:).irrt, lprH 

srt 
prs 
prs 

:l'ir:~orlf'(:tric·nl f'orc·c' trtmfiduc·r1· h'ilh :1 h:unm<~1·(H~ll~l 

: '"at t mPI "" I Hl4 • 1.W- I 1: i I h a 1·p<~ i ~:I cw 

prR 
Rf!t. 

~""' pc·s :l!nin•nml Nil d hal 1<'1·:; dmr.l!<'I' 

tt~m.~rks~ 

I : Mnd1~r111 • 
I 
I 
I 
l 
I 
I 
I 
l 

1H 
l:"i 

I 
I 
I 
; 

Mnd<!rn•? 
Mnrlrirnr 
Sinmrns 
Hohnl'ron 

" 
Wnhl 
\'nlto~m.,n 

Bat~· 

Un t ~· 
Mi t.11t.o~·n 

,·nri n11s 
Nntinnnl 

·I ! Wr~t· i nuhn. 
:! : Hir.mr.ns 
::! ! B ~· I\ 

fl A.: " 
Mrt.rnnr.:; 
111 SI. 

i> Thr. list. i1wl11clr-~~ nlso ~:nt't1m1·r n111J lmm:-hrn~ IK·1111~ht. tw l!~il>l'/l1Nll'X>, 

FHti 
Fill i 
1'Wi 
FHll 
fo'f{(j 

CillH 

'illll 
I 'Sf\ 
Jnpm1 
I !I\ 

: I'! 'I\: 
I, ·1.,r: 
I'< .'Iv 
WW 
ML 
• 11. 
Ml. 
~II. 

ML 
Ml, 

l'I\ I ML 
.Jrirnn Ml. 
,Jnprm "II. 
,Jnpnn 1!<'11 
.Jnrnn ,.n r 
I 'SI\ \'nr 
l'Hti I.I('\'' 
DPllllltll 'It Ml. 

~II. 

I 'n I n11tl : SUL, 
llnn.i:lin, : ~;f JI.: 

!l I :i 
:m 1 

ti77~ 
1 ()fj !i 

·1 rn:1:1 
:\127 
10:1~ 

10:m 
5-15 

l O!JO 
100·1 

7HH 
I OH!I 
!'l:m:1 

iO Jt<~m.c; nr<' rnmhinrd nnrl listl'cl nc·r·ordinl! In t.hf'ir impnct on t.hr pro,ir.<'t nrtivt·ir~H nnd th<' numhcrinJ{ used in 
thr~ n.-iuinal p1·11.iP1·t. dc1C•11111n11t iH fWP~:Pl'\'f•d. lh1r- In thNH' 1·<·nROllR tlm lil'll .. diffPl'H f'rnm tJ1f' l'NllX) 1?quipmcmt. 
im·,~ut11r~· I 1st "'hid1 fol 101:!: t ltc• 1'1n·1·hm>P 01·d,.1·s' 111m1lir.t·H nnd st ruc".'l.lll'f', 

iii) "Wcwth" i11pul.H inc•l11dl' nll 1·nslH, ..-.,!!,if' applir>d t1·nnl'lpnrt.nt.inn 1 inst.'lllnt.inn, ~:Pt'\'i<·n, n1•1'1'!'1Sorir.s nnd 
mntrrials 

\\·) Wm·th is not i1uli1·at1>cl f'nr t'r.1: ilPms t1C•1·:u1s<~ 1101. nl l rnAt. 1··nmpon1•nt.f'I w~r<' lrnrn;11 1Jh<?n thr. Ii.Rt. wnR rrc•nt.oo. 

----------------------------· ------·--·-------------------~-----------------------------·---------------------------
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-------------------------------------------------------------------------------------------------------------------: 
:unit.:Qun:Mn.n./Supp. :oridn :i.nh:Wort.h s: Rcmurks 

------:----------------------------------------------------:----:---:----------:-------:---:-------:--------------: Item : Sp<~ri fi r.n tl on 

~~~rJl tc_r_i~~.! 
CL - Computer l.nhornt.on· 
CUI. - Cont.ml Un\ t. I .nhornt.or~· 
ton. - Mcnsurin~ Lnborntor:• 
l'rl"L - NC Mnr.hinP.-'fool l.'\hornt.or:i.• 
PC'W - Printr.d Circuit Hon rd \.Jorkshop 
SOI. - Sf'.'rvo-Dri VP. l.nbornt.or~· 
SI. - Sr.nsor Lnbornt.or:'\· 

t~~lf~~!:_~-~~--&: -~-uppl lr.rs 
- nruf~l L and Kinr.1· t lxmmarh I 

Hnn)\-'fn:do1·-llohson (l.'nitc~d 1\int?doml 
'fclcmr.t.r.r l~lr.ct.ronir. Cl!nitNi l\inacloml 

B &. K 
R-T-11 
T.E. 
Ul8t. - Unit.r.d lntrrnnt.ional Suppli<'rF; I.to. (Ilona l\onal 

--------------------------------------------------------------------------------------------------------------------

"' • 
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Annes IV 

LIST OF PERSO~"'\E.. OF 1...-\BOOA'IUUES 

CXlly graduated researchers im.-ol '\-ed in the project are l ist.ed. 

I. ~c ~hine-tool Laboratol"'\-

1.1 Hong Lin Ho prof.cir. 
1.2 ko Sang Ho '.'-1.Sc. 
1.3 Ba.I\ Song Gun ~I.SC. 

]. 4 lli.-ang l.ae Bok 
1.5 So Hong Chol 
1.6 Li In Cn 
I. 'j Han l\uk Se 
I.Es Kim Chang '.'-lin 

2. Control Cni t. Laborato?"'· 

2. I Kim Yong In 
2.2 Li Le Sop 
2.3 Li t:n~ 
Z.4 Pak Yong Hak 
°) -... :> Kim Yong :\am 
2.6 Hean Surlg Jin 
., -._,I Song Dong Jin 
2.8 Kim Son~ Gl."311 
2.~ Byon Tai Sik 

3.1 l\im \\on Gel 
3.~ Choi I.Jo~ Chcl 
:~. ~ Choi l\i.-ar1 Sung 
3.~ Jon SUl'lg ~-a.~ 

4 .1 Song Zzi Gong 
.; . 2 Cha Gon Ii 
... J Li Ol-: Sun 
-L~ Bai~ (:13."l Ln 
,. • u Ll L Bror;g 
4.6 Kim \an: . - Pal·: Yo:--.g Lcaru? .; • I 

i.8 Li Song \\on 
.; .9 Kin: Ju Hi.-a 

dr. 

dr. 

5 • ~Jeasuriru? Labora tor,· 

5 . 1 Li Bi on Tae 
5.2 l.~ Ju Op 
5 • 3 Bal~ ~Jyoru;t Chun 
5.-t Ham Sc YonJZ 

trained head of the laboratory 

trained 
trained 
t::-ained AP!"-soft1,-are package 
trnineci 
trained 
trained P.-\.'~ softt..are pad:as;<:· 

trained head of the laboratory 
harch•are 
ciispla~- designer 

tr::.ined ,,~n' \!' m:.llin~-~h:.ne 

~rained head of the labcr-tcr7>­
-:.r-ir1cd 
t:-a1ned 
t.rained 

::-a::1~:..:i l .\D ~f !'l boarcL' 
~.ra1nc-C 

tra:.necl 
trained 

.he:u:i of t.he iaborat.or~· 

laser interf eromcte~ 
modal analr£.is 



6 • Sensor Laboratory· 

6.1 Li ZuOp 
6.2 Che Dae Hean 
6.3 Jong Song Ho 

i. PC Board \\orkshop 

i.l Go Yong Chol 
i.2 Li Yong Zun ~I.Sc. 

i.3 Bak In Su 
; ... K;-~ ... In Gyun 
; • 5 Kim Do Gt..-ar.g 
i.6 Pock He- Gyong 
I • I Kim Ik Hy oh 
'i.8 Kang Hi Suk 

- 60 -

trained as Ju !'-hJ ~'Ul, head of the laboratory 

trained 
trained 
trained. 

he~ of the l:orl::::.•~1op 

chemical processes 

electrical instI"UClem:.s 
preparation of reagents 



Anneg X 

LIST or TRAINING PROVIDID THROUGH THI PROJICT 

I I I I I I I 

• I I I I I I 

: No : Nnmn :To1al: m/m : Hub,jrct. of' t.rninin~ t Plnr.n lPrnRrntl t 

lplncA 

----------------------------------------------------------~----------------------------------------------------
I\ i m l n G:vun I :1 I :1. ti I M:ic·h i un t. rc?n t.mPn t in re bnnrd nvmufnr•t.uri n~ : l'Jn-Pn I nnrt t fJCW I I t I 

- - - - ., ! An J I l.hi.l I h I ti.() I N<' lnt.hn pro~rnmmin~ nnr:t 11t.i I h:nt.ion '1"111'-J'n I nnrt I 2) .. I ' ' I 

:1 ' flam 81~ YonJ( I I~ I ti.U: l'omput.<'r nnnl:.·Ri~ of mqX'!rimcmtal d11tra l'JMB-l'olnnrt ! Ml, . ' I 

fi. fi IK!R i J(n i rut nnd mnnuf'nr,t.11ri nu nt' NC Int.hrs N l l.l·~'i-U1'H 
o. fl l'rnrt. frr in t.hr. mnr.h i nr-t.oo I rmmnrch r.rmt.rr 1"C-(il'llt 

·1 ! I\ im \'oni.x Bol~ ' ti ' r. - I lf'!'I i ~n i ru.! and mmnJ fnnt 11r iru:c n f' NC I n t.hr~R N 11.1-:s-rn>H I :n I ' 
,, • :l I 

(J. :" I 'rnr· t. i c •r in thr mnchnr-t.ool rm~r.nrC"'h r.C"nt.rr FC-Cllllt 
5 ' l.i In lin ' 12 ' t). () I 1t~~ i ~n a nn I :.·R i R n t' mnrh i nn rnmpnnrn t.R PI ~m ... Po I nnd : ~rn, . ' ' fa. f, llf'Ril!ninll nnrt mn'nufnr:t.urini:i nf' NC: lnthNl NI l.ES-Cil>I~ I 

I ' • I). !i I •rn<~ t i r'P in tl1<' mnr·hi1w-tnnl rrRrn rr.h "''flt. rn Fl'-llllH I I ... 
I I 

ti ' 1.1 I i C ill I Ii I r. - llf'Ril!11inu nnrl mnn111'n<~t.11rina nf CNC-tiOO Nr: unltH NI IMIO:lt 11(-t ll >II I II ! I . I I -··~ I 

o. :. I 11'1\1 •1 i f'I' i11 lhr. mnrhinr-tnnl 1·r·Hrnr<·h ''''nl.rP I FC-Ol>H 
; I I. i I II~ ·11111.t I I:.! : II , II l'11mp1111•1· uraphic•r: nricl mnd1 .... l I inix f'nr rlf?Hi.1!11 11f' thP : J'I 11"'1-l'n I 1md l C:I, . . 

I' I"" i Ill· 111:11111f'm·t.111' i nu ''~'fi t.,.mR 
I. t> M1' I h1II,..,I111.t,\' () f' ~;, nvu-h i nr ·-ton I t m11 i ru.t nnd < NI : l\nprotN:h-PI, 

H ' I h-·:u II.! /:H~ B• olt I 1·· ' tj,0 llt·:~il!n 111111l~·~iH nt' rnnr·hinn 1·nmponr·11tR : I' II ~'I-fin I nn<i I "rrl • . • ' I 

:1, :. l>1•!-iil!11i11u 111111 n11111111'111'\111·1nu nf' Nt· In t.hPH N 11.l·:S-Ullll 
II, ;) I •r:ll'I. i <'I' in th" mn<'l1inr-t.ool rl"Rrn rr.h 1·1 •n t· "'~ Fl ·-t.il)H 

!I : Sorn? I.a i l in111! I I:.! I Ii, II Nt mi I I inl!-mnd11 nr• prnurruum i nit '· J(oomPlr,,· I Wl~l'-l'nlnnd l Cl. I . 
:1. :l t 1ost.-pr1M·•"~HnrR mnl I NI snf'th·nrt~ " I 

I 

II, fi Mnt hndo I Oil.\' rif ~l mnd1 i nP-t.no I 1.t•Rt In.I! nncl (NI l\opro t.f.'ch-l'I.: 
I 0 : c ·ho i 1\1..rnn S11111! I ti ' a.a llc•!"lil.mim~ nnd rnan11f'net.11rina nt' t.NC-liUO M.' uni tR Nl 11'11.:it 11\-Cil)H : Sill, . I 

II. ;) l'r:ll't i<•(• i 11 t "" mn<'h; nr-1.uo I r0Rt•1u-r.h r<•n t.rn VC-Cil>lt 
I I I Im \'\an lh·ol~ I ti I ; •• 5 l>•·~ittnina nnd mnnul'nr:t.11rina ot' t.'NC:-fillO NC: 11nltH Nl .~11.:H 11\-til>lt l 2) ' ' I 

ti. ii l'ract i• •1• in t.111' IN\C"'h i fll"'- t.oo 1 r0Rrnrl'·h <'nnt.rr l'I :-ClfJlt 



: No : N~ 

1i Unit M~·rn U! \ h1111 

':t l\im lh.ta 11 

1 ' 
.Ju Mu H~·ul 

)fl l\im Yon~ In 

Hi l\.'\k C:hnn \ 'n 

17 Ilona I. i n Ito 

IK t:hn 1 l>nn&! I 'ho I 

rn Bnlt Snnu t:un 

20 llnu !\ult Sr 

ii l\im Chnnu Min 

:Tnt.nl: mlm : 

I :! 

Ii 

Ii 

ti 

I 14! 

Ii 

'~ 

I~ 

I~ 

I~ 

ti.() 
r.. r. 
(I, !i 
f>. fi 
ti. !) 

' fl. 5 
(l, !l 
r,. fl 
(I, fi 
li.O 
:t .u 
:t. (I 
f). () 
• r. 
"I. ,l 

I). :) 

ti,0 
f> ' fl 
o. !i 
tj. () 
fi. !i 
o. :l 
li,U 
!l. ~ 
u. ;, 
li.U 
fl. (I 
I . o 

li\~b.inr.t. nf' t.rn in i na 

1·nmp111Pr nnnl~·RiR of m•pnrimnntnl dnt.n 
l><!~d i:n i n&C nnci m11n11t'nc~ t.uri·nll nt' NC m I .I li na-mur.h i nnR 
Prnr.t. i "" in t.hr. mnrh i nP.-t.no I rnAnnrr.h rrnt.rn 
l>oR i uni nu nrni mn1111t'nnt.11r Ina nf' CNt:-fiOO Ne: 11n l t.H 
Prnnti r~t! in t hr. mnr.h i nn-1'.no I roRnnrr.h rnnt.rn 
l><'Riimlnu nml mun11f'11c.~t.urinJ.t of NC mJ I I i11.1C-mnrhir1r.14 
I 'rnrf'.i rr in t hr mnrh i nn-t.oo I rr.Ar.nrrh <"r.nt.rn 
l>mlianinl! nnn mnn11t'nct.urtn1i of C.:NC-UUO NI.' unlt.R 
l't·nr.t.ir.- In t hr mnr-hinn-t.ool. rrannrch rnnt.rn 
l'omput r.r arnrh i rn~ 
llm~ i an i na ot' I nrout.s of' printed hclnrc·h~ 
I 'omput rr Ai rtnrl l>oH i •mi nu of' I\: bnnrrtR 
IJroi:~i a:n nnn l~·Ai !Iii nf' control 11nd dri\'lna R~'Rt.nmH 
l>rRi ani nr nnci mnnut'nrt.ur·tnc nt' NC mi 1J tna-mnl'.'htnr11t 
l'rnrt.ir.n int.hf" mnchinP.-ton.I reAAarch rr.ntra 
IJnRian nnnl,,·RiA of nnnt.rnl nnd drtvtn• R~'Rt.omR 
ON1iL(nintt nnrl nv.m11f'nr.t11rinr ot' CNC-tWU Nt.: 11rdt.F1 
Prnrt ir•r• in t.hf"! mnnhlnr-tool rr.f'nnreh crnt.ro 
l>i"~ i un nnn I ~·R j R n t' mn<"h i nn r.nm1innrn tM 

l>N1iu11ina nnrl n11in11f'nc~t.urin11 ot' Nl' mil I inSE-mnrhinl'R 
l'rart i "" i 11 t.hr mnr.hi nn- t.,>n l rt'!Arn rr.h rim t. 1·r. 
N<' Int.ho prnarnnmiml nncl ut.llizfltiun 
ll<·~iuninu nnd mnn11f'nr.t.urimr of' N1: millina:-nvwhinoa. 
Prnc•t. i c::r in thf"! l'Rllr.hi nr.-t.no l rr.i~r.nrr.h cunt r<: 
NC: mi I I i n11-mn1•h I nn prosrrMm I na I i.cnomn t. r~· ) 
l>nR i sx11 rum I ~·s 1 R nt' mnr.h i nr. rompnnrnt.f' 
Mnt hncfn I nsc~· 11t' nu\rh; nn-t.oo l t.nRt. i.n« nncl 1 'Nt 

Plnr.n 

:PIMl\-l'olnnd 
: UN ION-Clf)f( 
: fo'C-c;t>H 
: Nlf.'tt-:ll. I 1\-01>1-t 
: t-1:-rnm 
'lJN ION-<Jl>H 
Fc-ornt 
Nlttmn1\-aun 
l;C:-<ll>R 
P rMU-l'oJ nnd 
1-:ra-l'olnnd 
1,.M-Polnnd 
PJMO-Polnnd 
lJNl<>N-OUH 
t-'C-lil>R 
J>IMU-l'oland 
NUMtmrl\-Ul>ll 
f'C-Ul>lt 
PrMJ>-PalMd 

, UN l<>N-rnm 
:1··c-cmn 
: Wlrl'-l'oJ nnd 
I llN ION-l'il>lt 
: l'l.'-(.ll>rt 
: wur-Pa l nnd 
:P1MR-Polonct 
: l<oprnt.~h-Pl. 

I I 
I I 

:Pre.ant.' 
:ploce 

ML 

4) 

SL 

ti.JL 

CL 

KrL 

SDL 

,.rrL 

r-m .. 

,.frl, 

-----------------------------------------------------··-----··--------------------------------------------------------

~ 
I 



: No : 

22 

23 

2•1 • • 
I 

• 
25 I 

I 
I 

• 
2li I 

• 
' ' 2i I 

' 28 ' . 

N:un<• 

So ll<>nJ! t:ho I 

H~·on Tn i ~ i I\ 

1\im Won Gui 

Jon Suna: (;,,nu 

Won Zun Yon~ 

Uni\ In Su 
Li Yorn? Zun 

I 
I 

:Totn. I 

I~ 

I~ 

Ii 

1; 

I~ 

:1 

I 
I 

m/m : 

I I , 0 
l.U 
f i. () 
5. () 
I. (I 
r. -,,.a 
(). :) 

r,. f• 
II, fl 
fi,U 
Ii, 0 
I. ti 
:1.11 

Hub,i<?r~t of' t.ruinini::r 

I ·nmput.m· \id,.,d Mnn11fnr.t.urin1X 
M<'t.hodololl.'' of' ni:11~hin<'-tooJ tr.slini::r nnrl CAM 
c ·omput.nr in t.r.1Xrntf'<J mnn11fnr.t.11ri n~ 
l'rn:;t.pr0<~r.R~ors nnd CAM ~nt'twnrr 
~h'~thnrlolmI~' of' rMrhinP.-t.ooJ lf'Rt.ina: nnd CNI 
l~~iLminrt nnd mnnuf'nr-turina: nf' l'Nl'-tiOU N(' unit.I!! 
I 'r:ir•U r-r• in tho mnr.hi nf.'-t.oo! rm:mnrr.h r.f'nt.rr. 
l>c·~·dJ!ni111-t 11111t mnnut'n~t.urinl of C:NC-t;OO NL' unltK 
t•r:u~t i<'n in t.hn mnr.hinc-tool rmmnrnh r.<'nt.r·n 
NI mi 11 inu-m:1c~hlnc.• pro~ranmin&t 
n 1t.t. int! :mrl "'"Id i nu mr.t.hodR 
I h<'rni1·nJ pr°'~r~i=-:!wn in l'C.' bonrd mnnut'nPturinu 
l'ht1t.nprint.i11u in ,,: hnnrd mnn11t'nrt.11rina: 

Urancl totnl: ~:ill, im·ludin~ ill Ul>H: IOH m/m nnrl in 110.lnnci: J:l2 m/m, 

H~mnrli,s: .~) :-lo\,; h'Orl\~ 1'~ lk"'pllt~· l>i rl'l'l nr, 
4.

1 St.111 1.•1irhi:1 1n tlu• lw-~t ltut.n nt' :\11tnmnt.ion. 
:n Wm·l\q in l\l!qnnl? ~l:wh in<• 1\11 i Id i nl.! l'nr-t on·, 
I> Now \mrlu• in t.lu• nl'fir·r> 111' th<• \f•ndr·my <)f' :-ir•if'nr.ros, 

Em 
1-1 . 

I :-N 
ITH 

1\1 >prot 1 •c ·h 
N 11.F:-> 

- El(J\ I n~t.rum<'nt. :md 1 11mput nr Fnr.t.ory - WnrRnw - l'nlnnd 
- lo'•·HPan·h f'l•11t ,.,.. nf Madtinf'-Tnol l\ui lnimr - l\m·.l-H'lr,;-8t11dl - <Ill!.' 
- lm\I it11tP 11t' 'lathPni:\t 11·:\I ~lr\t'hinm·1 - Wnr·smJ - l'nlnrnl 
- lm:t itutf' 111' To•I•·- h':\dintr·r·lmif')ll<' - '''nrRm: - l'nlnnd 
- Ht"ll':\lvh :uul Trai11i11c. C'P11t1·0 nt' Mndlinr--'l'nnl.q - l~tH'Hf\11 - l 11tl11111I 

- l\r"I 1·irh "H, ~bi" <:rn~~~:mnrhim1r-r1hn11 - l\nrl-Mnn;-St.nrll - <il11( 

I I 
I I 

PJnC'c : Praar.nt.: 
:plBCc 

:wm-Polnnd : 
: l\oprot.cr.h-PL 1 

: 1Y11r-ro Lnnd 
'wt.rr-l'o lnnd 
l\nprot.nr~h-PI. 
Nl IMl·~tl 1\-Ul>lt 
Fc.'-1.il>H 
NUMWU 1\-GllH 
Fl :-f il>H 
Wl 1T-l'ol nnd 
'111M-00lt 
1 'l'H-PoJ.nnrt 
l"lit-l'o l nnrl 

Hl'L 

c "IJl, 

Sl>L 

Sl>L 

:u 

lll'W 
l\.'W 

• w 
I 



--------------------------------------------------------------------------------------------------------------------
NLNEUll\ 
PJMU 
'111M 
UNION 
\\Hf 

( ... 
C..1..114 
ML 
~rn. 

10~ 

Sl>l. 
SL 

- lk~t.rir.b "Nl.IMERll\" - l\nrl-M:1rx-St.ndt. - GJlH 
- lndust.T'inl lnst.i t.ut r. nf' Const.1·unt.ion Mn~hine~ - CAIJ l'rmtrr. - WnrHow - Polnnci 
- Trrhn i Rf~hr llndu:irhu In - MnJtdrl>ura - GUI~ 
- Brt.rirh "lJNJON" - l\nrl-Marx-St.ncH. - Gl>lt 
- WnrRnw l'nivrrsit.:.• of Tr.r.hnolnsx:.· - Wnrsnw - Poland 

- t 'omput.f"'r Lnbornt.or:.• 
- t.:ont.rol llnit. Laboratory 
- Mnnsurini! Lnhorntory 
- NC· Mnchinr.-'1'01">1 Lnborntor~· 

PC Bonni Worltshop 
- 8t>rn1-flr i \'(! Lnhorn tor·~· 
- 8cm!'lor' Lnhorntor:.· 

-----------------------------------------------~-------------------·------------------------------------------------- Cl a 
I 



Annex Vl 

TRAINING COURSES HILD IN THI INSTITUTE or CONTROLLED MACHINES IN 1987 

--------------------------------------------------------------------------------------------------------------------
:No : !\!nmr- Fonn :inrt.i.-:1.>11rntion: PnrticipRnta 

: C'ip. : I hours I : 

--------------------·-----------------------------------------------------------------------------------------------
: 1. 1 
:1.2 

1.J 
1. ·I 

On the st.rt1cturc omd opcrntin~ prinr.ipln of tho ront.rol unit 
for NC mil lin~-IMchinr~ 

Tcnchcr: B:rnn~ Tai Si It 

i.1: l'~<'r's prn~rmn111irit! mPt hncls f'nr !\I" mi 11 irui-1111u·hinr>R 
i. i: ·:·rndu•r: ('Im (in11 I I 
~. :t 
2. ·1 

J.ccturn 

prnr.tkr, 

l.cet.11re 

prrw t. i. c:r. 

:t On t hr- ~t.rtK't.m·r-, rtr~ i ctll int! nnrl .~n I r·11 Int i na mr-t.hodR fnr NC mn- : I ect.urr. 
c.-hinn-tnols 

Tr.nchrr: Ilona Lin llo 

't. t: On t.hr. l'omputrr i\irfNi ll<-si~ninct systrm anrt mPt.hoos for <fosian- : lf'cturn I 
I 

·1.': in~ nf PC honm~ :prncticc: 
Tt'nrhrr: Un I< t h:m t in 

I I 
I I 

5. 1 : On thr. st.r\lct IU'f' nurl n11f'rat in~ rwi rlC' i pl rH nf t.h~ \ 11~1-tm :.LP.cturo I 
I - ... 

:> .. ' ' Tcnchr.r: I. i Binn Tar. : prnc t i.r-n : 

w 
c;o 

:m 
fjU 

!i 
10 

fj 

111 

1 () 

,, 
5 

:j 

:1 

I 
I 

I 
I 

I 
I 
I 
I 

I 

' 

:w 
tiO 

:w 
10 

:w 
20 
~() 

w 

100 

:10 
50 

10 
~5 

rnstitutc's staff 
Hcsenrchers & eruri­
ncnrs t'rom other 
inRtitutes ond fac­
tories (+I 
Ins ti tut.c' fl staff 
i\s (+I 

I nRti tut.c' s staff 
AR I+) 
lnst.it.utc'A stnt't' 
AR I+) 

Enlitinenrs t'rom Hui­
rh<m nnd l<uson.c 
m.t. factories 

lnstitutc's resear­
ch<!rs rind opnralors 

Outsido resr.nrchers 

-------------------------------------r·----~~-----------------------------------------------------------------------: 
'l'ntn I : l ~~Ii :I lfi 

I 

• "' 



Annex VII 

1.1 ST OF PHO\' IDl~l> ~:XPEH'I' I HE 

: No. Nnmn of t.h1"! post. : Consul t.nnt' s : Tolnl :tUH4:1985:19BG:t987:1988l 

11-01 
11-02 
11-o:t 
11-01 
11-05 
11-0ti 
11-0; 
11-mt 
11-11 

11-12 
11-13 
11-M 
11-15 
11-19 
11-20 
11-21 
11-5:t 

Chif'f 1'nrhnirnl ,\dvisnr, Mirropr~rss<w ront.rol R;\·stcms 
Jnt.nrpolnt.ion in ront.rol s~·str:ms 
Cont.roJ s:n=•t.l'ms 
1 'omput.nr ,\ i ctnrl lr.s i an i ru:x 
l 'omput.cr Aide~ Manut'net.uri n~ 
NC Int.he nnd crrn:is-t.nhln drn°'iimina 
NC mil lin~-mnrhinn dr.sianina nnn Nl · 1Mchinc-tool t.nstinJt 
Mnr.hine-tooJ servo-dri \'f'$ 

Fc~-bnck in control syst<~ms n.nd tllf'ir intc"r11tion with 
mnrhinn-tools 
J ntcrpolnt.i on nnd int crf'nr. in~ prot?rnmm i nit 
Software for Nt' syst.rm!'I 
l'C bom'Ci mnnuf'nr:t.uri mt 
CJ\0 for I"\. bonrfh.; 
~~hnn i rn I st.rurt.urr.s for <'Irr. t.ron i r c' i rr11 its 
Monsur1"!111P.nt of' mrdmnirn I Jl.'lrnmPt~1·R 

J\ssNnhlinu of f'IN•t.roniP •--ir·r·11it.R 
Short t.r.rm ronsu I t nn t 

: nwi1P. I m I m I 

---------------------- ---- ---- ---------
I I 

22.H* 
I I 

H ,Ot·lowAI( i. I I. 5 3.4 8,5 8.4: 1.1: I 

,J • Frnncznl< I •1. 5* 2.0 2.5 I 

J • l\or.z;\'nsk i I ti.()* 4 .o 2. () 
' M.UoRsnJ( I 1.0 1.0 I 

S. Ziet.l.\rRl<i I 1.0 1.0 I 

A. Mnnlmwslti I i. tJ 2.0 5.0 I I 

J .Gncinst I :1. () : l . o: 2.0 I 

S .Mnlis~mwsld I I. 5 : t.3: 0.2 I 

'l'.l'nwnlcc I (' r,f I 2.9: 5,0j i ' ) • ,) I 

I I I 

J.~· 
I I I 

D. l\rz;\'Woblocl( i 1.1: 2.3: . 
J .Binnl(OWRl(i ti. u. 1.1 3.9: 1.0 

:J .Nkhnlsl(i ,, • !J 2.u 2.0 
: I', f 'P.rlfOWRI( i ~. () 2.0 
: ,J • Htxizl( i :1.0 ~.o 1.0 
: ,I , 8?.;\'ITll(OWRI< i ~.5 2.5 
: I\ .Budn~· I 1.0 1.0 I 

: H. Z i C! ~ i nsl( i I U.i I 

I I I I 
' I I I 

: Tot.nl: 7ti.»* 1.5: 5.~:3t.H:36.1: 2.1 

lfoniarl{: Whim prompt. r-lnrPmPnt.s ,.·m·r 1·0quirr.d, ~nme crmsultnnt.s m~rr. p.lncoo initinll;\• nR "short term r.onsul­
tnnts", llm·e thn~<' posts nr" c·omhitu~d wit.h thr. rr.sp<'cti\•f! consult.ants' Jinns. 

• • 
I 



Annex YIII 

LIST OP IQUIPMINT NOT YIT DILIVIRID 8~ UNIDO 
(Statue 15 Januarr 1988) 

.. . 

--------------------------------------------------------------------------------------------------------------------
:1t.r.m:Posit.ion: ~mn<' :<~1nn-: 

: t.i t~· : 

,,, : Supp.lier : HomnrlcR 

;}l). 5 

41 

51 

5::! 
5:t 

I 
I 

--------------------------------------------------------------
I 
I 

: Trnns f'orm<~ I' :mr.I spnrc- p.'l rt.s for: I sr.t 
: p I n t. i n~ I i 11r.s 

'Mc:tronm~ ! 8ont. h~· rn i I wn~· on 14 Or.tober 1987 
I 
I 

:Tt>Hl di~;!( for H 8011 cont.rolJ0r 

I :op-runpl i f'if'r t;\·~ uA72fi 
2 ! Op-runp I i i' i c~r t '.\'l'IP. O>M 

IH :1·h~toeouplr.r t.;\'f>" It.I 
12 : It: t ypc~ llcl I I OU I 11\1 I 

1 HI : l>i odP UYl'OH-:!110 
IH:t 
IHI 

l>iorln IN:muoon 
J>i ocif' U\T:JO-tillU/ ! ;, . :t 

l!l:t !Hr.sist.or s !li'"15-!l!)O 
:r;::= : So I Y0nt. C' I rnni nl! flu id 

68 :1ln-~:mlr.l0rinc. hit :: fi.JJ-1!11 
:mH :wirr- :m :\M; whitP #:i!lH-!JOH 
'!07 : c:np.'lri t cw :::~o pf' iox 
II~ :He-Ni re-la;-.·: J.)!)-fifi~i 

·I ::!O : PI ul! !J-1:a~· :: Wti- I 7!t 
-lil :1•)111! 15-h":l;\" I: 'llili-1H5 
,12~ !l'lnl! l5-h·n~· ir 11.itl-i~i 

·l~:t : H~C sOC'lWt 7:1 ohm :: :15:1-H~li 

·l~-1 : 1100<1 ~5-wa~· # ·lfi!J-fiHH 
I ~tu : lloocl fnr <~I rn-wn:•.-
1 ~\I : llood for '/.'! :l:i-h·n~· 

I 5-•l-C1516: Sir.mcmR 

•I : 15-i -CUH68 ! AIXJ 
l>O : 15-7-COH25: HR 

: Ur.hr 
I :1 ! 15- 7-COHt>H: i\rXl 
2:! : : 'l'opm~nn 
ill 
~2 

1;pndts 1 fi- ·; -UlfJ~5: ll.~ 
f1 : " :Hs 
I ! 15-7-CUHHl :Hs 

iirr.c- Is 15-i -C.'0312 ! ll.S 
I llpnd{ 15-7 -co:l I 2A HS 

W 15-i-<.O:H2 ! llS 
5 15- 7 -I 'O:J 12 l HS 
H " llS 

12 " ltS 
fi " RS 
:1 " l~S 

l ll US 
10 H!-1 

: Orr.d nn I wnR dnR t roroo , hnA ideA .t t. waR 

: i n lk!nnrm wh i l n EnJt l i Rh oTYJnrnd 
:ordcrcrl, st.ntus unknown 
!llnRpntr.htnic m;pc•c•t.ed before 15 Jnn.1988 
:uNllXJ urc• ordnrinu 
'Ordered , R t.n t.uR 1 tnlmohTI 
Dn~pnt.choo on 21 Dccr.mhr.r 1Uf:i7 

" 
1>m:.1pn tr.h 1··~:poct.Pd br.t'or" l!l ,Jnnuary 1988 

I 'ouchnd br. f'oro 15 ,Jnn11nr;\· H.188 
Onr. rnn I rm.•ni.\•"d i nRtcod of' G ordered 
St.nt.us 1mlmnwn 

: s t.n t.11R rn 1lm111·:11 

• .... 




