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' 1. I NTROOUCT I Cll 

The present work was carried out according the contract 

between Intennet Engineering and UNIOO (Contract No.91/151. 

UNIOO project No.US/MAU/89/178) !or Mauritania. The project 

objectives a~: to improve the operating and maintenance 

activities and quality or !inished product at the SAFA steel 

plant and rolling mill; to reinforce SAFA management through the 

introduction 0! new management methods and systems. 
In conrorm1ty W1.tn the contract a team or Intermet experts 

went to Mauritania in December or 1991 on the !1rst !1eld 

mission. The experts stud.led the steelmak1ng and rolling 
technologies practiced 1n the plant and the maL1 problems racing 
the plant engineers. They also studied in details the current 

system or management and planning. 
Within the rramework or the !irst mission the experts 

analyzed the current technology ottered technical advice on 

steelmaking. ingot casting and rolling procedures to improve 

productivity and quality or steel products. They also suggested. 
measures to improve maintenance procedures 1n the plant. 
Diagnostic and management audit was also per!ormed. New methods 

and systems necessary to improve pl&'liling and production were 

de!ined. The equipnent speci!lcation required !or quality 

control. maintenance procedures and computer1z1ng was made . . 

\ 
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During second rield mission the rollowing subsystem have 

been developed,lnStalled, customized. and put 1n to day-by-day 

operations: 
Inventory control, 

lfater1al Requirement, 
Production control Cinc1Ua11ng row material and energy 

consumption ror each product and dei::artment). 
Input - output Balance (including cost calculation 

!or each product and depu-tment). 
on-the-Job training or SAFA personal was carried out by 

subcontractor team. It 1s recoumended to set up SAFA's computer 
group, train or recrult one or two skilled system progranmers to 

secure the systems operation and develoµnent. 
Intennet team discussed Finding and Reconmendation with 

SAFA'S stat! and man2.Je~S. 

Part I or Final RefA)rt includes: 
Rein!orce bars' production analysis on SAFA. Concept or 

project proposals on re1n!orcing equlµnent and technology or 
production on SAFA. 

Reinforcing management system or SAFA. 
Part II or Final Report includes: 
Project proposals on converting preheating rurnace rrom 

gas-oil to mazout ruel. 
Project proposals on improvement or roll J)l98 
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design. Project proposals on rolling mill and !laying shear ~ 
~ 

synchron1zat1on. 
Basic data on the technology or steelmaklng and rolling in 

SAFA works, as well as the current system or planning, 

management and control are reported bellow. The report contalns 

a preliminary analysis or the data and technological 

recoomendations. 
The Intermet team expresses acknowledgements to the SAFA 

engineers and managars !or their help. The team ls gratetul to 

the Directer General Yahya Ould Hadem1ne and the Chie! or 
Technical Department Kouharnedd1n Baba, as well as engineers 

Kouhtarash and Hasan !or their collaboration. 
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2. REIFCKE BARS' PROOUCTICJt ANALYSIS CJf SAFA 

The SAFA Steelworks put into operation 1n 1979 

lsdestgned to meet the needs or the area 1n re1n!orc1ng 
steelbe1ng them in great demand due to an increased scope 
or housing and industrial construction 1n the colllltl"Y and 

the!act that import supplies or this product were 11m1ted. 
The steelworks consists ~t two shops - a steelmald.ng shop 

and a rolling shop and employs 106 production star! with up to70 

people working on a part-time basis. The table below shows the 

distribution or working starr according to the work done. 

!ull-t1me employees Part-time employees 

Management 26 4 

Steelmaking shop 36 20 

Rolling shop 23 36 

Repair service 21 10 

Total 106 70 

overall technolbg1cal scheme is shown in Fig. 1. 

The steelmaking shop incorporatee scrap yard, 

scrappreparation section, remelting section, casting section and 
the ingot bay. Design capacity or the steelmaklng shop is 

15.000 t ingots annually . . 

• 
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The rolling shop acconmodates the heating furnaces section, 

br&akdown train, t1n1shing stands and the stocking yard. Theshqp 

design ca!llcity is 36.000 t rein!orced bars per year. Re1n!orced 

bars are produced according to NORSNII spec1!i-cations 

corresponding to the French AFNOR NF A35016 standard.The main 

!1gures tor chemical composition and mechanicalpropert1es or the 

rolled product with respect to diameter arel1sted 1n the tables 

below (tables 1,2). 

The main geometric Illrameters or the !1n1shed product ac­

cording to the design documents are given 1n Fig.2 and Table 3. 
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T a b l e 1 

Chemical ccmposition 01 steel, I 

c Mn S1 p s 
0.25-0.50 0. 70-1.30 0. 15-0.40 0.08 0.05 

T a b 1 e 2 

Mechanical properties or the finished product 

~ < 20 nm ~ > 20 mm 
Yield point 42 kg/mrn2 40 ~/mm2 

Breaking point 48.5 kg/rmn2 46 kg/nvn2 

Relative €longat1on 14 % 14 % 

. ----
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SAFA reinforcing bar 
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Table 3 

Geometric parameters of the finished product 

Nominal diameter 6 8 10 12 14 16 20 
m, mm 

Basic diameter 
m, mm 5,8 7,6 9,6 11, 5 13.4 15.4 19.4 

Maximum diameter! 
D + 2H 7.0 9.2 11.6 13.7 15.8 18.2 122.8 

M.L.d1mens1ons 
M 0.6 0.8 0.8 0.8 0.8 0.8 1.0 
L 1.6 2.0 2.2 2.4 2.8 3.2 3.6 

Additional 
characteristics 

H = B, mm 0.6 0.8 1.0 1. 1 1.2 1.4 1. 7 
E, mm 6 7 9 10 11.5 12.5 14.5 
ex' o 42 42 42 45 45 45 50 

25 

24.3 

28.3 

1.2 
4.0 

2.0 
17 .5 
50 

32 

31.2 

36.0 

1.4 
4.5 

2.4 
20 
50 

12 
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2. 1.Production equ1pnent and technology 1n steel 

shop 
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In SAFA steel is produced in an electric arc turnace 

or nominal carac1ty 5 t. Since oxygen blowing is not practiced 

at present it was possible to reduce the hearth thickness 

thus increasing the !urnace capacity to 7.0-7.5 t, its 

diameter being 2.40 m. 

Power capacity or the transronner ls 2.4 KVA and 1s 

regulated in the semi-automatic regime designed !or 8 degrees 

or capacity. The rurnace is lined with magnesite contained or 

small amount or Si02-A12o3-MgO. Re!ractory lining or the 

rurnace root is made o! !!re clay brick. Lining lite is: tor the 

root - 200-300 heats, !or the side walls - 200-230 heats, 

ror the bottom - about 2.000 heats. To increase re!rac~Jry 

lirethe !urnace 1s repaired with dolomite at certain intervals 

after 40-45 heats. 

The electrode diameter in the electric !urnace is 250 mm. 

Scrap, both imported and o! Mauritania's own, is stored 1n the 

charge yard. Ttw i:quipment installed 1n the plant makes 1t 

possible to cut long stock into pieces or up to 600 mm. 

Metal charge is !ed to the !urnace !rom two baskets with 

the help or a crane titted by with a 11!t1ng magnet. It ls 

possible to weigh the scrap to be charged 1nto the !wmce on 

\ 
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14 

the special scales. 
The 3 bottom-tap ladles available 1n the shop are lined 

w1 th !!re-clay. L1n1ng 11!e being 110-120 heats. Nozzle and 
stopper are replaced after every heat. Special equ1pnent !or 
drying and pre-heating or ladles 1s available. The ladle heating 

takes 8-12 hours. The slag rrom the rurnace 1s delivered into 

a slag pot. Steel is casted into a number or moulds each 
designed ror 4 ingots or cross section 110x110 nm and a height 

under 1.500 mm. The uph111-cast1ng scheme ls used 1n the shop. 

Tt1e moulds prepared on the bottom plate. Each plate carries 

16 moulds, tilled rrom the central runner. The plate can 

accommodate a rull heat. 
The ingots are shipped with the help o! a hydraulic-driven 

device which removes the ingots that got stuck to the mould. 

Arter removal the ingots are marked and placed in the ingot 

bay. 

As was mentioned above steel ls mostly produced !rom the 

scrap supplied by SNIM company. This scrap consists or rails 

and wheels rrom the railroad. The rails supplied by SNIM are 
cut into length or 600 mm in the preparation section while 

wheels can be used without any preliminary treatment. The 
charge contains up to 30 i or scrap produced by the steelworks 

as the waste product or rolling which is also pre-cut into 

lengths or 600 mm. 

' 
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The metal charge 1s supplied to the turnace in two 

subsequent buckets, the second 1s discharged. arter melting the 

content or the rirst one. Nonnally the charge contains up to 30 

% or railway wheels and 40 i or rails, the remaining 30 s being 
the waste product o! the plant. TL~ charge composition is 
designed so that a!ter complete melting or the metal carbon 

content 1n the metal should exceed the requ1red carbon 

content in the steel by 0. 1 %. The melting period is 40-50 min. 

Limestone is used as a slag-!onning material· in steelmak1ng. 
A!ter complete melting or the charge temperature ls 

measured by immersing a thennocouple into the melt and samples 

are taken tc define carbon content. As ror other components or 

the melt their content is not registered. Carbon concentration 

is determined chemically. The analysis takes about 10 min. In 

case carbon content 1s greater than 0.3 % rolling scale is 
added to the rurnace to oxidize the excessive carbon. The 

oxidation period lasts approximately 30-35 min. 

With carbon content less than 0:1 % electrode waste 

supplied to the !urnace to carbonize the charge. 

is 

When it 1s necessary temperature measurements and sample 

taking are repeated several times. 

At 1660°C and carbon content reaching 0.2-0.3 i the metal 

ls tapped into the bottom-tap ladle by tilting the rurnace. 

The metal is reduced by rerromanganese (Mn content - 75 i), 
• 
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18 
70 kg per heat, added to the turnace - 5 minutes before 

teeming, and by rerros111con (s111con content - 75 S), 25-30 

kg per heat, added to the ladle inmediately betore teeming. 

The metal ls bottom-cast into ingots or we!ght up to 

124 kg. The 11qu1d metal ls not weighted up. The required 

number or moulds 1s estimated by the operators visually as their 

experience shows them. In case or necessity a couple or moulds 

can be removed. rr the amount or the metal seemed exceeds the 

expectations, the :remaining part or the metal ls delivered to 

the slag pit together with the slag, which leads to heavy metal 
losses. 

The casting !ac111ties are provided With 2 bottom plates 

with ingots placed simultaneously. Cons1der1ng the total heat 

time in the electric furnace 2 plates are suttlcient !or 
casting or the metal. 

On complete sol1d1ricat1on or the metal ingots are removed 

!rom the moulds.Standard. sample 1s taken trom the runner. 

F.ach heat 1s registered in the steelmak1ng section log 

where the data on composition and amount or the charge used 

are included. The results or temperature and carbon content 

probes are entered 1n the log in the chronological order, as 

well as the amount and kind or additions and other 

technolog1cal features or the heat. Special rorms also 

include the data on the number or cast ingots, length and 
• 
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by 

:nadequate operation or the mecr.anical and electrical 

equ1pnent. Some idle time is due to lack or rower supplies by 

the SONELEC. The rorms also contain 1ntonnat1on on maintenance 

and relllirs. 
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2.2.A.r.slys1s and reconmendat1ons on constructlon 
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While speaking about the technology or steelmaklng 1n SAFA 

worlcs it should be noted 1n the !1rst place, that wlth respect 

to raw materials the plant is 1n most ravorable cond1t1ons. The 
scrap in use - rails and wheels or railway carriages as well as 

hot waste or the rolling shop - has a contrast chemical 

composition a~d low content or harmful 1mpurit1es. Due to that 

the refining stage in the steelmaking process 1n the arc turnace 

is avoided and producing steel in the plant is in !act confined 

to remelting. The task racing the steelmakers 1n these 

conditions is to ensure the required carbon content and attain 

the necessaFJ temperature. Nevertheleas, analyzing the 
docl.h~entation ror 1991 we can see that precise estimation or 

weight or scrap or di!!erent types is missing. As a result it ls 

impossible to calculate the steel composition atter remelting 

which results in t.he necessity or multiple probes !or carbon 
content. It is also noteworthy that average carbon content !or 

1991 being 0.26 % up to 30 % or melts exhibit a carbon content 
lower than the grade one csee Table 1), i.e. less than 0.25 %, 

while sometimes 15 % or melts carbon content does not reach 0.20 

% (in 1990 about 7 % or melts showed carbon content less than 

0.25 % and about 10 I or melts - lighter than 0.50 %). As was 
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mentioned above, probe analysis !or s111con and manganese 

content ls not pEirrormed. Before and while teeming the metal 

rrom the rurnace up to 25-30 kg or rerros111con and 

!erromanganese are added to the steel !or the purpose or 

reduction and alloying. As the e&lculat1on show, however, the 
maximum possible s111eon and manganese contents 1n the steel 
(provided 80 s or rerroalloys are assimilated) do not exceed 

0.3- 0.5 i respectively. 
Thus, eompar1ng the account data !or 1990-1991 years with 

the standard requirements we can see that the NORSNill 

requirements !or chemical composl tion are not met. The 

consumers, thougti, as !ollows rrom a general review or the 

situation, do not come out with strict requirements concerning 

those parameters and there are no reclamations.· 
Analysis or th~ account data !or the steelmaklng shop makes 

it possible to state that in a great n1..lIIlber or cases the shop 

personal overheat the melts. This trend having increased 1n 

1991. In some cases the metal temperature reached 1675°C. As ls 

generally known, overheating the metal in an arc rurnace brings 

about a number or negative consequences - the lining service 

ll!e 1s reduced, while electric power consumption is increased, 

as well as metal waste. All the above mentioned !actors 

adversely arre~t the quality or the metal and ingots produced. 

!. .. 

\ 



.. S'.§1.' s .• 
' . 
• 
.~ - j 

I 
I 
I 
I 
I 
I 

I 
I 

i -

,. 

, .. I 

I 
I 

, I 

•~ I 
\~ 

~ I 

I 
I 
I 
I 
I 
I 
I 

- -...-. 

20 

.Analyzing the steelmaking technology 1n SAFA steelworks one 

cannot mlss the raet that the amount or ingots varies greatly 

rrom heat to heat. The average number belng 60-64 Ingots per 

heat in some cases this value goes down to 26-39 Ingots (heats 

#10164, 10244, 10474 in 1990). It is the result or~ inadequate 

casting technologr: in some !'~ases the metal breaks through the 

runner set in group casting, or, to true contrary, the runners 

are clogged up. In case ~en it is impossible to continue the 

casting or metal, the steel ls delivered. back to the !u..""Il.8ce. I! 

there were no accidents d1Jring the casting or metal but the 

number or moulds ls not enough to accolllllOdate the steel melted, 

the remaining steel goes to the slag pot together with the slag. 

Thus, ir.adequate easting leads to reducing the yield or ingots, 

increasing the consumption coe!riclent and remeltlng 

expenditure. 
One ot most important !actors determtn1ng the e!!1c1ency or 

technological equipment ls idle time. As wa·3 mentioned above, 

all periods or idle time are registered 1n SAFA works. For 

example, during the two recent campaigns, idle t-ime ror 33 days 

(1772 hours) and 23 days (1552 hours), was 185 hours (23,4 %) 

and 120 hours (21.7 %), respectively. The main reason !or that 

is concerned with inadequate technology - 17.5 % and 12 %, 

respect! vely, and 1na11equa te opera t1on or electrical equipnent -

the latter accounts ror 4 and 9 % o! idle time, respectively • . 

\ 



~ .. .. .. 
a! • 

t I -
I 
I 
I 
I 
I 

' I 
I 

" I 
, I 
. ; I 
~~ 
\~ 

t 

I 
I 
I 
I 
I 
I 
I 

' 

_ _J__ -· -·· ---

21 
Analyses or technology shows that steelmak1.ng plant has 

some reserves. It makes it possibly to improve errect1veness or 

production and to decrees expenses at th!s section or SAFA's 
work. 

The rollowing activities are recOD1Dended tor further 

improvement or production quality and errectlveness 1n the steel 
plant. 

To Install the express analysis or the chemical compos1t1on 
ot the metal. 

The temperature regime of heats 1n the electric rurnace 

should be optimized: the tapping temperature or the m&tal should 
not exceed 1630-1650°C. 
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2.3.Production equ1pnent and technology in the 

rolling mill 

22 

The 300 SAFA rolling mill designed and constructed by the 

Italian company AVAC is to produce annually 32.000 tor light 

sections: round sections or diameter 8 to 32 nm, reintorc1ng 

steel or. the same dimensions, shapes or angle, channel and the 

like types, as well as wire rod 6 rrm in d1ameter. 

At present the mill rolls reinforcing steel or 8, 10, 12, 

14 and 16 mm diameter rrom carbon steel (see Table 1) meeting 

technical requirements to mechanical properties according to 

AFNOR NF 35016 specifications (Tables 2,3). 

Rolling billet ls an ingot or mass 124 kg, or height 1.5 m. 

The pencil-billet has a bottom section o! 110x110 mm and a top 
section or 94-96 mm. The ingot ~.ass, its length and top section 

vary depending on the degree the mould was tilled. 

W1 tt1 respect to !lUlction the rolling mill can be subdivided 

into tour parts: 

- heating furnace; 

- rolling stands: 

- cooling and removal !ac111t1es; 

- stocking yard. 
·, 

2-zoned continuous pusher-type heating furnace incorporates 

4 !ront end burners and uses 11qu1d rue! or the gas-oil type. 
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23 
Layout or the rolling mill eqU!pnent is shown 1n F1g.3. 

Ingots rrom the 111got yard located 1n the Jlll'8llel 
steelmaking bay are placed by crane on the ingot receiving 

table or the heating rurnace and pushed along uncooled bottom 

hearth gu1.des. The hearth dimensions are 15 by 5 m. The heating 

temperature is measured With the help ot the root thermocouple 

and registered by the potentiometer. The heating time depends on 
the rate or ingot removal rrom the !urnace and varies 1n a 

substantial range. The ingots are rront pushed out or the tront 
end window onto the table. It is possible to push the ingot 

manually rrom the table to the gu1.des placed along the 
longitudinal axis or the furnace !or a second heating 1n case ot 
an accidental stop or improper heating. 

After the turn-table where the ingot is directed smaller 
section-on it goes to the 350 6-stand breakdown train. The tirst 
three high cogging stand is titted with rront tilting boards and 

a back tilting table. The ingot is tirst rolled in coupled box 

passes with tilting on the tront side and then in the system ot 

breakdown oval and square passes. 8 passes in all are perronned 

in the !irst stand. Arter 6 and 7 passes the !rent and back ends 
ot the piece are cut with shears installed at the back end or 

the teed tables on both sides o! the stand. The plece is red 

rrom the first stand to the other 5 stands or the train vla 

repeaters with a pneumatically opened groove !or loop release . 
• 

\ 



~ . ---- . 
- ---------.__ 

I: _tP. P.:·• 

• .. .... 
t! - ' 
I 

,, 

I 

24 \ 

i t -
I 
I f . 

() 

I ~ 

I 
I 

' I ~ c 
I 
Do 

I 
.. ·' I 
\. I 

~1 ~ 
op'4 

~ro 
:;, 

"' 

oc::/ 
11 --op'4 

M • . N ... c 
op'4 op'4 • 

Sao --0 

"' 
~ ' I 

~~ 
\~ 

I ~ 

~ 
.i= 
..,.> .. I 

.... 4 
0 

, 
~ 

= ~ 

I 
0 

""' "' ..3 

()'\ 

I ~ 

I 
I 

~ ~~ "-" 
"" 

......, 
-.() ~~?n () 

N 
0\ 

~~ " .., 
' I~ 

I 
I 

' t 

!fj~~ ~ 1~ 
.~ 
~~· 

J • 



~ .. ~ ..... .,..- .. 
• . . ·• .. . 

t! • j I 

• I 
I 
I 
I 
I 
I 

, I 

I 
,. I 

\ I 
' I 

·~ '~ ~ 

I 
~ 

I 
I 
I 
I 
I 
I 

' t 

. ---

25 
Then the stock 1s rolled in a straight-away 8 stand m111 

with continuous groups or 2 stands each the reeding d.1rect1on 

being changed with the help or repeaters arter 8 or 10 stanlls. 

Be!ore each group or stands emergency shears are installed, 8 

and 10 stands are followed by rotation shears with carryover 

pinch rolls between 8 and 11 stands. Depending .on the section 

size rolled groups or 13 and 14 stands (ill 8), 11 and 12 stands 

(Ill 10), 7 and 8 stands (m 16) ean serve as !1nish1ng and leader 

stands. The metal rrom the !inishing stand goes to the !lying 

shears to be cut into 12-meter rJds. A!ter the brake block the 

metal is !ed to the cooling bed where the cooled rods are 
packed. 

The pack is then jack-kni!ed in a special device to be 
transformed by (~r-ane to the stocking yard. 

Technical features or rolls and drivers are listed 1n the 

Table 4. Stand housing in the roughing train are or the open-top 

roll type while all other stands have close-top roll housings. · 

The main line or roughing stands 350 includes an asynchronous 

motor, gearbox, !ly-wheel and a pinion stand. The coupling 

spindle between the pinion stand and the !irst working stand has 

5 sleeves with bronze inserts. The other spindles o! roughing 

stands are or the wobbler type. :Each stand-300 1s !1tted with an 

individual drive. The motor mounted over the p1n1on stand 

transmits the torque through a wedge-belt drive with rotation 

\ 
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Table 4 

Parameter·s of rolls and main drive rrotors (SAFA mill 300) 

rb' Rolls _ - ~tor 
I ~tand .Barrel Neck I Hardness Power I l Gear : --, I 1M.:'iterial Type RPM ratio 

~.~:~· ! L.mm d:n~~' 1 l.:rmn +~~t.. SH~ kW ·-· ------i 
! 1 I .JbO 1100 ,:, l u .::.20 ..J._ fjfj 1 ·~2( •) 
i 2 i :__~50 800 l 95 220 Ir on 60/65 
! :3 i :350 800 195 220 Ir-on 68/'"/2 AC 810 990 5. 43 
! 4 I :350 300 1 95 220 Ir on 68/?2 
I 5 I :350 800 195 220 Iron 68/'/2 
i 6 I :350 800 195 220 Iron 68172 

I
. 'I' 1 :300 600 160 135 Iron 68/72 AC 1:32 980 3. 65 

8 300 600 160 135 Iron 68/72 AC 132 980 2. 92 
9 ;300 600 160 135 Iron 68/72 AC 132 980 2. 70 

I 10 300 600 160 135 Iron 681·12 AC 132 1480 3. 20 
11 300 600 160 135 Iron 68/72 AC 132 1480 3. 25 
12 300 600 160 13E Iron 68/72 AC 132 1480 2. 68 
13 300 600 160 135 Iron 71/74 DC 220 1850 1.93 
14 300 600 160 135 Iron 71/74 DC 220 1850 1. 60 

I I I I I I I I I 

(•) - The allowed bending stress 
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27 
speed dec:reased. The mill is to be equ1pped With two coilers or 

the "Garret" type to roll steel in coils practically out or use 
today. 

Roll pass design 1n all stands beg1nn1ng With the second 
stand or the roughing t:r-ain makes use or the oval-square series. 
Leader pass ror rolling re1n!orc1ng steel is !lat oval. Pass 

d1mens1ons and parameters are listed 1n Table 5,6, correspond.1ng 

figures showing the designations (Fig.4). 

Under the given technology samples are taken !rom the pack 

in the stocking yard to measure the actual section size, test 
·. 

mechanical properties and provide visual control or section and 

sur!ace quality. 

The rolling mill ls operated rrom 5 plllpits (see Fig.3). 
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I Table 5 

SAFA mill 300 pass dimentions 

I ·- --~-- ·---,----- . 

Pass HK BK R1 R2 Bd s FK. l 

I 
I 
I 

~ -I 

I 
,., I 

'\ I 
I 

Stand Pass sl"iape 
mm ll'il'I rrrn 1111'1 1111'1 1111'1 n1Tl2 

1 box 88.0 130.0 3.0 15. o 125. o 5. o 1002?. 5 
2 box 62.0 130. 0 3.0 15. o 125. o 5.0 6720. 1 
:3 box i 90.0 68.0 3.0 12.0 62.0 5.0 5£6~.0 

4 box I 65.0 68.0 :3. 0 12.0 62.0 5.0 364C.5 
1 5 box 45.5 74.0 t.5 10.0 63.0 5.0 2634.0 

6 fl. oval I 30.0 84.0 0.0 35.0 30.4 5.0 1690.9 
7 squar·e 49.2 49.9 6.0 0.0 .0 5.0 1208.2 
8 fl. oval 

I 
21. 0 58.0 0.0 30.0 17.2 5.0 723.5 

2 9 squar·e 34.4 34.2 4.0 0.0 .a 4.0 568.2 
3 10 oval ! t '/. '? 4:3. 5 81.0 0.0 .0 5.0 472.9 
4 11 squar·e 26.5 26.4 :3.0 0.0 .0 3.0 338.2 
5 12 oval 13.1 31. g 55.7 0.0 .o 3.0 271.2 
6 13 square 19.2 20.0 3.0 0.0 .0 2.0 192.3 
7 14 oval 9.3 25. ·7 55.7 0.0 .0 3.0 137.5 
8 15 squar·e 14. 5 15.7 3.0 0.0 .0 1. 5 117.2 
g 16 oval 7.1 2t.O 45.5 0.0 :o 2.0 90.8 

10 17 squar·e 

I 
12.0 12.8 2.0 0.0 .0 1. 0 79.0 

11 18 oval '7. 5 15.7 22.3 0.0 .0 2.0 72.8 
12 19 squar·e 8.7 10.0 2.0 0.0 .0 0.5 47.3 

Re i nforc i ng r·od of di am. 8 mn 
13 20 fl. oval I 5.5 14.4 0.0 3.6 7.9 1. 5 50.2 
14 21 re1nrorc 7.8 8.2 4. 1 0.0 .0 0.6 44.6 .. ~ 

'~ I ~ 

Re1nfor·c1ng rod of diam. 10 ll1ll 

11 18 fl. oval I 7.0 18.0 0.0 4.5 9.9 2.0 78.5 
12 19 re1nforc 9.8 10.2 5. t 0.0 . 0 1. 0 67.9 

~ 

I 
Re i nforc i ng rod of di am. 12 1111'1 

9 16 fl. oval I 8.4 21. 6 0.0 5.4 11. 9 2.4 113. 0 
10 17 reinforc 1 11. 7 12.3 6.1 0.0 . 0 1. 0 98.7 

I Reinforcing rod of diam. 14 nm 
7 14 n. oval I 9.8 25.2 0.0 6.3 13. 9 2.8 153.9 
8 15 re1nfor·c 13. 'i' 14.3 'l. 2 0.0 . 0 1.0 138.4 

I 
I 

Re1nforc1ng rod of diam. 16 ll1Tl 

6 13 square I 21. 8 22.1 :3. 0 0.0 .0 2.5 236.2 
'i' 14 fl. oval I 11. 2 28.8 0.0 7. 2 15.9 3.2 201.0 

I 8 15 15.7 16.4 8.2 0.0 . 0 1.0 183.4 
I 1

reinforc. 
' I I I I I 

I 
I 
I 
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1. 
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Tabl11 8 

Par~t.;ors of roll pass deS1irf' for re1nforcirig rod of diam. 8 l!ITI (SAFA 111111 300) 

~9 

I Par·ameters or 
Pass d1mens1ons Di~ns1ons of 1Mtal stock deformation 

l'a::,, ----i-- ~I-- J C1 os Abs. ---- Elona An1tl~ Roll RPM Roll· Tarrpe- Roi I I l 
,.;tarldlt~a..,;,.j ·>!~;ve Height W1dtt1 !.;1de GalJ H1111ctit Wad :;; .. ,;1 aon reduc Spr·&<l£J at10.n of 111iC ot irag . rl\tunr 1ra1ir 1· 

i 2hp B A S H B F t1on dB c<ief- bite :;µttfitj rolls tor-quu for·ce ~· 
I L dH f1c1-l -_ _ _ ll'lll 11111 11111 11111 __ ":' __ nwn rrwn2 nvn ="-~-ant d&i -~~:_ ---- _ -~:1 ~~- ~-N··-

103. 0 103, Q tu:i65, 0 '' I I l box BS. o 130. o 5. O ~· O 105. 5 ~2?7. 8 15. O 2. 5 1. 117 19. 0 ~· ~~ 182. 5 16 l~~· 0 :"i39 · . \ 

I 
2 llQX 57.o 130.o 5.o 6' .. o 116.4 tli'l.3 ,5.0 10.9 1.294 24.3 , .. ~i' 182.5 36 ••• ?.;;i.2 5f3i' ·r . 
3 box 85.0 68.0 5.0 90.0 67.3 5597.9 26.4 5.3 1.281 29.8 ~.74 18?..5 22 1?.17.2 .3:"~1 
4 box 60.0 68.0 5.0 65.0 72.5 3998.5 25.0 5.2 1.400 31.5 3.CX1 18?..5 21 1210.5 340 

1 
1 5 box 40.5 74.0 5.0 45.5 73.1 2996.4 22.5 8.1 1.328 21.6 ~.20 182.5 18 1202.1 33? 

I 
6 fl.oval 25.0 84.0 5.0 32.0 85.0 2182.4 13.5 11.9 1.373 17.2 3.43 182.5 19 1190.6 377 
7 square 44.2 49.9 38.6 5.0 38.6 47.2 47.4 1247.3 39.3 15.4 1.750 31.0 3.34 182.5 43 1175.2 525 
8 fl.oval 16.0 58.0 5.0 23.0 47.7 1006.1 12.6 12.1 1.240 17.6 3.48 182.5 16 1159.5 295 

2 9 SQUal'9 30. 4 34. 2 26. 9 4. 0 27. 5 35. 4 32. 9 ?05. 4 12. 3 9. 9 1. 426 22. 9 3. 30 182. 5 1'/ 1125. g 253 
3 10 oval 12.7 43.5 5.0 17.5 35.2 565.2 9.4 B.3 1.248 14.2 3.38 182.5 8 1120.0 194 
4 11 ~lJarE: 23. 5 26. 4 20. 6 3. 0 21. 0 2'1. 0 25. 3 411. 2 8. 2 ?. 8 1. 374 19. 5 ~t :33 182. 5 11 1106. 4 183 
5 12 oval 10. 1 31. 9 3. O 13. 0 2.'. 5 322. 3 7. 5 7. 0 1. 276 12. 8 3. 41 182. 5 6 t<Xl6. 7 149 
6 13 square 17. 2 20. 0 15. 4 2. 0 16. 0 20. 0 19. 3 237. 6 7. 5 6. 3 1. 356 16. 8 3. 32 182. 5 'I 1079. 9 139 
7 14 oval 6.3 25.7 e.o 9.8 21.4 192.9 5.9 5.7 1.232 11.8 4. 10 ?.54.3 4 1044.5 120 
8 15 squaa'e 13.0 15.7 12.1 1.5 13.0 15.8 14.6 150.6 5.6. 4.8 1.281 15.'I 5.24 337.3 5 1036.1 109 
g 16 oval 5.1 21.0 2.0 e.o 17.3 127.6 4.6 4.7 1.181 10.3 6.19 385.9 3 1019.1 100 

10 17 square 11.0 12.8 9.7 1.0 11.0 13.8 11.9 106.8 3.5 3.9 1.195 13.'/ 7.41 478.1 4 1014.1 \'..12 
11 10 oval 5. 5 15. 7 2. o 8. o 13. 8 99. 3 2. 6 3. 2 1. 075 a. o 7. 9'1 502. 8 2 1002. 6 71 1 

'' 
12 19 squar~ 8.2 10.0 7.4 O.b 8.7 10.6 11.6 73.9 3.2 3.6 1.344 13.1 10.70 680.4 3 996.5 84 
13 20 fl. oval 4. O a. 4 1. 5 5. 6 12. 1 65. 6 3. 2 3. 3 1. 087 8. 4 12. 05 757. 3 2 1002. 9 72 
14 21 re1nforc 7. 2 8. 2 8. 2 . 6 8. o 8. o 8. 2 51.1 4.1 2. 6 1. 285 12. 7 16. 47 1003. 7 2 1000. 4 63 

I I _L__ L---,. l --· f 

Torque exceeds the allowed value: 15 17 19 ~es. ·· 
Overfill1nr of passes: 4 6 19 passes. 
Anrle of bite exceeds the allowed •1alue: 3 4 7 passes. 

Specific power consunption: 65. 0 kWh/t. 
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2.4.Analys1s and recommendations on improving 

rein!orce bars production 
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The main reasons ror a low erriciency or the rolling 

production in the SAFA plant are as follows: 

- long period or shot down time ror the rolling mill; 

- relatively h1g)1 los8es or metal in the production 

process; 

- high consumption o! ruel, electric power and other 

materials per ton or yield • 

In most cases the equipment ls standing idle due to stops 

1n the technological process caused by the !ail\lre to bite and 

stock breaking away rrom the rolling line (the so-called 

cobbling) unfinished sections or hot waste as a result or such 

accidents constitute the main losses or metal and amount to 9.58 

% 1n 1990 and 8.87 % 1n 1991 of the total yield. The un!in!shed 

sections are cut into pieces and go to the steelmaking shop !or. 

remelting thus r.::normously increasing the expenditure. A certain 

amount or metal 1s wasted while a substantial part or the metal 

heated in the tu.mace (8.67 % according to the account data !rom 

11/03/91 to 11112191) 1s transferred back tor reheating due to a 

breakage o! the rolling mill or improper heating. 

Study and analysis or the current technological process and 

operation or equ1µnent enabled us to define the !ollow1ng . 
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drawbacks. 

Concerning the rolling process: 

1. As was stated above deficiency or the rolling mill is 

caused by breaks in the technological process or rolling, 

cobbl1ng and 1na11equate b1 ting pr1mar1ly in the rirst stand or 
the breakdown train. 

Table 7 contains the analysis or IBSS }llrameters, 

coerr1c1ents K , K , K included, which give the ratio or actual 
p m IX 

values or the applie11 rorce, torque and angle or bl te to the 

allowed values. These calcUlations are in !Ull agreement with 

the actual mill operation. To improve the biting conditions the 

method or nothing was applied. Trapezi!orrn grooves 3-5 nm deep 

were cut 1n the bottom or the !irst !our i:asses }llrallel to the 

roll rac111tating the bite. This led, though, to bulging out or 

trapez1rorm pyramids on the stock side 1n the !ourth pass (a!ter 

tilting) which later peel err or are rolled in !orming 

artificial !ilms. It may lead to the stock sticking 1n the -

tackle and subsequent cobbling. 

2. rhe application or coupled box passes with a high ratio 

b/h - 1.9 be!ore tilting is !raught with heavy consequences such 

as twisting. The smaller the cross section the more dangerous 1s 

this rolling technique. International metallurgical experience 

shows that the ap~·l1eat1on or box :passes tor such dimensions 

should be avoided, the ratio must also lead to twisting 1n the 
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Table ? 

Analys1s of tecnolog1cal parameters of rolling SAFA mill 300 

I Elong- Reduc ITernpe-
Stand IPass I Pass at.ion tion rature I ! shape coe ff·- ratio 
L----+---~------~·.::nt i- _oc 

1 

. ., 
;:., 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1 i:.>OX 1. i l "l . 1 :3 12:30. 0 
:::~ lJOX i. ;-:!94 . ;30 l '~23. 2 
:3 t.-ox 1. 281 . 28 1217. 2 
4 tK>K l. 400 • 34 1210. 5 
5 box I 1. 328 . 33 1202. 1 
i) t 1. oval 1

1 

i. :-:·~? . 37 1190. 6 
/ ::;~uare l. '/5U . 61 l t '/5. 2 
8 rl.oval 1.240 .40 1159.5 
9 ::;quare 1. 426 . 51 1125. 9 

10 oval l. 248 . 39 1120. O 
11 square 1. 3?4 . 50 1106. 4 
12 oval 1. 276 . 41 1096. 7 
13 square 1.356 .50 1079.9 
14 oval 1.232 .41 1044.5 
15 square 1. 281 . 47 1036. 1 
16 oval 1.181 .38 1019.1 
17 square 1.195 .44 1014.1 
18 oval 1. 075 . 28 ·· 1002. 6 
19 square 1. 344 . 49 996. 5 
20 fl. oval 1. 087 . 33 1002. 9 
21 re i tlforc 1. 285 . 47 1000. 4 

'~ ~-s:r .. .. 

... 

... --

Roll-­
ing 
force 

kN 

:330 
56? 
331 
340 
337 
31?'i' 
525 
295 
253 
194 
183 
149 
139 
120 
109 
100 

92 
71 
84 
72 
63 

Roll- Angle 
1 ing of 
torque bite 

kNm deg 

Rol 1-
ing 
speed 

nv's 

Kp Km Ka I Spec i f'. 
power· 
cons ump 

kWt"l/t 
-+ --+----4----_... __ _ 

16 hLO 
36 24. :3 
22 29.8 
21 31. 5 
18 21. 6 
19 17.~; 
43 ~11. 0 
16 17. 6 
17 22.9 

8 14. 2 
11 19.5 

6 12,8 
7 16. 8 
4 11. 8 
5 15. r/ 
3 10. 3 
4 13. 7 
2 8.0 
3 13.1 
2 8.4 
2 12. 7 

2.69 
2. 13? 
2. "/4 
3.03 
3.20 
3.43 
:..~. 34 
3.48 
3.30 
3.38 
3.33 
3. 41 
3.32 
4.10 
5.24 
6.19 
7.41 
7.97 

10.70 
12.05 
15.47 

. 47 

. 62 

. 48 

.38 

. 31 

.30 

. 50 

. 22 

. 25 

.16 

.17 

.12 

.12 

.12 

.12 

.10 

.10 

. 07 

. 00 

.07 

. 06 

. 36 

. 84 

. 52 

. 48 

. 43 

. 45 

. 98 

. 36 

. 40 

.19 

. 25 

.14 

.17 
• 76 

1. 22 
• 84 

1. 31 
. 66 

1. 61 
.60 
• 97 

. 73 .~~ 

. 93 . 9? 
1. 15 . 88 
l. 21 '1. 09 

. 83 1. 19 

. 72 L 49 
1. 29 4. 49 

. 73 2. 22 

. 95 3. 25 

. 59 2. 35 

. 81 3. 46 

. 53 2. 79 

. 70 3. 96 

. 49 3. 4.7 

. 65 4. 74 

. 43 3. 90 

. 57 5. 11 

. 33 3. 14. 

. 55 5. 84. 

. 35 4. 20 

. 53 6. 05 
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34 ·. 
third and fourth passes the threat or which being enhanced. by 

the pass design. 
3. The !act that the rolling train or the 13-th and 14-th 

stands (pinion-pinch rolls-flying shears) brings about numerous 
breaks in the rolling process due to the absence o! 

synchronization. 

4. Insu!!ic1ent capacity devices in some stands (see Ftg. 
4) are overloaded due to the improper distribution o! elongation 
between the stands. This overloading is not evident because o! 

the long periods or idle time. 

5. The roll diameter in the !irst stand or the breakdown 
train is a wrong choice (370-365-360 bottom dia) which results 

in excessive dia di!!erence (up to 30 nm). The coDIJlOn value !or 

this parameter in the world practice is 4-8 nm !or this type or 
stand. It leads to heavy dynamic !lows 1n the main train, 
increased wear or the bronze insects and breakage or spindles. 

Concerning heating: 
1.The absence ot a thermocouple in the preheating zone and 

a pressure control device in the !urnace makes 1t impossible to 
regulate the process o! heating and reduce the metal losses to 

the m1n1mum. Waste or metal in the turnace was not detenn1ned 1n 

the plant but visual inspection shows a thick layer or scale on 

the ingot. Pressure 1n the rurnace 18 not controlled. Taking 

into account the considerable area or output and input windows . 
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on the rront and back ends or the rurnace we can assure that 

cold air 1s sucked in in great amounts which results 1n an 

increase or ruel consumption and metal waste. 
2. The 11qu1d ruel used is the gas-011 type which is a rew 

times more expensive than mazout. 
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2.5.Comparative analysis o! furnace heating by 
gas 011 and mazout 

The replacement a gas oil on a mazout as a tuel !or heating 
the holding hearth leads to some impacts because di!!er.ences 
between physical and thermcphysical properties o! gas oil and 

mazout. 

The comparison some physical and thennophysical properties 

ot the both kinds or !uel is presented in table 8. 

As it !ollows !rom table 8 the most important d1!!erence 
between gas oil and mazout is more high visco~ity or 

latter.That leads to some di!!erences in transport conditions, 
spraying and combustion or these !uels. 

As it is shown in !igure 5 above viscosity or gas oil 
(dotted line) at all temperatures is lower than maximal 
available one ror scre·,v and gear pumps (line 1), piston pumps 
(line 2), centri!ugal pumps or big productivity· (line 4) in 

circula to:ry sys tern (11 !1e 5) . The limit values or Viscosity tor 

the mazout (dashed line) which used !or heating hearths are 

respectively achieved !or the mazout at temperatures 

42,54,70,83 °c.Thus it is necessary to bU1ld mazout heating 
system with maximal temperature or mazout and steam in heater 

less than 110 °c (line 1) and 140 °c (line 2) 

correspondingly.There 1s a carbon precipitation at temperature . 
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TABLE 8 
Com~rison ot physical and thennophys1cal char8cter1st1cs 

ot d!t!erent fuels. 

Parameter Gas oil Mazout 

Density at 20 °c 880,3 <1015 

p,kg/m3 

Coe!!1cient or kinematic 10,3 240 

v1scos1ty at 40 °c,v,rmn21s 

Content ot moisture wP,i 0 3 

The lowest heat or 42329 . 39105 

combustion,a£,kJ/kg 

Volume or products or 
3 combust1on,Vpc'm /kg 10,36 9,8 

Enthalpy or products 

or combust1on,I,kJ/kg 4082 4019 

content or Ro2 1n 

products or combustion , % 15,6 16,2 
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or heater 150 °c with velocity 0.5 nm per month. 
The average vis~osity or mazout !or !ts delivery by pumps 

ror !low corresponds to value v = 40 10-6 m21s ls achieved at 

mazout heating temperature 68 °c ( line 3). 

The dirrerent types or mechanical, steam-atom1z1ng and 

air-atomizing burners can be used !or mazout combustion, but 
choice one or another type or burner has to define by viscosity 

or this mazout, i.&. temperature o! its heating. 
rr rotary type &nd steam-atomizing burners are used maximal 

viscosity or rnazout would not be greater than value vmax= 15 

10-6 m21s ( line 5), i.e. the temperature or mazout heating 

would not be below 82 °c.The maximal available value or 

viscosity or mazout ror air-atomizing burners o! low and high 

pressure is equal vri
8

x= 10 10-6 m21s ( line 6).Th1s value 

corresponds to the tempe:i:1ature or mazout heating 90 °c.The limit 
available viscosity !or mechanical burners 1s more low <vmax=6 
10-6m21s) and temperature or mazout heating can not be less than· 

105 °c (line 7). The values or tempers.tures o! mazout heating 

are recommended !or di!!erent types or burners presented 1n 

table 9. 

Thus 1t is eonvenient to use tor mazout combu.CJt on 
steam-atomizing or air-atomizing burners with preliminary ruel 
heating to 105-110 c. 

As usually the purners or low and high pressure with steam 
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TABLE 9 

The values or temperatures or mazoat heating are 

recommended !or di!!erent types or burners 

Type ot burner I The recommended temperature Note 

or heating 0c 

St.earn-atomizing 105 line 7 

Air-atomizing 110 11ne 8 

Mechanical 120 line 9 
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and pneumatic spraying are used !or mazout combustion. 
The compressed air or steam or high pressure are served as 

a sprayer in high pressure burners.The necessary air pressure 
ror this is equal P~ 400-600 kPa the speci!ic !low or mazout is 
equal 1,0-1,5 kg/kg.The steam can be as dry saturated. as 
superheated, its spec1!ic !low is equal 0,8-1,0 kg/kg.The high 
quality or spraying and errective combustion or mazout at 
su!!iciently high limits or regulation are achieved. due to use 

or high headed sprayer in burners or high pressure.In order to 
achieve long and steady !lame one can use burners ot high 
pressure with double spraying;!! 1t is necessary to have more 
short and wide !lame the short !lame burners are used. 

The air or low pressure which are used tor combustion 

serves a sprayer in the burners or low pressure.Thererore the 
quality or spraying and combustion 1s worse and the limits or 
regulation ere lower than 1n burners or high pressure.In 
addition burners or low pressure have lower !low capacity on 

mazout. 

The advantage or burners or low pressure consists 1n these 

blU'l'lers don't need in use or high head sprayer.These burners 

!ind place !or its application in a little metallurgic hearths. 
The comparative characteristic .)! blU'l'lers or low and high 

pressure ls shown 1n table 10. 

Thus, based on data above we can recormnend burners or low . 
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The com.(llrative character1st1c or burners or 

low and high pressure 
TABLE 10 4Z 

B~OF 
CHARACTERISTIC 

LOW PRESSURE HIGH PRFSSURE 

Sprayer Ventilation 1 )_ Compressed alr . 
air 2) Steam 

Pressure or sprayer, 3 - 9 1) 400 - 600 

kPa 2) 700 - 1600 

Flow or sprayer 100 7 - 12 

(air), s rrom all air 

needed !or combustion 

The !low or second air, 100 1) 88 - 93 

s rrom all air ror comb 2) 100 

Temperature 11m1t or 300 Heating or second 

air heating ,0c air 1s not 11m1ted 

The speciric !low or - 1) 1,0 - 1,5 

ot sprayer per 1 kg 2) 0,8 - 1,0 

or mazout, kg 

Velocity or sprayer 50 - 80 330 

arter the burner,m/s 

Degree or spraying 

(dlameter or drop),rrun 0,5 0, 1 - 0,2 . 
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43 ·. 
pressure tor mazout combustion in a given holdlng hearth.These 
burners were comJ-'6red. with ones or hl.gh pressure have next 
advantages: 

1) The good mixture ronn1ng and available conditions !or 
the pertect combustion or rue! at low coe!!1cient ot the air 
!low cn~1, 1 - 1,5) are achieved due to delivery o! air through 

the burner; 

2) In spite or sprayer has more low pressure the good 

quality or spraying can be achieved because all air ls used 1n 

spraying; 

3) The !lame or burners or low pressure ls shorter and more 
convenient ( 1.e. less ox1dat1onal and sharp than 1n burners or 
high pressure ) !or the heated metal; 

4) The cost or spraying ls relatively low. 

The disadvantages or burners or low pressure are the next 
ones: 

1) The low productivity with limited possibilities !or­
mazout !low regulation; 

2) Impossibility or working in air heated more than 300 c. 
As 1t is known there are many types or burners o! low 

pressure whose character1st1cs are more or less equal.There!ore 
one has to lead econom1cal cons1derat1on tor choice type o! 
burner or low pressure ror the holding hearth reconstruction. · 

The !lames rorm~d at gas 011 and mazout combustion di!!ers 
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by concentration or smoke black IBI"ticles ( µ.gtm3 • degree or 

blackness c rb and hence by magnitude or the heat !low on the 

heated metal. 

The concentration or smoke black J8l'ticles 1n a !low tuel 

!lame depends on a1r flow coefficient n and · ratio amount or 

carbon to amount or t"iYdrogen 1n the working mass or rue! < cP1 
HP). 

µ = o,068 1 (2-n> cP1 aP 
1 is a smoke black density,gtm3. 

( 1) 

When air flow coe!ticient at tuel combustion n 1s equal 

1.15 Which is usual ror burners or low pressure the smoke black 

concentration 1n the mazout !lame ls equal µ! = 1.65 gtm3.1n the 

gas 011 !lame µs=1.45 g;m3 

The optical thickness or smoke black Jllrticles !low can be 

de!lned by rormula: 
3 cP ·. 

tsb = 0,03 (2-n)(1,6 10- T -0 5)---p 1 (2) 
' HP 

where p ls pressure in working space or hearth,atm.; 

K ls temperature ot rlarne,K; 

lerr 1s errect1ve length or ray which can be obtained 

rrom relation: 
v 

18rr = 3,6 F m (3) 
where v ls the volume or working space or hearth,m3; 

F ls the area. or sur!ace restricting this volume,m2 . 
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For the present holding hearth: 

Taking temperature or !lame T = 1875 K.p = 1 atmosJitere we 
obtain accordingly expre3sion C2) that optical thickness er 
mazout !lame is equal t~= 2.94 and one ror gas oil is equal 

s rc=2,6. 

The errect1ve degree or !lame blackness ror 11qu1d tuel 

combustion can be determined rrom : 

terr = m E:1um+ < 1 - m > tnllDD <4> 

which ta.lee account tor relative !!lament o! hearth volume m by 

luminous part or name. The degrees or blackness !or luminous 

and nonluminous parts or !lame are detined by rormulas : 

terr= 1 - exp (t1um+ tn1um>;E:n1um= 1 - exp < tnlum > 

where r 1umand tnlumare the optical thicknesses or layer !or 

smoke black particles and gaseous products or combustion !lows 

( co2 and H20 ) . 

Talc1ng m = 3 !or holding hearths we obtain that the 

errect1ve degree or blackness !or mazout !lame is equal 
r s terr=0,334 and one ror gas oil !lame ls equal terr= 0,338 " 1.e. 

d1!!erence isn't over than 2 percents. 

These results show with respect to metal heating mode 

replacement gas 011 on mazout wo~ld not lead to essential 

--~-. 
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c!langes. 

The !low or !uel can be increased 1n a little degree due to 
mazout heat or combustion ts less thaa~ gas 011 ( see TABLE 8 

).In orde:r to evaluate this increment one can carry out a heat 
balance !or holding hearth ( TABLE 11 ). 

Thus replacement gas 011 on maz6ut as a !Uel !or holding 
hearth does not change essentially conditions or metal heating 

in hearth ( productivity or hearth ) but reqll1res to bU1ld 

mazout heating system !or transportation and spraying or mazout 
and leads to some increment or fuel's !low (on 91). 

The economical err1c1ency or the such !Uel replacement 

depends on prices on mazout and corresponding environment on the 
local market • 
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I TABLE 11 47 
The heat balance or holding hearth heated by mazout or 

I 
gas 011 

NN Articles Kw s 

I 
1 2 3 4 

I 
Delivery 

' I 
I 

1 Heat or ruel combustion - 1862,5 95, 19 

Qch1m= B a R 

,, I 
2 Heat or exotherrnical 94, 1 4,81 

reaction ( oxidation or metal) 
Qext = 5,65 106 kJ p.q 

' I where Q == 0,02 kg/kg -- waste 

I I 
·~ \~ 

' I 

Consumption 

1 Userul heat expended 670,83 34,28 
on metal heat!~ 
Q _ p 1 eg 1r1n 
total- ( m - m > 

I 
where Im - enthalpy or metal 

kJ/kg 

I 
2 Heat lost with 931,2 47,59 

products o! combustion 

I Q == B Vpc cpc tpc 

I 
where vpc -- products o! 

combustion volrune ,m31kg; 

I cpc - products or combustion 

thermal heat ~apac1ty,kJ!m3 K; 

I toe products or combustion 
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1 2 

0 temperature, c. 
3 Heat lost with mechan1.eal 

tmper!ectness or rue1 

combustton 
p 

°mech = o,01 B Ob 
4 Heat lost !rom hegt 

conduct1vtty through break-
11n1ng 

5 Unconsidered loss or heat 

Qunc = (0,05 - o, 15) Qdel 

Flow or ruel mazout 
kg/s ( kg/hl gas 011 

3 4 

18,6 0,95 

149,0 7,62 

186,97 9,01 

0,048 (171,27) 

0,044 (158,2) 
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3.CCICEPT rs PROJECT PRCl'OSALS <* REIFCKltG 
EUIPMENT AN> TECHO.OGY OF PRCDJCTIC.. <* SAFA 

. . ' 

Project proposals have been developed 1n accordance With 
preliminary recorrmendations and amendment.This proposals include 
some sudjestions on equ1µnent mod.ernasat1on and rolling 

technology improvement.Proposals are 1n Part II or Final Report. 

3. 1.Concept or project proposals on converting 

heating rurnace rrom gas oil to mazout tuel 

Now heating rurnace ls heated by gas 011 combustion. But 

the gas 011 priee ls considerably more than mazout price. 

Replacement gas 011 on mazout as ruel tor holding hearth Will 
lead to 1ncreasement or production ettect1veness. For 
replacement 1t w111 be necessary to build two reservoirs With a 

system or mazout preheating, two !orce-pumps, stand or mazout. 

pre~rat1on to combustion and tour a!!ect1ve acoustic buiners. 

Part II or Final Report includes project proposals, 

1nclud1ng acou8t1c burner !or mazout combustion. 

·. 
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3.2.Coneept or project proposals on improvement or 50 

roll pass design 
Some reasons !or rolling production low e!!iciency 1n SAFA 

rolling m111 have been mentioned in section 2.4 or Part I or 

Final Report.Designed proposals were suggested. and calculated 1n 

order to improve the rolling calibration !or SAFA rolling m111. 

Designed Proposal o! improving the rolls calibration tor 

the SAFA rolling mill ls implemented. to eliminate some 

shortcomings in the !t.mctionality or the mill. They seemed to 

be related with the passes construction. The purpose or this 

work ls to increase the productivity, profitableness and 

output production quality or the mill. Designed Proposal is 

made on the basis or direct studying or the mill in realistic 

conditions or production and or the latter computer analysis 

or the working rolls cal1brat1on. 
It was determined that main reasons or the low mill 

err1c1ency are connected with unsatisfactory bite conditions 

in the first stand or the breakdown train and also by · 

frequent violations or tt1e process while sticking or the 

stock in continuous stands groups and it's throw rrom the 

rolling train (cobbling). 
Some technical proposals, calculations and new roll i:ass 

deign have been made in order to decrees standing idles and to 

Increase the productivity and quality or tinal product.Part II 

or Final Report contains the prr)posals. 
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It was written at the section 2.4 that nonsynchron1zed. 

operation or !1n1sh1ng stands 13 and 14 and !lying shear leads 
to breakdown or technology or rolling regtme. 

On the base or teer.n1eal data investigation it's possibly 
to sunmar1zed: 

- the !lying shears drive is perrormed. trom DC engine powered 

by (which takes 1ts current !rom) controlled. tiristor 
transmitter with modern control system (with analog or, better, 
numerical regulators or rotation frequency), 

- the power or drive engine would be sut!icient to provide 

the convened cutting or the rront edge in !lying shears start-up 
regime rrom initial position or position set while running. The 

change or advancing would be excluded at back edge output !rom 

I the stand N 12 due to use a loop regulator between stands N 12 -· 

I 
I 
I 
I 
I 
l 

13. While regulated loop the available acceleration would be 
chocked 1n accordance with dynamic parameters ot shears drive. 

Taking into account the electric drives or stands NN 13,14 

are constructei1 w1 th DC engines 1 t 1s qul te reasonable to use 
the same type or drive tor the !lying shears and reeding 
rollers. At least, this solution 1s considered more prererable 

than the used one with special AC engine and electromechanical 
• 
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regulator trough servo motor. 
To realize the project proposals it's necessary to develop 

the project in details and to purchase eqU1pnent. 
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4. RE I WORC I t«J MANAGEMENT SYSTEM OF SAFA 
( 

} 

The management structure or SAFA was created tak1ng into t 

consideration that SAFA is a division o! SNIM concern. 

Many managerial !unctions were undertaken by headquarters. 

For example, data processing !or many components was carried out 
by SNIM computer center. 

It is well known, that modern trend or developnent or 

Management system 1s a creation or Computerized Management 

In!ormat1on System (CMIS), and this ls one or the objectives or 

thls project. 

Introducing or CMIS require or certain preparat!on creation 

so called "1ntormat1on culture", in first line skilled personal. 
SAFA has limited experience to work with computer system. 

same computer calculation having been carried out 1n SLIM 

computer center (e.q. salary, inventory etc.). 
In SAFA start practically are not experienced and skilled 

programmers. In this connection, · one or the task or 

subcontractor team was SAFA's personal training. 

This on the job training has been a carried out by 

subcontractor team during the system installation. 
This training however, give only the possibilities on some 

extent to support operating system out secure date input, 

' t tS? e, r s' · a' m~ a u• n · sr . g' 
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reporting etc. As rar us a system developnent ls conceni, 

troubles shutting etc., the experienced system programner should 
be involved. 

To the information culture belong also des1gn1ng and 

construction computer rooms with air condltlons. It ls 

{artlcUlarly important tor MAURITANIA condltlons, where the s~ 

{articular or deserts' strand are always presents 1n the air. 

Such rooms suppose to be constructed by SAFA. 

4. 1. Analysis or current management methods 

4. 1. 1. Functional and or~·nizational structure 

The management structure or S.AFA can be subdivided. 1nto a 

number o! basic departments: administration, conmercial, 

financial and industrial departments (see Fig. 5'). As was 

mentioned be!ore, this structure was developed !or Joint 

operations with SNIM and included organisational and !unctlonal 

component. 

Taking in consideration modern trend or management 

development, there several questions, which could be considered: 

- Is it necessary to have so many de{artments and sections 
!or relatively small plant? 

- Is it reasonable to have, !or example, management 

t t t us Oasd .. m - sass 
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Department Section 

neral manager i ~ Secretaries I 
I : P!anagement ~ Guards - , 

, 

I 
- Foreign relation ' 

- Starr deJBI'tment 

I ----1 Administration : Lawyers. 

I - Translators 

I 
Accountant general 

-1 Financial : 
Accountants 

I 
.. I 

-1 Commercial I Export-import I 

'----- Home market 
1 Tecnr11ca1 I 

Steelmaklng shop 
:Production: 

Rolling shop 
\ 

Laboratory or 

\\' I 
'~ ~ 

I 
\ 

I technical control 

- Planning or production 
-1 Project o!!1ce ~ 

- Works program 

I - Production supplies 

Engine room 

I 1Ma1ntanence 1 Mechanical repairs 
-------·--

I Electrical engineering 
section 

I Fig. 5' 
CUrrent nanagement structure 01 SAFA 
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department, which includes secretaries, guards and Fore1gn 

connections? 
- Is it reasonable to divide organ1zat1onal and functional 

structure? 
Answer on this questions dependS an SAFA policy and 

possibilities. It is also clear, that managerial structure 

reflecting traditions, experiences, character or each 

enterprise. 

4. t.2. Current information system and data !lou:i 

Analysis or the management system made it possible to 

define the data, !lows or primary importance 1n creat1ng the 
system or automated management support. It must be noted that a · 

certain part or the in!ormat1on 1s comnon tor several 
departments although the output structure tor each department ·is 

unique (see Fig. 6-8). 
The technical department is concerned with the rollow1ng 

data !lows: 
1. Control or metal transfer within the steel plant rrom 

scrap to !1nished product: 
2. Transfer or materials 1n the stocking yard and 

workshops. 
The !irst data !low includes the scrap st~rage, steelmaking 

\ 
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Data tlow chart tor suppliers{ c~rcial 
and acco\Dltants act1V1t es 

57 

- In1ormtion - - DepartEnts -

CCl•erc1al - ... 
Coam>di ty Mame or comood1 ty 

Code Previous orders 
Name ~------------suppliers 
Grade Latest order 
Un1 t or measure Dell ve'.r1 cond1 tions 

Payment cond1t1ons 

Recipient 1 Del,llrtment P----------*---­
Plant 

Name Names or cofilnodit1es supplier -----., I List of suppliers I 
Address ! .Delivery conditions 
Deli Ver'/ eonL"t11-1·_i~s l----J Payment conr1i tions 
Payment cond1t1o!1s 1 Transportations 
Tr&nspJrtat1on Cost ln currency 
Cost ln currency 
Type or currency 
Country-the sender 
Company-the producer 

CCO\Sltant's o1f1C 
CODIDOd.ity name 
Paid !or 
Received. 
Recipient 
Expefid1 ture 

supplies . 
Name or conmod.1.ty 
Order number 
Received. 
Recipient 
Supplies 
Consumption 
Remainder 

-- Order Minimum stock Order number .,__ _________ ___.~.security stock 
Date or ordering 
Date or receiving 
Ordered I 
Received j 
Supplier 

---Log---~ 
Cost in local c~urrency 
Number or a dr)('ti.:'TISri ~. 
Supplies 
Consumptior. 
Rema1naer rr.1nimum stock 
Security stock 

Production 
Name or commodity 
Expenditure 
Remainder in 

production site 
Consumer quality 

Fig. 6 
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Input 1ntornat1on flow chart for the prod.Uct1on depar"tllent 

-- In!ormtion 

lsteelnBking shopl 

I 
- Per each heat i 
Number or heat i 
Number or ingots i 
Garbon test I 
Heat mass, t I 
Rolling instruction 

.-- Per shift l 
- Amount or -

Scrap, t I 
Steel, ingots, t 
Good heats I 
Waste heat 
Yield I 

Objects -

I Rolling shop I , . 
,------- Per each heat 
INumber or heat 
Rolled product d!a 
Roiled. product length 
-Amount, tons, pieces-

or 
Heated. ingots 
Rolled ingots 
Ingots to be reheated. 
Waste ingots 
Second-rate ingots 
Error in de!!nlng ingots 
Rods or one ingot 
Test results 
Linear meter mass 

!Consumption coerr1c1ent 

I 
--Per shift --

Amount or rolled 
product yield, t 

Amount or waste, t 

I Storehouses I 
I ,___ IngOts -

For the beg!nnll'lf' 
or work 

Delivered to the 
storehouse 

Le!t the store 
house 

Actual amount in 
the storehouse 

I 
Rolled pro4uct 

with respect to 
sectlon 

Product 
Incomplete 
Unbent rolled 

product 
Sold 
D!S?ltChed. 

I 
- Idle time per day, h - r Idle time per shift, b 

For mechanical equiµnent For mechanical equ1pnent 
For electr1cal equipment For electrical equ1pnent _J 
For rna1nt8nance - For maintenance 1 Reasons 
For the laboratory For the laboratory 
For SONELEC For SONELEC 

Fig. 1 
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output date. .flow chart tor the production 
-- In.fonmtion -- Departments == 

Chief engineer Accomtcnts ------

~------ Steelnek1ng produc~1on ~--------~ 

Per day 
- Amount or heats, t -
Total 
Waste 
Good 
- Amount or ingots, 

pieces, tons -
Good 
In the ingot yard J 
Total arootmt per ioonth 

Per day -;j Heat numbers 
Amount or yield, ingots, t 

Total amtmt per mnth 

~----'-------+1 Rolling production ~-------~ 

1 
Per day 

Rolled product dia 
- Amount, ingots, tons -
Heated 
Returned !or reheating 
Rolled 
Waste 
Consumption coe!!ic1ent 
Total arootmt per ioonth 

~-Per day---­
Rolled product d.1a 
- Amount, ingots, tons -
Heated 
Returned ror reheating 
Rolled 
Waste 
Second rate 
Error in de!1n1ng 
Ingots 
Total amunt per mnth 

......._ ______ ~ Stocking yard 

11th respect to section,Jt 
Product remainder in the 

stocking yard 
Uncompleted 
Unbent 

Fig. 8 

I th respect to section,t 
Product remainder in the 

stocking yard 
Sold 
Dis tched 

.. 
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., 
shop, ingot yard, rolling shop and the stockl.ng yard tak1ng lnto 

account the total volume or production, yield, second-rste 

product, waste, return ror re-heating, batches complete ror sale 

and unrinished product. Data on idle equ1pnent and reasons ror 

that are stored and processed. The overall volume or 1n!o:rmt1on 

ls grouped according to heat, sh1!t, i:ess diameter per day and 

month. The current state or things 1n the plant is also 

registered. 
The second !low includes delivery anq consumption or 

material 1n stocking yard and workshops, tu1!1111ng or supplY 

orders, current remainder in the storehouse. It 1s necessary to 

talce into consideration the actual demand tor the product 

determined on the basis or minimum and sate values or the 

material stock rrom: 

SN = K• (D + TS) 
where SN ls sate value or stock, units or measure; 

K monthly consumption or material, units o! 

measure/month; 

D - delivery time, months; 
TS - minimum stock, expressed. 1n months or work (2-3 

months) 
Administration includes the data on stat!, wages, working 

hours etc. Problems or this type were well developed and 

automated 1n the rramework or the mother-compll'lY SNII and the 

\ 
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software a!ter the required adjustment can be used 1n SAFA 

comJX.lters. 

The 1n!ormat1on ror the coomerclal depu'tment 1neorporstes 

data on matertals purchased by SAFA, data on suppliers 1nclud1ng 

delivery cond1t1ons, prices, ~ent and transportation; data on 

delivery orders and their implementation. 

The r1nancial department 1s concerned. With: daily data on 

the production process; cost or expenses With respect to 

departments and plants with subsequent est1.DBte or cost price or 
. 

the !1n1shed. product (see Fig. 9). 

Bank transactions with customers and suppliers (this i:ert 

1s automated by SNII). 

Factors corrrnon ror all the de:pirtments arrect!ng the 

management are to be noted here: 
- low volume or production and small batches or the 

!1n1shed product: 

- high cost price or the !1n1shed product: 

- high rate or waste and 1dle time; 

- necessity to import the main si:m-e J8rts and consumed 

materials the number or corrmod1ty denominations purchased 

exceeds 2.000. 

- shortage and high cost or electric power and water. 

Problems ar1s1ng !rom the above are: 

- necessity or a certain amount or stock to provide regular 

.J 
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Accolalt 01 col1Sllllpt1on and cost price est1RBte or SAJA production 

r Total mill expenditure -
I Electric power 

Water 
Auto transport 

I Corunne<1 na ter1als w1 th respec"t-:. ==::o:::o: ......... ....-._,,,_ Spare Jmte-=---­
to each department 

._ SteelnBk1ng shop -- Rolling shop--- Jor depu'tments -

Scrap . Hardware and props Workshop bu1ldµlg 
Ferroalloys iluwts later pur1t1cat1on 
Electrodes and nipples Roils Compressor 
Moulds Oxygen Indl v1dual tools 
Fuel Fuel Shl!t technological 
Oxygen Re!ractorles transport 
Thennocouples ReJBlr racllities 
Limestone Cranes 
Re!ractories Electric turnace 

Ladles 
Trans!ormer 
Heating rurnace 
Tables 
Train 350 
Train 300 
Shears 
Re~ters 
Cooling rac111ties 
Collers 

I! 
For each depu'tment -

Amort1zat1on 
Wages 

1 
Business trip expensos 
Social insurance 
Conmunal expenditu..-nes 
Remaining expenditure 
Guard · 

F1g.9 
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operation and reduclrig it to the ~mum; 

- planning or purchase and selection or suppliers at 

optimum cost and delivery time; 

- stock-taking, estimation or unt1n1shed prod.uct, idle 

time, re?l1rs and maintenance, planning and sales; 

- estimation and reducing to m1n1mum or expenditure on each 

production and plant. 
4.2. General concept or introduction or Computerized 

Management In!o:rmation System (CMIS) 

The !ollow1ng components suppose to be included in the 

general concept or Introduction or modem CIIS: 

- CMIS should reflect and to be 1n accordance with existing 

functional and organizational managerial structure or the 

enterprise. 

- The managers or enterprise suppo'3e to be pre~ -to 

adjust and adopt operating runct1onal and organ1zat1onal 

structure to new condition: to work jointly with CMIS. 

- CMIS should be considered as a developing system, which 

is permanently enhancing, changing adopting new hardware· 

elements and software parches. 

- Special CMIS' department or group suppose to be set up to 

secure system operation and developnent. 

- CMIS ls based on modern Personal compute~ and software. 

Recommended management system ls shown on F1g 10. It ls 

' 
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lfanagement Branch Dei:artment Section 
I General manager j ,......_ Secretaries 

-I - Guards 

I 
- Fore1gn relation 

,___ Starr deJ:Brtment 

I H Administration l Lawyers 

I - Translators 
H Computer MIS ~ Progranmers 

I 
. I 

Accountant general H F1nanc1a1 l 
Accountants 

H Commercial I Export-import 

' I 1rechfilca11 Home market 

. I .. ~ Steelmak1ng shop 
:Product1onl 

Rolling shop 
,~, 

'\: I 
~ 

Laboratory or 
technical control 

I 
I 

- Planning or production 
~ Project of !ice -~ 

i--- Works program 
..._ Production supplies 

I Inventory . 

I 
I 

iMa!ntanence~ Mechanical replirs 

Electrical repi!rs 
section 

• F1g. 10 

I Recomended nanagement system ot SAFA 
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based on er1st1ng structure With some additional DeJm'tment, 

namely Department or Computerized. Management Inrormatlon System, 

which shoUld report directly to General manager. Besides the 

more section are integrated under adm1.n1.stration. 

4.3. Hardware system and software JllCkage 

The rollowing PC has been supplied and install 1n rrsmework 
or this project: 

P a r a m e t r e s 
TYPE Main store, Hard disc, Clock rate, Adapter Quant1t 

MB MB IHz 
y 

PC/AT 386 16 320 33 VGA 1 

PC/AT386SX 2 40 16 VGA 7 . 

The computers are powertul enough to meet the SAFA 

requirements and allow to enhance the system being developed in 

view ot !onn1ng a single network. Control system ensures data 

independence and convenient contract With the user, as well as 

use or high ratP programming languages such as CLIPPER v 5.0 and 
MICROSOFT C v 6.la. 

The !ollowing standard software packages are supplied: 

- Norton Commander, French 
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- IUlt!plan, French 

- MUlt1ed.it, English 

- Brie!, French 

- Foxbase plus, French 
- Statgraphics, English 

- UNISTAT ·. 
- AutoCAD, French 

4.4.· Fu..'lctional structure or CIIS - fla1n menu 

The !ollow1ngs subsystem are included 1n classical ma1ne 

menu or CMIS, Fig f 1~ 

- PRODUCTION 

- IUINTENANCE 

- FINANCIAL and COMMERCIAL 

- ADMINISTRATION 
The developnent and 1nstallat1on or such integrated system 

request a lot or resources. It 1s estimated, that !or plant like 

SAFA w1th about 100 employs and annual production about 5CXlO t. 

is request 30-40 man/month. resources. Besides o! that permanent 

support and developnent ot the system ls reqU1red, as well as 

additional hardware and software parches. 
The ma1ne menu and subsystem can have d1!!erent structure 

depending on enterpr1~e organization and !unctions. 
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Production 
& Supply 

Techcnical 

Production 

Maintanance 

~in 

Steel lakinv Production Inventory 
shop planning and control 

control 

Finance & Aminist.ratioo 
Coaerce 

Balance 

Cost-benefit Personal 
balance 

Roll inv 1i II Materials Suppliers 
Stand down requipaent 

Laboratory t i1e Expert & 
Planning & i11port 

Rov aaterial BookkeepinR & pilrchoising 
suPP ly ion i tori nR Hole :iilrket 

Spare parts 
final product Statistic control ISalary I 

and contro 1 - °" 

CAD 
Maintenance 
planinv & 
SCH 

REPORTS AND MONITORING 
.....------. .....------ -
Row aaterial 
stock 

Heat report 

Steel laking 
SUIB'Y 
report 

Production 
planning & 
control 
Heat by heat: 
-in steellakinv 

shop 
-in rolling 

shop 

Ingots stock Month/year/ 
period control 

Rollinv 
everyday 
report 

Rolling 
SUIB'Y 
report 

('; I 

Shot down 
ti1e reports 
(Shi fl/days/ 
1onth/years/ 
reasons> 

Bookkeeping 

List of 
aaterials 

Security stock 

Re11ainder of 
aaterials & 
SJ)are parts 
report 

Delivery 
consuaption 
report 

Balance of 
1aterial 

f hl, 11
1

• 

Material/ 
finance 
balance by 
depar~ts 
& groups of 
expences 

Supplier: 
-condition/ 
transporti on 
of delivery 

-pa.y1e11t 
condition 

Request/ 
order of 
aaterials 

Information 
of execution 
of orders 

Sol di despatched 
of aerial 
reports 

Cotputerised 1anage1ent infor1ation system CCMIS> 
J - -- -- ..__~ - ~ -
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The modules, which are the part or d1rrerent subsystem are 

undertaking numbers or !unctions. The output data and reporttng 
system are covering usually the demand or dirrerent dep;.rtments 

and sections. 

4.5. Operating subsystems SAFA's CIIS 

SAFA's operating system developed 1n rramework or this 

contract -is shown on Fig. 11~ 

This system can be considered as a Phase 1 or System 

developnent. 
Problems most important ror prod.uctng the sortware, i.e . 

playing the key role in daily 1nrormation, account and estimate 

ot cost prices have been selected out or the total stock or 
problems. As basic programs they are designed to exchange dat~ 

automatically, i.e. they are in !act the systems connected., 1n 
cum, to the single SAFA system With access to the common 

in!onnation. 
Functional !low or the SAFA system 1nclud.es: 
1. Transrer, balance and stock-taking or the product rrom 

raw materials to the rolled product •. 
2. Trans!er and balance or materials necessary to produce 

the !1nished product as well as production maintenance (spare 

parts, spare equipment, tools, etc.). 
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SAFA computerized nenagement 1nformt1on system 

DATA BASES 

~Production - - Materials -- - SUppl1ers Elpen41 ture 

- Materials - Scrap store 
- Steelmaking 
- Ingot store 
- Rolling 
- Finished. 
product store 

Production 
I 

- Name 
- Expenditure 

register 
- Orders 
- Suppliers 
- Recipients 
- Security store 

- Supply 
conCl.1.tions 

- Price 
- Delivery 

conditions 

s··sTEIS 

I 
Magazines 

I 

- Production 
- sa1ary 
- Additional 

ex nd1ture 
~-

Balance 
I I 

Financial Production - Commertial ~ supply and 
and planning .___ - stores 

T I 
R E P 0 R T S A N D I N F 0 R M A T I 0 N 

- Reports 

- Production 
schedule 

- Production 
balance 

- Quality 

- Standing 
idle 

I I 
- Orders !or 

materials 

I- Suppliers 

- Register o! 
supply/ 
expenditure 

- Material 
account 

- Material 
balance 

- Security 
store 

Fig. 11 

- Value balances 
(in prices) !or 

departments 
- Primecost !or 

a semlproduct 
and. !inished 

product 
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• 
3. Account or SAFA expenditure, including the materials in 

the storehouse and workshops With respect to plants and 

deJ81'tments. 
4. calculation or cost price or the !1n1shed product !or 

the steelma.k1ng and rolling shops and ror the plant as a whole. 

5. Account and data on the stock or DBterlals 1n the 

storehouse, calculation or minimum and sare amounts or the 

material~ comilired to the actual rema~nder 1n the storehouse. 

6. Storage and output or rererence 1n!ormat1on on 
suppliers, delivery conditions, prices, etc. !or comnerc1al 

act1v1t1es. 
7. Account or orders rul!lllment !or the deJ81'tment or 

sales and supplies. 

8. EstiWltion and analysis or ldle time. 

9. Printing and monitoring or documentation, including 
dally reports !rom the workshops, logs or c0Dlll0d1ty transrer and 

expenditure, etc. 

10. Design work making use or the AUTOCAD system. 
11. Statistical application or the data wtth the use or 

S11ATGRAPHICS system. 

12. Routine accounts with the use or the MULTIPLAN system. 
The software being developed 1s to be used 1n personal IBll­

aomi:a t1ble computers. 
SAFA system so!tRare includes three_ basic subsystems: 
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70 
storeh1use: material supply and conmerc1al act1v1ty, production 

control. expend! tur-as and cost price calculations (balance). ill 
or these subsystems can use conmon databases. 

4.6. Storehouse subsystem 

The subsystem 1n!ormat1on 1s used by adm1n1strat1on, 
!1.nanclal, cormnerc1al, supply departments and those sections or 

1ndustr1al department which are recipients or materials. Jla!n 

menu or subsystem ls shown ln Fig. 12. Database structure or 

supply subsystem 1s presented ln F!g. 13. Supply and 1ndustr1al 

department entry data on materials, income and. 

expend1ture,execut1on or orders. Conmerc!al dei:artment rorms · 
orders tor materials and directs 1ntormation about suppliers. 
The sections or industrial department have opportunity to ronn 

orders on materials. All departments receive 1ntonnat1on about 

transfer or materials, remainders in storehouse. Conmercial 
department receives 1n!ormat1on about suppl1er,necessity 1n 

material, requests, history or orders execution (1nclud1ng 
conditions or delivery). The basic videograms are shown 1n Fig. 
14-20. 

The next !unctions are executed by subsystem: input and 

output data creating and processing !un~tions, service 
!unctions, !aAt data access !unctions. 
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I Main menu or STOREHOUSES system 

I STOREHOUSF.S JOURNALS 

I 
-Create journal -Delivery or material 
-Change name -Consumption or material 
-Delete -Revision 

I -Delete boOk records 
ORDERS -Balance 

~ - I -New order -Print 
-Search & correct - wares in stock 

I -Display - remainders 1n stock 
- execution or orders 

I - conditions or delivery 
-Print 

\ I - execution or orders 
~ conditions or delivery 

\\.' I MATERIALS SUPPLIERS 
'~ -New material -New suppliers 

I -Search & correct -Search & correct 
~ -Print data on material -Print data on suppliers 

I 
SERVICE 

I -Rest calculation 
-List or department correction 

I -lfake hard disk copy 
-Restore hard disk copy 

I -Make !loppy disk copy 
-Restore !loppy disk copy 

I 
-Restore index !1les 
-Con!igurat1on 

I Fig. 12 

I . ,,,,,,,_ ~-
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DATABASE STRUCTURE OF SUPPLY SUBSYST:EX .--------------.. 
LIST OF STOREHOUS:ES MATERIALS 
1.Code 
2.Storehouse name 

SmDERS 

DEPARTMENTS 

1.Code 

2.Name 

AGGREGATES 
1.Cod.e 

2.Name 

STOREHOUSES JOURNALS 
STOREHOUSE 2 
STOREHOUSE 1 

1.laterlal name 
2.C1pher 
3.Mark 
4.Cost, UG 

5.Sender cipher 

department/aggregate 
6.Suppl1er cipher 
7.0rder number 

.,____ __________ _ 
1.Name 
2.Clpher 
3.Mark 

4.Un1t or measurement 

5.Sender cipher 

department/aggregate 

6.Consumpt1on per unit or time 

7.Del1very time 

8 .1Un1mal stock 

9.Sarety stock 

10.Storehouse 

11.Note 

8.SQL 
9.Income/expend1ture date 

10.Document number 
11.Income/expend1ture amount 

12.Mater1a1 stock on a given cost 

13.All material remainder 
14.Rev1s1on remainder 

Fig. 13 
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1.laterial name 
2.C1pher 
3.lark 
4.0rd.er number 
5.0rd.er date 
6.Delivery date 

ORDERS 

7.Execution time 
a.Transportation cipher 
9.Amourit received per reception 
10.Received in total 
11.Will be received 

12.Note 

1.Suppl1er name 
2.Mater1al name 
3.later1al cipher 
4.Answered yes/no 
5.Address 

SUPPLIERS 

6.Delivery conditions 
7.Payment conditions 
8.Transportat1on conditions 

- Supplier -
13.Suppller name 
14.Answered yes/no 

. 15. Address 
16.Dellvery conditions 
17.Payment conditions 
18.Transportat1on 

conditions 

19.Cost 1n currency 
20.Type or currency 
21.Sender 
22.Prod.ucer 

9.Cost 1n currency 
10.Type or currency 
11.Sender 
12.Producer 

Con. Fig. 13 
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mt.er/Select. &: <T~>-Bevin <FIO>-Exit 
Delivery of comodity in stcrehwse Sklad l 

1..------------ Com>dity -·----------.I 
...... - - ......... - - - .......... ... .. .. .. ... -............... - ........ .. ................................... _ .. -----------------

.. - -....... - .. - ............ .. 
::::::::::::::::: - - - - - - - - - - -

I CiPe- 0000001 NiE Material t I 
I Irk Material l Diaensim T I 
I Recipient: Indlstrial depart.lent Steel.akiDIZ depriaent I 
I K= 200.00 D= 2.0 SS= 2.0 Sll=KCD+SS>= 800.00 I 
I I 

.. - -- -......... - ........ -.................. ____ ......... ---· .............. - .......... - .. - - .............. -- - ................... - ............ - --- ...... -
::::::::!:::;;;::::::::;;:;:·;;;;;;::=::::::~::::;:~:::::::::::::::::::;:::~~=== 

1..----- Order -------. ir===== Delivery =====a 
I (Fder ntmber 
I Date of order 
I Date of de Ii very 
I Difference in aonth 
I Tr~tation code 
I Ordered 
I 
I 
I 
I 
I 

Received 
Mill be received 

Supplier: 
Olivetti 

Note: 
I 
1~----­

Enter SCL code 
< >-Left/RiRht 

0000000056 
28/03/1992 
06/06/1992 

2.3 
T 

10.000.00 
4.400.00 
5.600.00 

II 

SCI. 
Date 
Doculent IUlber 
Cost 11' 
Alomt 
Received UG cost 

Remainder: 
By cost 100.00 UG 
In total 

II 
06/06/1992 

00000001 
100.00 
500.00 

50.000.00 

500.00 
3.600.00 

_Jn ----·-·----- ... - ...... ·- - -- ... -- - ... -- - ......... _ -- - ....... - .. - -::::::::::::::::::::::::::::::::::::::::::.: -------------------------------------------
.......... -----··· --·--·····---·-··----····----· ......................... ., ............................................................................... ... 
·--~----------------·----------------·---------- -------- --- --- - ---- - - --- - - - - - - - - - - -- - -
.............................................................................................................. ................................................................ ................... ................... .. 
----·---------------·----------------·--------- - ----- - -- --- - - - - - -- - - - - - - - - - - - - - - - - - - - -

<Enter>-Entry <Esc>-Exit 

Fig. 14. 
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Enter/Select &: 
.................................................... ... .. ... ... .. .. .. .. .. ... .. ... .. ... .. ... .. ... .. ... ... .. ... .. .. .. 
--------------------------- - - - -- - · - - - - - -- - - · ---- --- -

<Tab~in 
Con5U1Ption of coaodily 

- -.-, 
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<FIO>-Exil 
....................................................... ... ..................................... - ..................... .. 
-------------------·------- -- - - - - - - - - - - - .. - - - - - - - - - - -

: : : : ; : : : : : :.: : : : : : :.: : : : : :·:: : : : : : : : : : : : : : :·:: : : : : : : : : : : : : : : : : : =~ : : : : : : : : : : : : : : : : : : 
=====================·=~===~====~~===~===:=~============~==============~======== 

1.----------- Kaybill -----------.1 
I Naybill number 00000001 Date 06/06/1992 Distributed by 7.aitsev I 
I Received by Utrobiev I 
1~~~~~~~~~~~~~~~~~~1 
.................................................................................... _ ............................................................................................... .. 
= : ; : ; : : : : : ; : = ; ; ; ; ; ; ; ;.; ; ; ; : ;.; ;·;·;; ; = ; ; ; : : : : ; : : = ; : ; : : : = = : : : : : : ; : : : : = : = : : : : : : : : : : ; : 

I Conodity --------------1 
I Cilie' 0000001 Nale Material l I 
I kk Material 1 Diaension T I 
I K= 200.00 D= 2.0 SS= 2.0 SN=KCD+SS>= 800.00 I 
I Cost 300.00 UG Remainder: By cost 300.00 UG 120.00 I 
I In total 2.800.00 I 
1---~~~~~~~~~~~~~~~~----1 

I CoflSUIPlion ===========11 
I SCL U Aaomt 300. 00 I 
I Recipient: Industrial deparlaent Steellakinv departaent I 
I Note: I 
l·i!==============================================="I 
::::::::::::::::::::::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
=================-~=·~==~============================~========================= 

Enter SCL code 
< >-Left/Ri(Zht <Enler>-Entry <Esc>-Exit 

FiQ. 15. 
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Enter/Seled &: <Tab>-Begin <f 10>-fxit 
: : : : : : : : : : :-: : : : : : :·: :.: : : :...: : : :.: ::: :-: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : = : : : : : : : : = = : =·=- = = = = =: = =·= =:: = -:--:-.. : = :-= = : : : : : : = : : : = : = : : : : : : : : : = : = : : : : : : : : : : : = : : : ~ : : : 

I Conodity I 
I Cililer 0000001 he Material I I 
I hie 11terial I Diaension T I 
I Recipient: Industrial depart•ent Steelmakinv depart•ent I 
I K= 200.00 D= 2.0 SS= 2.0 Sll=KCD+SS>= 800.00 I 
1--~~~~~~~~~~~~~~~~~1 
............................................................................................................................................................................... ............................................................................................................................. ,,,. ........................ ... 
::!::::::::::::::::::::::-::::::::::::~::::::::::::::::::::::::::::::::::::::::: 

Irr===== ···--·--·-·-··········-----····-·---·····-· 
;~; ; ; ; ; ; ; : = = ; ; : ; : =; : = : = : = ; : : : ; ; = = = : ; : ~ : ; : = = : 3aKa.1 =-======ii 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Order ntllher 
Date of order 
Date of delivery 
Difference in 1onth 
Transportation code 
Ordered 
Received 
Nill be received 

Supplier: 
Olivetti 

Note: 

Ii==== 
Enter note to the order 

< >-left/Right 

0000000056 
?.B/03/1992 
Ofi/0611992 

2.3 
T 

10.000.00 
4,400.00 
5.500.00 

·-·--····--·-··-········----·······--···-·· .............................................................................. 
·=======================:::::::============~ -......................................... -.......................................................... ... ........................................................................................................... 
----------------·------·--·---------·------
__________________________________ .. _______ _ 
...... ----- .... --- ... -........... - .. ---...... -- ... -........................... ---... ;·;;;;;;;;;;;;;;:;;;;;;;;;;;;;;:;;;;;;;;;;;; 
-------····--··-·-·····-··----·--·----··-·· ........................ -............................................................... ... 
--------------------------·-------------·---- -- -- - -- - -- --- ---------------------------...... •.- ---... -- ... -............... - ... --. ----. -.......... -...................... -................................................................................................ 
:::::::~===~============·==::::::::::::~:::: 
............................................................................................................. ............................................................................................... --·-··-·-------·-------·-···-·------··-------------·-------------------------- ---·---· ......................................................................................................... ............................................................................................. 
-------------------------------------------- - -- - -- -- - --· - - - --- - - - -- - - -- - - ----- - -- -----
:: : :·: : : : : : : : : : : : :~: :·:·: : : :.: : : : : :_,: : : : : : : : : ::.: : : : =·=: =: : : = = : : = : = : ~-= = : : : : =: : = : : = = = = = = : : : = :: : : = : 
: : : :,.:·::: :..: : : : : : : : : .. : : : : : ::.: : : : : : : : : : : : : : :: : : : : 
~~========================================= ..................................................................................................... ......................................................................................... -......... ·-··-·------·-------------··-·------·-------- -- --- -- ------- ---- ----- ------ -------- - - - -
·--·-·--······-----···-····-··········---·· .................................................................................................. --------·--------------·----·------·------· -- -- -- - -- --- -- -- _,. - - - -- - -- .. - - - - -- ---- - --- --

---------··-----·--·--··-------····-·-·---· ;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;·;;;;;;;; 

<Enter>-Entry <Esc>-Exit 

Fig. 16. 

,,,,-, 
p 

• 



.. ~-· ... __. - .. 
• 1! • 

' 
i I -

I 
I 
I 
I 
I 

.. 
1 

' , 

\ 

I 
I 
I 
I 
I 

' l . 

Enter/Select &: 

Supplier Olivetti 

=c..:;;'"-___ ....,,._.~ ..... ---------

Tl 

<flO>-Exit <Tab>--Bevin 
Conditions of delivery ........................................ - ................. -

- ........... 'I" ............................ - .................... ... 

-----------------·------------------ ------- -- -- .. - -- · - -
.............................................. .. -.. -.................................. . --------·---------- -- - --- -- -- - --- - Answered YES 

Co .. odity cipher OOOOOOtllklCo .. odity naae Material t I 
: : : : : : : : : : : : : : ::: :.: : =-=~= :-::.:::::::::·: ..• 
:::::::::::::~-======~===~~·===· ddress of supplier .................................................................... 

;·;;;;;~;;;;;;;;;;;;;;;;;;;;;; 

onditions of deliver 

I 
I 

..................................................................... 
p .................................................... - ......... -........................................................................ ----------------------------

I 
I 

onditions of pa.yaent ......................................................................... . . . . . . .. ... .. .. .. -......... -...... -................... --------------------·------------- ------------ -- -- - - --- - -

Cost in currency 300.0 1~::.:.:: : .. .:.;::.:::.:.:.::;::.::::::::::.:::::::. 

I 
I 

ype of currency $ I 
: : : : : : : : : : : : : : : :·:...: :·::: :_:_:,.._ = : : = : : : : : =: :- : =: :.-: : =·= =·= =·= =· 

______________________________ ,.._ 

onditions of transportatio ; : : : : : : : : : : : : : :·: : : : : : : : : : 
·::::::::::::::::::::::::~ 

ender 

I 
I 

-··-··-··-···········--··-·-········ ··-····----·· ... ·-·-·······---········ -------------·---------------------------------- - ----- ---- - - --- --- - --- --

I 
I 

: : : : : : : : : : : ::: :.: : :.,:..:.: ::: :_:·:·:.:·:·::: : : : : a = = : ~ :- : :- : : : : :: :: : : =-=·= =~·=·=-=: =--= =::: : : =·= : ... oducer ............................................................................... -...... -...... ........................................................................................... .......................................... _______ ......................................... ... -----------------------------------

I 

Enter naae and address of co11odity•s producer 
< >-Left/RiRht <Enter>-Entry <Esc>-Exit 

Fi~. 17. 
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Enter/Select &: 
: : : ; : ; : : : : : ; : : : : : : : :.·:·: :-:.::::::: :·:: 
·= = = = =- =:: = = = = ==·==~:--~=~=·=--==·= ....... = =·= :=-== 

<f 10>-Exit <Tab>-Bevin 
Revision ··--····-·· ................................................... .. .......................................................................... -·----·----·------------------------ - -- -- - -- - - ---- - -- -------- -- --- - -

lr--~~~~-~~~~-Docuaent I 
I DOClllellt 00000001 Date 06/0611992 Checked up by Uorobiev I 
I Received by 7.ait.sev I 
1~~~~~~~~~~~~~~~~~---1 

::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::: 

=======:=:=:=====~=========~===========================================:======= 
: : : : : : : : : : : :;: :.,.:,.:_,.;~:_,:: :.:...:.=:::: :::~:...:::...:.: :_:: :.: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ; : : : : : : : : : 
=: = = : : : :: : : : : : = :..-: :---: =·=-=..-:- =-=·=-=:-: -=-=·= =·-=-= = = = = = = : :: = = = = : : : = = = = = : : : : =: = = : = = : = : : : = : : : = : = : : 
I..-----~-------- Conodity I 
I Cipher 0000001 Nale llterial 1 I 
I Mark llt.erial l Oiaension T I 
I K= 200.00 D= 2.0 SS= 2.0 SN=KCD+SS>= 800.00 I 
I Cost 300.00 UG Re1ainder: By cost 300.00 UG 300.00 I 
I In tot.al 3, 100.00 I 
1---~~~~~~~~~~~~~~~~~~~~~---1 

Irr===================:-,==== Fact =========================ill 
I Actual re1ainder 100.00 In tot.al 2,900.00 I 
I Note: I 

Enter note to revision 
< >-Left/Ri Rht <Enter>-Entry <Esc>-Exit 

Fig. 18. 
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Enter/Select &: <Tab>-Beain 
...................................... 
;;;;;;;;;;;;;;;;; 
: : : : : : : : : : : :·: : : : : 
----------------­______________ ... -

: : : : : : : : : : : :::.:::.~:· 
==========~====~= 

:::::::::·:::::~:; 

=============~=== 

Enter neu co11odity 
Search & correct materials 
Print dala of materials 
Exit 

-----
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<flO>-Exit 
................ -..................................... .. ... .................................................... .. 
-----------------------------· --- ----- - -- -- - --- -- -.......................................................... ............................................... 
-------------------------- ... - ---- - - - - - - - - - -- - - - - - --.............................................. ........................................... -------------------------- - - -- -- - - - - - - --· -- - --- - - -........................................................ ........................................... ------·-----------·--------------------------------....................... _ .. __ ·····--···· ··-------········-······· ·-----------·-----·-------- ------ --- -- - - - -- - - --- - -
: : : : : : : : : :·: : : : : : : : : : : : : : : 
-------------------------________________ ..,. _______ _ 

I Co11odity =====================ul 
I Cipher 0000001 Naae Material I 
I Mark Material 1 Dimension T 
I Recipient: Industrial departaent Steelllakillll department 
I K= 200.00 D= 2.0 SS= 2.0 SN=KCD+SS>= 
I Note: Storehouse 

800.00 

I 
I 
I 

I I 
l·l!=========================================~I 

: : : : : : : : : : : : : : : : ~=::::::<:-:_;_:.:::::.:·::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ; : : : 
==·= ==: =:: = =='°=v=·==..:---=-=~-=~-==.-:.c:.-:-=~~====== = = = ~ = = ~: = =::::: =·== =====:: =====-= ==== = =--== ~ 

Enter note or properties of a Riven co11odity 
>-Left/RiRht <Enter>-fntry <Esc>-Exit 

Fi11. 19. 
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I 
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I 
I 

Enter/Select &: 
.................... _. .................................... -............... . ..................................................... _ ...................... .. 
==================~====~========== 

Supplier Olivetti 

-.--
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<f10>-Exit <Tab>-Beain 
Supplier .. ................................ - - ........... - .... - ............... .. .. ............................. - - - ..... - ............................ .. ........................... __________ ,.. .................. ... 

-----------·--------------------·-........................................ .. -............ - - ..................... .. ·---------------·-- - --- - - - - - - - - - - --

Commodity cipher OOOOOOt1111Co11odity naae Material I I 
ddress of supplier 

: : : : : : :: :: : : : : : : :·:: :::·: :·:::: :::·:: .. 
:::::::::::::~-======~~====~ onditions of deliver 

......................................................... ........................................................... 
:::::::::::::=~~=~~:===~===== onditions of payE11 

................................................................. .............................................................. ·---------··--- ... ·-----------· -----------------------------

I 
I 

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

I 
I . ............................................................. .. ... .... - ............................... _ ........... .. ---·----···--·---·-----·----------------------------- ---

Cost in currency 300.0 t·::::::::::::::::::::::::::::::i: 

I 
I 

ype of currency s I 
:::::::::::::::::::~-=~===~ 
:::::=====::::::::-::::::: 

-------------- --- -------------........... -.. -- ... - - ... ,,. .. - - ... ... .............. , .............................................................. ··-----·-----·----·--··----------------------------ondilions of lransportatio 

ender 

I 
I 

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

I 
I 

I 

Enter naae and address of conodity's producer 
< >-Left/RiRht <Enter>-Entry ·<Esc>-Exit 

Fill. 20. 
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81 
4.6.1. Data input 

- Create, change, delete journal or storehouse; 
- Create. change, delete ln!onnation.about recipients (the list 
or dei:srtments/aggregates); 

- On-line entry, change, delete material (only it records about 

material 1n Journals or storehouses no e:x1st); 

- On-line entry, change, delete request (only !or request on 
material) or order !or material; 

- On-line data entry about conditions or delivery 1n a claim 
!rom the list or suppliers; 

- On-line data en•cy and change about suppliers; 

-- · 1~ 

\ 

l 1 
'. , . 

- On-line data entry about delivery or material and order's · 
execution; 

- On-line data entry about consumption or material; 
- On-line data entry about revision's results; 

- Delete del1very/consumpt1on/revision records rrom journal or 
storehouse; 

4.6.2. Output data creating !unctions 

- Display the the list or storehouses; 

- Display the !1st or recipients (departments/aggregates); 
- Display the list or materials; 

tfl"'. ,;· ,,, " 
,. 
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- Display the list or materials which are 1n a given 

storehouse/out or all storehouses; 
- Display and print data on materials which are 1n 

storehouse/out or all storehouses; 
- Display and print data on storehouse's Journal ir remainder or 

material ls less than sarety; 
- Display and print data on material remainder 1n the storehouse 

Cir this ~ne less than sa!ety); 
- Display and print wayb111 about consumption o! material; 

- Display information about remainder o! material at entry data 

on delivery/consumption/revision; 
- Display and print act or revision; 
- Display and print balance or material at storehouse(s); 

- Display the list or requests/orders !or a given material in 

chronological order; 
- Display the list or requests/orders !or a given date; 
- Display and print in!orrnat1on about execution o! orders; 
- Display and print delivery conditions or material 1n the · 

order; 
-Display 1n!ormat1on about execution or order at entry data on 

delivery or material; 
- Display the list or suppliers !or a given cormnod1ty by a sign 
answered or not the present supplier on requests; 
- Display and print in!orrnation about suppliers; 

\ 
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- Display user's error diagnostics; 
- Display help messages. 

·. 

4.6.3 Data processing !unctions 

-Control user's input data entry; 

-calculate remainder/all or material in stock by cost; 
-calculate safety remainder or material; 

-Recalculate remainder arter deletion or records rrom Journal, 
revision or 1r data on material entry wasn't pertormed 1n 

chronological order: 

-Strike storehouse's balance; 
-lake up expense waybill; 
-lake up act or revision; 

-So~t Journals or materials by name and cipher or material, by 
date or del1very/consumpt1on/rev1s1on; 

-Sort the list or orders by material's name,by date ot order and 
date or material's delivery; 

-Sort the list or suppliers by materials, by sign answered or 
not. 

4.6.4. Fast data access !unctions 

- Search material 1n storehouse's Journal by a tollowing 

--F-
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attributes: name, cipher, 
M 

del1very/consumption/rev1s1on 
operation date; 

-Search material 1n 
storehouse/name/cipher; 

the list or materials by 

- Search order/request by material's name, order number, date or 
order; 

- Search supplier by material's name, by sign answered or not. 

4.6.5. Serv1ee !unctions 

- lake databases reserve copy on a hard disk; 
- Restore 1n!ormat1on rrom hard disk.reserve copy; 
- Save databases on floppy disk; 

- Restore 1n!ormat1on !rom !loppy disk; 

- Restore index tiles arter hardware rnaltunction and databases 
restoring; 

- System con!lguration: 

- Display setup (color/background/open in!ormat1on windows); 

- Print setup (pages/roll, ront compressed/normal, number or 

rows, number or eolumns, le!t margin on a pige); 

- Sound signal at error diagnostics on/ott. 

--~---. 
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4.6.6. Data output - reporting 

The subsystem includes next output ronns: Journal or 
storehouse, summary or material's remainder in storehouse, 
expensive wayb111, balance or storehouse(s), act or re\.i.s1on, 

suumary or execution or orders, conditions or delivery 1n 

orders, summary or materials md suumary or suppliers (Fig. 

21-29): 

4.7. Production control and monitoring subsystem 

For this system the rollowing departments are users or 

inrormation: administration, !inance, commerce, and · 

subdepartments or production department: steel and rolling 
productions and the lab. Main system menu is presented by Fig . 

30, inro:rmat1on structure or database is on the Fig. 31. Steel 

production and roli1ng departments and the lab enter inrormation 
about manuracturing or steel and rolling, products quality~ 

scrap and ingots expenditure, transportation o! !inished 

products, and stores states. All departments receive 1n!ormation 
about metal movement through the plant, valid rests or products 

in the store (Fig. 32-38). 
The system includes !ollowing !unctions: rorm1ng and 

processing or entering and exiting intormat1on, service, and 

- .. l"-. 
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JOURNAL OF STOREHOUSE OlJl'PlIT fllll 

Delivery and c011SU1Pt ion of wares from sttrehooSe Sldoo 1 
f roa 28/0311992 to 06/06/1992 

Cipher 0000001 Naae Material 1 
h'k Material 1 Oimem;ioo T 
Recipient Industrial depart1e11t SteelEkillll depart.Ent 
K= 200.00 D= 2.0 SS= 2.0 SH=KCD+SS>= 800.00 

Order . Docuaent Delivery/ 
ruber ntllber COllSUIP-

tion diite 

0000000056 00000001 31/03/92 
04-audit 31/03/92 
003-out 01/04/92 

Total 

Delivery COllSlJIPtion 

900.00 

300.00 

900.00 300.00 

Remainder 

·, 

900.00 
600.00 
300.00 

300.00 

\ 
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S\JIOUl.RY REMAINDERS IN STOREHOUSE OlITPlIT FORM 

Remainders of wares in storehouse Sklad t on 30/0311992 

Comod.ity 
cipher 

0000001 
0000045 

Coaodity 
naae 

Jlaterial t 
Jlaterial 2 

K D SS 

200.00· 2.0· 2.0 
300.00 t.O 4.0 

f iR. 22. 

SN 

800.00 
100.00 

~~<"· 
. , 

' 

7:3 

- - -

Remainder 

500.00 
10.00 

- ... - -
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EXPENCSIUE NAYBIU. OlJJPlIT FORM 

Expensive waybill ntlllher 01239823 fro• 06/06/1992 Distributed by Uorobiev 
Received by Zaitsev 

ReFipient Industrial departaent 003 SteelsakillR departaent 004 

Conodity naae 

Material l 
Material l 
Total 

SipttreS 

' ~ -~~-,__. 
~ 

Cipher 

0000001 
0000001 

fhl. 23. 

Cost 

120.00 
300.00 

Allotmt 

100.00 
50.00 

Sllll 

12000.00 Note 
15000.00 Note 

150.00 27000.00 

.. 

i - - - -

Note 

.... , ...... 
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I 
CONDITIONS OF DELIUERY IN ORDER 01.ITPlIT FORM 

I Conditions of delivery of couodity in order 401 froa 01/0211992 
----·------

I 
Cipher of 1alerial 0000001 Couodity naae Material 1 
Makr Material t 
Recip. Industrial depart1ent 003 Steellakinv departaent 001 

• I K= 134.00 0= t SS= 2 SN=K<Il+SS>= 402.00 

I 
Supplier Olivetti Answered YES 
Address of suPPlier 

; I 
Delivery conditions 

\ , 
Pa.yaent conditions 

' j .. ~ 
'1 '~ Cost in currency 1l.O.OO Type of currency S .\ I 

Transportation conditions 1 

~ 

·I 
Sender 

I 
I 

Producer 

I 
Fi~. 25. -· 

I ': 
j 

I 
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I SUMMARY Of MATERIALS OlITPUT f lHI 

I I List of .. terials in storehouse Sklad I 

I 
COllmadity cipher 0000001 Material name Material l 

~ 1 lli:rk llaterial t 
Recip. lnduStrial departaent 003 Steellakinv departaent 004 

I K= 200.00 D= 2 SS= 2 SN=KCD+SS>= 800.00 

· I COllOdity cipher 0000045 Material na1e Material 2 
.• 

Mark Material 2 ,. 

Recip. Industrial departaent 003 Steellakinv depart1ent 004 
• K= 300.00 D= t SS= 4 SN=KCDtSS>= 700.00 

.. I 

·~ ~ 
'~ Fi&i. 26. , 
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(/of 3) 
Assistance to the 

Societe Arabe du Fer 
et de L'Acier Mauritanle (SAFA) 

in management 
and products diversification 

in the Islamic Republic 
of Mauvrltania 

FINAL REPORT 

Part I 
Volune 1 

Prepared by 
A.Ylshkarlo,!,_~..-cboY, V.BercovsklJ, 

A.1 .... teev, S.Vorob)ev 
for the 

La Soclete Arabe du Fer et de L'Acler (SAFA) 

CONTRACT No. 91/151 
between 

the lhted Nations lndJs1ri3' Dev~t Or · ation 
Clld lntermet EJVneering ganz 

.. .... , 

Lt&X> PROJECT No. ~/MAU/89/178 
Activity Code: J 13208 
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StllllARY Of EXEClITION OF DRIERS Olm>UT FORM 

Execution of orders in storehouse Sklad 1 fro• 01/01/1992 to 06/06/1992 

Coaaodity cipher 0000001 Material naae Material t 
Mark Material 1 
Recipient l~rial depart1ent 003 Steellakinv depart1ent 
K~ 1.00 D= 2 SS= 2 SN=KC U+SS >= 6.00 

Order Delivery Almmt 

bber Date Date a. Kt Ordered Received On order 

210 Ot/0111992 30/01/1992 0.0 12500.00 o.oo 12500.00 
tt/0211992 t.4 12500.00 1300.00 11200. 00 Note 
tt/0211992 t.4 12500.00 500.00 10700.00 Note 

211 05/01/1992 27/01/1992 1.4 23000.00 0.00 23000.00 
16/0211992 1.4 23000.00 8000.00 15000.00 
18/0211992 l .5 23000.00 2000.00 13000.00 

fhl. 28. 
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004 

Note 
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Infcnatim about ~liers 

CiPier of material 0000001 u.odity DiW! 11terial t 
llalcr Material t 
Recip. lndust.rial departaent 003 Steelmakinv depirt.Ent OCH 
K= 134.00 D:: t SS= 2 SN=KCfk.SS>= 402.00 

~lier Olivetti 
Altt-es~ of suPP Ii er 

Deli very coodi tions 

Payaent conditions 

Cost in currency t2J.OO 
Transportation conditions 

Prolb:er 

Type of arrency s 

f i(l. 29. 
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Main menu or production subsystem 

Fusion I Idles 
-Data input atY'Ut t-Input ::;teel production 

new !Uslons ' st~ndlng idles data 
1 -Searching,.e:~ ·_ ~~..,.~· : -~-!~ ~ steel production 

!usions data -· : s~~nd1ng idles data 
-Detail report rcrl i Report about steel 
main eng1nee~ and 1l I production idles tor 
main accounter I 24 hours . 

-Sumnary report , -Repqrt about steel 
ror main engineer! : ~roduction idles !or 
and main : : ~tu? period 
accounter I 1

1
--Input rolled metal 

1 tro11uction standing 
F===Ro=l=l=ed=m=et=a=1===111

1

· _pj!is ro~f~ metal 
I production standing 

1========~. 1 Idles data 
-Input data about 
rolling 

-F.d.1t1ng data or 
roll!~ 

'1· -Report about rolled 
metal production 1dl~s 
tor 24 hours 

-Report about rolled 
-Detail report ror 
main engineer and 

metal prod.uc~1on idles 
!or the period 

main accounter · 1 
S ' - UDll'l8ry report re, ' L _________ __.. 

main engineer and I i=======-====-===t 
main accounter Ingots store 

- Store data input 
- Search/F.d.it or the 

store data 

1

-- Counting or the res~ 
Ingot store report 

Fig. 30 

I 

Service 

-Correction or 
handbooks 

-Creation or 
reserve copy 

-Restoration !rom 
reserve copy 

-Copying data to 
diskettes 

-Data restoration 
rrom diskettes 

-File packing 
-Restoration or 
index !1les 

-Configuration 

Rolled metal store 

-Rolled metal store 
data input 

-Rolled metal store 
data ed.1t1ng 

-Rolled metal store 
rel)') rt 
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Database struct!J1'2 or production subsystem 

STORE 

-Ingots storel 1.Date 
2.The rest 

to day 
3.Income 
4.Expenses 
5.The rest 

arter day 

~ Rolled metal 
store 

1.Date 
2.Pro!ile 
-lass: 
3.Rolled 
4.F1n1shed 
5.Incomplete 

6.Unbent 
7.Sold 
8.D!Spitched 

REPORTING OF STEEL AND ROLLING PRODUCTION 
===Fus1on===:.::;i -===11:~olled metal-===---.. 

1. Date 1. Date 
2. Sh1!t 2. Shirt 
3. ~.ts1on number 3. Prorile diameter 
4. N:.unber o! ingots 4. Pro!lle types1ze 
5. Mass o! ingots 5. 'l'Yoe or steel framework 
6. Mass or scrap -Ifumber or ingots 
7. Eventual carbone 6. Heated 
8. Setting or rolling 7. Rolled· 
9. Q'Jallty o! fusion 8. Cold 

-Tests: 9. Spoilt 
10. 1 Carbone 10.LOw sort 
11

• 1 Temperature 11.Error or number· or 1ngo~s 
12. 2 Carbone -llass or ingots 
13. 2 Temperature 12.Heated 
14. 3 Carbone 13.Rolled 
15. 3 Temperature 14.Cold 

15.Spoilt 
16.LOw sort 
17.Error or mass or ingots 

STANDING IDLES 
18. 1 meter mass 
19.Length or cutting 
20.Num~er or pieces 
21.Garbone content 
22.Flu!dity limit 
23.Solldlty 11m1t 
24.Relattve lengthening 

.Steel product1:)n1 "?R1:1ll tng m1ll:S=~ 
1.Date 1.Da te 
2.Reason 2.Sh1!t 
3.Durat1on 3.Reason 
4.Descr1pt1on 4 .Duration 

5.Deser1pt1on 

HANDBOOKS 

Rolled typeslzesl teel framework easons o! 1dle 
1.Rolled types1ze · 1. Type or steel framework t .Steel production 
2.Complete name 2.Complete name 2.Roll1ng mill 

Fig. 31 
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t Slf'A 16110/1992 

SmB'Y ~ions report fr01 15110/1992 to 21/1011992 for aafn enQfneer 

' ',\ 
~ 

-
IUber of f~fons 

Date 

. 
10/1992 

1992 

Total 

3 
J 

Total f cr period 
3 

• 

Spoilt 

0 
0 

0 

Ualid 

3 
J 

3 

Nass of 

Rolled 
1et.al 

15.700 
15.700 

15.700 

MM 
Spent 
scrap 

17 .300 I. 102 
17 .300 1.102 

17.300 1.102 

lnQOtS 

InQots 
ntmber 

157 
157 

157 

--
Mass of 
an inllQt 

1 .102 
1.102 

1.102 

Ff11. 32. 

h120ts 
mmber 
f n the 
store 

357 
357 

357 

I ... --~·t · 1 
- - -

Remark 

.. 

-

(.C) 
....J 

,, 

\ 
··' ' 

I 
j; 

1 

, I 
I 
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I l SWA 16110/1992 

I SmB-J fusims report frm 15/1011992 to 21/10/1992 

- I 
fer min accomter 

· flmber of illROtS lass 

I Dilt.e 
Total Spoilt Ualid Total Spoilt Valid 

. I 
10.11992 157 0 157 15.700 0.000 15.700 

' I 1992 157 0 157 15.700 0.000 15.700 

6' I 
Total fer period 

157 0 157 15.700 0.000 15.700 
':t' 
~ I Fia. 33. 
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I 
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t SAFA 16110/1992 

Ingot st.ore report fro• 15110/1992 to 21/10/1992 

Date The rest lncoae F.xpenses The rest 
t.o aft.er 

15110/•992 200 0 0 200 
16110/1992 200 102 0 302 
17110/1992 302 55 0 357 
18110/1992 357 0 0 357 
19/!0/1992 357 0 0 351 

Total for the period 
200 157 0 357 

fig. 34. 
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I SWA 16/10/1992 

.---

.. " ., 

-
, 
- -

Smu-y roll insz report. from 15110/1992 t.o 21110/1992 for 1ain engineer 

Hulber of inQOtS Mass of 1etal 
~ Date Type-

size Heated Rettr- Rolled Hot Good Good Gooddlf 
ned uaste 

10/1992 dlO 50 5 45 1 44 4.400 4.498 
dt2 105 26 79 8 71 7.!00 8.808 

Total fm- 90tllth 155 31 124 9 115 It .500 13.355 
1992 dlO 50 5 45 I 44 4.400 4.498 

dl2 105 26 79 8 71 1.100 8.808 
Total fm- year 155 31 124 9 115 U.500 13.355 

Total fm- period 
dlO 50 5 45 I 44 4.400 4.498 
dl2 105 26 79 8 71 7.100 8.808 

Tot.al 155 31 124 9 115 11.500 13.355 

f flf, 35. 

. ' ,, . 
• 

"I 

- - .._ - .._ 

.... 
t 

--- . ..• . . 
I ~.' 

~ .. 1 

-

l 
~·j { 

' MM 
Mai st 

0.100 t.022 
0.800 t.241 
0.900 1.161 
0.100 l.022 
0.800 t.241 
0.900 1.161 

0.100 1.022 
0.800 1.241 
0.900 1.161 

H " 
8 

' 
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t SAFA 16/10/1992 

Stmary rollinv report froa 15110/1992 to 21/10/1992 fr:-- main accomter 
-

_ Jla le T~ 
size 

t0/1992 dlO 
d12 

Total fer llOlllth 
1992 dlO 

dl2 
Total f cr year 

Total f cr period 
d10 
dl2 

Total 

' - - ~ -.. -· 
_ ... ,, 

JO. 

Heated 

Invots 
lllllber 

50 
105 
155 
50 

105 
155 

50 
105 
155 

-

Mass of 
met.al 

5.000 
10.500 
15.500 
5.000 

10.500 
15.500 

5.000 
10.500 
15.500 

Rolled 

lflll()tS 
mmber 

45 
79 

124 
~5 
79 

124 

45 
79 

124 

-----
Mass of 

•et.al 

4.500 
7.900 

12.400 
4.500 
7.900 

12.400 

4.500 
7.900 

12.400 

----
Returned co1d Spoi It 

-----,--

lnRots Mass of lnQots Mass of 
nUlber •et.al nUlber aet.al 

3 
6 
9 
3 
6 
9 

3 
6 
9 

0.300 
0.600 
0.900 
0.300 
0.600 
0.900 

0.300 . 
0.600 
0.900 

Fill. 36. 

1 
8 
9 
1 
8 
9 

1 
8 
9 

0.100 
0.800 
0.900 
0.100 
0.800 
0.900 

0.100 
0.800 
0.900 

......... - -

- ... 

Low sort 
~. -· 

lnQots 
nUlber 

0 
It 
It 
0 

It 
11 

0 
11 
t1 

Mass of 
1et.al 

o.ooo 
1.100 
1.100 
o.ooo 
t.100 
1.100 

o.ooo 
t.100 
1.100 

lnQots 
nUlber 

I ~· . -~ •• • ri 
-

Error 

1 
I 
2 
1 
l 
2 

t 
1 
2 

- -
Mas 

IE! 

! 
I 

' -- ... -- l 
''l I 

I \ 

s of 
t.al 

o.1oc 
o. toc 
0.200 jl 
o. 100 I 

o. too 
0.2001 

H 
0 
H ' 

f 

\ 
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' SAFA 16110/1992 

ProWct. store report from 15/10/1992 to 21/10/1992 
. 

Date Profile ProWct. Incomplete Unbent Total 

' 

- - - - - .... - -

Produced Sold Dispatched ReB'k 

-
.... ----~ .... r . 

I li - ,., 

·-

--

I 

l 
• I , 
• I 
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I 16110/1992 

Steel procb:t,ion standillll idles for 16110/1992 

Re¥on of 
stcnliiv idles 

lech.:mic 
Electric 
TrimSIKrl 

Total 

Duration Desaipt.ioo of reasoo of 
of s. id. standinv idles 

2.50 Description l 
t.50 Oesaiption 2 
0.50 OesaipUon 3 
4.50 

Fig. 38. 

Sioce the 
...ui lst 

2.50 
l.50 
0.50 
4.50 

' 
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104 
obta1n1ng quick access to the in!onr.at1on (Fig. 39-43). 

4.7. 1. Data input and output 

- enter, correction, deleting or rolling typesizes 1n types1zes 

reference book; 
- enter, correction, deleting or rolling steel rramework 1n the 

appropr~ate rererence book; 
- enter, correction, deleting or a type or steel production time 

waste; 
- enter, correction, deleting or a type or rolling production 

time waste; 
- enter, correction, twenty-tour hours report or steel 

prod.uct1on; 
- enter, ~orrection, twenty-tour hours report or rolling 

production; 
- enter, correction or ingots store state data by the beginning 

and by the end or the day; 

- enter, correction or finished rolling store state data by the 

beginning or the day; 
- enter, correction or twenty-tour hours time wastes or steel 

production; 
- enter, correction or twenty-tour hours time wastes or rolling 

production (including by each shi!t); 

--~--
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105 

Fusioo Ingots store Ro lied •~tal Rolled metal st1re Idles Service lmit 
lr-n============== o 

............................................................................................... ...... "' ....................................................................................... ... 
::=:::-:::~:::::::::::::::::::::::::::: 

I Search/editinR fusions data Cdate search> ======:;:i 
<Insert> Reard: 1/3 
Fusioo Shift fusion Number of Mass of lass of Eventual 
date mmber lltllber inaots fusim saap carlme 

16/10/1992 t 
2 

17/10/1992 3 

t2B90 
12891 
12892 

50 
52 
55 

5.000 
5.200 
5.500 

5.500 0.20 
5.800 0.25 
6.000 0.30 

I 
)1============================================'!111 

... .............. - - ................................. ____ .,. .................................................... -- .. -- .......... - ..... --- - ............... - -- ..... - -........ - ... - ..... - .. -...... -.............. - ... --.. -.... ,. ........... - ...... - .. -...... -............ - ... - ..................... -- ......................................... -- ... 
:::::::::::::: =======~·=========~==:::::::::::::::::::::::::::::::::::::::::: 

Fig. 39. 
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Fusim IDROtS store Rolled 1etal Rolled aetal st.ore Idles Service Quit 

r.===== I~ot-~;r~-=~~;;dilin2 C~earchina by the date> ======;;II 

_ ................................................................................ ... ........................................................................ -------------------------------------- - ---- ------- --- --- - - - - - - - - - - - -- -

<Insert> Heard: 315 
The rest lb! rest. Inspect.ioo 

Date to lnc01e Expenses after sign 

15110/1992 
16/10/1992 
17/10/1992 
18/10/1992 
19/10/1992 

200 
200 
302 
357 
357 

0 
102 
55 
0 
0 

0 
0 
0 
0 
0 

200 N 
302 N 
357 N 
357 N 
357 N 

l!====-===========================================!l:I 
........................................................................................................................................................................................ 
... ............................................................ ··---·-·- ..................................................... -- - - - ..... - - -- ... - --· ............... .. 
--·----------------------------------------------~---------------------------- - -- - - - - - - - ----------- --- -----------------------------~-----------------------

Fig. 40. 
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107 

Fusim Ingots st.ore Rolled aetal Rolled metal st.ere Idles Service ~it 

:ir=== Editing data :lr;.rt, the rolling csearch by the rollfnv date> ==d 

- .. -... - .. - - - - - - - .... -......... -........................................... -------··----------------- -- -- -- - --------- -
......... - .. - - - ............. .. .. .......... - ................... ------------------- - - - ---- -- --- - - - -

I 
I 
I 

d~t> Reard: 113 
lblber of 

Shift Fusion Profile Profile Type of the heated 
llUlber nlllher diameter typesize steel fraEID'k ingots 

12890 
12891 
12892 

10.00 dlO 
12.00 d12 
12.00 d12 

El 
AEB 
AEB 

50 
50 
55 

I Index)c=:=====================================:::1 

FiK. 41. 
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fm;ioo ID1ZOts st.ore Rolled aet.al Rolled met.al st.<re Idles Service emit 

-====== Edi ting delta :If mrt_ the ro I linv c secrch by the roll f DIZ dat.e > =====id 

- -- - - . - - - -- - - ...... -- - ........... ...................................................... ----·------------------ - - - - -- - - -------------
. .. - - -- .. -- - - .. - - - - -... -- ........ - --- - .. -.... - ... --·----------------- --- ---- -------

Reard: l/3 
lass of tuber of Mass of biber of lass of IDie' of 
the heated the rolled the rolled the cold the a,id the sPOilt 
ingots ingots ifl2()ts ingots iDQOts iOQOts 

5.000 
5.000 
5.500 

45 
40 
39 

4.500 
4.000 
3.900 

3 
4 
2 

Cont. f iK. 41. 

0.300 
0.400 
0.200 

I 
3 
5 
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Fusim In~ts st.ore Rolled 1etal Rolled metal st.«re Idles Service ~it 

-.r==== Editinv data :cJt the rolli112 <search by the rollfna date> ==-.id 

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

Reard: 1/3 
lblber of llass of ErTor of Emr of 
the lou sort the lou sort llUlber of ~ of 
ingots ineots the produced iDQOts the irodo:ed illQOts 

0 
t 

to 

0.000 
0.100 
t.000 

l 
2 

-1 

0.100 
0.200 

-0.100 

-·-·--·-·---···---·-----·-·-·""-----·--------------····-···-·······--·······-· 
:::::::::=::=;=:==========~~;;.;;~=;;:=:=::;;:;:::::::::=~::::=::::::;:::=:::: 

Cont. fill. 41. 
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f~ioo I~ts store Rolled aetal Rolled Et.al st.ere Idles Service lmit 

h== Editine of the rolled 1etal st!re data Csearchillll f1r the date> ===;d 

................................................................. 
: : : : ~ : ~ : : : ; ; : ; ; ; : ; ; ; ; ; ;·; ; ; ; ; : ; ; ; ; ; ; ; 

<Insert> Heard: 1/3 <Bof > 
Date of Roi I inv Mass of llass of llass of llass of 
rollillll typesjze rolled 1etal promct. iocmpletion tdelt 

18/10/1992 dtO 
d12 

19/10/1992 dt2 

4.400 
3.700 
3.400 

5.000 
4.500 
5.500 

3.000 
3.200 
3.800 

4.000 
5.600 
4.500 

--- .................. ····-··--·---------·-·---- ...... --- - ...................................... ,.. .................................. - ... =:::::::: :::;·;:;,;,;;;,;;.;,;;;.:;-;;~;~.;,;,;;~-==~===::; ===: = ~=;::; :; :: : : :·;: ;;; : ;;: : : ; 

f hl. 42. 
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Fusim Invots st.ore Rolled metal Rolled aetal st.ere Idles Service '°t 
~= Editillll of st.eel production standillll idles data <date searchilllll ==d 

- . - - - - - - - - . - ...... 
: : : : : : : : : :. : : : :·: - - - - - - - - - - - - - --

<Insert> Reard: l/3 
Date of Reasoo of lkratim of 
st.andinQ ~ales standine idles standi~ idies 

16/10/1992 Mechanic 
Electric 
Tr<mi>ort 

2.50 
l.50 
0.50 

::::::::::::::::::::~:::::::~;:;::::::::::::::::::::::::::::::::::::::::::::: 
:: ::.: : ~ : :: :: :: =-: = = = = = = = = =·=: ~-= = =·=~--= = ="= = = = =~:: = = = = = = =: =::::::::::: :- : : : :: : = : :: :: : : : : = : : : :: : = : 
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112 

- e181111nation on the display and print or the ingots store 

report; 

- eI8Dll.nat1on on the display and print or the steel production 
reports ror pl"t.."<1uct1on det.'6rtment; 
- detailed report ror the period With data or dally production 

or steel; 

- sum report ror the period with data or steel production with 
respect to months and years; 

- examination on the display and print or the steel production 

reports ror !1nance deJllrtment; 
- detailed report ror the period with data or steel production 

with respect to each twenty-tour hours and melt1ng; 

- examination on the display and print or the rolling production 

reports !or production department; 

- detailed report ror the period with data or dryly production 
or rolled metal; 
- sum report !or the period with data or rolled metal production 

with respect to months and years; 

- examination on the display and print or the rolled metal 

production reports for finance department; 

- detailed report ror the period with data or rolled metal 

production with respect to each pro!ile; 
- sum report !or the period with data or rolled metal production 

with respect to months and years(with output or the error in 

\ 
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113 

dete:rm1nat1on or ingots mass); 
- examination on the display and print o! the !1n1shed products 
store report tor period with respect to twenty-tour hours, 

months, years; 
- e:xam1nat1on on the display and. print or the time wastes report 

or steel production; 
- twenty-tour hours report or time wastes With respect to 

reasons (mechan!e.al, electrical, etc.); 
- sum time wastes report !or the period With respect to reasons, 

days, months, years; 
- examination on the display and print or the time wastes report 

or rolled metal production; 
- twenty-tour hours report or time wastes With respect to 

reasons (mechanical, electrical, etc.) and. shirts; 
- sum time wastes report !or the period With respect to reasons, 

shi!ts, days, months, years; 
- giving out on the screen the remarks about the user's error; 

- giving out on the screen the help massages; . 

4.7.2. Data processing !unctions 

- test o! validity o! the initial in!onnation input; 
- calculation or the rests o!, income, expenditure or the ingots 

in a store; 

-~-
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114 

- calcu1at1on or the rests or, income, expenditure or the rolled 

metal in a store or !in1shed products; 

- calcu1at1on or the rests o! ingots and !1n1shed rolled metal 

arter data correction ln the reports; 
- ingots ~--id !lnished rolled metal stores test w1 th respect to 

dupllcatlng or the date; 
- drawing up or the detailed and sum reports or steel and rolled 

metal production, or ingots and finished rolled metal stores ; 

- sortlrig or steel and rolled metal production . stockbooks W1 th 

respect to date and melting number; 

- sorting or ingots and finished rolled metal stores , and also 

time wastes stockbooks with respect to date; 

4.7.3. Fast data access !unctions 

- date search or 1n!ormat1on ln store or time waste stockbooks; 

- date or melting nwnber search or 1nrormation in steel and 

rolled metal production stockbooks; -
The system service !unction 1s similar to the !unctions ot 

conmerce and supplies system. 

The output !orms include reports or stores, time wastes, 

and productions. 

--~-· 



.. -v·· . .. 
. 

~ -· . -•· . 
I I 
I 

i -

I 

I 
I 
I 
I 
I 
I 

~ i I 
i 

\ I . 
/ ! I 

I 

i . 
\ 

t 

... • -.- . --r=-.--.J-- --- --

115 

4.8. Balance - cost subsystem 

For this system the !ollowing derartments are users or 

1n!onnation: adm1n1strat1on, tinance. The system 1s dedicated to 
expenses accounting with respect to depirtments, expenses 
groups, to turther calculation or the prime cost. All 

depirtments or the plant are information suppliers tor the 

system. Main system menu 1s presented by !ig. 44, structure or 
expenses accounting and prime cost calculation is presented in 

the table below. An operator enters in!onnat1on about wages and 
other expenses in conversational mode, and material expenses are 

calculated automatically. 
The system includes !ollowing !unctions: initial 

in!onnation input, processing and output on the screen\printer 

(Fig. 45-48). 

4.8.1. Data input 
- SAFA expenses estimate con!iguration with respect to 
departments and subdepartments (item estimate is drawing up, !or 

the item department is entered, !or the department thcl sign or 

material expenses, or wages, or other expenses 1s entered); 

- sunvnation groups determination; 
- conversational mo11e 1r.put o! wages and other expenses !or each 

department; 
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PRIME COST system main menu 

Prime cost 

-Balance drawing i_ip 

-Balance editing 
-Counting the balance 
items again 

-Print or the balance 
-Exit 

I 
I 
i 

Service 

· !-Forming the estimate 
·-Option ot the groups 

tor summation 

I 

-Scrap and ingots 
detennination 

-Reserve copy creation 
-Restoration rrom the 
reserve copy 

-Diskette reserve copy 
creation 

-Restoration rrom the 
diskette reserve copy 

-Restoration or the 
index files 

-Con!1guration 

Fig. 44 
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EXPENSES STRUCTURE OF SA1'1A IN PRIME COST CALCULATION. 

cipher department<expenses item) expenses class 

material other wage 

1 2 3 4 5 

001 All-~lant expenses 
1 elec rlcal energy y y y 
2 water y y y 
3 car park y y y 

002 General dlrectlon 
1 direction y y y 
2 meetings y y y 
3 membership ~rrents to 

national me a lurgists 
society y y y 

4 membership ~~ents to 
arable metal urgists 
society y y y 

5 visitors y y y 
6 service y y y 
7 water and electricity ror 

habitation y y y 

003 Administration 
1 direction y y y 
2 insurance n y n 
3 medical service n y y 
4 cleaning n y n 
5 ~rd1ng n y n 
6 1ness trips n y y 

004 F1nanC8 
1 direction y y y 
2 audition n y y 
3 in!ormat1on providing y y y 
4 business trips n y y 

005 Commerce 
1 direction y y y 

2 Nouakshot o!!ice y y y 

3 service n y n 
4 business trips n y y 
5 Inside the country 

' 

l 
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I 
1 2 3 4 5 

-1 
trans~)rta tion n y n 

I 6 abroa transportation n y n 
006 Technical department 

1 direction y y y 

I 2 service n y n 
3 store y n y 
4 lab y n y 

I 
5 design o!!ice y y y - 6 business trips n y y 

rm Repairmen service 
1 direetion y y y 

I 2 technological vehicles y n y 
3 personal tools y n y 
4 sho£ bu1ld1ng y n y 

I 5 bul ding o! water 
, pur1!1cation y n y 

6 repa1rement equiµnent y n y 

I 
7 business trips n y y 

\ 008 Production department 
1 direction y y y 

I 
2 business tri~s n y y 

009 Steel ~roduc ion 
\\.' 1 direct on y y y 

2 !urnaee y n y 4 
\~ , 
~ I 3 moulds n n y 

4 taps n n y 
~ 5 scrap preparation n n y ... 

I 6 mas sons n y n 
7 amortization 

Furnace repairement 

I 
1 furnace y n y 
2 vault y n y 
3 scoo~s y n y 
4 wur ng stove y n y 

I 5 electrodes and nipples y n y 
6 trans!ormator y n y 
6 taps y n y ~ 

I 1 
Spending materials 
scrap y n n 

2 !erro alloys y n n 

I 
3 electrodes and nipples y n n 
4 moulds y n n 
5 !uel . y n n 

I 
6 oxigen y n n 
7 thermocouples y n n 
8 limestone y n n 

010 Roll1~ department 

I 1 direct on y y y 
"' ~ i 

* 



~ .. ~ ... ..... .,. _ ____.e_ . .....__ - - - - . ----- "'j'}f~ bit IS'.,... - . --·-- .. ------ ' 

- -~---

. . - ! • 

•• 1! .._ 

I \ 
I 

i I -
I 111 

I 
1 ? 3 4 5 
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I 2 heaters y y n 

I 
3 rollermen or line 350 y y n 
4 rollermen or line 300 y y n 
5 products store y y n 
6 winder workers y y n 

I 7 twisters y y n 
8 amortization n y n 

' 
Mill re~lrements 

1 1 heating rurnace y Jl y 
2 roll~ y n y 
3 line 35 y n y 

I 
4 line 300 y n y 
5 shears y n y 
6 outline machine y n y 
7 re!regerator y n y 

,. 8 winder y n y .. 
9 ta~ y n y 

10 tw sting machine y n y 

' Spending materials 
1 ~rops y n n 
2 ~ots y n n 
3 ro ls y n n 

I 4 ox1~en and acetylene y n n .. ~ 5 rue y n n 
\~ 
": 
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~ 
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\ 

~= Editi112 of the expences halance from 10/10/1992 to 21/10/1992 =d 

Material noaination/ 
Ci&Jher expences ite• 

Record: 1/36 
Quantaty of Sm of t.he exp 
the expence sua by the itea 

Fig. 45 • 

200.00 
17.30 

500.00 
12.40 

200.00 

60000.00 
8650.00 

15000.00 
45000.00 

188650.00 
500000.00 

o.oo 
90000.00 
87000.00 

.677000.00 
865650.00 
60000.00 
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123 \ 
t SIFA 16/to/1992 

Expences balaoce from tO/to/1992 to 21110/1992 

I Ci- Material lbmtatf;f spent Sm of expence 
nomination Ila ial by item 

I Qepcrtaent: Section 1 CiPle-: OCH 
=r=t: smsect.ioo 1 Ci .. : 001 

terial I .00 60000.00 ._, 

I 

Scrap 17.30 8650.00 
Sdldepartllent. z: 75000.00 
SWlepartaent 0 expeoces: 45000.00 
SldKlepartaent total : 188650.00 

-bent: Subsection 2 Ci~: 002 
laterial 2 .00 500000.00 

I 
-

I~ 12.40 0.00 
~taentz: 90000.00 
SWlepartaent o expences: 87000.00 
=.itaent. total: 677000.00 
&per t total : 865650.00 

Qepcrtaent: Section 2 Cipher: 002 
=r=t: Subsection 2 Ci .. : 002 

erial 1 .00 60000.00 
0000003 llaterial 3 300.00 75000.00 

smdepartaent z: 110000.00 
SWlepartaent o expences: 67000.00 
~1ent total: 312000.00 
epar t total: 312000.00 

Sua by the items: Section 1 - Section 2 1177650.00 
QePcrtlent: Adlinistration Cipher: 

SldKlepart.aent: Chief Cipher: 
Stmdeoartaent z: 10000.00 
SubdePartaent ot expences· 54000.00 
Subdepart1ent total: 124000.00 

Subdepartaent: Missions Cipher: 
Subdepart1ent ~s: 78000.00 
Subdepart1ent ot r expences: 90000.00 
S~t1ent total: 168000.00 
Depar 1ent total: 292000.00 

Saa by the items: Section 2 - Administration 604000.00 
QePart1ent: other e~enses Cipher: 

SubdePart1ent: Tr=or Cipher: 
89000.00 Subdepart1en ~es: 

Subdepart1ent ot er expences: 77000.00 
Subdepart1ent total: 166000.00 

S~t: Nater Cipher: 
67800.00 Subdepart1ent ~es: 

Subdei>art1ent ot er expences: 79000.00 
S~t1ent total: 146800.00 • D 1ent total: 312800.00 

SUI by the ite1S: Adlinistration - Other expenses 604800.00 

Total: 1782450.00 
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124 
- determination or scrap and ingots recipients; 

- examination or store stockbook and 1n!onnation or material 
expenses ror each department tor balance calculation; 

- determination or start and end date o! balance drawtng up; 

- conversational correction or the expenses balance. 

4.8.2. Information processing !Unctions 

- test or validity or 1n1t1al 1n!onnation input; 

- drawing up and calculation or the balance with respect to 

derartments and store stockboos; 

- drawing up and calculation or the total expenses estimate; 
- expenses groups calculation; 

- drawing up or the estimate report. 

4.8.3. Fast data access !unctions 

- search or material in store stockbook; 

- search or material expenses in the. balance with respect to 
recipient; 

- sorting or the balance and the estimate With respect to 
recipient. 

Service !unctions or the system is similar to material 
supplies system. 

\ 
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4.8.4. Data output - reporting 

- exam1nat1on on the display the list or departments/aggregates; 

- exam1nat1on on the display the estimate cont1gurat1on; 

- examination on the display the expenses !terns groups 

tor additional summation; 

- exam1nat1on on the display the expenses estimate; 

- print or the expenses estimate report. 
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5. FI ti> I l«i AN> RECCJIBDAT I H . 

1.0n the basis or carrent analysis or SAFA'S operations, 
maintenance activities, product quality WAS FOUNDED that 

technology and equ1pnent, which implemented 1n steel plant and 

rolling mill are in accordance to requirement to re!n!orce bars. 
2. The !ollow1ng activities are reconmended !or further 

improvement or production quality and e!!Gctiveness in the steel 
plant. 

2.1 To install the express analysis or the chemical 
composition or the metal. 

2.2. The temperature regime or heats in the electric 
rumace should be optimized; the tapping temperature or the 
metal should not exceed 1630-1650°C. 

2.3. A strict control or the quantity and quality or metal 
scrap uses in the charge should be carried out. 

3.The !ollow1ng project proposals and design has been 
carried out !or rolling mill (in framework or contract 
amendrnen t) : 

3.1.Project proposals and design to convert the preheating 
rumace !rom gas-011 ruel to mazout rue! (including measurement 
equipnent !or pressure control, thermocouple in preheating zone, 
recording potentiometer on control board etc.) 

3.2.Project proposal and calculation !or rolling pass . 

\ 
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design !or rolling optimization. 
3.3.Project proposal ror synchronization the rolling mill 

and !lying shears. 
4. It was f1y_m11ef1 11uring !irst subcontractor mission, that 

SAFA jointly with SNIM has given experience using computerized. 

system !or spare part control and monitoring, !1nancing etc. 

5. To rein!o~ce SAFA computerized system or managem&nt, 

production and qual1ty control, the specification or equ1pnent 

and software has been recommended. The !ollow1ng equ1pnent .and 
software accordingly were supplied , install and put in to 
operation by subeont!"'"detor team : PC AT 386SX -1 unit, PC AT 386 

-7 units, m1crosort mouse, printer EPSON FX-1050 -8 units, 

plotter HP-1745A, software, xerox. 

6.The ro11ow1ng subsystem has been developed, installed, 

customized and put in day-by-day operations: 
6.1.Inventory control, Material Requirement . 

6.2.Productlon control (including row material and energy 

consumption !or each proriuct and department). 

6.3.Input-Output Balance (including cost calculation !or 

each product and department). 
7 On thi::--j(•h tra1n1ng or SAFA personal was carried out by 

subcontraetor team. It ls recommended to set up SAFA's computer 

group. train or recruit one or two skilled system programmers to 

secure the system operation: and develoµnent . . 

\ 
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8.It 1s to cons1d.er CMIS as a developing system. which 
supposed to be permanently enhanced, modernized., customized to 

current and ruture needs ot SAFA. 

9.It is stated that SAFA has made essential step to 

introduce modern high technology - personal computer. However to 

rein!orce the produr~t1on errectiveness and Q48lity improvement 
it is ~ecommended to follow-up the project (e.g. as a Phase 11). 
The rollow1ng act1v1 ties are recommended. to carry out in 

tramework or Phase 11 (in prioritizes): 

9.1.To develop and introd.u~e the computer network. 

!or integration or 1Urrerent subsystem (production and qual1 ty . 
control, maintenance, financing and cost analysis etc.). 

Adrt1t1onal equ1µnent and software are required tor this 

developnent. 

9.2.To introduce measurement and control system 

rorpreheat1ng furnace ror rue! saving, waste minimiz~tion, yield 

increasing. 
9.3. To 11evelop and introduce the measurement and control 

system in electric arc rurnace department tor row material and 

energy savings, yield increasing and cost minimization. 

9.4.To develop and introduce the system or synchronization 
or rolling mill and flaying shares. 

• 
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1. I NTROOUCT I Clf 

The present work was carried out according the contract 

between Intermet Engineering and UNIDO (Contract No.91/151, 
UNIDO project No.US/IAU/89/178) tor .Mauritania. The project 

objectives are: to improve the operating and maintenance 

activities and quality or !in1shed product at the SAFA steel 

plant and rolling mill; to reinforce SAFA management through the 

introduction or new management methods and systems. 

In conformity with the contract a team or Intermet experts 

went to Mauritania in December or 1991 on the !irst field 

mission. The experts studied the steelmaking and rolling 

technologies practiced in the plant and the main problems !acing 

the plant engineers. They also studied in details the current 

system ot management and planning. 

Within the framework or the !irst mission the experts 
analyzed the current technology of!ered technical advice on 

steelmaking, ingot casting and rolling procedures to improve 

productivity and quality or steel products. They also suggested 

measures to improve maintenance procedures in the plant. 

Diagnostic and management audit was also performed. New methods 

and systems necessary to improve planning and production were 

defined. The eqllipnent speci!ication required tor QtJ?lity 

control, maintenance procedures and computerizing was made. 

--~-- . 
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Dur!ng second field '.:lission the !oll)Wing subsystem have 

been developed,installed, customized and put in to day-by-day 

operations: 

Inventory control, 

Material Requirement, 

Production control (including row material and energy 

consumption !or each product and department). 

Input - Output Balance (including cost calculation 

ror each product ~d department). 

On-the-job training of SAFA personal was carried out by 

subcontractor team. It is recommended to set up SAFA's computer 

group, train or recruit one or two skilled system programmers to 

secure the systems operation and development. 

Intermet team discussed Finding and Recommendation with 

SAFA's starr ~nd managers. 

Part I of Final Report includes: 

Reinforce bars' production analysis on SAFA. Concept or 

project proposals on reinforcing equipment and tectmology or 

production on SAFA. 

Reinforcing management system or SAFA. 

Part II of Final Report includes: 

Project proposals on 

gas-oil to mazout ruei. 

converting preheating rurnace from 

Project proponals on improvement 0! roll • pass 

- •t:--

\ 
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des!gn. Project prorosals on rolllllf m111 and !laying shear 

synchron1zat1on. 

Basic data on the technology or steelmaktng and rolling 1n 

SAFA works, as well as the current system or planning, 

management and control are reported bellow. The report contains 

a prel1m1nary analysis or the data and technolog1cal 

reeorrmend.at1ons. 

The Intermet team expresses acknowledgements to the SAFA 

engineers anfr managers ror their help. The team ls grateful to 

the Director General Yahya Ould Hadem1ne and the Chier or 

Technical Department Mouhamedd1n Baba, as well as engineers 

Mouhtarash and Hasan ror their collaboration. 
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Liquid ruel combustion process is a composite complex or 

processes or fuel sprnying, mixing with air, evaporation, and 

combustion itsel!. Rational choosing or liquid rue! combustion 

scheme ls detennined by perfect combustion or each tuel ,rarticle 

inside a heat aggregate. 
·~as oil burning process ls governed by combustion laws ror 

light, completP.ly evaporating tuels. Mazout is characterized by 

h1gt1-pe:rcent content or asphalt-resinous substances with h1gh­

tempera ture level or sublimation. Because or the !act mazout 

•?.ombust1on simultaneously with evapora t1on or drops develops 

resin and asphaltenes polymerization processes with generating 

the 8(•(1 t earbon. Due to the re3scx1, burners !or heating the 

h':'.'art.h tiy gas oil •?.an n(•t prr)Vir1e qualitative combustion of 

m;:i:uut, that inevitably lea11s to viclation or technologkal 

requirements for metal heating. 
To realize complete mazout combustion, 1 t is necessar'J tr) 

provide more qual 1 ta t1 ve spraying and to create the condi t:Lons 

for oxidizer reed to each drop. It means one or the gen1~ral 

racto:rs determined the quality or mazout combustion ls value or 

ruel-m1st rinenes$ reaching by spray process. How~ver, as 

exper1men t shows," J. t ls ne,..~ssary but ls not. surrlcieh.t ra.·tor 

\ 
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arrecting completenPss or mazout combustion. 

Generally, now exploiting burners get all air necessary !or 

liquid !uel combustion by the !lame root. Principle detects or 

this scheme are sharply restricted rang or combustion stability 

and imp:>ssibility to suppress chemical and mechanical imperfect 

combustion. It is conditioned by some reasons. First, as stream 

or sprayed drops moves !onnir.g combustion products ballast the 

stream more and more and make still unburied drops di!!icult or 

access tor oxidizer. Second, as the stream moves relative speeds 

or the drops and air streams are decreasing. That leads to 

appreciable !all or mixing intensity and, therefore, tc~ 

appea1"ance or unburied ruel ~~rt1cles. Beside, as rar as 

peri!erical air-streams do not take a part in combustion 

reaction completely enough, it demands to increase excess or air 

and , thus, further decrease the combustion performance. 

Rational mazout 11:rops 111str1but1on depends on as rorm anLt 

diameter or mazout !lame so the character or the ruel stream 

movement in the di!!usion area or the ruel-a1r mixture. For 

example, turbulization made by means or application some sort~ 

or turbulentor essentially improves ronning or ruel drop-air 

mixture, however, does not remove ronn1ng or smoke-black 

}:art1cle3. 

one can reach the most perfect mixing or ~prayed ruel with 

--~---. 

air by th~ way or creating distributed at!' del1,very to dl rrerent ~ 
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'7.ones or the !lame. It allows to Pssentially reduc1• duration or 

some stages o! the combustion reaction and , therefore, reduce 

the probability or appearance or chemical and mechanical 

imperfect combustion. Beside, air supply in stages forms 

favorable conditions ror decreasing or deleterious components 

concentrations (like nitrogen oxides ) 1n products or mazout 
combustion. 

Acoustic mazout burner (VAG-211) is most completely 

according to the mentioned :requirements to qualitative mazout 

combustion (table 2. 1). Principle or acting such the burners ls 

based on perrect1on process or spraying mazout due to 

application energy or acoustic osc1llat1ons. Increasing or 
burning performance or rine-d1spersed mist is reached by system 

or step air delivery. A jet or compressed. air by pressure 2-3 

kg/sm2 generates powerful acoustic vibrations. The generation is 

based on the using 1n~~t:ibil1 ty r:~r a gas8ous str'=am, passing 

sequently through a set or pro!1le11 nozzles. In order to realize 

the scheme or deve l(•ped aerodynamics structure or combustion 

products stream burner turUlel is constituent or the burner. 

Principle scheme or the acoustic mazout burner is shown by 

Fig.2. t,the specification or the complement equiµnent -- in 
tabl8 2.2. 

F1g.2.2 shows preliminary scheme or ~rrang1ng the burners 

in th8 hearth. To reach required viscosity and purity or the 

·~ -
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TABLE 2.2 

The speci!lcation or the complement equ1pnent tor the 

modernization the holding hearth heating system by replacement 

gas oil on mazout. 

nn Denomination o! equ1pnent Quantity 

1 Reservoir with a system o! heating ? ..... 

2 Force-pump 2 

3 Stand o! !urnace oil prepiration 

to combustion 1 

4 E!!ective acoustic burner VAG-2M 4 

' I 
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mazout this complex or burners must be provided. by the according 

devices: elements tor heating and cleaning mazout, as well as 

equ1pnent or automatic regularization or ruel plrameters. 

Realization or this reconmendation makes it possibly t.o 

convert preheating turnace rrom gas oil to mazout tuel in shot 

time and errect1vely. 
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The SAFA rolling mill includes the heating :turnace, 14 

working stands, cutting equ1pnent and the cooler. (Fig.3. 1). Six 

!i:rst stands or the mill: one three high stand and rive variable 

two high ones are placed in a train. The other !onn tour 

continuous groups, with two stands in each one.Transmission or 

the roll rrom one stand to another in the breakdown train and in 

roughing groups or stands is accomplished by means or repeaters. 

Rolls and main drive motors character~stic is given in Table 

3. 1. 

Calibration ot mill rolls provides the rolling in the rirst 

stand or the breakdown train (8 !llSsings), in boxlllsses (4 

ones), preparatory and !lat oval ones, in square and then in 

oval-square series or passes. 

Designed Proposal or improving the rolls calibration !or 

the SAFA rolling mill is implemented to eliminate some 

shortcomings in the runctional1ty or the mill. They seemed to 

be related with the !llSSes construction. The purpose or this 

work ts to increase the productivity, profitableness and output 

production quality or the mill. Designed Proposal is made on the . . 
basis or direct studying or the mill in realistic conditions or . . 

--e=-
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Table 3 · 
Pass d1ment10ns for- reinforcing r-od of diam. 8 mm (SAFA mill 300) 

I I ' I I I !Pass HK 
j St.and I Pass ;shape 

L-t- ! I mm 
I 

l I 1 box 88.0 
I "' box 62.0 G I 

I 3 box I 90.0 
4 t>OX I 65.0 

! 1 5 box 45.5 
6 fl. ov. 31. 0 
7 square 49.2 
8 fl. ov. 23.0 

".) 9 square :35. 4 .... 
:3 10 oval 17.5 
4 1i square 27.2 
5 12 oval 1:3. 8 
6 13 square 20.0 
'(' 14 ova.I 9.8 
8 15 s4uare 16.0 
9 16 oval 8.0 

10 17 squarer 13.8 
11 18 ~~~1-.el 7.2 
1 r, 19 il. 0 ·-• .f .-. .,,... 

fl. ov. l ,... ,.. 
1 ·.:"> .r.U LI. 0 
14 21 88 CR ?.45 

I 

, 

I I BK R 
I I 
i ntli i mrn l 
I 

130.0 15.0 
130.0 15.0 
68.0 12.0 
68.0 12.0 
74.0 10.0 
84.0 35.0 
50.0 6.0 
58.0 :30. 0 
34.2 4.0 
41. 0 38.0 
26.4 :3. 0 
28.8 27.9 
20.U 3.0 
25.? 27.9 
15. '( 3.0 
21. 0 22.8 
12.8 2c0 
15.7 12.6 
10.0 2.0 
14. 4 :j. 6 
8.28 

I 

. 

I 
I 
I 

I 

I I 

f I Bd I 
nrn I mm l 

I I 

3. 0 125. 0 
3. 0 125. 0 
3.0 62.0 
3.0 62.0 
1. 5 63. 0 

30.4 

17. 2 

a.o 
I I 

s FK 

nti1 nvn2 

5. 0 10203. 2 
5.0 6885.0 
5.0 5385.3 
5.0 :"3'/57. 3 
5.0 2681.5 
6.0 1690.9 
5.0 1210.3 
7.0 723.6 
5.0 568.3 
5.3 341. 7 
3.7 338.3 
5.8 155.9 
2.8 192.3 
3.5 109.5 
3.0 117. 2 
2.9 72.2 
2.8 79.1 
1. 7 59.0 
2.13 4r1. 4 
1. 6 51J. 3 
0.6 34.6 

I 
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production and or the latter computer analysis or the working 

rolls calibration. 

It was detennined., that main reasons ot the low mill 

erriciency are considerable standing idles, up to 50% ot the 

working time, gr-eat metal losses during the production process 

(such as waste and hot spoilage) and large expenditure or fuel, 

electric power and another materials per ton ot the output 

production. 

The last reason stands in close relation to rirst ones, 

because the high expenditure ot ruel, electric power and 

materials tends to be a result or compelled remelting and 

repeated altering or hot spoilage, as well as or repeated metal 

heating (8,67% during 9 months or the 1991) arter returns in 

cases or rolling mill damages and low heating quality . 

The greatest losses, however, are related to unplanned mill 

standing idles caused by unsatisractory bite conditions in the 

first stand or the breakdown train and also by rrequent 

violations or the process while sticking or the stock in 

continuous stands groups and it's throw rrom the rolling train 
(cobbling). 

In the working rolls calibration (Table 3.2) an excessive 

unstability or deformation by passinga distribution is 

permitted. An elongation c9erricient tends to reach high value~ 

in the !irst stand or the·preakdown train (1,38 on the thii'd. 
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Table3.2 

Parameters of roll pass design for reinforcing rod of diam. 8 "'" (SAFA m111 300) 

Parameters of 
D1mens1ons of metal stock and passes deforll'ation 

Pass Width F'i 1- Cros-- Elong Anrile Rol 1- Roll·· Roll- Te111Je-
Stand Pass shape Side Haight Width of ling Gap section at1on Radue Spr&ad Spread of rnw inir ing rature 

A H B pass coef. S F coef- tion dB index bite speed force torque 
Bk X fic1- dH dB/dH 

ent 
mn ""' "'" Mn "'" rm"2 "'" "'" deg mis kN kNm OC 

103.0 103.0 10365.0 1240 
t box 88.0 107.3 130.0 0.83 5.0 8791.2 1.179 15.0 4.3 0.29 18.9 3.45 343 14 1239 
2 t:ox 62. o 111. 9 l:D. o o. 91 5. o ee·n. 8 1. 316 26.'0 10. 6 o. 41 23. g 3. 43 486 24 1233 
3 box 90.0 60.0 68.0 0.88 5.0 4843.6 1.379 27.9 - - 26.1 3.43 219 11 1228 
4 box 65. o f'.·6. 2 68. o 0. 97 5. o 4042. 2 1. 198 25. O 6. 2 O. 25 23. 6 3. 00 270 12 1218 

1 5 box 45. 5 67. 9 74. o o. 92 ~- o 2916. 8 J. ~~ 20. 7 2. 9 o. 14 20. 8 3. 20 304 15 1200 
6 n.ov. 31.0 82.0 84.0 0.98 5.0 217'i'.7 1.~(~ 14.5 14.1 0.97 18.9 3.35 403 20 1195 
7 squar·e 38. 6 49. 2 45. 6 50. o o. 91 5. o 1881. 3 1. s·r1 32. 8 7. 5 o. 23 29. 9 3. 2'i 416 31 1186 
8 t I. ov. 23. 0 53. '/ 58. 0 0. 9:) 7. 0 102[>. 5 1. ~~4? 15. 6 15. 1 0. 97 19. 5 3. 45 267 l~i 1163 

2 g squai·e 27. 5 35. 4 ~C. 0 34. 2 0. 97 5. 0 716. I I. 432 18. 3 4. 5 0. 25 23. 2 3. 22 240 15 1156 
:~ 10 oval 17. b ~16. 7 41. O 0. 90 5. 3 52f>. 4 1. MO 10. 0 9. 2 O. 92 16. 0 3. :16 199 H 1143 
4 11 s4udJ·e 21.1 2'/.£! <:4.5 26.4 0.9:':1 3.? 41R8 1.2?2 9.5 3.5 0.38 17.3 ~-\.24 154 ? 1130 

I 5 12 OVd] 13.8 27.9 28.8 0.9'1 5.f\ 315.4 1.298 '/.~i 6.8 0.93 13.7 ::i.36 145 5 1113 
I 6 13 s 41kt1·1c· 16. o 20. o 19. '/ 20. o o. 98 2. B 24:_:. 1 1. 21'.5 ?. g 2. ~'. o. 28 15. 3 ;:i, 24 124 r. 100? 
i 7 14 ov.11 9.tl :::2.3 25.'i' O.fl'• 3.5 t8;{,;·l I· .J 6.2 6.:~ 1.02 12.9 4.40 118 4 10'19 
i p, 15 sq11 .. u·t"1 l::-1. I 1(_). 0 !~.? ~5. 7 0. ~:1. ~- 0 lf>f',, 2 l. !'_Y<= e1. ::i 8. ~~ 0. 52 14. 4 ~i. ~f) 101 ~ 10·1~ 
I 9 16 uv,"'I H.0 l: .. l Ll.D 0.H.; .:..\:! llH.O J ... llO 5.1 4 .. 0.82 11.1 d.\:10 88 105,. 

I
. 10 17 ~;q11<Ut> 11.0 t;_1.t1 L0.2 12.8 0.Eill 2.R \:IH.~i 1.1.:bfJ ::1.ti ~i.U 0.86 11.4 '/,Hi 51 i 104? 

11 18 oval 7.::· i:-'.? 15.? 0.81 1.7 ?6.f· i.188 3.8 !.'/ 045 9.2 'i'.29 54 1 1028 
12 19 ~lJ<il t' I 9. 0 11. tl ~- ~ 10. 0 0. 8;' 2. fj ~!~· .,. i. I ?,;l ! . 7 .!.- ~~ 1. 06 8. :j ti. ~g 3S? I 1020 

l 13 20 r 1. uv. 5. r. i.. . .:. 14. 4 o. ~ 1. 6 d" f', 1. 1.... .~. 4 .:;.. o. 94 6 .. 3 l!J. t.4 Ki 1 1014 
14 21 OOCR 'i'.f. 9.2 8.281.1)(1 2.0 49.'I i.lfi!I 4.6 10.'i' 11.49 49 J 1012 
__ _..L_ ______ i__ .L ___ -L--· '- ------L-----.!.---···l ·----L .. ___ _. __ .; _____ _i_ ___ - _.J. ___ I l ------1-------.!--...... J _____ _ 

Angle of b1 te .-xcee•b the al lowe1j value: 7 IJ<I:;,;, 

Specific power consurrpt1on: 59. 8 k\ilh/t. 
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20 
inss1ng and more then 1,50 on the seventh), though elori.gat1on 

values are Dutr1ciently low in elongation J8Sses or rough 

continuous ones c 1, 19 - 1,25). SUch a derornetion by piSSings 

distribution 1s not conditioned by mechanical equ1pnent and main 

drive motors overloads. Some values or Kp, Km and Ka 

coerricients a replaced in Table 4 to help in analysis or 

mechanical and electrical equ1pnent load and also or process by 

bite conditions possibility. These coe!!icients show the ratio 

oi reai calculated values !or pull force (Kp), torque on the 

drive motor sha!t (Km) and bite angle (Ka) to their pennissible 

values on the every inssing. As it is clearly seen (Tab.3.3-3.4 

and diagrams rrom Fig.3.2 -3.5), the main mill equ1pnent load 

level (Kp and Km) is sut!iciently low (with the exception or 

some passings), but rriction possibilities are close to their 

limit on !irst ones. 

Keeping in mind, that the calculation is made ror an 

average stock crossection and, or course, it does not take into 

account possible temperature oscillations, scale thickness and 

state and some another process conditions to influence upon the 

bite or metal by rolls, we can make a conclusion that bite 

conditions are not satisfied in reality on the third, rourth and 

seventh passings. We must also take into account some features 

or the mill rolls material !or the first stand - the high carbon . . 
steel. 
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Table 3. 3 

Analysis of tecnological parameters of rolling SAFA mill 300 
-

Elong- Re duo- Tempe- Roll- Roll- Angle Roll- Kp Km Ka Spec i r. 
Stand Pass Pass at ion ti on rature ing ing Of ing power 

shape coeff- ratio for·ce torque bite speed cons ump 
icient oC kN kNm deg mis kWh/t 

I • , 1 box 1. 18 0.15 1239 343 14 18. 9 3.45 0.49 0. 31 0. ?2 0.56 
2 box 1. 32 0.30 1233 486 24 23.9 3.43 0.53 0. 53 0.90 1. 00 
3 box 1. 38 0.24 1228 219 11 26.1 3. 43 0.32 0.24 0.9"1 1. 02 
4 box 1.20 0.28 1218 270 12 23.6 3.00 0.30 0.28 0.82 0.88 

1 5 box 1. 39 0. 31 1209 304 15 20.8 3.20 0.28 0.33 0.73 1. 37 
6 fl. ov. 1.34 0.32 1195 403 20 18.9 3.35 0.32 0.44 0.67 1. 57 
7 square 1. 58 0.40 1186 416 31 29.9 3.27 0.40 0.70 1.02 3.37 
8 fl. ov. 1. 35 0.40 '1163 267 13 19.5 3.45 0.20 0.28 0.60 2. 31 

2 g square 1. 43 0. ;3 1156 240 15 23.2 3.22 0.24 0.33 0.98 3.03 
3 10 oval 1. 36 0.3? 1143 199 8 16.0 3.36 0.17 0.19 0.68 2.85 
4 11 square 1.27 0.26 1130 154 7 17.3 3.24 0.14 0.16 0.72 2.80 
5 12 oval 1. 29 0.35 l1t3 14f.i 5 '18. '"I 3.36 0.12 0.12 0.56 3.06 
6 13 square 1.2? 0. 1::£1 109? 124 5 15.3 3.24 0.11 .. 0.12 0.62 3.28 
7 14 oval 1. 31 0.39 10'?9 118 4 12.9 4.40 0.12 0.75 0. 5"1 4.05 
8 15 square 1. 23 0.28 10?5 101 4 14. 4 5.26 0.11 0.92 0.69 4.13 
9 16 oval 1. 28 0.39 1052 88 2 1 'l. 1 5.90 0.09 0.68 0.54 4.64 

10 17 square 1. 26 0.20 104? 51 1 11. 4 7.18 0.05 0. 49 0.61 2.96 
11 18 oval 1. 19 0.35 1028 54 1 9.2 7.29 0.05 0.42 0.48 4.59 
12 19 square 1. 20 0.13 1020 33 1 8.5 8.59 0.03 0.28 0.48 2.24 
13 20 fl. ov. 1. 16 0.38 1014 33 1 6.3 10.64 0.03 0.17 0.39 3.81 
14 21 08 CR 1. 16 0. 17 1012 49 I 

·1 
1 

10: 7 I 11, 49 I 0, 05 I 0, 39 _L 0, 89 
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TablP. 3.4 

Pararr):':>ter·::=; or roll::: and nia1n 1:lr·1vi:- rrx.>tor::> (SAFA mill 300) 

---·--

-----,-·---
Stand Barrel I Nee I 

O,mm l L,mm lrj:n~~l 
I I 

1 360 1100 210 
·2 350 800 195 
3 . 350 800 195 
4 . '350 800 195 
5 350 800 195 
6 350 800 195 
7 300 600 160 
8 300 600 160 
g 300 600 160 

10 300 600 160 
11 300 600 160 
12 300 600 160 
13 300 600 160 
14 300 I 600 160 

I I 

-11~:~-l·.·~·-· __ ·--·-·::~r -~~~d-~es.s +-__ -:--P~wer11otor j Gear 
------Material Typi:- O.PM ratio 

~·~--+--- ---- SHR I - kW . 
20 Steel 22(*) 
20 Iron 60/65 
20 Iron 68/72 
20 Iron 68/72 
20 Iron 68/72 
20 Iron 68/72 
:35 Iron 68/'i'~~ 
35 Iron 58/?2 
35 Iron 68/?2 
35 Iron 68/?2 
35 Iron 68/72 
35 Iron 68/?2 

AC 

AC 
AC 
AC 
AC 
AC 
AC 

:35 Iron ?1/?4 DC 

810 

132 
132 
132 
132 
132 
t32 
220 
220 

990 5.43 

980 3.65 
980 2.92 
980 2.70 

1480 3.20 
1480 3.25 
1480 2.68 
1850 1.93 
·1850 1. 60 35 Iron ?1/74 DC ____ _L.. _______ _J_ __ ·--·-·- __ J ___ ..__ ___ _.. __ _ 

( *) - The allowerj bending stres:;; 
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The mill workinq; p:mctice con!imed these calculations. To 

improve bite cond1t1ons one use a rolls denting, 1.e. dent some 

notches along the bottom or first rour box JllSses Jm'Qllel to 

their axes, the correction or each notch has a rorm ot trareze. 

Tt.1.s technique simplifies the bite action consider-ably, but 

leads to appearance or a comb on the contact surface or the 

stock, its height is about 3 - 5 nm. After the tilting and 

rolling in the third and rourth Jllsses combs are rolled, but 

unrolled. combs rests with truncated pyramid shape remain on the 

side surrace, at the section which is tree from contact with 

rolls (by the parting line),i.e. in the places or the piss 

contour and interior gap crossing. 

During the !urther process these pyramidal formations are 

rolled, causing artificial scabs. The latter ex!oliate arter the 

contact with rolling guides, it leads to sticking or the roll 

and then to its cobblir~. Thus using of denting is one or the 

!actors to promote mill standing idles and hot spoilage 

appearance. 

Another !actor related to rolls calibration is to be 

mentioned. Arter the rolling in !irst two coupled box i:asses the 

ratio or width and length or the stock reaches the 1,9 value. It 

leads to the stock steadiness loss in the third and rourth box 

i:asses and to roll twisting 1n the case or its !nsut!icient 

keeping 1n rolling guides. 

' 
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The nonnal ratio or the rectangle roll dimensions to 

provide the process stability must not exceed the 1,7 - 1,75 

value. Furthennore, the box i::ass construction, the angle or 

sides value, the presence or i::ass bottom convexity, in which the 

preliminary deformed stock with barreled sides (it worsens 

steadiness conditions, too) comes after the tilting,is or great 

importance. 
While considering the new rolls calibration one must take 

into account, that the SAFA rolling mill is intended to process 

a wide assortment or small-scale pro!iles, but nowadays the real 

assortment or the mill includes the only profile - the fixtures 

steel rolled in some dimensions or pror11e. The working rolls 

calibration provides the !1xtures steel rolling with the nominal 

diameter rrom 8 to 32 mm. The rolling technical scheme is 

implemented ror the 8 mm dimension or pro!ile. One decrease the 

number or pass1ngs,i.e.replace the last pair or roll-down ones 

by corresponding finishing and leader passes !or each !ollowing 

dimension or pro!lle (in increasing order). That's why the 

Designed Proposal ls implemented as a kind or working rolls 

calibration to roll the !ixtures steel with a 8 mm diameter.All 

the !ollowing dimensions or profile can be obtained directly 

during the exploitation process using working !inishing passes. 

The breakdown train calibration 1s general ror the whole 

assortment, or course. 
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The new rolls calibration is presented. by the JBSSes sizes 

table (Table 3.5) and by the drsrt or the rolls calibration !or 

the !irst stand or the breakdown train. (Fig.3.6) calibration 

~rameters, stock sizes in every JBSSing, the gap value and some 

technological pirameters ( speed , pull rorce, torque and 

rolling temperature) are placed in Table 3.6.Table 3.7 contains 

an analysis or the main mechanical and electrical equlpnent 

load, some data tor the evaluation or choice and de!onnation by 

passings distribution. Designations to be used in these Tables 

are given in Fig.3.7. 
Following prelim1nary conditions were accepted and kept 

during the new rolls calibration elaboration. 

1.The rolling scheme and the displacement or passes at the 

breakdown train rolls was maintained. It allows to maintain the 

tilting sheets in rront or the mill construction also and makes 

it realistic to ealculate the new calibration. 

2.Reduction ratio is kept invariable in rough stands 

groups, which are to provide the hard stretches ratio between 

passings, it will ensure the specified value or tension between 

stands or each group (less then 10%) and making loops between 

groups. Observance or this condition contradicts the main 

direction or changes - the stretch redistribution. It must be 

mentioned, that reduction ratio stipulated by the .drive motor 

construction were selected unsuccess!ully during the mill 

- "l'---
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Table 3. 5 
Pass diroont1ons ror reinforcing rod of diam. 8 mm (SAFA mill 300) 

I 
!Pass HK BK R r 8d 

,... 
~ 

Stand Pass 1shape 
I mm nm ntn ll'll'l nm nm 
I 

1 box 85.0 125.0 20.0 3.0 105.0 5.0 
II") box 65.0 125.0 20.0 3.0 108.0 5.0 G 

3 box 90.0 80.0 15. 0 - 65.0 5.0 
4 box 68.0 80.0 12.0 - 65.0 5.0 

1 5 box 55.0 80.0 10.0 - 70.0 5.0 
6 hex 45.0 87.0 10.0 - 40.0 5.0 
7 square 59.9 62.9 9.6 - - 5.0 
8 oval 31. 5 71. 3 54.0 - - 5.0 

2 9 square 42.5 43. 1 6.8 - - 5.0 
3 10 oval 21. 6 51. 2 41. 6 - - 4.0 
4 11 square 30.1 30. 1 4.8 - - 4.0 
5 12 oval 14.6 37.5 35.7 - - 4.0 
6 13 squar·e 21. 4 21. 3 3.5 - - 3.0 ..... 14 oval 12.2 24.9 19.1 - - 3.0 ( 

8 15 squar·e 17.0 17.2 2.7 - - 2.5 
9 16 oval 9.7 19.9 15. 7 - - 2.5 

10 17 square 13. 7 13.6 2.2 - - 2.0 
11 18 oval 8.2 16.1 12.0 - - 2.0 
1 "' 19 square 11. 5 11. 5 1. 8 - - 1. 5 r., 

13 20 fl. ov. 5.6 14.4 3.6 - 8.0 1. 6 
14 21 08 CR 7.45 8.28 - - - 0.6 

' I I I I I I 

*) The sizes of leader and finishing passes are taken according 
to the SAFA existing roll pass design 
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Paraireters of roll pass des1in for re1nforcini rod of diam. 8 rrm (SAFA mill 300) 

011n&nsions of metal stock and passes 
Parameters of 
deformation 

Tabl&3.6 

1
~1-~tJ ___ 1 I---i---1--- r __ J ____ l ____ -Pass Width Fil- C1os Elong Angle Roll- Roll 

StandlPass 'shape Ht-1ght Width of 111ig Gap ::.ec~1011 jat1on Redu~: Spread Spl"eatl or I u1g j 1r1g 
H 8 pass coef. S f coef- t1011 j dB index ti1t•: speud rori":~ 

I I Bk X f1c1- dll dB/dH 
j 1 ent 

---+--- __ {- ____ _) _ ~--- _ rmi _"!'' _ _ __ --~- r11r1i2 __ _ _ mm -~ __ _ dttg I nv'~: I l\N 

!(1~!. 0 10.'1. 0 10: <,f,fi, 0 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1( 

-1 

~i 
4 .. 
~· 6 
' 
ti 
g 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

r'°x 
oox 
riox 
ti0x 
IXJX 
t·~x 
square 
oval 
square 
oval 
square 
oval 
square 
oval 
square 
oval 
square 
oval 
square 
fl.ov. 
08 CR 

,-~). 0 108. 0 125. 0 0. 86 5. 0 H~!H. 0 1. 18 
55.0 115.0 125.0 0.92 5.0 7044.6 1.25 
V0.0 69.5 80.0 0.87 5.0 60U4. 1 1. 17 
f\8. 0 75. 0 80. 0 0. 94 5. 0 4'/ri6. 1 1. 26 
55. 0 'IS. 0 80. 0 O. 94 5. 0 3W/2. 3 1. 23 
45. 0 82. 0 87. () 0. 94 5. 0 28b~l. 4 1. 36 

48. 1 59.9 59.9 62.9 0.95 5.0 Z284.3 1.28 
31. 5 65. 3 ?1. J o. 91 5. 0 1583. 7 1. 41 

34.0 42.5 42.5 43.1 0.88 5.0 1116.3 1.42 
21. 6 47. 8 51. 2 o. 93 4. 0 'i'90. 4 1. 41 

24.1 30.1 30.1 30. 1 1.00 4.0 560.9 1.41 
14.6 35.3 37.5 0.94 4.0 407. 1 1.38 

17.2 21.4 21.5 21.3 1.01 3.0 285.7 1.42 
12.2 24.1 24.9 0.97 3.0 223.6 1.28 

13.6 17.0 17.0 17.2 0.99 2.5 178.5 1.25 
9.7 20.1 19.9 0.97 2.5 144.8 1.23 

11. o ,3. 1 13. 1 13. 6 t. 01 ·2. o 116. 8 t. 24 
8.2 15.7 16.1 0.97 2.0 97.9 1.19 

9.2 11.5 11.5 11.5 1.00 1.5 81.7 1.20 
5.6 12.2 14.4 o.as 1.6 57.6 1.1e 
7.6 9.2 8.28 1.00 2.0 49.7 1.16 

-1 

Overrilling of passes: 11 13 17 19 passes. 

59. 8 kWh/t. Specific power consu~tion: 

• 

18. 0 
20.0 
25.0 
2(;, () 
20.0 
10.0 
22. l 
16.6 
22. 1 
12.4 
17. 7 
9.5 

13.9 
5.0 
7.2 
3.9 
5.7 
2.8 
4.2 
3.6 
4. tJ 

5.0 
'I, 0 
4.5 
5.5 
7.0 
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projecting . .An analysis or working rolls calibration (see Table 

3.7) illustrates unmotivated. stretch oscillations by plSsings 

and car-responding main mechanical and electrical equ1pnent load. 

Change or the rolling speed mode, tor example, by replacing 

or belt drive pulley or main drive motors will allow to improve 

the rolls calibration in ruture. 

The main direction in the present ~esigned Proposal or 

improving the rolls calibration is a redistribution or 

deformation by passings with the aim or decreasing a breakdown, 

making bite conditions in the third and fourth passes or the 

breakdown three high stand better, and also or increasing the 

roll steadiness. The last reason will cause an elimination or 

rolls denting. 

Unloading or the !irst stand, where a square or 48 mm size 

was suggested in the new calibration instead or the 38,6 mm 

square in the seventh passing, was achieved mainly by increasing 

or the stretch in second - sixth stands. The calculation or 

stock length in the every moment or rolling in the breakdown 

train :ind or passes number it is rolled through was made. Thus 

the passes combination was taken inLo account tor the stands and 

motors load calculation. 

The construction or box passes in the !irst breakdown train 

was change~. Angle or sides increase, eliminati9n or denting and 

possible B,tock asymmetry caused by inexact tUp1ng or roll 1ng 
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guides, 1iecreas1ng ot the width to he!ght ratio a:rter the 

rolling in the second pass up to 1, 76, another constractive 

changes Will allow to improve the rolling steadiness and bite 

conditions. 
Square passes construction is simplified, and the apex 

angle is accepted. as 90°, r/a ratio ts equal to 0,2, where r is 

a radius or the square pass curve, and a is its sid~ length. 

Oval passes were recalculated. to improve their tilling. 

We recommend to m.qintain tinishing and leader passes rrom 

the working calibration to simpli!Y the assimilation, but later 

it would be expedient to correct them. The calibration constant 

is calculated in such a way, that it provides a little tension 

between continuous group stands, excluding 15 and 16, 17 and 18 

ones, where the loops appearance is envisaged. 

It should be mentioned in conclusion, that some computer 

programs used ror calculation and analysis or rolls calibration 

are based on original methods, elaborated by authors. Some 

rormulas for the calculation or spread, pull rorce and rolling 

torque are printed in the book: (V.Masterov, V.Berkovsky 

"Theory or plastic deformation and metal working", M., 

Metallurgy, 1989). 
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The present technical proposal relates to the wire-rod mill 

"300', which ls intended !or wire-rod and !lxtures production or 
wide assortment. The layout or continuous rolling mill equ1pnerj t 

is shown 1n !igure 4. 1 . 

The technological process or rolling allows to deliver 

output production !rom the di!!erent stands. I! lt ls happened 

be!ore the finishing stands number N 13, 14 then as lt seems to 

exploitation personnel, the process ls sU!!iclently stable. The 

violation or the technological process ls taken place mainly 

when rolling is in the production sector with finishing stands 

number N 13, 14, driving rollers and !lying shears (!lg.4.2).The 

several mechanisms simultaneously work at the continuous 

rolling process. 

It is caused by violation or the optimal speed regime such 

that speed or the metal output from the each stand has to be 

consistent with the one or metal input in the next stand. In a 

practice the achievement or this situation is not always 

possible without use or the special automatic devices because 

the continuous change or derormat1on conditions ( temperature, 

coerricient o~ rriction, size or initial stock~ wearing or 

~sses). The.change or these ~rameters influences.on advancing 

' 
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Figure 4. 2 ·The existing layout o! equipment in a finishing 
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and crosseetion area in the every stand and leads to the loop 

rorma.tion or to the rise or strong tension. 

The present technical proposal contains the reconvnendations 

which to be realized would allow to stabilize the speed 

regime or the continuous rolling and avoid the violation or 

technological process on the finishing stands - !lying shears 

production sector. While solving the problem it was took into 

account the technical di!!iculties as well as economical 

considerations: we have wanted to avoid waste expenditures and 

make the most use or existing equ1pnent. In a part, the next 

materials !or technical proposal developnent was used: 

- the layout or equipnent ro~ sectors !rom the linear group 

or the stands to the cooler, 

- the fixtures N 8 rolling program, 

- the layout of the drives control and the data !or engines 

of the stands N 13, 14 and !lying shears, 

- the layout describing the construction principles or the 

!lying shears engine. 

Besides, the next data was used: 

- the rolling is conducted by tension in the stand 

production sector, 
- the !lying shears are a cylinder type, 

.- the accidents o!ten occur in produqtion sector: stands 13, 

14. reeding rollers, !lying shears. , 

--~--
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4. 1. THE SYNCHRONI~ATION OF SPEED R~GIME ON THE FINI)HING 

STAND PRODUCTION SECTOR 

The existing scheme or equ1pnent position in the region or 

the !1n1shing g,r•i:iup is shown 1n figure 4.2. 

The cause of technological process violenee can be 

c1eterm1ned from this figure. The main !actor or this violence is 

the instability of speed regime which called froth the absence 

·r ,,.. - ··uy; ... t.n'r~,..,.- ~ 1 )n ··y··t·m f)r th· u ,11e sJ .ic u 1_. l.i.:.a ., :.t s s ,e c_ • e speed of the stanci 

sp1nc1les anc1 others executive mechanisms. 

The !1n1sh1ng stand N 12 has AC electr1e drive whose 

reg:Jla ti on properties of veloel ty is 11m1 te1i. Tw(' next finishing 

stands N 13, 14 ha8 DC electric: drive. The tiristor n•an8former 

ls usei1 as a P('W~r S<)uree. Tlms, drl ve or the men t1r~1 ner1 s tanc1s 

stancl N 12 r1as a »:J <"fl l l '.:i- t 1 nr·1 o:; - -· ~,·- - ~ - .._ 

At these '~oncll tions the 

regime at the eun~lnuous rolling in the !!nlshing gruup has a 

ranclorn tie ha v lo r. 

If tt1e spe8d 1:if metal output from the stancj N S beeomes 

greater than c:ine or metal input in the next stand the loop ls 

!01"!11ed. 'l'he tensions or rolling can be happeneii too. The 

viola tlon or speec1 regime can be _taken plaee due to change or 
the str~,tch, advancing qrid erroneous def1n1 t1on or the lt!l t1al 
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42 
speed or the adjacent stands rolling and the velocity change or 

the ~!and N 12 at the rolling moments change ( drive works with 

the natural mechanical characteristic or induction engine). 

In order to stabilize the speed regime on the rinishing 

stands production sector we have obtained the next way or 
solution (!ig.4.3). 

It is known the rolling with regulating loop is the method 

which allows to exclude the tension between the stands and 

automate the control process !or the speeds regimes of the 
rolling-mill . 

The transmitter or loop value and regulator are the basic 
elements or the loop regulation system. 

The working quality or stabilization system depends on the 

working accuracy or measurement devices and transmitters or the 

rolling loop value. The different types or transmitters are used 

in the wire-rod mill: capacity ones, based on the measurement 

principle or condenser capacity which consist o! rolling and 

measurement plate, photoelectric ones and others. 

The main advantage or the photo impulse transmitters is the 

high measurement accuracy and independence from the external 
condi t1ons. 

One can use laser devise f)r the loop measurement. As to 

regulation o! tqe rolling loop value we give preference to the 

contactless photoelectric and laser transmitters dUQ to their 

--~--
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Figure 4.3 The layout proposed for the equipment 

finishing stand gro~p region. 
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reliability, accuracy and rast working. We reconmend !or 

application the transmitters by ASEA (Sweden) and AEC (Germany) 

!i:rms. It is necessary to know the correct installation or 

photoelectric transmitter has the strong in!luence on work 

regulator quality. It is convenient the optical axis or 

photobulb would be perpendicular to the plane or loop. That 

allows to receive the linear dependence or the output photo bulb 

signal rrom the value or rolling loop. For the most part the 

loop regulation systems are based on the deviation principle or 

regulation (!ig.4.4).The controlling inrluences are transmitted 

to the next drives or the stands N 13, 14. The necessary rolling 

regime between the finish:l.ng stands N 13 and N 14 is provided 

with a given relation or speed. The consistent speed regime or 
rollers can be obtained rrom the condition or constancy or the 

second volumes: 

Die ( i-1 ) ( 1+Si_1 ) 
cu - cu l 
i - 1-1 DicH 1 +Si ) 1 

where 

wi -rotation rrequency or spindles or the next stand 

w1_1 -rotation rrequency ot spindles or the previous stand 

Die- diameter or rollers 

l- rolling stretch value 

S - advtil1c1ng 

- a=--
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2 

') 

~ ._, 

Figure ~?. The structural scheme o! ~oop regulation system. 

1.The loop transmitter; 

2. Device for loop value assignment. 

3. The loop regu.la tor; 

4. The control system !or velocity regime 

of the finishing stands. 
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There ls an opp)rtunlty to correct drive speed or the stand 

N 14 relative to the stand N 13. It ts 1mportant to note there 

are two working regimes ror loop regulation system. The first 

regime is the loop stabilization at the main .(m't or roll. The 

second one presents the transitional regimes at rolling input 

and output. The most important thing ls the loop rormatlon at 

the metal input. 
The stabilization regime dtrrers greatly rrom the one or 

initial loop ronnatlon by the rolling length. It does necessary 

to divide this !unctions and use tor their executing sei:arate 

subsystems. 
In order to ro:rm the rolling loop and eliminate the 

unfavorable situations ( riRe or tension) the subsystem or loop 

ro:rnatlon would allow the 1nstallat1on or the de!1n1tion or the 

adjacent stands speed relation. Thus !or the rolling with loop 

regulation it ls convenient to provide the control system or 

speed regime with devices or the initial ( input ) speed or 

stands spindles correction. These devices have to be resJX)nslble 

!or the change or the rolling conditions. 

~e most simple work algorithm !or the initial loop 

rormatlon's subsysLem at r,etal input ls that > .. t:•d or the 

loop range's next stand decreases 1n the !re-, ~ J! roll and 

increases 1n the back edge due to s1gna~o rrom the metal 

presenc~ transmitters. One way to correct th~ input speed ls to 
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9tabil1ze the roll's bending value. In that case bending 

regulator's signal ls stored at roll's output rrom the previous 

stand and acts upon velocity drive's regulation system up to the 

input in next stand or the next roll. That allows ever!'j time 

berore rolling or the each roll to receive the most near to 

initial speed regime ror adjacent stands that leads to reducing 

or ti~e lt talces ror a speciried value or roll's bending to be 

achieved. 
The most simple way !or realization vr this suggestions is 

at Ute use or microprocessor control system. 
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4.2.THE SYNCHRONIZATION SYSTFX FOR SPEED OF THE 

FEEDING ROLLERS AND FLYING SHEARS 

Lt. 2. 1 . The reeding rollers drive. 
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The electric drive or the reeding rollers has to provide 

!or accident-tree working or the technological process : 

- the linear speed or reeding rollers and roll le!t the 

output rolling mill's stand synchronization. The electric drive 

allows no loop rormation between rollers and output stand rrom 

one side and rollers slippage on the roll rrom other side. 

- the roll transp:irtation a!ter it le!t the output rolling 

mill's stand. 

The !irst or these requirements rises the necessity or work 

with roll's tension in the sector between the output stand and 

reeding rollers. The tension value would not be grGater than one 

leads to slippage, 1.e.: 

0 < T < T1 
where T is the tension in the output stand - reeding rollers 

section. 

T1 is the limiting tension !or the slippage does not rise. 

The limiting tension is equal: 

T1 ~ 2Pµ 1< ~t condition that both or the rollers 
ar'e reeding) 

._, 
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where P - 1"0llers tension pressure on the roll, 

µ1- the friction coe!!icient between rollers and rolJ. 

For the hot roll µ1 = 0.3. 

The rollers drive must provide the pull rorce Ttduring 

transportation: 

Tt s Groll 112, 

where Groll is the weight or the transported roll, 

µ2 is the rriction coerricient roll on transportation 

way. 

112 = 0.3 . 

Then minimal value or pressure by reeding rollers on roll 

would be equal to: 
Tt Gro11l12 

Pmin = = 
2µ 2µ1 

at µ1 = 112 Pmin = 
Groll 

2 

For the presented layout, e.g., the length or transported 

roll at output rrom stand N 10 round m 20 can be equal : 

1max = 60 m, its weight - Gr = 150 kg. 

Then Pmin ls greater or eql.1.9:1 to 75 kg. 

As usually, P is taken equal greater than Pmin· For example 

in present case P ~ 150 

This pressure does not .lead to the roll's geometry 

derormation, but !or provlding~o small pressure it is necessary 

--r-· 

\ 



- . 
-- I .~-:... 

i I -
I 
I 
I 
I 
I 

~ I 

I 
, I ,. 

' I 
i I ~~ 

'~ ~ 

I 
\ 

, I 
I 
I 
I 
I 
I 
l 

- -- ------ ~- - -- -- ---- -i--

50 

to use reeding rollers whose construction allows to regulate the 

rollers pressure on a roll and break.age between them sepll'Btely 

(!ig.4.5). 
I! the roll's de!crmations rise at pressure "P" then in 

order to increase the area or rollers and roll contact and 

decrease the specific pressure the rollers with "broken" pass 

are used instead or smooth ones. No rollers can be used which 

allow ror only breakage regulation and the necessary pressure 

ailjustment through it. The small change or breakage lead to 

great changes or pressure at this construction which rise to 

either roll's !orm deformation or slippage rollers on roll, 

1.e., to violation or synchronization or the rollers and roll 

linear speeds. 

condition: 

The power or drive engine is determined from 

N - T1 vmax 
eng - 102 n ' 

m 
where Vmax (mis) - maximal linear speed or roll, 

nm- me0hanism e!!iciency included loss in bearings or 

rollers and reducer. 
In our case, e.g., the power would be equal: 

150"8 

102·0.9 
= 13 kV, where vmax = 8 mis, nm= 0.9 

While drive adjusting the rotat1o~ frequency or rollers 1s ~ 

t 
r ., 
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Figure 4. 5 The feeding rollers construction. 

1 - rollers; 

2 - adjusting tension.nut 

3 spring 

4 - adjusting nut 

5 - nut 

6 - pass 

The balancing o! upper roller is not shown. 

. -----
SI 
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installed so that linear velocity or rollers at idling would be 

some greater than roll one. Thererore at the roll input the 

rotation rrequency or rollers decreases and the necessary roll 

tension is provided. rr the engine moment is proportional to 

the armature current as it is taken place in DC engines with 

separate excitation then operator can easily judge about tension 

value "T" by the "I" current value ( !ig.4.6). 

The layout, presented in rig. 4.7, provides synchronization 

or speed or the output stand spindles and reeding rollers 

through use or speed regulator wherein the feedback is perrormed 

!rom tachogenerator or rollers - TG, and speed assignment is 

done rrom the output stands tachogenarators - 1TG, 2TG, 3TG 

actuated( connected) by contacts - 1C, 2c. 3C at the output 

stand choice !or a given roll's profile. Using potentiometer - R 

an operator, based(guided) by amperemeter's readings - A, that 

is, in a ract voltage value, can regulate rollers velocity. 

The suggestions on reeding rollers reduce in principle to 

the next points: 

a) To analyze the reeding rollers construction tor 

providing the se_parate regulation or the tension or pressure 

r.Jllers to the roll and breakage between the rollers ( it is 

impossible to carry out this analysis based on the presented 

materials ). 

b) To replace the.AC drive on DC electric drive by CTT-E 

,,, 
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TT 

" 

E - engine; TT - tiristor transmitter; 

TG - tachogenerator o! rollers drive; 

T - tachovol tmeter; TC, TV - roller's current and velocity 

transmitters; RC, RV - rollers current and velocity regulators; 

AV - device !or rollers velocity assignment; 1TG,2TG,3TG -

tachogenerators o! the mill's output stands; 1C,2C,)C - rele 

contacts turned on to "AV" tachogenerator o! the mill's output 

stand; R - potentiometer. 
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engine) • This 

replacement allows to tune tension value by armature engine 

current easily and provide more rast working in comparison with 

the existing drive which regulates speed with servomotor. The 

last advantage is essential because it minimized the 

unconsistency or speed is in transient regimes when !or 

whatever reason a speed or output stand 1s changed. With loop 

regulator between stands NN 12 - 13 the such speed 

oscillations are inevitable. 

lt.2.2. The !lying shears drive. 

The choice or electric drive and control system !or !lying 

shears depends on construction and basic parameters or the ones. 

In a given case, as stated above the limited amount or 

in!ormation was presented by customer: 

- !lying shears is a cylinder type, 

- length o! the one cut Lcut = 12 m, 

- drive is provided by AG engine with servo motor regulation 

or rotation frequency, 

- engine parameters - 17 kVt, 1830 revolutions per minute. 

Taking cooler length Lc = 18,3 m and distance rrom cutting 

line t? cooler Lcl-c = 6,1 m the maximal sp~ed o! rolling motion 

~an nQt be greater than 

- -~--



·~·· .~ -.. 
. 
~· I· • 
I 

i -

" . 

' 

t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 

_ ____,___ -·. -· . -

- -----

whereµ= 0.25 .•. 0.3 is the coe!!icient or friction or hot 

rolling on cooler's valves. 

According to !1gure lt.1 , 

vmax = (18,3 + 6,1 -12)·2-0.3·9.81 = 8.5 mis 
In order to create breakage between the cutted pieces 

which delivered to cooler it is necessary the speed or rolling 

would be less than one or delivery to the cooler on (10 ... 20)%. 

Then the maximal rolling speed !or pror11es cutted by 

!lying shears can not be greater than: 

vrmax = (0.8 ... 0.9)·Vmax = (0.8 ... o.9:~8.5 = (6.8, ... 7.65)m/s 

Thus rolling velocity on cooler at cutting would be equal: 

vr ~ 7.5 mis. 

The cut length of cylinder flying shears is de!1ned from 

relations between rotation rrequencies or reeding rollers and 

!lying shears. The linear speed or rollers ( rolling velocity) 
is equal: 

v - n·Drl~l 
rl - 60 

where Drl - roller's diameter, m 

. ~1- roller's rotation frequency, revolution per minute. 
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The linear speed of !lying shears b:!t is equal 

n De nc 
V=---

c 60 

where De - diameter or cylinder !lying shears cutter bit, m. 
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The cutter speed would be gI'eater than rolling one in a 

eutting sector. In opposite case the bending or the rront edge 

or cutted rod and stop or roll in shears would be happened. 

Hence, 

Vs= koVc 
where ko is passing coe!!lcient. 

The length or the rods cutted by !lying shears at the 

eonstant rotation rrequencies or rollers and shears cylinders is 

equal to: 
--)-

where K1 is a number or revoluticns per cut. 

n D = c 

Taking into account, n Dc = 
1cutKo , one can write: 
K1 

n Dc nc 1cutncKo =----------
60 Ko 60KoK 1 

Hence: 

1 t=nD 1K 1~1 cu r n ~ _, 
1~e., cut length is defined by co~struction parameters or 

·. 
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rollers and shears and relation between their rotation 

frequencies -~! has to satlsty cond1t1on V9~Krlc at 'f.o>1.The 

IllSSing coerricient can not be great at cutting on cooler the 

rods which are surriciently long and have small longitudinal 

stability, otherwise the bending or the back edges or cut ted 

rods would be taken place. 

Then as a !'Ille 

Ka~ 1,02 ••• 1,05, 

i.e. linear speed or cutter is greater than rolling one on 

(3 •.. 5)%. The number or cylinder's revolution per cut "K 1" is 

derined by shears construction and provided with either special 

mechanism or shears using with cylinders of different diameters. 

For example, 1! ~ ~ -{- , then cut is happened after 6 
cl 

revolutions or upper cylinder and 5 revolutions o! lower one. 

The relations pointed above allow to rorm the main 

requirements to the electric drive and !lying shears control 

system: 

- the rotation frequencies of shears and rollers would be 

synchronized !or the n~l relation's execution with high 
c 

accuracy(precision) 

o! cut length, 

because the violation or one leads to change 

°rl 
- the specified relation would be constant as rolling n c 

speed changes ( one or rollers -changes too ) at least with 

pr~c1.sion excludes appearance 01 regime with V0 < Vrl , 

\ 
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- in order to provide requirement stated above either drive 

and shears control system would be design with the corresponding 

dynamic ?lrameters or the possible temp changes would be 

11mi ted. 

Tlle investigations or this data allow to present some 

conclusions: 

- the reeding rollers and !lying shears drive does not 

provide necessary dynamic JllrBllleters at roll speed change 

because the power or rollers and shears drive is unsut!ic1ent 

and the control system has low speed. 

- while rolling with uncontrolled tension between the stands 

NN 12 - 13 the sut!icient sharp increment or roll speed can be 

happened at output !rom the stand N 1 !rom the metal advancing 

and engine's rotation frequency increasing at roll output !rom 

stand N 12. 

- the regime or the roll !ront edge can not be provided 

!rom power o! !lying shears engine drive 17 kVt. I! the roll 

!ront edge has random length the accidents are possible behind 
the !lying shears. 

The !1nal conclusions can be made only after all the data 

investigation. However, the next suggestions can be presented at 
the level or technical proposal: 

- the !lying shears drive ls per!onned from DC engine powered . . 
by (which talces 1ts current !rom) controlled tir1stor 

__ l:: __ _ 
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transmitter with mod.em control system (with analog or, better, 

numerical regulators or rotation frequency), 

- the power or drive engine would be su!!lclent to provide 

the convened cuttlnq or the rront edge 1n !lying shears start-up 

regime rrom initial position or posltlon set while running. The 

change or advancing wou1-d be excluded at back edge output rrom 

the stand N 12 due to use a loop regulator between stands N 12 -

13. While regulated loop the available acceleration would be 

cho1ced ln accordance wlth d..vnamlc µirameters or shears drive. 

Taking lnto account the electric drives or stands NN 13,14 

are constructed with DC englneg it ls quite reasonable to use 

the same type or drive !or the !lying shears and reeding 

rollers. At least, thls solution ia considered more pre!erable 

than the used one with special AC engine and electromecban1cal 

regulator trough servo motor. done on higher stages or 

englneerlng. 
To realise the project proposals lt ls nesase:ry to develop 

the project in details and to purchase needed equ1pnent. 

\ 
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5. F ltl>ltli All> RECCllEN>AT I CltS. 

1.0n the basis or carrent analysis or SAF.A'S operations, 

maintenance activities, product quality WAS FOUNDED that 

technology and equlpnent, which implemented in steel plant and 

rolling mill are 1n accordance to requirement to rein!orce bars. 

2. The !ollowing activities are recomnended tor further 

improvement or production quality and errectiveness in the steel 
plant: 

2.1 To install the express analysis or the chemical 
composition or the metal. 

2.2. The temperature regime or heats in the electric 

furnace should be optimized; the tapping temperature or the 

metal should not exceed 1630-1650°C. 

2.3. A strict control or the quantity and quality or metal 

scrap uses in the charge should be carried out. 

3.The following project proposals and design has been 

carried out tor rolling mill (in framework or contract 
amendment ) : 

3.1.Project proposals and design to convert the preheating 

turnaec rrom gas-oil !uel to mazout rue! (including measurement 

equ1pnent !or pressure control, thermocouple in preheating zone, 

recording potentiometer on control board etc.) . . 
3.2.Project proposal and calculation tor rolling pass 

- r--
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design ror· rolling optimization. 

3.3.Project proJX>sal !or synchronization the rolling mill 

and !lying shears. 

4. It was rounded during tirst subcontractor mission, that 

SAFA jointly with SNill has given experience using computerized 

system !or sra:re part control and monitoring, !lnancing etc. 

5. To reinforce SAFA computerized system or management, 

production and quality control, the spec1!1cat1on or equ1pnent 

and so!tware has been reconmended. The !ollow1ng equtpnent and 

so!twar-e accordingly were supplied , install and put 1n to 

operation by subcontractor team : PC AT 386SX -1 unit, PC AT 386 

-7 units, mic~rosort mouse, printer EPSON FX-1050 -8 units, 

plotter HP-1'1'45A, sc!tware, xerox. 

6.The !ollow1ng subsystem has been developed, Installed, 

customized and put in day-by-day operations: 

6. 1.Inventory control, Material Requirement. 

6.2.Productlon control (including row materirl and energy 

consumption ror each product and derartment). 

6.3.Input-Output Balance (including cost calculation ror 

each product and derartment). 

~ On the-job training or SAFA personal was carried out by 

subcontractor team. It is reconmended to set up SAFA's computer 

group, train or recruit one or two skilled system progranrners to 

secure the system operations and developn8nt. 

' 
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6.1 
8.It 1s to consider CIIS as a developing syster.~. which 

supposed to be permanently enhanced, mod.ern1zed, customized to 
current and future needs or SAFA. 

9.It ls stated that SAFA has made essential step to 

Introduce modern high technology - personal computer. However to 

reinforce the procl.uct1on effectiveness and quality improvement 

1t ls rec0111I1ended to follow-up the project (e.g. as a Phase 11). 

The !olloW1ng act1v1t1es are reconmended to carry out 1n 
rramework or Phase 11 (1n pr1or1t1zes): 

9.1.To develop and introduce the computer network 

ror 1ntegrat1on or different subsystem (product1on and quality 

control, maintenance, !inanc1ng and cost analysts etc.). 

Additional 8QUipnent and software are required tor this 
developnent . 

9.2.To introduce measurement and control system 

!orpreheating !urnace !or tuel saving, waste minimization, yield 
increasing. 

9.3.To develop and introduce the measurement and control 

system in electric arc !urnace de_rartment ror row material and 

energy savings, y1eld 1ncreas1ng and cost minimization. 

9.4.To develop and introduce the system or synchron1zat1on 
or rolling mill and !laying shares. 
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