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1. INTRODUCTION

The present work was carried out according the contracl
between Intermet Engineering and UNIDO (Contract No.91/151,
UNIDO project No.US/MAU/89/178) for Mauritania. The project
objectives are: to 1improve the operating and maintenance
activities and quality of finished product at the SAFA steel
plant and rolling mill; to reinforce SAFA management through the
introduction of new management methods and systems.

In conformity wiih the contract a team of Intermet experts
went to Mauritania in December of 1991 on the first fleld
mission. The experts studied the steelmaking and rolling
technologles practiced in the plant and the main problems facing
the plant engineers. They also studied in detalls the current
aystem of management and planning.

Within the framework of the first mission the experis
analyzed the current technology offered technical advice on
steelmaking, ingot casting and rolling procedures to Improve
productivity and quality of 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
detined. The equipment specification required for quality
control, maintenance procedures and computerizing was made.
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During second field mission the <following subsystem have
been develcped,installed, customized and put in to day-by-day
operations:

Inventory control,

Material Requirement,

Production control (including row materlal and energy
consumption for each product and department).

Input - Output Balance (including cost calculation
for each product and department).

On-the-Job training of SAFA personal was carried out by
subeontractor team. It 13 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 staff and manszers.

Part I of Pinal Report includes:

Reinforce bars' production analysis on SAFA. Concept of
project proposals on reinforcing equipment and technology of
production on SAFA.

Reinforcing management system of SAFA.

Part II of Pinal Report includes:

Project proposals on converting preheating furnace from
gas-o1l to mazout fuel.

Project proposals on Improvement of roll pass
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design. Project proposals on rolling mill and flaying shear
synchronization.

Basic data on the technology of steelmaking and rolling 1n
SAFA works, as well as the current system of planning,
management and conircl are reported bellow. The report contains
a preliminary analysis of the data and technological
recommendations. .

The Intermet team expresses acknowledgements to the SAFA
engineers and managers for their heip. The team 1s grateful to
the Director General Yahya Ould Hademine and the Chief of
Technical Department Mouhameddin Baba, as well as engineers
Mouhtarash and Hasan for their collaboration.
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2. REIFORCE BARS’ PRODUCTION ANALYSIS ON SAFA

The SAFA Steelworks put 1nto

operation 1n 1979

1sdesigned to meet the needs of the area in reinforcing
gteelbeing them in great demand due to an Iincreased scope
of housing and industrial constructlon In the country and
thetact that import supplies of this producl were 1imited.

The steelworks consists cf two shops - a Steelmaking shop
and a rolling shop and employs 106 production starf with up to70
people working on a part-time pasis. The table below shows the
distribution of working staff according to the work done.

full-time employees| Part-time employees
Management 26 4
Steelmaking shop 36 20
Folling shop 23 36
Repair service 21 10
Total 106 70

overall technological scheme is shown in Fig. i.

The steelmaking shop

scrappreparation section, remelting section, casting section and

the ingot bay. Design capacity of
15.000 t ingots annually.

incorporateg  scrap  yard,

the

steelmaking shop 18
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The rolling shop accommodates the heating furnaces sectlon,
breakdown train, finishing stands and the stocking yard. Theshop
design capacity 1s 36.000 t reinforced bars per year. Reinforced
bars are produced according to NORSNIM specifi-cations
corresponding to the French AFNOR NF A35016 standard.The main
tigures for chemical composition and mechanicalproperties of the
rolled product with respect to dlameter arelisted in the tables
below (tables 1,2).
The main geometric parameters of the finished product ac-
cording to the design documents are given in Fig.2 and Table 3.
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Table 1
Chemical ccmposition of steel, %

C Mn St P S

0.25-0.50 | 0.70-1.30 | 0.15-0.40 | 0.08 | C.05

Table 2
Mechanical properties of the finished product

s < 20 mm 2 > 20 mm
Yield point 42 kg/mm? 40 kg/mm2
Breaking point 48.5 kg/mm® 45 kg/mm?
Relative elongation 14 % 14 %
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Table 3
Geometric parameters of the finished product
Nominal diameter{ 6 | 8 | 10 |12 14 116 | 20| 25 | 32
=, MW
Basic diameter
o, Im 5,817,619,6 {11,5]113.4|15.4]19.4|24.3(31.2
Maximum diameter
D+ 2H 7.019.2{11.6{13.7|15.8118.2;22.8(28.3{36.0
M.L.dimensions
M 0.6|0.8] 0.8| 0.8} 0.8} 0.8} 1.0} 1.2¢ 1.4
L 1.612.0] 2.2| 2.4} 2.8]| 3.2]| 3.6| 4.0y 4.5
Additional
characteristics
= B, mm 0.6!0.8f 1.0 1.1 1.2] 1.4 1.7| 2.0f 2.4
E, mm 6 | T 9 | 10 {11.5}112.5]14.5117.5]120
a, ° 42 142 | 42 | 45 |45 |45 50 (50 |50
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2.1.Production equipment and technoiogy in steel
shop

In SAFA steel 1s produced In an electric arc furnace
of nominal capacity 5 t. Since oxygen blowing 1s not practiced
at present 1t was possible to reduce the hearth thickness
thus increasing the Trfurnace capacity to 7.0-7.5 t, 1ts
diameter being 2.40 m.

Power capacity of the transrdrmer s 2.4 KVA and 1is
regulated In the semi-automatic regime designed for 8 degrees
of capacity. The furnace 1s lined with magnesite contained of
small amount of S10,-A1,0,-Ng0. Refractory  lining  of the
furnace root 1s made of fire clay brick. Lining 1ife is: for the
roof - 200-300 heats, for the side walls - 200-230 heats,
for the bottom - about 2.000 heats. To 1ncrease refrac:ory
1ifethe furnace 1s repaired with dolomite at certain intervals
arter 40-45 heats. |

The electrode diameter in the electric furnace 1s 250 mm.
Scrap, both imported and of Mauritania's own, 1s stored 1in the
charge yard. The equipment 1nstalled 1n the plant makes 1t
possible to cut long stock into pieces of up to 600 mm.

Metal charge 1s fed to the furnace from two baskets with
the help of a crane fitted by with a 1ifting magnet. It 1is
possible to weigh the scrap to be charged into the furnace on
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the special scales.

The 3 bottom-tap ladles available in the shop are lined
with fire-clay. Lining 1ife being 110-120 heats. Nozzle and
stopper are replaced after every heat. Special equipment for
drying and pre-heating of ladles 1s available. The ladle heatlng
takes 8-12 hours. The slag from the furnace 1s delivered 1nto
a slag pot. Steel 1s casted Into a number of moulds each
deslgned for 4 ingots of cross section 110x110 mm and 8 height
under 1.500 mm. The uphill-casting scheme is used in the shop.
The moulds prepared on the bottom plate. Each plate carries
16 moulds, filled from the central runner. The plate can
accommodate a8 full heat.

The ingots are shipped with the help of a hydraulic-driven
device which removes the ingots that got stuck to the mould.
After removal the ingots are marked and placed 1n the ingot
bay.

As was mentioned above steel 1s mostly produced from the
scrap supplied by SNIM company. This scrap consists of rails
and wheels from the rallroad. The rails supplled by SNIM are
cut into length of 600 mm In the preparation section while
wheels can be used without any preliminary treatment. The
charge contains up to 30 % of scrap produced by the steelworks
as the waste product of rolling which 1s also pre-cut 1nto
lengths of 600 mm.

L™
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The metal charge 1s supplied to the furnace in two
subsequent buckets, the second 1s discharged after melting the
content of the first one. Normally the charge contains up to 30
% 0f railway wheels and 40 % of rails, the remaining 30 % being
the waste product of the plant. Th2 charge composition 1s
designed so that after complete melting of the metal carbon
content In the metal should eXxceed the required carbon
content in the steel by 0.1 %. The melting period is 40-50 min.
Limestone 1s used as 4a slag-forming material-in steelmaking.

After complete melting of the charge temperature is
measured by immersing a thermocouple into the melt and samples
are taken tc define carbon content. As for other components of
the melt thelr content 1s not registered. Carbon concentration
18 determined chemically. The analysis takes about 10 min. In
case carbon content 1s greater than 0.3 % rolling scale 1s
added to the furnace to oxidize the excessive carbon. The
oxidation period lasts approximately 30-35 min.

With carbon content less than 0.1 % electrode waste 18
supplied to the furnace to carbonize the charge.

When 1t 18 necessary temperature measurements and sample
taking are repeated several times.

At 1660°C and carbon content reaching 0.2-0.3 % the metal
1s tapped into the bottom-tap ladle by tilting the furnace.

The metal 18 reQuced by ferromanganese (Mn content - 75 %),

LI AN
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70 Kg per heat, added to the furnace - 5 minutes before
teeming, and by ferrosilicon (silicon content - 75 %), 25-30
kg per heat, added to the ladle immediately before teeming.

The metal 13 bottom-cast into ingots of welght up to
124 kg. The liquid metal 1s not weighted up. The required
number of moulds 1s estimated by the operators visually as their
experience shows them. In case of necessity a couple of moulds
can be removed. I the amount of the metal seemed exceeds the
expectations, the remaining part of the metal 1s delivered to
the slag pit together with the slag, which leads to heavy metal
losses.

The casting facllities are provided with 2 bottom plates
with ingots placed simultaneously. Considering the total heat
time In the electric furnace 2 plates are sufficient for
casting of the metal.

On complete solidificaticn of the metal ingots are removed
from the moulds.Standard sample is taken from the runner.

Each heat 18 registered 1in the steelmaking section log
where the data on composition and amount of the charge used
are included. The results of temperature and carbon content
probes are entered in the log in the chronological order, as
well as the amount and Kkind of additions and other
technological features of the heat. Special forms also
include the date on the number of cast ingots, length and

a0




17
characters of idle perlods, of which the main are caused by

!nadequate operation of the mechanical and electrical
equipment. Some 1dle time 1s due to lack of power supplies by

the SONELEC. The forms also contain information on malntenance
and repairs.

VL A e O
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2.2.4nalysis and recommendations on construction
steel production efficlency

While speaking about the technology of steelmaking in SAFA
works 1t should be noted in the first place, that with respect
to raw materlals the plant is in most favorable conditions. The
scrap in use - rails and wheels of railway carriages as well as
hot waste of the rolling shop - has a contrast chemical
composition and low content of harmful impurities. Due to that
the refining stage in the steelmaking process in the arc furnace
1s avoided and producing steel in the plant 1s in fact confined
to remelting. The task facing the steelmakers 1n  these
conditions is to ensure the required carbon content and attain
the necessary temperature. Nevertheless, analyzing the
documentation for 1991 we can see that preclse estimation of
weight of scrap of different types is missing. As 8 result it 1s
impossible to calculate the steel composition after remelting
which results in the necessity of multiple probes for carbon
content. It 1g also noteworthy that average carbon content for
1991 being 0.26 % up to 30 % of melts exhibit a carbon content
lower than the grade one (see Table 1), 1.e. less than 0.25 %,
while sometimes 15 % of melts carbon content does not reach 0.20
% (in 1990 about 7 % of melts showed carbon content 1less than
0.25 % and about 10 % of melts - lighter than 0.50 %). As was
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mentioned above, probe analysis for silicon and manganese
content 1s not performed. Before and while teeming the metal
from the furnace up to 25-30 kg of [ferrosilicon and
ferromanganese are added to the steel for the purpose of
reduction and alloying. As the calculation show, however, the
maximum possible silicon and manganese contents 1In the steel
(provided 80 % of ferroalloys are assimilated) do not exceed

- ‘ ' ’
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0.3- 0.5 % respectively.

Thus, comparing the account data for 1990-1991 years with
the standard requirements we can see that the NORSNIM
requirements for chemical composition are not met. The
consumers, though, &8s follows from & general review of the
situation, do not come out with strict requirements concerning

\
8

those parameters and there are no reclamations.-

Analysis of th. account data for the steelmaking shop makes
1t pogsible to state that in a great number of cases the shop
personal overheat the melts. This trend having increased 1n

-~

1991. In some cases the metal temperature reached 1675°C. As 1s
generally known, overheating the metal in an arc furnace brings
about a number of negative consequences - the lining service

life 18 reduced, while electric power consumption 1s 1ncressed,
as well as metal waste. All the above mentioned factors
adversely affect the quality of the metal and ingots produced.

i
‘ . -
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Analyzing the steelmaking technology in SAFA steelworks one
cannot miss the fact that the amount of 1ingots varies greatly
from heat to heat. The average number being 60-64 1ingots per
heat 1n some cases this value goes down to 26-39 1ngots (heats
#10164, 10244, 10474 1in 1990). It 1s the result of ar inadequate
casting technelogy: 1n some 2ases the metal breaks through the
rnner set in group casting, or, to true contrary, the runners
are clogged up. In case #hen 1t 1s impossible to continue the
casting of metal, the steel 1s delivered back to the furnmace. If
there were no aceidents during the casting of metal but the
number of meulds 1s not enough to accommodate the steel melted.
the remaining steel goes to the slag pot together with the slag.
Thus, iradequate casting leads to reducing the yield of 1ingots,
increasing the consumption coefficlent and  remelting
expenditure.

One of most important factors determining the efficlency of
technological equipment 1s idle time. As wa3 mentioned above,
all periods of 1dle time are registered 1n SAFA works. For
example, during the two recent campalgns, idle time for 33 days
(1772 hours) and 23 days (1552 hours), was 185 hours (23,4 %)
and 120 hours (21.7 %), respectively. The main reason for that
18 concerned with inadequate technology - 17.5 % and 12 %,
respectively, and inadequate operation of electrical equipment -
the latter accounts for 4 and 9 % of 1dle time, respectively.
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Analyses of iechnology shows that steelmaking plant has

some reserves. It makes 1t possibly to improve effectiveness of
production and to decrees expenses at this séction of SAPFA's
work.

The following activities are recommended for further
improvement of production quality and effectiveness in the steel
plant.

To Install the express analysis of the chemical composition
of the metal.

The temperature regime of heats 1in the electric furnace

should be optimized; the tapping temperature of the metal should
nov exceed 1630-1650°C.

-




3 A

— WS mm D WEN e T ess wes oms I R SR S

2.3.Production equipment and technology in the
rolling mill

The 300 SAFA rolling mill designed and constructed by the
Ttallan company AVAC 13 to produce annually 32.000 tof light
sections: round sections of diameter 8 to 32 mm, reinforcing
steel of the same dimensions, shapes of angle, channel and the
11ke types, as well as wire rod 6 mm in diameter.

At pregsent the mill rolls reinforcing steel of 8, 10, 12,
14 and 16 mm dlameter from carbon steel (see Table 1) meeting
technical requirements to mechanical properties according to
AFNOR NF 35016 specifications (Tables 2,3).

Rolling billet is an 1ingot of mass 124 kg, of height 1.5 m.
The pencil-billet has a bottom section of 110x110 mm and a top
gection of 94-96 mm. The ingot mass, 1ts length and top section
vary depending on the degree the mould was filled.

With respect to function the rolling mill can be subdivided

into four parts:

heating furnace;

rolling gtands;

cooling and removal facilities;
stocking yard.

2-zoned continuous pusher-type heating furnace incorporates
4 front end burners and uses liquid fuel of the gas-o0il type.
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Layout of the rolling mill equipment 1s shown in Fig.3.

Ingots from the 1agot yard 1located in the parallel
steelmaking bay are placed by crane on the ingot receiving
table of the heating furnace and pushed along uncooled bottom
hearth guldes. The hearth dimensions are 15 by 5 m. The heating
temperature is measured with the help of the root thermocouple
and registered by the potentiometer. The heating time depends on
the rate of ingot removal from the furnace and varies 1n a
substantial range. The ingots are front pushed out of the Iront
end window onto the table. It 1s possible to push the 1ingot
manually from the table to the guides placed along the
longitudinal axis of the furnace for a second heating in case of
an accidental stop or improper heating.

After the turn-table where the ingot 1s directed smaller
section-on 1t goes to the 350 6-stand breakdown train. The first
three high cogging stand 1s fitted with front tilting boards and
8 back tilting table. The ingot 1s first rolled in coupled box
passes with tilting on the front side and then in the system of
breakdown oval and square passes. 8 passes in all are performed
in the first stand. After 6 and 7 passes the front and back ends
of the plece are cut with shears installed at the back end of
the feed tables on both sides of the stand. The plece 18 fed
from the first stand to the other 5 stands of the train via
repeaters with a pneumatically opened groove for loop release.

e - .
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Then the stock 1s rolled in a straight-away 8 stand mill

with continuous groups of 2 stands each the feeding direction
being changed with the help of repeaters after 8 or 10 stands.
Before each group of stands emergency shears are 1Installed, 8
and 10 stands are followed by rotation shears with carryover
pinch rolls between & and 11 stands. Depending on the section
8ize rolled groups of 13 and 14 stands (s 8), 11 and 12 stands
(s 10), 7 and 8 stands (s 16) can serve as finishing and leader
stands. The metal from the finishing stand goes to the flying
shears to be cut Into 12-meter rods. After the brake block the
metal 1s fed to the cooling bed where the cooled rods are
packed.

The pack 1s then jack-knifed in a sgpecial device to be
transformed by crane to the stocking yard.

Technical features of rolls and drivers are listed 1in the
Table 4. Stand housing in the roughing train are of the open-top
roll type while all other stands have close-top roll housings.
The main 1line of roughing stands 350 1ncludes an asynchronous
motor, gearbox, rly-wheel and a pinion stand. The coupling
spindle between the pinion gtand and the first working stand has
5 sleeves with bronze inserts. The other spindles of roughing
stands are of the wobbler type. Each stand-300 1s fitted with an
individual drive. The motor mounted over the pinion stand
transmits the torque.through a wedge-belt drive with rotation

]
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Table 4
Parameters of rolls and main drive motors (SAFA mill 300)
Rolls Motor
Stand Barrel Neck Hardness Power Gear
Material Tvpe RPM ratio
Do | Lomn {d,mm 1, mm SHR kW

1 360 1100 210 220 Steel 22( %)

P 350 200 195 2e0 Iron 50/65

3 350 800 195 220 iron b68/72 AC 810 990 5. 43
4 350 300 185 220 Iron 88/72
5 350 800 195 220 fron B8/ 7&
6 350 800 195 220 Iron 68/72
7 200 600 160 135 Iron 68/72 AC 132 980 3.65
3 300 600 160 135 Iron 68/72 AC 132 g80 2.92
9 300 600 160 135 Iron 68/72 AC 132 a80 2.70
10 300 600 160 135 Iron 68/72 AC 132 1480 3. <0
11 300 600 160 135 Iron 68/72 AC 132 1480 3.25
12 300 600 160 135 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 N 1850 . 1.60

(x) - The allowed bending stress

74
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speed decreased. The mill 18 to be equipped with two coilers of

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

Roll pass design in all stands beginming with the second
stand of the roughing train makes use of the oval-square series.
Leader pass for rolling reinforcing steel 1s flat oval. Pass
dimensions and parameters are listed in Table 5,6, corresponding
figures éhowing the designations (Fig.4).

Under the given technology samples are taken from the pack
in the stocking yard to measure the actual section size, test
mechanical properties and provide visual controi of section and
surface quality.

The rolling mill 1s operated from 5 pulpits (see Fig.3).

' Y
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Table O
SAFA mill 300 pass dimentions
Pass HK Br R1 R2 Bd S FK.
Stand{Pass | shape
mm mm mm mm mm | mm mn2
4
1 box 88.0 130.0 3.0 15.0 125.0 5.0 10027.5
2 box 2.0 130.0 3.0 15.0 125.0 5.0 67:0.1
3 box 90.0 68.0 3.0 12.0 62.0 5.0 5<31.0
4 box 65.0 68.C 3.0 12.0 62.0 5.0 364C.5
1 5 box 45.5 74.0 1.5 10.0 63.0 5.0 2634.0
6 fl.oval 30.0 84.0 0.0 35.0 30.4 5.0 1690.9
7 square 43.2 49.9 6.0 0.0 .0 5.0 1208.2
8 fl.oval 21.0 58.0 0.0 30.0 17.2 5.0 723.5
2 g square 34.4 34.2 4.0 0.0 .0 4.0 568.2
3 10 oval 17,7 43.%  81.0 0.0 .0 5.0 472.9
4 11 sguare 26.5 6.4 3.0 0.0 .0 3.0 338.72
5} 12  oval 13.1 31.9 565.7 0.0 .0 3.0 277.2
6 13 square 1.2 20.0 3.0 0.0 .0 2.0 192.3
7 14 oval g.3 25.7 55.7 0.0 .0 3.0 1372.5
8 15 square 14.5 15.7 3.0 0.0 .0 1.5 117.2
9 16 oval 7.1 21.0 45.5 0.0 .0 2.0 90.8
10 17  square 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  square 8.7 10.0 2.0 0.0 .0 0.5 47.3
Reinforcing rod of diam. 8 mm
13 20 fl.oval 55 14.4 0.0 36 7.9 1.5 50.2
14 21  rewnforc 7.8 8.2 4,1 0.0 .0 0.6 44.6
Feinforcing rod of diam. 10 mm
11 18 fl.oval 7.0 18.0 0.0 4.5 9.9 2.0 78.5
12 19  reinforc g.8 10.2 5.1 0.0 .0 1.0 67.9
Reinforcing rod of diam 12 mm
g 16 fl.oval 8.4 21.6 0.0 54 11.9 2.4 113.0
10 17 reinforc 1.7 12.3 6.1 0.0 .0 1.0 98.7
Reinforcing rod of diam. 14 mm
7 14 f1l.oval g.8 25.2 0.0 6.3 13.9 2.8 153.9
8 15 reinforc| 13.7 14.3 7.2 0.0 .0 1.0 138.4
Reinforcing rod of diam 16 mm
6 13  square 21.8  22.1 3.0 0.0 .0 2. 236. 2
7 14 f1l.oval 11.2 @8.8 0.0 7.2 15.9 3.2 201.0
8 . 15 Lreinforc 15.’/l 16.4l 8 2L 0.0l 0l 1, . 183. 4

]
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Table 6
Parameters of roll pass design for reinforcing rod of diam 8 mm (SAFA mill 300)
Parameters of
o Pass dimensions Dimensions of metal stock deformation
bac, ros- Abs., Elong|Angle|Rell RPM |Roll - |Tempe-|Roll
stand frass hape Height {Width|Side | Gap [Side [Height Width)section [reduc|Spread|ation| of g | of ing .jrature| ing
2hp B A S A H B + Laﬁn dB ?oer'- bite |speedirells {torque force
1ci-
mm nm mm mm mn mm e g mm mn ent deg ms KNm o kN
103,0 103.0 1U365.0
1  box 83.0 130.0 6.0 88.0 105.5 9277.8 15.0 2.5 1,117 19.0 2,89 182.5 16 1230,0 3
2 boOX 57.0 130.0 5.0 62.0 116. 4 7171.3 26.0 10.9 1.294 24.3 7.97 182,5 38 1223, 2 667
3  box 85.0 68.0 5.0 90.0 67.3 5597.9 26.4 5,3 1,281 28.8 2.74 182,56 22 1217.2 331
4 box 60.0 68.0 5.0 65.0 72.5 4998.6 25,0 5.2 1.400 31.5 3.03 182,56 21 1210.5 340
1 S5  box 40.5 74.0 5.0 45.5 73.1 2996.4 22.5 8,1 1,328 21.6 3,20 182.5 18 1202.1 337
6 rl. oval 25.0 84.0 6.0 3.0 85.0 2182.4 13.6 11.9 1.373 17.2 3.43 182.56 19 1190, 6 77
?  Square 44.2 49.9 38,6 5.0 38.6 47.2 47.4 1247.3 30.3 15,4 1.760 31.0 3.34 182,56 43 1176.2 626
8 fl.oval 16.0 58.0 5.0 3.0 47.7 1006.1 12.6 12.1 1.240 17.6 3.48 182, &6 16 1159. 6 295
2 8  square 30.4 34.2 26.9 4.0 27.5 35,4 R.9 705.4 12,3 9.9 1.426 22.9 3,30 182.5 17 1125.9 263
3 10 oval 12.7 43.5 5.0 17.5 35.2 565.2 9.4 8.3 1.248 14.2 3.38 1826 &8 1120.0 194
4 11 square 23.5 26.4 20.6 3.0 21.0 27,0 25 3 411.2 82 7.8 1.374 19.56 3,33 182.5 11 1106.4 183
5] 12 oval 10.1 31.9 3.0 13.0 2.5 2.3 7.5 7.0 1.276 12.8 3,41 182,656 6 1096.7 149
- - 6 13  square 17.2 20.0 15.4 2.0 16,0 20.0 19.3 23?.6 7.5 6,3 1.3% 16.8 3. & 1826 7 1079.9 139
= = - 7 14 oval 6.3 25.7 8.0 9.8 21.4 162.9 5.9 5.7 1.232 11.8 4,10 254.3 4 1044.6 120
8 15 square 13.0 16.7 12.1 1.5 13.0 15.8 14.6 150.8 65.6. 4,8 1.281 156.7 5.24 3372.3 b 1038.1 109
9 16 oval 5.1 21.0 2.0 8.0 1.3 127.6 4.6 4.7 1.181 10.3 6.19 386.9 3 1019.1 100
10 17  square 11.0 12.8 9.7 1.0 11.0 13.8 11.9 108.8 3.5 3.9 1.185 13.7 7.41 478.1 4 1014. 1 g2
11 18 oval 5.5 15.7 2.0 8.0 13.8 g9.3 2.6 3.2 1.0 8,0 7.97 602.8 2 1002. 6 71
12 19  square 8.2 10,0 7.4 0.5 8.7 10.6 11.6 73,9 3.2 3.6 1,344 13.1 10.70 680.4 3 006.5 a4
13 20 fl.oval 4.0 14.4 1.5 6.6 12.1 65.6 3.2 3.3 1.087 8.4 1206 767.3 2 1062, 9 72
14 21 jmmforc 7.2l 8.2l 8.2‘ .61 8.0‘ 8'0. 8.2l 51.1| "1. 2.6 11'285. 12.?115. 4'?'¥00:3.'2'l 2 1000.4l 83
Torque exceeds the allowed value: 15 17 19 passes.
Overfilling of passes: 4 6 19 passes. *
Angle of bite exceeds the allowed value: 3 4 7 passes.
Specific power consumption: 65. 0 kWh/t.
- - P
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2.4.Analysis and recommendations on improving
reinforce bars production

The main reasons for a low etficiency of the rolling
production in the SAFA plant are as follows:

- long period of shot down time for the rolling mill;

- relatively high 1losses of metal 1n the production
process;

- high consumption of fuel, electric power and other
materials per ton of yleld.

In most cases the equipment 1s sianding idle due to stops
in the technological process caused by the failure to bite and
stock breaking away from the rolling line (the so-called
cobbling) unfinished sections or hot waste as a result of such
accidents constitute the maln losses of metal and amount to 9.58
% In 1990 and 8.87 % 1n 1991 of the total yield. The unfinished
gections are cut into pleces and go to the steelmaking shop for
remelting thus znormously increasing the expenditure. A certain
amount of metal 1s wasted while a substantial part of the metal
heated In the furnace (8.67 % according to the account data from
11/03/91 to 17/12/91) 19 transrerred'back for reheating due to 8
breakage of the rolling mill or improper heating.

Study and analysis of the current technological process and
operation of equipment enabled us to define the following

"&
)
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drawbacks.

Concerning the rolling process:

1. As was stated above deficiency of the rolling mill 1is
caused by breaks 1in the technological process of rolling,
cobbling and inadequate biting primarily in the first stand of
the breakdown train.

Table 7 contalns the analysis of pass parameters,
coefficlents Kp, Km, Ka Included, which give the ratio of actual
values of the appllied rforce, torque and angle of bite to the
allowed values. These calculations are in full agreement with
the actual mill operation. To improve the biting conditions the
method of nothing was applied. Trapeziform grooves 3-5 mm deep
were cut in the bottom of the first four passes parallel to the
roll facilitating the bite. This led, though, to bulging out of
trapeziform pyramids on the gtock side In the fourth pass (after
tilting) which later peel off or are rolled 1in forming

tackle and subsequent cobbling.

2. The application of coupled box passes with 8 high ratio
b/h ~ 1.9 before tilting 1s fraught with heavy consequences such
as twisting. The smaller the cross section the more dangerous 1s
this rolling technigue. International metallurgical experience
shows that the application of box passes for such dimensions
should be avoided, th? ratio must also lead to twisting 1in the

\ ' Pl
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artiricial rilms. It may lead to the stock sticking In the
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Table 7

Analysi1s of tecnological parameters of rolling SAFA mill 300

r, Elong- |Reduc |Tempe- {Roll- [Roll- |Angle [Roll- Kp Km Ka Spec:f;l
Stand |Pass | Pass athion |tion [rature |ing ling of ing power
! =hape coeff-{ratio force |torquel| bite |speed consump
iL j} 1c1ent oC KN KNm deg mws kwhv/t
: 1 DOX 1,117 .13 1230.0 330 16 19.0 2.69 .47 .36 .73 . d
© 2 box 1,294 .30 1223.2 8B7 36 4.3 2.97 .62 .84 . 93 .97
i 2 BOX i.eB8l .88 1217.2 331 22 29.8 Z.74 .48 .52 1.18 .88
' 4 box 1.400 .34 1210.5 340 21 31.5 &.03 .38 .48 1.21 1.09
1 ) LoOX 1,328 .33 120201 337 18 21.6 &0 .31 .43 .83 1.19
: 5] rl. oval i, a7 37 1130.6  3YY 19 17,8 3,43 .30 .45 .72 1.49
i 7 Iquare 1.750 .81 11Y6.2  5&a 43 31.0  3.34 .50 .98 1.29 4. 49
8 t1.oval 1.240 .40 1159.5 246 16 17.6 3.48 .22 .36 .73 2.22
2 g mguare 1. 426 .51 1126.9 253 17 22.9 2.30 .25 .40 .95 3.26
3 10 oval 1.248 .39 1120.0 194 8 14.2 3.38 .16 .19 .59 2.35
4 11 sguare 1. 374 .50 1106.4 183 11 18.5 3.33 .17 .25 .81 3. 46
S 12 oval 1.276 .41 1096.7 149 6 12.8 3. 41 .12 .14 .53 2.79
6 13 square 1. 356 .50 1079.9 139 7 16.8 3.32 .12 .17 .70 3.86
7 14 oval 1.232 .41 1044.5 120 4 11.8 4.10 .12 .76 .49 3.47 ’ |
8 15  square 1.281 .47 1036.1 109 5] 15.7 6.24 .12 1.22 .85 4.74 3
9 16 oval 1.181 .38 1019.1 100 3 10.3 6.19 .10 .84 .43 3.90 o
10 17 square 1.195 .44 1014.1 92 4 13.7 7.41 - .10 1.3 .67 b6.11 }
11 18 oval 1.075 .28 “1002.6 71 2 8.0 7.7 .07 .66 .33 3.14 X
12 19  square 1.344 .49 996.5 84 3 13.1 10.70 .09 1,61 .66 5.84 i |
13 20 fl.oval 1.087 .33 1002.9 72 P 8.4 12.056 .07 .60 .36 4.20 |
14 ) 21 1reint‘or‘c 1.285l .47‘ 1000.4l 63 . < . 12.7 l15.47 . .06l .97l .53l 6. 05 |




T

34
third and fourth passes the threat of which being enhanced by
the pass design.

3. The fact that the rolling train of the 13-th and 14-th
stands (pinion-pinch rolls-flying shears) brings about numerous
breaks 1in the roliing process due to the
synchronization.

absence of

4. Insufficlent capaclity devices in some stands (see Fig.
4) are ovérloaded due to the improper distribution of elongation
between the stands. This overloading is not evident because of
the long periods of idle time.

5. The roll diameter in the first stand of the breakdown
train 1s a wrong cholce (370-365-360 bottom dia) which results
in excesslve dia difference (up to 30 mm). The common value for
this parameter in the world practice is 4-8 mm for this type of
stand. It leads to heavy dynamic flows in the main train,
increased wear of the bronze insects and breakage of spindles.

Concerning heating:

1.The absence of a thermocouple in the preheating zone and
a pressure control device in the furnace makes it impossible to
regulate the process of heating and reduce the metal 1losses to
the minimum. Waste of metal in the furnace was not determined in
the plant but visual inspection shows 8 thick layer of scale on

the ingot. Pressure in the furnace 1s not controlled. Taking

into account the considerable area of output and input windows
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on the front and back ends of the furnace we can assure that
cold air is sucked in in great amounts which resulis 1n an

increase of fuel consumption and metal waste.
2. The liquid fuel used is the gas-o01l type which is a Tfew
times more expensive than mazout.




2.5.Comparative analysis of furnace heating by
gas o1l and mazout

The replacement 8 gas o1l on a mazout as & fuel for heating
the holding hearth leads to some 1mpacts because differences

between physical and thermcphysical properties of gass o1l and
mazout.

The cdmparison some physical and thermophysical properties

of the both kinds of fuel 1s presented in table 8.

As 1t follows from table 8 the most I1mportant difference
between gas o1l and mazout 1s more high viscosity of
latter.That leads to some differences in transport conditions,
spraying and combustion of these fuels.

As 1t 1s shown in figure 5 above viscosity of gas oll
(dotted line) at all temperatures 1s lower than maximal
available one for screw and gear pumps (line 1), piston pumps
(line 2), centrifugal pumps of big productivity - (line 4) 1in
c¢irculatory system {(line 5).The limit values of viscosity for
the mazout (dashed line) which used for heating hearths are
respectively achieved for the mazout at temperatures
42,54,70,83 °C.Thus 1t 1s necessary to build mazout heating
system with maximal temperature of mazout and steam in heater
less than 110 °c  (line 1) and 140 °C (line 2)
correspondingly.There 1s a carbon precipitation at temperature

- a
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TABLE 8

Comparison of physical and thermophysical characteristics
of different fuels.

Parameter Gas o011 Mazout

Density at 20 9 880,3 <1015

p.kg/m>
Coefficlent of kinematic 10,3 240

|
|
I
I
I
I
i
|
I viscosity at 40 °¢,v,mn°/s
v l Content of molsture WP,% 0 3
| The lowest heat of 42329 - 39106
combustion,af,kj/kg
l Volume of products of
| combustion,Vpc,m3/kg 10,36 9,8
Enthalpy of products
| of combustion,I,kJ/kg 4082 4019
Content of RO, 1in
' products of combustion , % 15,6 16,2
|
|
|
|
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of heater 150 °C with velceity 0.5 mm per month.

The average viscosity of mazout for 1ts delivery by phmps
for flow corresponds to value v = 40 10'6 m2/s is achleved at
mazout heating temperature 68 °C ( line 3).

The different types of mechanical, steam-atomizing and
air-atomizing burners can be used for magzout combustion, hut
choice one or another type of burner has to define by viscosity
of this hazout, 1.e. temperature of its heating.

If rotary type and steam-atomizing burners are used maximal
vigcosity of mazout would not be greater than value vp..= 15
107® me/s ( line 5), 1.e. the temperature of mazout heating
would not be below 82 ©C.The maximal available value of
viscosity of mazout for alr-atomizing burners of low and high
pressure 18 equal Vmax™ 10 10‘6 m2/s ( line 6).This value
corresponds to the temperature of mazout heating 90 OC.The limit
avallable vigscosity for mechanical burners 1s more 1oW (Vp,y=6
107%m%/3) and temperature of mazout heating can not be less than
105 °C (line 7). The values of temperstures of mazout heating
are recommended for different types of burners  presented in
table 9.

Thus 1t 1s convenient to use Tfor mazout combust on
gteam-atomizing or air-atomizing burners with preliminary fuel
heating to 105-110 C. '

As usually the purners of low and high pressure with 9gteam



TABLE 9

The values of temperatures of mazout heating are

recommended for

different types of burners

Type of burner The recommended temperature Note
of heating °C

Steam-atomizing 105 line 7

Alr-atomizing 110 line 8

Mechanical 120 line 9

-
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and pneumatic spraying are used for maéout combustion.

The compressed air or steam of high pressure are served as
a sprayer in high pressure burners.The necessary air pressure
for this 18 equal P= 400-600 kPa the specific flow of mazout 1s
equal 1,0-1,5 kg/kg.The steam can be as dry saturated as
superheated, 1ts specific flow 1s equal 0,8-1,0 kg/kg.The high
quality of spraylng and effectlve combustion of mazout at
sufficiently high limits of regulation are achieved due to use
of high headed sprayer in burners of high pressure.In order to
achieve long and steady flame one can use burners of high
pressure with double spraying;if 1t is necessary to have more
short and wide flame the short flame burners are used.

The air of low pressure which are used for combustion
gerves 8 sprayer in the burners of 1low pressure.Therefore the
quality of spraying and combustion is worse and the 1limits of
regulation =are lower than 1in burners of high pressure.In

addition burners of low pressure have lower flo¥ capacity on -

mazout.

The advantage of burners of low pressure consists in these
burners don't need in use of high head sprayer.These burners
rind place for 1ts application in a little metallurglc hearths.

The comparative characteristic of burners of low and high
pressure 1s shown 1n table 10. '

Thus, based on data above we can recommend burners of low




The comparative characteristic of burmers of TABLE 10
low and high pressure

CHARACTERISTIC BURNERS OF
LOW PRESSURE HIGE PRESSURE
Sprayer Ventllation 1)'Compressed air
_ air 2) Steam
Pressure of sprayer, 3-9 1) 400 - 600
kPa 2) 700 - 1600
Flow of sprayer 100 7T - 12
(air), % from all air
needed for combustion
The flow of second alr,| 100 1) 88 - 93
% from all air for comb 2) 100
Temperature limit of 300 Heating of second
air heating ,°C air 1s not limited
The specific flow of - 1) 1,0 - 1,5
0f sprayer per 1 kg 2) 0,8-1,0
of mazout, kg
Velocity of sprayer 50 - 80 330
after the burmer,m/s
Degree of spraying
(diameter of drop),mm 0,5 0,1 -0,2
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pressure for mazout combustion in a given holding hearth.These ;
burners were compared with ones of high pressure have next ’
advantages:

1) The good mixture forming and available conditions for
the perfect combustion of fuel at low coefficient of the air
flow (n=t,1 - 1,5) are achleved due to delivery of air through
the burner;

2) in splte of sprayer has more 1low pressure the good
quality of spraying can be achleved because all air is used in
spraying;

3) The flame of burners of low pressure 18 shorter and more
convenient ( 1.e. less oxidational and sharp than in burners of
high pressure ) for the heated metal;

4) The cost of spraying 1s relatively low.

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

1) The low productivity with 1limited possibilities for-
mazout flow regulation;

2) Impossibility of working in air heated more than 300 C.

As 1t 1s known there are many types of burners of low
pressure whose characteristics are more or less equal.Therefore .,
one has to lead economical consideration for cholce type of
burner of low pressure for the holding hearth reconstruction. -
The flames formed at gas o1l and mazout combustion differs
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by concentration of smoke black particles ( u,g/m3 , degree of
blackness ( ¢, and hence by magnitude of the heat flow on the
heated metal.

The concentration of smoke black particles ina Tflow Tfuel
flame depends on air flow coefficient n and  ratio amount of
carbon to amount of hydrogen in the working mass of fuel ( cPs
HP).

i =0,068 y (2-n) cPs AP (1)

7 1s a smoke black density,g/m3.

When air flow coefficient at fuel combustion n 18 equsl
1,15 which 1s usual for burners of low pressure the smoke black
concentration in the mazout flame is equal e = 1.65 g/m3.1n the
gas oil flame p=1.45 g/m>

The optical thickness of smoke black particles flow can be
detined by formula: ) '

Ty = 0,03 (2-n)(1,6 1071 —0,5)§§—p 1 (2)

where p 18 pressure in working space of hearth,atm.;
K 13 temperature of flame,K;
1o 18 effective length of ray which can be obtained
from relation:
loee = 3,6% m (3)
where V {s the volume of working space of hearth.ms:

F 1s the area. of surface regtricting this volume,m2 .

1Y “\
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For the present holding hearth:

_ 3.6(3.78%1.280%8660)
2(3.78% 8660 + 1,280%8660)

lerr = = 1,68 m
Taking temperature of flame T = 1875 K,p = 1 atmosphere we

obtain accordingly expression (2) that opticai thickness cf

mazout flame is equal rg= 2,94 and one for gas oil 1s equal
13=2,6.

The effective degree of flame blackness for liquid fuel
combustion can be determined from :

€org =M Epyp* (1 - 1) €y (4)
which take account for relative filament of hearth volume m by
luminous part of flame.The degrees of blackness for luminous
and nonluminous parts of rlame are defined by formulas :

cort = ' - &P (Tyup* Tnjum) iéntum™ '~ €XP ( Tyyum )
where 1, .and t,, -are the optical thicknesses of layer for
smoke black particles and gaseous products of combustion flows
( CO, and H,0 ).

Taking m = 3 for holding hearths we obtain that the
effective degree of blackness for mazout flame 1s equal
el 1=0,334 and one for gas oil flame 18 equal egep= 0,338 , 1.e.
difference isn't over than 2 percents.

These results show with respect to metal heating mode

replacement gas 011 on mezout would not lead to essential
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changes.

The flow of fuel can be increased in a 1little degree due to
mazout heat or combustion 1s less than gas oil ( see TARLE 8
).In order to evaluate this inerement one can carry out 8 heat
balance for holding hearth ( TABLE 11 ).

Thus replacement gas oil on mazout as a fuel Tfor holding
hearth does not change essentially conditions of metal heating
In hearth ( productivity of hearth ) but requires to build
mazout heating system for transportation and spraying of mazout
and leads to some Increment of fuel's flow (on 9%).

The economical efficiency of the such fuel replacement

depends on prices on mazout and corresponding environment on the
local market.
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TABLE 11 47
The heat balance of holding hearth heated by mazout or
gas oll
NN Articles Kw y 4
1 2 3 4
Delivery
1 |Heat of fuel combustion 1862,5 95,19
Qopim= B Q g
2 |Heat of exothermical 94,1 4,81
reaction ( oxidation of metal)
Qgy = 5.65 10° kJ p.q
where Q = 0,02 kg/kg -- waste
Consumption
1 {Useful heat expended 670,83 34,28
on metal hegti -
- eg _ n
Qtotal‘ P Im Im )
where Im - enthalpy of metal
kJ/kg
2 |Heat lost with 931,2 47,59

products of combustion
Q=B VpC Cpe tpc

where Vpc - products of

combustion volume .m3/kg;

cpc - products of combustion

thermal heat capacity.kJ/m3 K;
tpc products of combustion

R T
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temperature, °C.
Heat lost with mechanical 18,6 0,95
imperfectness of fuel
combustion ’
, p
Qmecn = 0.0 B Q
Heat 1lost from heat 149,0 7,62
conductivity through break-
lining
Unconsidered loss of heat 186,97 9,01
Qunc = (0,05 - 0, 15) Qdel i

Flow of fuel mazout 0,048 (171,27)
kg/s ( kg/h) gas oil 0,044 {158,2)
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3.CONCEPT OF PROJECT PROPOSALS ON REIFORCING
EUIPMENT AND TECHNOLOGY OF PRODUCTION ON SAFA

Project proposals have been developed 1in accordance with
preliminary recommendations and amendment.This proposals include
some sSudjestions on equipment modernasation and Trolling
technology improvement.Proposals are in Part II of Final Report.

3.1.Concept ¢t project proposals on converting
heating furnace from gas oil to mazout fuel

Now heating furnace 1s heated by gas o1l combustion. But
the gas oll price 1s considerably more than mazout price.
Replacement gas o1l on mazout as fuel for holding hearth will
lead to 1ncreacement of production effectiveness. For
replacement 1t will be necessary to bulld two reservoirs with a

system of mazout preheating, two force-pumps, stand of mazout.
preparation to combustion and four affective acoustic burmers.

Part II of Final Report 1includes project proposals,
including acoustic burner for mazout combust.on.
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3.2.Concept of project proposals on improvement of 50
roll pass design

Some reasons for rolling production low efficlency in SAFA
roiling mill have been mentioned in section 2.4 of Part I of
Final Report.Designed proposals were suggested and calculated in
order to improve the rolling calibration for SAFA rolling mill.

Designed Proposal of improving the rolls calibration for
the SAFA rolling mill 1s 1implemented to eliminate some
shortcomings in the functionality of the mill. They seemed to
be related with the passes construction. The purpose of this
work 1s to 1inerease the productivity, profitableness and
output production quality of the mill. Designed Proposal 18
made on the basis of direct studying of the mill in  realistlic
conditions of production and of the latter computer analysis
of the working rolls calibration.

It was determined that main reasons of the low mill
efficlency are connected with unsatisfactory bite conditions

in the first stand of the breakdown train and also by -

frequent violations of the process while sticking of the
stock 1in continuous stands groups and it's throw from the
rolling train (cobbling).

Some technical proposals, calculations and new roll pass
deign have been made in order to decrees standing idles and to
increase the productivity and quality of final product.Part II
0f Final Report conta}ns the proposals.
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3.3.Concept of project proposals on rolling mill

and flaying shear synchronization

It was written at the section 2.4 that nonsynchronized
operation of finishing stands 13 and 14 and flying shear leads
to breakdown of technology of rolling regime.

4

On the base of technical data investigation 1it's possibly
to summarized:

- the flying shears drive 1s perrdrmed from DC engine powered
by (which takes 1ts current from) controlled tiristor
transmitter with modern control gystem (with analog or, better,
numerical regulators of rotation frequency),

- the power of drive engine would be sufficient to provide
the convened cutting of the front edge in flying shears start-up ‘
regime from initlal position or position set while running. The
change of advancing would be excluded at back edge output from
the stand N 12 due to use a loop regulator between stands N 12 -
13. While regulated loop the available acceleration would be
chocked 1n accordance with dynamic parameters of shears drive.

Taking into account the electric drives of stands NN 13,14
are constructed with DC englnes 1t 1s quite reasonable to use
the same type of drive for the flying shears and feeding
rollers. At least, this solution 1s considered more preferable
than the used one wigh special AC engine' and electromechanical
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regulator trough servo motor.

To realize the project proposals 1t's necessary to develop
the project 1n details and to purchase equipment.
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4. REINFORCING MANAGEMENT SYSTEM OF SAFA

The management structure of SAFA was created taking into
consideration that SAFA 1s a division of SNIM concern.

Many managerial functions were undertaken by headquarters.
For example, data processing for many components was carried out
by SNIM computer center.

It 1s well known, that modern trend of development of
Management system 1s a creation of Computerized Management
Information System (CMIS), and this 1s one of the objectives of
this project.

Introducing of CMIS require of certain preparation creation
80 called "information culture”, in first line skilled personsl.

SAFA has limited experience to work with computer system.
Same computer calculation having been carried out 1in SLIM
computer center (e.q. sslary, inventory ete.).

In SAFA staff practically are not experienced and skilled
programmers. In this connection, ~one of the task of
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,
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reporting etc. As rfar us a gystem development 1s concern,
troubles shutting etc., the experienced system programmer should
be involved.

To the informatlon culture belong also designing and
construction computer rooms with alr conditions. It 1s
particularly important for MAURITANIA conditions, where the'some
particular of deserts' strand are always presents in the air.
Such rooms suppose to be constructed by SAFA.

4.1. Analysis of current management methods
4.1.1. Punctional and org-nizational structure

The management structure of SAFA can be subdivided 1into a
number of basic departments: administratién, commercial,
financlal and 1ndustrial departments (see Pig. 5). As was
mentioned before, this structure was developed for Joint
operations with SNIM and included organisational and functional
component.

Taking 1n consideration modern trend of management'

development, there several questions, which could be considered:

- Is 1t necessary to have so many departments and sections
for relatively small plant?

- Is 1t reasonable to have, for example, management

Y S




Managemeni Branch  Department

General manager

Section

Secretaries

Management

Guards

11

Foreign relation

Staff department

Administration

Lawyers

Translators

Financial

Accountant general

Accountants

Commercial

Export-import

Technlca

Home market

Production

Steelmaking shop

Rolling shop

Project office

Laboratory of
technical control

Planning of production

Works program

Production supplies

Maintanence

Engine room

Mechanical repairs

Fig. 5

Electrical englneering
section

Current management structure of SAFA




department, which 1ncludes secretaries, guards and Forelgn
connections?

- Is 1t reasonable to divide organizational and functional
structure?

Answer on this questions depends an SAFA policy and
possibilities. It 1s also clear, that managerial structure
reflecting traditions, experlences, character of each
enterprise.

4.1.2. Current information system and data flow

Analysis of the management system made 1t possible to
define the data, flows of primary Iimportance 1n creating the
system of automated management support. It must be noted that a
certaln part of the information 1s common for several
departments although the output structure for each depariment ‘is
unique (see Flg. 6-8).

The technical department is concerned with the following
data flows:

1. Control of metal transfer within the steel plant rroﬁ
gerap to finished product;

2. Transfer of materials in the stocking yerd and
workshops.

The tirst data flow includes the scrap storage, steelmaking
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Data flow chart for

and
— Information —

- Commodity name;
Code
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57
liers, commercial
Bccountants ACtiVities
= Departments ==

== Commercifl ==
Name of commodity
Previous orders

Name
Grade
Unit of measure

— Recipient -
Department

Suppliers

Plant

Name
Address

Payment condlitions
Transportation

Cost 1n currency
Type of currency
Country-the sender
Company-the producer

Supplier -———

Delivery eond!tionz

]

Order
Order number

Iatest order
Delivery conditions
|Payment” cond1tions

rAccountant's office;
Commodity name

- List of suppliers —
Names of commodities
Delivery conditions
Psyment conditions
Transportations

Cost 1n currency

Paid for
Recelved
Recipient
Expenditure

—— Su plies — ‘
Name ol commodity
Order number
Recelived
Recipient
Supplies
Consumption
Remainder
Ninimum stock

1

Date of ordering
Date of recelving
Ordered

Recelved
Supplier

Log

Production =

Number of a dorumen®
Supplies
Consumption

Security stock

S
Cost In local currency

Remainder minimum stock

Name of commodity
Expenditure
—{Remainder 1in
production site
Consumer quality

Security stock

mgl 6
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Input information flow chart for the production department

—— Information ——

Steelmaking shop;

Number of heat
Number of 1ngots
Carbon test

Heat mass, t

Rolling instruction

— Per each heat —

|
!
|

—— Per shift

- Amount of -
Steel’ ingat

eel, Ingnts, *
Good hesats ’
Waste heat

Yield

For maintenance
For the laboratory
For SONELEC

— Idle time per day, h —

For mechanical equipment
For electrical egqulipment

Rolling shop

Per each heat

== (0bjects ===

[ storenouses

Number of heat

Rolled product dia

Roiled product length

-Amount, }ons, pleces-
0

Heated ingots

Rolled ingots

Ingots to be reheated
Waste ingots

Second-rate ts
Error in defin n% ingots
Rods of one ingo

Test results

Linear meter mass
{Consumption coefficient

Ingots —
For the beginning
of work

Delivered to the
gtorehouse

Lefrt the store

house

Actual amount in

the storehouse

- Rolledlproduct1

Per shift ——

Amount of rolled
product yield, t
Amount of waste, t

— For maintenance
For the laboratory
For SONELEC

with respect to
section

Product
Incomplete
Unbent rolled

product
Sold

Dispatched

- Idle time per shift, h -

For mechanical equipment
For electrical equipment

Reasons

Fig. 7
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Output data flow chart for the production

— Information ——

Chief engineer

=== Departments

Accountents

Steelmaking production

Per day

- Amount of heats, t -
Total
Waste
Good
- Amount of in%ots,
pleces, tons -
Good
In the ingot yard

Total amount per month—

L Per day —
Heat numbers
Amount of yield, ingots, t
Total amount per month

Rolling production

Per day — 1 —

Rolled product dia

- Amount, ingots, tons -
Heated

Returned for reheating
Rolled

Waste

Consumption coefficlent

—Total amount per month—

—L___Per day

Rolled product dia

- Amount, ingots, tons -
Heated

Returmed for reheating
Rolled

Waste

Second rate

Error in defining

Ingots

Stocking yard

l—-T‘otal amount per month—

|
With respect to section,t Wlth respect to section,t

Product remainder in the Product remainder in the
stocking yard stocking yard
Uncompleted Sold

—

Unben Dispatched

Fig. 8
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shop, ingot yard, rolling shop and the stocking yard taking into
gecount the total volume of production, yileld, second-rate
product, waste, return for re-heating, batches complete for sale
and untinished product. Data on 1dle equipment and reasons for
that are stored and processed. The overall volume of informatlon
1s grouped according to heat, shift, pass dlameter per day and
month. The current state of things in the plant 1s also
registered.

The second flow includes delivery and consumption of
material in stocking yard and workshops, fulfilling of supply
orders, current remainder in the storehouse. It 1is necessary 1o
take into consideration the actual demand for the product
determined on the basis of minimum and safe values of the
material stock from:

SN = Ke(D + TS)
where SN 1s safe value of stock, units of measure;

K - monthly consumption of material, units of
messure/month;

D - delivery time, months;

TS - minimum stock, expressed in months of work (2—3
months)

Administration includes the data on staff, wages, working
hours etc. Problems of this type were well developed and
automated in the framework of the mother-company SNIM and the

N
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software arter the reqguired adjustment can be used 1n_~SAPA
computers.

The information for the commercial department incorporates
data on materials purchased by SAFA, data on suppliers including
delivery conditions, prices, payment and transportation; data on
delivery orders and their implementation.

The financial department 1s concerned with: dailly data on
the production process; cost of expenses with respect to
departments and plants with subsequent estimate ofr cost price of
the finished product (see Pig. 9). |

Bank transactions with customers and suppliers (this part
1s automated by SNIN).

Factors common for all the departments affecting the
management are to be noted here:

- low volume of production and small batches of the
finished product;

- high cost price of the finished product;

- high rate of waste and idle time;

- necessity to import the main spare parts and consumed
materials the number of commodity denominations purchased
exceeds 2.000.

- shortage and high cost of electric power and water.

Problems arising from the above are:

- necessity of a certain amount of stock to provide regular

:
!
|
|
I
I
I
|
|
l
|
I
I
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l Account of consumption and cost price estimate of SAFA production
l — Total mill expenditure
| Electric power
Water
| Auto transport
= Consumed materials with respect Spare parts
. I 1o each department
N l — Steelmaking shop Rolling shop———— For departments —
: Scrap . Hardware and pro Workshop building
E Ferrgalloys ts Props Water p\grirication
Electrodes and nipples Rolls Compressor
l Noulds Oxygen vidual tools
Puel Fue Shift technological
Oxygen Refractories transport
, | Thermocouples Repair facllities
Limestone Cranes
Refractories Electric furnace
v l _ Ladles
Transformer
1 Heating furnace
; Tables
;. I Train 350
3 Train 300
A Shears
| Cobling fact11t1
00 ac es
\ | Collers
— For each department —
| Amortization
Wages
Business trip expenses
l Soclal Insurance
Communal expenditures
Remaining expenditure
-} Guard :
' Fig.9
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operation and reducing it to the minlmum;

- planning of purchase and selection of suppliers at
optimum cost and delivery time;

- gstock-taking, estimation of unfinished product, 1idle
time, repairs and maintenance, planning and sales;

- estimation and reducing to minimum of expenditure on each
production and plant.

4.2. General concept of Iintroduction of Computerized
Management Informatlon System (CMIS)

The following components suppose to be 1ncluded 1n the
general concept of Introduction of modern CMIS:

- CMIS should reflect and to be 1n accordance with existing
functional &and organizational managerial structure of the
enterprise. ,

- The managers of enterprise suppo3e to be prepared ‘to
adjust and adopt operating functional and organizational
structure to new condition: to work Jointly with CKIS.

- CMIS should be considered as a developing system, which
1s 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 development.

- CMIS 1s based on modern Personal computer and software.

Recommended management system is shown on Fig 10. It 1s
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Management Branch Department Section
Genersl manager Secretaries
Guards

Poreign relation

Starf department

Administration Lawyers
Translators
Computer MIS Programmers
Accountant general
Financial
Accountants
Commercial Export-import
T T Home market )
Steelmak sho
Production 1ne P
S Rolling shop
1\ N
N\ Laboratory of

technical control

Planning of production

Project office

Works program
Production supplies
Inventory
Maintanence Mechanical repairs

Electrical repairs
section

Fig. 10
Recomended management system of SAFA

- N,V Coon--

‘ '
b




v T T —= — i 'r-"-'“ ~

based on eristing structure with some additional Department,
namely Department of Computerized Management Information System,
which should report directly to General manager. Besides the
more sectlon are Integrated under administration.

4.3. Hardware system and software package

The following PC has been supplied and install in framework
oI this project:

Parametres
TYPE Main store,| Hard disec,|Clock rate,| Adapter|Quantity
MB MB NHz :
PC/AT 386 16 320 33 VGA 1
PC/AT386SX 2 40 16 ~ VGA T

The computers are powerful enough to meet the SAFA
requirements and allow to enhance the system being developed in
view of forming a single network. Control system ensures data
Independence and convenlent contract with the user, as well as

use of high rate programming languages such as CLIPPER v 5.0 and
MICROSOFT C v 6.1a.

The following standard software packages are supplied:
- Norton Commander, French

=




- Nultiplan, French

- Multiedit, English

- Brief, French

- Foxbase plus, French
- Statgraphics, English
- UNISTAT

- AutoCAD, French

4.4, Punctional structure of CNIS - ¥aln menu

The followings subsystem are included in classical maine
menu of CMIS, Fig 11%
- PRODUCTION
- MAINTENANCE
- FINANCIAL and COMMERCIAL
- ADMINISTRATION
The development and installation of such integrated system

request a lot of resources. It is estimated, that for plant like

SAFA with about 100 employs and annual production about 5000 t.
13 request 30-40 man/month. resources. Besides of that permanent
support and development of the system 1s required, as well as
additional hardware and software parches.

The maine menu and subsystem can have different structure
depending on enterprise organization and functions.

vy
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LN Production| | Techcmical | | Maintanance | |Finance & | jAdwinistrati
& Supply Commerce
I SUBSYSTENMS
' Production Magasin Balance ‘ |
' Ty
: Steel making | {Production Inventory Cost-benefit] {Personal "
T' shop planning and | |control balance
5 control
; ' Rolling mill Materials Suppliers
‘_ Stand down requipment
l Laboratory time Export &
' l Planning & | |import
| Row material | |Bookkeeping &| |purchoising
1 supply sonitoring Home zarket
: ' Spare parts
Final product| |Statistic control IISalary I
and control
' Ccap
' REPORTS AND MONITORING
v Row material | [Production List of Katerial/
stock planning & materials finance
control balance by

| Heat. report | [Heat by heat: | |Security stock| |departments ,

LN -in steelmaking & grows of

N\ Steelmaking shop Remainder of expences
: l SUNBAr'Y ~in rolling materials &

\ report shop spare parts Supplier:
: report -condition/
, l Ingots stock} {Month/year/ transportion
period control | |Delivery of delivery
Rolling consumpt.ion -payment
l everyday Shot. down report condition
report time reports
I (shift/days/ Balance of Request/
Rolling month/years/ material order of
SURBArY reasons) materials
' report
Bookkeeping Information
Final of execution
I product - |of orders ,
report i
Sold/despatched ‘
l of material '
reports '
%)
e ‘ Fig.q1 . 5
Computerised management information system (CMIS) -
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The modules, which are the part of different subsysiem are

undertaking numbers of functions. The output data and reporting

gystem are covering usually the demand of different departments
and sections.

4.5. Operating subsystems SAFA's CNIS

SAFA's operating system developed 1n framework of this
contract 18 shown on Fig. 117

This system can be congidered as a Phase 1 of vSystem
development.

Problems most important for producing the software, 1.e.
playing the key role in daily information, account and estimate
of cost prices have been gelected out of the total stock of
problems. As basic programs they are designed to exchange data
automatically, 1.e. they are in fact the systems connected, 1n
curn, to the single SAFA system with access to the common
information.

Punctional flow of the SAFA system includes:

1. Transfer, balance and stock-taking of the product from
raw materials to the rolled product. -

2. Transfer and balance of materisls necessary to produce
the finished product as well as production maintenance (spare

parts, spare equipment, tools, etc.).
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SAFA computerized management information system
DATA BASES
— Production 1 Materials —— — Suppliers ;  Expenditure -
- Scrap store | |- Name - Supg%y - Materials
_ Steelmaking ||- Expenditure conditions| |_ ppoquetion
- Ingot store giglster - griie — Salary
- Rolling - Urders - dellvery - Additional
_ Finished - Suppliers conditions expendi ture
product store ||~ Reclplents
- Security store
SYSTEMS
Produ?tion Magazines Bal?nce
Production Commertial Supgly and Financial
and planning stores

~ Reports

schedule

balance
- Quality

- Standi
idle "8

- Production

- Production

- Orders for {|- Reglster of| |- Value balances
materials supply/ (in prices) for
expenditure departments
- Suppliers || yaterial - Primecost for
account gnge?%p{o%ugt
_ Material nishe
balance product
- Security
gtore
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3. Account of SAFA expenditure, including the materials in . u%
. the storehouse and workshops with respect to plants and
f' departments.
" 4. Calculation of cost price of the finished product for
the steelmaking and rolling shops and for the plant as a whole. ‘
5. Account and data on the stock of materials in the
storehouse, calculation of minimum and safe amounts of the

¢

' |
materials compared to the actual remafnder in the storehouse. 1
6. Storage and output of reference Information on

suppliers, delivery conditions, prices, etc. for commercial
activities. ‘

T. Account of orders fulfillment for the department of 1
sales and suppliles.

8. Estimation and analysis of idle time.

9. Printing and monitoring of documentation, including ' A
daily reports from the workshops, logs of commodity transfer and |

I

|

i

|

!

|

I

I

expendi ture, etc.
| 10. Design work making use of the AUTOCAD system.
|

i

|

|

|

l

11, Statistical application of the data with the use of
STATGRAPHICS system.
12. Routine accounts with the use of the HULTIPLAN gystem. 1
The software being developed 1s to be used in personal IBM-
compatible computers.
SAFA system software includes three basic subsystems:
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storehduse: material supply and commercial activity, production

control, expenditures and cost price calculations (balance). All
ol these subsystems can use common databases.

4.6. Storehouse subsystem

The subsystem iInformation 1s used by administration,
Iinanciasl, commercial, supply departments and those sections of
industrial department which are recipients of materials. Main

menu of subsystem is shown in Fig. 12. Database structure of

supply subsystem 1s presented in Pig. 13. Supply and industrial
department entry data on materials, income and
expenditure,execution of orders. Commercial department forms
orderé for materials and directs 1information about suppliers.
The sections of industrial department have opportunity to form
orders on materials. All departments receive information about
transfer of materials, remainders in storehouse. Commercial
department receives Iinformation about supplier,necessity in
material, requests, history of orders execution (Including
conditions of delivery). The basic videograms are shown in Fig.
14-20.

The next functions are executed by subsystem: input and

output data creating and processing functions, service
functions, fast data access functions.




Main menu of STOREHOUSES system

STOREHOUSES

-Create Journal

-Change name
-Delete

JOURNALS

ORDERS

-New order
-Search & correct
-Display
- execution of orders
- conditions of delivery
-Print
- execution nf orders
- conditions of delivery

-Delivery of material
-Consumption of material
-Revigion
-Delete book records
-Balance
-Print

- wares in stock

- remsainders in stock

MATERTALS

SUPPLIERS

-New material
-Search & correct
-Print data on material

-New supplliers
-Search & correct
-Print data on suppliers

SERVICE

-Rest calculation

-L1st of department correction

-Make hard disk copy
-Restore hard disk copy
-Make floppy disk copy
-Restore floppy disk copy
-Restore index files
-Configuration

n
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DATABASE STRUCTURE OF SUPPLY SUBSYSTEM

LIST OF STOREHOUSES MATERIALS

1.Code 1.Name

2.Storehouse name 2.Clpher
3.Mark

SENDERS

DEPARTMENTS

1.Code

2.Name

AGGREGATES

1.Code
2.Name

4.Unit of measurement
5.Sender cipher
department/aggregate
6.Consumption per unit of time
T.Dellivery time

8.Minimal stock

9.Safety stock

10.Storehouse

11.Note
STOREHOUSES JOURNALS
STOREHOUSE 2
STOREHOUSE 1
1.Material name 8.5QL
2.Cipher 9.Income/expenditure date
3.Mark 10.Document number

4.Cost, UG
5.Sender cipher

department/aggregate
6.Supplier cipher
7.0rder number

11.Income/expenditure amount

12.Material stock on a given cost

13.A11 material remainder
14 .Revision remainder

Fig. 13
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ORDERS

1.Material name - Supplier -

2.Cipher 13.Supplier name

3.Mark 14.Answered yes/no

4.0rder number . 15.Address

5.0rder date 16.Delivery conditions

6.Dellivery date

T.Exectition time
8.Transportation cipher
9.Amourit received per reception
10.Recelved in total

11.Will be recelved

12.Note

17.Payment conditions
18.Transportation
conditions

19.Cost in currency
20.Type of currency
21.Sender

22 .Producer

SUPPLIERS

1.Supplier name

2.Material name

3.Material cipher
4.Answered yes/no

5.Address

6.Delivery conditions
7.Payment conditions
8.Transportation conditions

9.Cost 1in currency
10.Type of currency
11.Sender
12.Producer

Con. Fig. 13

vy




_ e s sl
\
74
Enter/Select &: <Tah>-Begin <F10>-Exi
Delivery of commodity in storehouse Sklad 1

 § Commodity — |

¥t Cipher 0000001 Name Material 1  §

¥| ¥ork Material | Dimension T  §

¥| Recipient: Industrial department Steelmaking department  §

¥ K= 200.00 D= 2.0 SS= 2.0 SH=K(D4+SS)= 800.00 (¥

Order Delivery I

3| Order mmber 0000000056 i1

¥| Date of order 2870371992 | E 06/06/1992

¥| Date of delivery 0670671992 |El Document mmber 00000001

3| Difference in month 2.3 | 100,00

¥| Transportation code T 500,00

¥| Ordered 10,000.00 {E¥H Received UG cost 50,000,00

¥| Received 4,400,00 i ¥

¥!| Hill be received 5,600.00 100.00 UG 500,00

| Supplier: 3.600.00

| Olivetti

¥ Note:

Enter SCL code

< >leftRight <Enter>-Entry <Esc>-Exit
Fig. 14,
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l Vi)
: ' Enter/Select &: <Tab>-Begin <F10>-Exit
) Consunpt.mn of commodity E
| "  Rawill I
¥| Waybill mmber 00000001  Date 06/06/1992  Distributed by Zaitsev  §
I  ; Received by  Uorobiev
 §
Conodlt,y
| ¥| Cipher 0000001 Name Material 1
¥| Mark Material 1 Dimengion T |
¥ K- 200,00 D= 2.0 SS= 2.0 SN=K(D+SS)= 800.00 (¥
' $! Cost 300.00 UG Remainder: By cost 300.00 UG 120.00 |3
| In total 2,800.00 |¥
v |
| 5 _ Consumpt.ion 1
S ¥ SCL 11 fmount 300.00 ¥
N ¥/l Recipient: Industrial department Steelmaking department :
. i Note:
| Enter SCL code
l < >LleftRight <Enter>-Entry <Esc>Exit
' Fig. 15.
4
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Ent.er/Select & <Tab>—Begm <F10>-Exit
¥ Conodlt.y 5
¥| Cipher 0000001 Name Material |  §
§{ Mark Material 1 Dimension T  §
¥| Recipient: Industrial department Steelmaking department  §
¥ K- 200,00 b- 2.0 SS= 2.0 SN=K(D+SS)= 800.00 ¥
i  §
3 Jakas -
¥l Order number 0000000056
£l Date of order 2870371992
¥(l Date of delivery 06/06/1992
3ll Difference in month 2.3
#ll Transportation code T
§|| Ordered 10,000,00
$i| Received 4,400.00
E| Will be received 5,600,00
Supplier:
Zll Olivetti
i Note:
¥
3 B ——
Enter note to the order

< >leftRight <Enter>-Entry <Esc>-Exit
Fig. 16,
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l Ent.er/Select a: <Tab>Begin <F10>-Exit
EEFERREEEE Conditions of delivery EEEESFHR N IHEE
l Supplier Olivetti $Iiiziiiiiiiiiiii
Conodlty cipher OOOOOOIMonodxty name Hatenal i
Cost in currency 300 l------ ffiiziziziiiii
o
N
h
Ent.er name andaddress of conodlty S producer
< >LeftRight <Enter>-Entry <Esc>-Exit

Fig. 17. ‘
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Enter/Select &: <Tab>-Begin <Fi0>Exit
BEEE Revision 3 ‘

§. Doéunen  §

¥| Document 00000001 Date 06/06/1992 Checked up by Uorcbiev  §
Received by Zaitsev

|
"""""

$| Cipher 0000001 Name Material 1

§| Mark Material 1 Dimension T  §

¥l K- 200.00 D- 2.0 SS= 2.0 SN=K(D+SS)= 800.00 (¥

¥| Cost 300.00 UG Remainder; By cost 300.00 UG 300.00 |¥

 § In total 3,100.00 ¥

4 |

i Fact £

¥l| Actual remainder 100.00 In total 2,900.00 {¥

¥ii Note: : 3 ‘
Enter note to revision B

< >LleftRight <Enter>-Entry <Esc>-Fxit

Fig, 18,




Enter/Select &:

<Tab>-Begin <F10>-Exit

Enter new commodity
Search & correct materials
Print data of materials

. Conodlty

>LeftRight

Enter note or pPOpertle‘; of a gwe1 conodlty

i ¥

¥l Cipher 0000001 Name Material 1

§|| Mark Material 1 Dimension T ¥

¥l Recipient: Industrial department Steelmaking departsent ]

i K- 200,00 D= 2.0 Ss= 2.0 =K(D4+SS )= 800,00 ’

¥ Note: Storehouse

 § .

<Enter>-Entry <Esc>-Exit

Fig. 19,
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Ent.er/Select. & <Tab>Begin <F10>-Exit

Supplier Olwettl T -
Conodlty c1pher 0000001 E Commodity name Material 1

Enter name andaddress of conodlty s producer

< >leftRight <Enter>-Entry "<Esc>-Exit

Fig. 20.
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4.6.1. Data input

- Create, change, delete journal of storehouse;

- Create, change, delete information about recipients (the 1ist
of departments/aggregates);

- On-1ine entry, change, delete material (only if records about
material in journals of storehouses no exist);

- On-1ine entry, change, delete ‘request (only for request on
material) or order for material;

- On-1line data entry about conditicns of delivery in a claim
from the 11st of suppliers;

- On-11ne data en*ry and change about suppliers;

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

- On-1ine data entry about consumption of material;

- On-line data entry about revision's results;

- Delete delivery/consumption/revision records from Jjournal of
storehouse; '

4.6.2. Output data creating functions
- Digplay the the 11st of storehouses;

- Display the 118t of reciplents (departments/aggregates);
- Display the 1ist of materials;

LAY
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82
- Display the list of materials which are in a given
storehouse/out of all storehouses;
- Display and print data on materlals which are 1in
storehouse/out of all storehouses;
- Display and print data on storehouse's journal if remainder of
material 1s less than safety;
- Display and print data on material remainder in the storehouse
(1f this one less than safety);
- Display and print waybill about consumption of material;
- Display information about remainder of material at entry data
on delivery/consumption/revision;
- Display and print act of revision;
- Display and print balance of material at storehouse(s);
- Digplay the 1list of requests/orders for a given material In
chronological order;
- Display the 1ist of requests/orders for a given date;
- Display and print information about execution of orders;

- Display and print dellvery conditions of material in the -

order;

-Display information about execution of order st entry data on
delivery of material;

- Display the 1list of suppliers for a given commodity by a sign
angswered or not the present supplier on requests;

- Display and print information about supplliers;

N T S

-




s .

//"o?;~‘

.
’

[

rews) WEER oume SN @GUn soas TR

- Display user's error dlagnostics;
- Display help messages.

4.6.3 Data processing functions

-Control user's input data entry;

-Calculate remainders/all of material in stock by cost;
-Calculate safety remainder of material;

-Recalculate remainder after deletion of records from Journal,
revision or 1f data on material entry wasn't performed in
chronological order;

-Strike storehouse’'s balance;

-Make up expense waybill;

-Nake up act of revision;

-Sort Journals of materials by name and cipher of material, by
date of delivery/consumption/revision;

-Sort the 118t of orders by material's name,by date of order and
date of material‘'s delivery;

-Sort the 1ist of suppliers by materials, by sign answered or
not.

4.6.4, Fast data access functions

- Search material in storehouse's journal by a following
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attributes: name, cipher, delivery/consumption/revision
operation date;

-Search materlal in  the 1ist of materials by
storehouse/name/cipher;

- Search order/request by material's name, order humber, date ot
order;

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

4.6.5. Service functions

- Make databases reserve copy on 8 hard disk;

— Restore Information from hard disk-reserve copy;

- Save databases on floppy disk;

- Restore information from floppy disk;

- Restore index files after hardware malfunction and databases
restoring;

- System configuration;

- Display setup (color/background/open information windows):

- Print gsetup (pages/roll, font compressed/normal, number of
rows, number of columns, left margin on a page);

- Sound signal at error dlagnostics on/off.
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4.6.6. Data output - reporting

I

i

l The subsystem 1includes next output forms: Journsl of
storehouse, summary of material's remainder in storehouse,

l expensive waybill, balance of storehouse(s), act of reiision,

l summary of execution of orders, conditions of dellvery in

|

|

I

orders, summary of materials and summary of suppliers (Fig.
21-29):

4.7. Production control and monitoring subsystem

For this system the following departments are users of
* iInformation: administration, finance, commerce, and
| subdepartments of production department: steel and rolling
Qs‘“ productions and the lab. Main system menu 1s presented by Fig.
\ 30, information structure of database 1s on the Fig. 31. Steel
g production and roliing departments and the lab enter information
about manufacturing of steel and rolling, products quality,
scrap and 1ingots expenditure, transportation of finished
products, and stores states. All departments receive information
about metal movement through the plant, valid rests of products
in the store (Fig. 32-38).
The system includes following functions: forming and
processing of entering and exiting information, service, and
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JOURNAL OF STOREHOUSE OUTPUT FORM )
' Delivery and consumption of wares from storehouse Sklad 1
from 2870371992 to 06/06/1932
l Cipher 0000001 Name Material |
Mark Material 1 Dimension T
| Recipient Industrial department Steelmaking department
K= 200.00 D= 2.0 Ss= 2.0 SN=K(D+SS)= 800.00
I Order  |Document|Delivery/| Delivery Consumption| Resainder
number number |Consump-
l tion date ;
P 0000000056 00000001 31/03/92 900.00 900.00
04-audit 31/03/92 600.00 '
. 003-out 01/04/92 300,00 300,00
Total
. 900,00 300,00 300.00 *
N ‘
N Fig. 21. 11
S |
{
| 1
| 1
T
[ -
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SUMMARY REMAINDERS IN STOREHOUSE OUTPUT FORM

Remainders of wares in storehouse Sklad 1 on Jo0/03/1992

LY

|

Commodity| Commodity K D |SS|SN Remainder
cipher | name

0000001 Material 1 200.00 2.0 2.0 800.00 500,00
0000045 Material 2 300.00 1.0 4.0 700,00 70.00

Fig. 22.
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EXPENCSIVE RAYBILL OUTPUT FORM

Expensive waybill number 01239823 from 06/06/1932

Distributed by Vorobiev
Received by laitsev

W T
‘ <
L)
N :

Recipient Industriai departeent 003 Steelmaking department 004
Commodity name Cipher Cost fmount, Sum Note
Material 1 0000001 126.00 100.00 12000,00 Note
Material 1 0000001 300.00 50.00 15000.00 Note
Total
150.00 27000,00
Signatures
Fig. 23.
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CONDITIONS OF DELIUERY IN ORDER OUTPUT FORM

Conditions of delivery of commodity in order 401 from 01/02/1932

Cipher of material 0000001 Commodity name Material 1
Makr Material |
Recip. Industrial department 003 Steelmaking department 061
K= 134.00 D= 1 Ss- 2 SN-=K(D+SS)=  402.00
Supplier Olivetti fnswered YES
fiddress of supplier

Delivery conditions

Payment conditions

Cost in currency 120.00 Type of currency $
Transportation conditions

Sender

Producer

Fig. 25.
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SUMMARY OF MATERIALS OUTPUT FORM

List of materials in storehouse Sklad 1

Commodity cipher 0000001 Material name Material 1{

Mark Material |

Recip, Industrial department 003 Steelmaking department 004
K= 200,00 D= 2 Ss= 2 SN=K(D4SS)= 800,00
Commodity cipher 0000045 Material nase Material 2

Mark Material 2

Recip. Industrial department 003 Steelmaking department 004
K=  300.00 D- 1 SS- 4 SN=K(D+SS)=  700.00

Fig, 26,
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SIMMARY OF EXECUTION OF ORDERS OUTPUT FORM

Execution of orders in storehouse Sklad 1 from 0170171992 to 06/06/1992

Commodity cipher 0000001 Material name Material |

Mark Material 1|
Recipient Industrial department 003 Steelmaking department 004
K= 1.00 D- 2 S§= 2 SN=K(D+SS)= 6.00
Order Delivery fimount,
Note
Number Date Date Dm |Kt| Ordered | Received | On order
210 01/01/1392 3001/1992 0.0 12500,00 0.00 12500,00
1170271992 1.4 12500,00 1300.00 11200.00 Note
1170271992 1.4 12500.00 500.00 10700.00 Note
211 0570171992 27/01/1992 1.4 23000.00 0.00 23000,00
1670271992 1.4 23000.00  8000.00 15000.00
1870271992 1.5 23000.00  2000,00 13000.00
Fig. 28.
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SIMMARY OF SUPPLIERS OUTPUT FORM

Information about suppliers

Cipher of material 0000001 Commodity name Material 1

Makr Material | ;

Recip. Industrial departsent 003 Steelmaking department 001

K- 134.00 D- SS= 2 SN-K(D+SS)=  402.00

Supplier Olivetti
Address of supplier

Delivery conditions

Payment conditions

Cost in currency 120.00
Transportation conditions

Sender

fAnswered YES

Type of currency $

Fig. 2.
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Main menu of production subsystem
Fusion Idles Service
-Data input avout E-Input steel production| j-Correction of
new fuslons - standing 1dles data handbooks
-Searching-eil x> - -=itt cteel production -Creation ot
fusions data - standing 1dles data reserve copy
-Detail report fori | Report about steel -Restoration from

main engineer and
main accounter
-Summary report

for main engineer:

and main
accounter

Rolled metal

-Input data about
rolling

-BEditing data of
rolling

-Detall report for
main engineer and
main accounter

-Summary report Lo
main engineer and
main accounter

roduction idles for
4 hours )
-Report about steel
: groduction idles for

! the period

-Input rolled metal
groduction standing
dles data

-Edit rolled metal
?roduction standing
dles data

-Report about rolled

metal production 1dlas
for 24 hours

-Report about rolled

metal production idles
for the period

reserve CO

—Copii data to
diskettes
-Data restorastion
%{?m disﬁittes
-File packing
—Restoggtion of
index files
-Configuration

Rolled metal store

-Rolled metal store
data input

-Rolled metal store
data editi

-Rolled metal store
report

Ingots store

Store data input
Search/Edit or the
3tore data

Counting of the rest

Ingot store report

Fig. 30
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Database structure of production subsystem

STORE

-Ingots store;
i-Date

2.The rest
to day

3.Income

4 .Expenses

5.The rest
after day

> Rolled metals;
store

WO I N & LON) =

1.Date 1.
2.Profile 11,
-Mass: 12.
3.Rolled 13.
4 . Pinished 14,
5.Incomplete ff15.

REPORTING OF STEEL AND ROLLING PRODUCTION

6.Unbent
7.S01d
8.Dispatched

Fusion = Rolled metal
. Date 1. Date
. Shift 2. Shift
. Pusion number 3. Profile diameter
. Number of ingots 4. Profile typesize
. Mass of ingols 5. Tﬁpe of steel framework
. Mass of scra -Number of ingots
. Eventual carbone 6. Heated
. Setting of rolling}i7. Rolled-
. Quality of fusion |§8. Cold
-Tests: 9. Spoilt
1 Carbone 10.Low sort
1 Temperature 11.Error of number of ingo:s
2 Carbone -Nass of ingots
2 Temperature 12.Heated
3 Carbone 13.Rolled
3 Temperature 14.Cold
15.Spoilt
16.Low sort

STANDING IDLES

teel production=

1.Date
2.Reason
3.Duration

4 .Description

.Rolled typesize

1Rolled typesizes
E;.Complete name

|

b5l

H0111Ing millS=—=
.pate

Shift
.Reason
.Duration
.Description

NELOND -

HANDBOOKS

17.Error of mass of ingots
18.1 meter mass

19.Length of cutting
20.Number of pieces
21.Carbone content
22.Fluldity limit
23.S011d1ty limit

24 .Relative lengthening

—=Steel framework =—Reasons of idle
1.Type of gteel frameworkjfi.Steel production
2.Complete name 2.Rolling mill

Fig. 31
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{ SAFA 1671071992
Summary fusions report from 15/10/1992 to 21/10/1992 for main engineer
Number of fusions Mass of Ingots Ingots
Date MM number Remark
Total |Spoilt|Valid | Rolled Spent Ingots | Mass of |in the
netal scrap mmber | an ingot |store
1071992 3 0 ] 15.200 17,300 t.102 157 1.102 357
1992 3 0 3 15.200 17.300 1.102 157 1.102 357
Total for period
3 0 3 15,700 12.300 {.102 157 1.102 357

Fig. 32.
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i SHFA 1671071992

for main accomter

Sumary fusions report from 15/10/1992 to 21/10/1992

" Nmber of ingots Mass
Date
Total |Spoilt| Valid| Total Spoilt Ualid
1071992 157 0 15 15.200 0.000 15.200
192 157 0 152 15.700 0.000 15,700
Total for period
157 0 157 15.700 0.000 15,700

Fig. 33.
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Ingot store report from 15/10/1992 to 21/10/1932

s W0

Date |The rest| Income |Expenses|The rest Remark
to after

1571074992 200 0 0 200
1671071992 200 102 0 3o2
17710/1992 302 % 0 357
1871071992 357 0 0 357
19/10/1992 357 0 0o 35
Total for the period

200 15?7 0 357

Fig. 34.
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i SAFA 1671071992
Summary rolling report from 15/10/1992 to 21/10/1992 for main engineer
Mmber of ingots Mass of metal
- Date |Type- MM
size |Heated |Retur- |Rolled Hot €ood Good Goodx MM Haist
ned waste
1071992 d190 50 5 45 i 4 4,400 4,498 0.100 1,022
di2 105 26 79 8 71 7.100 ~ 8.808 0.800 1.241
Total for mounth 155 31 124 9 {15 11.500 13.355 0.900 1,161
1932 410 50 5 45 1 4 4,400 4,498 0.100 1,022
di2 105 26 79 8 N 7.100 8.808 0.800 1,241
Total for year 155 3 124 9 115 11.500 13,355 0.900 1.161
Total for period
di0 50 ) 45 i 4 4,400 4,498 0.100 1,022
di2 105 26 79 8 s 7.100 8.808 0.800 1,241
Total 155 3 124 9 {15 11.500 13,355 0.900 1,161

Fig. 35.
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i SAFf 16/10/1992

Summary rolling report from 1571071992 to 2171071992 fcr sain accounter

Heated Rolled Returned coid Spoilt Low sort Error !‘
~ Date |[Type— — -t
size {Ingots | Mass of |Ingots | Mass of |Ingots | Mass of | Ingots Mass of |Ingots | Mass of Ingots | Mass of
mnmber | wmetal number metal number | metal number | metal number | metal number | metal j

1071992 d10 50 $.000 45 4,500 3 0.300 { 0.100 0 0.000 { 0.10C
di2 105 10.500 9 7.900 6 0.600 8 0.800 i1 1.100 | 0.10C
Total for sounth 155 15.500 124 12.400 9 0.900 9 0.900 it i1.100 2 0.20¢
1392 410 50 5.000 45 4,500 K) 0,300 | 0.100 0 0.000 i 0.100
di2 105 10.500 g 7.900 6 0.600 8 0.800 1§ {.100 { 0.100
Total for year 155 15.500 124 12.400 9 0.900 9 0.900 i1 1.100 2 0.204;
Total for period
—— dai0 50 5.000 45 4,500 3 0.300 | 0.100 0 0.000 i 0,
di2 105 10.500 e 7.900 6 0.600 8 0.600 i1 i1.100 | 0.10¢
Total 155 15.500 124 12.400 9 0.900 9 0.900 11 1.100 2 .
Fig. 36.
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1 SAFA

161071992

-4 «onmy D) oun E oo eoow EER G oo

Product store report from 15/10/1992 to 2171071932

e el
] '\
-

Date |Prof i.le Product |Incomplete | Unbent Total Produced Sold |Dispatched Remark

1871071832 d10 5.000 3.000 4,000 12.000 4.400 6.000 2.000

di2 4,500 3.200 5.600 13.300 3.200 3.200 ¢.500
Total for 24 houers 9.500 6.200 9.600 25.300 8.100 9.200 2.500
197104992 di2 5.500 3.800 4.500 13.800 3.400 2.300 1.200
Total for 24 houers 5.500 3.800 4,500 13.800 3.400 2.300 1.200
Total for period

10 4,400 6.000 2.000

dai2 7.100 5.500 1,700
Total 5.500 3.800 4,500 13.800 11,500 11.500 3.7200

Fig. 37.
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1671071992

Steel production standing idles for 16/10/1992

Reason of Duration| Description of reason of Since the
standing idles |of s.id. standing idles month st
Mechanic 2.50 Description 1 2.50
Electric 1.50 Description 2 1.50
Transport 0.50 Description 3 0.50
Total - 4.5 4,50

Fig. 38.
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obtaining quick access to the information (Fig. 39-43).
4.7.1. Data input and output

- enter, correction, deleting of rolling typesizes in typesizes
reference book; '

- enter, correction, deleting of rolling steel framework in the
appropriate reference book;

- enter, correction, deleting of a type of steel production time
waste;

- enter, correction, deleting of a type of rolling prcduction
time waste;

- enter, correction, twenty-four hours report of steel
production; .

- enter, rorrection, twenty-four hours report of rolling
production;

- enter, correction of ingots store state data by the beginning
and by the end of the day;

- enter, correction of finished rolling store state data by the
beginning of the day;

- enter, correction of twenty-four hours time wastes of steel
production;

- enter, correction of twenty-four hours time wastes of rolling
production (including by each shift);

v oy
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Fusion Ingots store Rolled mctal Rolled metal store ldles Service Quit

E 3 Search/editing fus?‘ons data (date Search) ¥ ]
| <Insert> Record: 1/3
i Fusion Shift Fusion Number of Mass of Mass of Eventual
| date number mumber ingots  fusion scrap carbene

16710719921 |12890 50 5.000 5.500(0. 20
2 |12891 52 5.200 5.800]0.25
6.000]0.30

: 12710719923 12892 55 5.500

Fig. 39.
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Fusion Ingots store Rolled metal Rolled metal store Idles Service Quit
15/10/1992 200 0 0 200iN -
16/10/1992 200 102 0 J02|N
17/10/1992 302 9 0 357IN
18/10/1992 357 0 0 3571N
19/10/1992 357 0 0 357N
Fig. 40,
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date)
Record: 1/3
Nmber of E
Profile Profile Type of the heated ¥
diameter typesize steel framework ingots :

10.00 |d10 AER
12,00 |di2 AEB
12,00 |di2 fAEB

Fig. 41,
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Fusion Ingots store Rolled metal Rolled metal store Idles Service Quit

[t:ut the rolling (search by the rollilm date)
Record: 1/3

Mass of Number of Mass of Number of Mass of Nmmber of

the heated the rolled the rolled the cold the cuid  the spoilt

ingots ingots ingots ingots  ingots ingots

35.000 45 4,500 3 0.300 |
9.000 40 4.000 4 0.400 3
3.500 39 3.900 2 0.200 9

Cont. Fig, 41.
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Fusion Ingots store Rolled metal Rolled metal store Idles Service Quit

Editing data aE;ut the rolling (search by the roll!nc date) ——

Record: 173
Nmber of Mass of Error of Error of
the low sort the low sort number of mass of
ingots ingots the produced ingots the produced ingots
0 0.000 { 0.100
i 0.100 2 0.200
10 1.000 -1 -0.100

Cont. Fig. 41.




Fusion Ingots store Rolled metal Roiled metal store Idles Service Quit

—yEEE

Editing of the rolled setal stE‘e data (searching for the date)
<Insert> Record: 173  <Bof>
Date of Rolling Xass of Mass of Mass of Mass of
rolling  typesize rolled metal product incompletien unbent

18/10/1992|d10 4.400

di2 3.700
19/10/1992|d12 3.400

3.000
3.200
3.800

d
!
|
I |
1 110
I
|
l
l
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Fusion Ingots store Rolled metal Rolled metal store Idles Service Quit

Editing or steel production standing idles data (date searching)

<Insert> Record: 173
Date of Reason of Duration of
standing idles standing idles standing idies
16/10/1992 Mechanic 2.50

: Electric 1.50
Transport 0.50

Fig. 43,
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- examination on the display and print of the ingots store
report;
- examination on the display and print of the steel production
reports for production department;
- detafled report for the period with data of daily production
of steel;
- sum report for the period with data of steel production with
respect to months and years;
- examination on the display and print of the steel production
reports for finance department;
- detalled report for the period with data of steel production
with respect to each twenty-four hours and melting;
- examination on the display and print of the rolling production
reports for production department;
- detailed report for the period with data of dryly production
of rolled metal;
- sum report for the period with data of rolled metal production
with respect to months and years; .
- examination on the display and print of the rolled metal
production reports for finance department;
- detalled report for the period with data of rolled metal
production with respect to each profile;
- sum report for the period with data of rolled metal production
with respect to months and years(with output of the error in
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determination of ingots mass);
- examination on the display and print of the finished products
store report for period with respect to twenty-four hours,
months, years;
- examination on the display and print of the time wasties report
of steel production;
- twenty-four hours report of timé wastes with respect to
reasons (mechanical, electrical, etc.);
- sum time wastes report for the period with respect to reasons,
days, months, years;
- examination on the display and print of the time wasies report
of rolled metai production;
- twenty-four hours report of time wastes with respect to
reasons (mechanical, electrical, etc.) and shifts;
- sum time wastes report for the period with respect to reasons,
shifts, days, months, years;
- glving out on the screen the remarks about the user's error;
- glving out on the screen the help massages; .

4,7.2. Data processing functions
- test of validity of the initial information input;

- calculation of the rests of, income, expenditure of the ingots
in a store;
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- calculation of the rests of, income, expenditure of the rolled
metal in a store of finished products;
- calculation of the rests of ingots and finished rolled metsal
after data correction in the reports;
- ingots and finished rolled metal stores test with respect to
duplicating of the date;
- drawing up of the detalled and sum reports of steel and rolled
metal production, of ingots and finished rolled metal stores ;
- sorting of steel and rolled metal production  stockbooks with
respect to date and melting number;
- sorting of ingots and finished rolled metal stores , and also
time wastes stockbooks with respect to date;

4,7.3. FPast data access functions

- date search of information in store or time waste stockbooks;
- date or melting number search of 1information 1n steel and
rolled metal production stockbooks; -

The system service function is similar to the functions of
commerce and supplies gystem.

The output forms include reports of stores, time wastes,
and productions.

4
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4.8. Balance - cost subsystem

For this system the following departments are users of
{nformation: administration, finance. The system 1s dedicated to
expenses accounting with respect to departments, expenses
groups, to rfurther calculation of the prime cost. All
departments of the plant are Information suppliers for the
system. Main system menu 1s presented by 11g. 44, structure of
expenses accounting and prime cost calculation 1s presented 1in
the table below. An operator enters informstion aboutl wages and
other expenses in conversational mode, and material expenses are
calculated automatically.

The system 1ncludes following Iunq;ions: initial
information input, processing and output on the sereen\printer
(F1g. 45-48).

4.8.1. Data 1nput
- SAFA expenses estimate configuration with Trespect 1o
departments and subdepartments (item estimate 18 drawing up, for
the 1tem department 1s entered, for the department the sign of
material expenses, or wages, or other expenses 1s entered);
- summation groups determination;
- conversational mode input of wages and other expenses for each
department;
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PRIME COST system main menu
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Prime cost i Service

Exit

-Balance drawing up | -Forming the estimate
-Balance editing i {-Option of the groups
-Counting the balance for summation

items agalin -Scrap and ingots
-Print of the balance determination

-Exit -Reserve copy creation
| {-Restoration from the
i | resgerve copy
-Digkette reserve copy
creation

|
I
I
|
|
I
l
|
I
' | _ -Restoration from the
I
I
I
|
I
I
!
|
l

diskette reserve copy
-Restoration of the
index files
-Configuration

Fig. 44




EXPENSES STRUCTURE OF SAFA IN PRIME COST CALCULATION.

cipher

department(expenses 1liem)

expenses class

material other wage
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004
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All-plant expenses
electrical energy
water

car park

General direction
direction

meetings

membership {ments to
national metallurgists
goclety

membership payments to
arabic metallurgists
socliety

visitors

gervice

water and electricity for

habitation

Administration
direction
insurance
medical service
cleaning
rding

usiness trips
Finance
direction
gudition
information providing
business trips
commerce
direction

Nouakshot office

gervice
business trips
{ngide the country
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transportation

abroad transportation
Technical department
direction

service

store

lab

design office

businesgs trips

Repairmen service

direction
technological vehicles
personal tools

shog building

tullding of water
purification
repalrement equipment
business trips
Production department

direction

business trips

Steel production

directlion

furnace

mouids

taps

gerap preparation

massons

amortization

Purnace repairement
furnace

vault

scoops .

pouring stove
electrodes and nipples
transformator

taps

Spending materials
serap

ferro alloys
electrodes and nipples

moulds

fuel

oxigen

thermocouples
limestone

Rolling department

direction
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heaters

rollermen of line 350

rollermen of line 300

products store

winder workers

twigters

amortization

M111 repairements

heating furnace

roll

1ine 35

l1ine 300

shears

outline machine

refregerator

winder

ta

twlsting machine

| ] Spending materials

| : grops
ots

rolls

oxi%en and acetylene
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Department: Section { Cipher: 001
Subdepartaent: Subsection { Cipher: 001
I Expences item: Material | '
Editing of the expences balance from 10/10/1992 to 21/10/1992
Record; 1/36 :
| Material nomination/ Quantaty of  Sum of the expence/fi
{Cipher expences item the expence  sum by the itea
10000001 [Material 1 200,00 60000, 00
: Scrap 17.30 8650, 00

Subdepartaent wages:
Subdepartment other expences:
Subdepartment. total:

.

$10000002| Material 2 500,00
| Ingots 12.40
Subdepartment wages:

Subdepartaent. other expences:
Subdepartment total:
Departueent total:

Material 1

S FERTE
SS8SS8S28833I88

Fig., 45.
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|
‘ Cost price Service Exit
|
‘ Expences group
Record: 1/7
. Departaent name
| Section 1
Section 2
| : 22l fdsinistration
. sl il ’ Other expenses
.
) -
o
v N
: | Fig. 46.
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Cost price Service Exit
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Cre

Sdbdeprtlent name

Forming of the estimate
| Option of susmation groups
Det —

| Res Departaent name
Expences item Section i

|

Expences group
Record: 1/7

Record: 2/7
Material Other
expences Hages expences

Subsection {
Subsection 2

Y Y Y
Y Y Y

Fig. 47.
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i SAFA 1671071992
Expences balance from 10/10/1992 to 2171071992
Cipher Material Quantaty of spent | Sum of expence
nomination la!erial by item
taent: Section | Ci . 001
hevar t: Subsection 1 Ciﬁﬁ: 001
| lata‘lal { .00 60000.00
&mepammt 17.3% 7:%'83
Subdeparteent other. 4500000
Subdepartaent total: 188650.00
taent: Subsection 2 CI%‘ 002
Material 2 500000. 00
Ingots 12.40 0.00
taent %: 90000.00
tlent 0 expences: 82000.00
tal: 672000.00
Depar t. total 865650. 00
Departaent: Section 2 Cipher: 002
Wuent Subsection 2 Cl%‘i 002
1 Material 1 .00 60000.00
0000003 llaterlal 3 300,00 75000,00
Stbdepartlent "gﬁgsr expences; 16700010000.%
smmmg-ent total: 312000.00
Departaent total: 312000.00
Sum by the iteas: Section 1 - Section 2 1177650.00
Depa'ttﬂ% fc utpstratwn Elﬁg:
Subdepar : Chie i :
glbdenartlen% t 7000088
ubdepartusent o e ences’ 54000,
Subdepartment total: . 124000,00
Subdeparteent; Missions Cipher;
Subdepartment 78000,00
Subdepartaent ot r expences 90000.00
S tment total: 168000, 00
Department total: 292000.00
Sum by the items: Section 2 - Administration 60400000
then% Other expenses Eigm:
nent.: Transpor i :
R Clbdepartaent. wages: 89000.00
Smdewtlent ot, er expences ] 77000.00
Stbdepa‘?,len |en Cipher 166000.00
departlent. | 67800.00
Subdepartment ot er expences 79000.00
Sub taent total: 146800.00
D sent total:; 312800.00
Sum by the itess: Adwinistration - Other expenses 60480000
Total; 178245000

Fig. 48.
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- determination of scrap and ingots recipients;
- examination of store stockbook and information of material
expenses for each department for balance calculation;
- determination of start and end date of balance drawing up;
- conversational correction of the expenses balance.

4.8.2. Information processing functions

- test of validity orf initial information input;

- drawing up and calculation of the balance with respect to
departments and store stockboos; '

- drawing up and calculation of the total expenses estimate;
expenses groups calculation;

drawing up of the estimate report.

4.8.3. Fast data access functions

gsearch of material in store stockbook:
search of material expenses in the balance with respect to
recipient;

- sorting of the balance and the estimate with respect to
recipient.

Service functions of the gystem 1s similar to material
supplies system.
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; l 4.8.4. Data output - reporting

'| - examination on the display the 1ist of departments/aggregates;
' - examination on the display the estimate configuration;

- examination on the display the expenses 1tems groups
' for additional summation;

- examination on the display the expenses estimate;
_ "1 - print of the expenses estimate report.
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5.FINDING AND RECOMMENDATIONS.

1.0n the basls of carrent analysis of SAFA'S operations,
maintenance activities, product quality WAS FOUNDED that
technology and equipment, which implemented in steel plant and
rolling mill are in accordance to requirement to reinforce bars.

2. The following activities are recommended for Iurther
improvement of production quality and effzctiveness in the steel
plant.

2.1 To 1install the express analysis of the chemical
composition of the metal.

2.2. The temperature regime of heats in the electric
furnace should be optimized; the tapping temperature of the
metal should not exceed 1630-1650°C.

2.3. A strict control of the quantity and quality of metal
scrap uses in the charge should be carried out.

3.The following project proposals and design has been
carrled out for rolling mill (in framework of contract
amendment) !

3.1.Project proposals and design to convert the preheating
furnace from gas-oil fuel to mazout fuel (including measurement
equipment for pressure control, thermocouple in preheating zone,
recording potentiometer on control board etc.)

3.2.Project proposal and calculation for rolling pass
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design for rolling optimization.

3.3.Project proposal for synchronization the rolling mill
and flying shears.

4, Tt was ftounded during first subcontractor mission, that
SAFA Jointly with SNIK has given experience using computerized
system for spare part control and monitoring, financing ete.

5. To reinforce SAFA computerized system of management,
production and quality control, the specification of equipment
and software has been recommerded. The following equipment .and
goftware accordingly were supplied , 1install and put 1in to
operation by subcontractor team : PC AT 386SX -1 unit, PC AT 386
-7 units, microsoft mouse, printer EPSON FX-1060 -8 units,
plotter HP-1745A, software, Xerox.

6.The following subsystem has been developed, 1installed,
customized and put in day-by-day operations:

6.1.Inventory control, Material Requirement.

6.2.Production control (including row material and energy
consumption for each product and department).'

6.3.Input-Output Balance (including cost calculation for
each product and department).

7 On the-Job training of SAFA personal was carried out Dby
gubcontractor team, it 1s recommended to set up SAFA's computer

group. train or recruit one or two skilled system programmers to

gecure the system operatlions and develdpment.

' N S
« Q
L Y
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8.1t 1s to consiger CMIS as a developing system. which
supposed to be permanently enhanced, modernized, customized to
current and future needs of SAFA.

9.It 1s stated that SAFA has made essential step to
Introduce modern high technology - personal computer. However to
reinforce the production effectiveness and quality improvement
it 1s recommended tc follow-up the project (e.g. as a Phase 11).
The following activities are recommended to carry out 1in
framework of Phase 11 (in prioritizes):

9.1.To develop and Introduce the computer network
for integration of different subsystem (production and quality
control, maintenance, <financing and cost analysis ete.).
Aaditional equipment and software are required for this
development.

9.2.To  Introduce measurement and control system
forpreheating furnace rfor fuel saving, waste minimizetion, yleld
increasing. '

9.3.To develop and introduce the measurement and control
gystem in electric arc furnace department for row material and
energy savings, yleld increasing and cost minimization.

9.4.To develop and introduce the system of synchronization
of rolling mill and ftlaying shares.

AN
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1. INTRODUCT ION

The present work was carried out according the contract
betweer Intermet Engineering and UNIDO (Contract No.91/151,
UNIDO project No.US/MAU/89/178) for Mauritania. The project
objectives are: to improve the operating and maintenance
activities and quality of finished product at the SAFA gteel
plant and rolling mill; to reinforce SAFA management through the
Introduction of new management methods and systems.

In conformity with the contract a team of Intermet experts
went to Mauritania in December of 1991 on the Ifirst Tfleld
mission. The experts studied the steelmaking and rolling
technologles practiced in the plant and the main problems facing
the plant engineers. They also studied in details the current
system of management and planning.

Within the framework of the first mission the experts
analyzed the current technology offered technical advice on
steelmaking, ingot casting and rolling procedures to improve
productivity and quality of steel products. They also suggested
measures to Iimprove 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 equipment specification required for quallity
control, maintenance procedures and computerizing was made.

S
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During second field :aission the Tfollowing subsystem have
been developed,installed, customized and put 1in tc day-by-day
operations:

Inventory control,

Material Requirement,

Production control (including row material and energy
consumption for each product and department).

Input - Output Balance (Including cost calculation
for each product and department).

On-the-Job training of SAFA personal was carried out by
subcontractor team. It 1s recommended to set up SAFA's computer
group, train or recruit one or two skilled system programmers 1o
secure the systems operation and development.

Intermet team discussed Finding and Recommendation with
SAFPA's staff and managers.

Part I of Final Report includes:

Relnforce bars’ production analysis on SAFA. Concept of
project proposals on reinforcing equipment and technology of
production on SAFA.

Reinforeing management system of SAFA.

Part II of Pinal Report includes:

Project proposals on converting preheating furnace from
gas-011 to mazout fue].

Project propossls on improvement of  roll . pass

|

”~
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destgn. Project proposals on rolling mill and flaying Shear
synchronization.

Basic data on the technology of steelmaking and rolling 1in
SAFA works, as well as the current system of planning,
management and control are reported bellow. The report contains
8 preliminary analysis of the data and technologleal
recommendations.

The Intermet team expresses acknowledgements to the SAFA
engineers ana managers for their help. The team i1s grateful to
the Director General Yahya Ould Hademine and the Chief of
Technical Department Mouhameddin Baba, as well as englneers
Mouhtarash and Hasan for their eollaboration.
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2.PROJECT PRORGSALS ON CONVERTING HEATING FURNACE
FROM GAS OIL TO NMAZOUT

Liquid fuel combustion process is a composite complex of
processes of fuel spraying, mixing with air, evaporation, and
combustion itself. Rational choosing of liquid fuel combustion
scheme 1S determined by perfect combustion of each fuel particle
inside a heat aggregate.

Gas o1l burning process 1s governed by combustlon iaws Ior
light, completely evaporating fuels. Mazout 1s characterized by
high-percent content of asphalt-resinous substances with high-

combustion simultaneously with evaporation of drops develops
resin and asphaltenes polymerization processes with generating
the goot earbon. Due to the reason, burners for heating Lhe
hearth by gas oil ean not  provide qualltative combustion of
macout, that inevitably leads to viclation of technological

requirements for metal heating.

To realize complete mazout combusticon, 1t iIs necessary io
provide more qualitative spraying and to create the conditions
for oxidizer feed to each drop. It means one of the general
factors determined the quality of mazout combustion 1s value of
fuel-mist fineness reaching by spray process. However, as

experiment shows, it 1s necessary but is not gufficient factor

l
I
I
I
I
I
|
|
|
] temperature level of subiimation. Because of the fact mazout
I
I
|
I
I
|
|
I
|
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affecting completenrss of mazout combustion.

Generally, now explolting burners get all air necessary for
l1iquid fuel combustion by the flame root. Principle defects of
this scheme are sharply restricted rang of combustion stability
and impossibility to suppress chemical and mechanical 1mperfect
combustion. It 1s conditioned by some reasons. First, as stream
of sprayed drops moves forming combustion products ballast the
gtream more and more and make still unburied drops difficult of
access for oxidizer. Seccnd, as the stream moves relative speeds
of the drops and air streams are decreasing. That 1leads to
appreclable fall of mixing intensity and, therefore, ¢
appearance of unburied fuel particles. Beside, as far as
periferical air-streams do not take a part in combustion
reaction completely enough, it demands to inerease exeess of air
and , thus, further decrease the combustion performance.

Rational mazout drops distribution depends on as form and
dlameter of mazout flame so the character of the Trfuel stream
movement in the diffugion area of the fuel-air mixture. For
example, turbulization made by means of application some sorts
of turbulentor esgentially improves forming of fuel drop-air
mixture, however, does not remove forming of smoke-black
particles,

One can reach the most perfect mixing of sprayed fuel with
alr by the way of creating distributed air delivery to d!fferent

»
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zones of the flame. It allows to essentially reduce duration of
some stages of the combustion reaction and , therefore, reduce
the probability of appearance of chemical and mechanical
Imperfect combustion. Beside, air supply in stages forms
favorable conditions for decreasing of deleterious components
concentrations (like nitroger oxides ) 1in products of mazout
combustion.

Accustlc mazout burner (VAG-2M) 1s most completely
according to the mentioned requirements to qualitative mazoui
combustlon (table 2.1). Principle of acting such the burners 1is
based on perfection process of spraying mazout due to
application energy of acoustle oscillations. Inereasing of
burning performance of fine-dispersed mist is reached by system
of step alr delivery. A Jet of compressed alr by pressure 2-3
kg/sm2 generates powerful acoustic vibrations. The generation is
based on the using instabllity of a gaseous stream, passing
sequently through a set of profiled nozzles. In order to realisze
the gscheme of developed aerodynamlies structure of combustion
products stream burner tunnel 1s constituent of the burner.
Principle scheme of the acoustie mazout burner 1s shown by
Fig.2.1,the specification of the complement equipment -- 1In
table 2.2.

Fig.2.2 shows preliminary scheme of arranging the burners
in Qﬁe hearth. To reach required viscosity and purity of the

P

"%



e LTI e e

_— L e AR W T

1(3,{‘

Fie: R

SRR [ D r
pa IS A BEAR NGl
~: Zn
é T
i N s s
. Y A_ T
i LR

erc oy Suwy

.. » y . B4 ) L oeTude e . T ,'_7 HS
RERERET 3L S W I AR L i L

=Eres T urning-ori o 4Y Lhe Darnel

' ' repoatvl Kgorml ot




-.> T

IT

N9 009 20/9

én'yue fﬂgf

lrou  du regarc/

alr cuy Venh'/d feur

.

. | l9nozow NP 373495
i — _
m.\m.\nu.mk ul02 .\.\Q\u CERI) d..“% 1]

mamh\u\q&m .qu.\vw.\.\ sand

Jnozou rp 34]ud

. - . .'\\\\\\
! S "\ - - B’

- ' B =
. gl .

0C0u5/17ue du mazoul VAG -2M

Hy.z.lle scheme (e principe  de briileur




-
|
[ 12
' TABLE 2.2
[ The specification of the complement equipment for the
modernization the holding hearth heating system by replacement
l gas o1l on mazout.
. : nn | Denomination of equipment Quantity
= l 1 Reservoir with a system of heating 2
/ 2 | Force-pump 2
. 3 Stand of furnace o1l preparation
3 to combustion 1
' , 4 Effective acoustlic burner VAG-2M 4
W L o
A\
h

I
|
|
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i
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mazout thig complex of burners must be provided by the according
devices: elements for heating and cleaning mazout, as well as
equipment of automatic regularization of fuel parameters.

Realization of this recommendation makes 1t possibly %o
convert preheating furnace from gas oil to mazout fuel 1in shot
time and effectively.

LIERAN




. - st TN -

15 _ _
3.PROJECT PROROSALS ON IMPROVEMENT OF ROLL PASS ﬁ 1
DESICGN

The SAFA rolling mill 1includes the heating furnace, 14
working stands, cutting equipment and the cooler. (Fig.3.1). Six
rirst stands of the mill: one three high stand and five variable
two high ones are placed in a train. The other form four
continuous groups, with two stands in each one.Transmission of
the roll from one stand to another in the breakdown train and in
roughing groups of stands 1s accomplished by means of repeaters.

3.1.

Calibration of mill rolls provides the rolling in the first -
stand of the breakdown train (8 passings), 1In boxpasses (4
ones), preparatory and flat oval ones, In square and then 1In
oval-square series of pagses.

Designed Proposal of improving the rolls calibration for
the SAFPA rolling mill 1is 1Implemented to eliminate some
ghortcomings in the functionality of the mill. They seemed to
be related with the passes construction. The purpose of this
work 1s to increase the productivity, profitableness and output

production quality of the mill. Designed Proposal 1s made on the
basis of direct studying of the mill in realistic conditions of

|
|
|
l
I
I
I
i
!
!
N | Rolls and main drive motors characteristic 1s given in Table
l
!
|
|
i
1
i
I
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Table S
Pass dimentions for reinforcing rod of diam. 8 mm (SAFA mill 300)

1

i Fass Hr Br R T od 5 FK
Stand|{Pass jshape
j m man mn mn M | hn mme
{ ,
1 box 88.0 130.0 15.0 3.0 125.0 5.0 10203.2
2 box 62.0 130.0 15.0 3.0 125.G6 5.0 6885.0
3 hox 50.0 63.0 12.0 3.0 62.0 5.0 5H385.3
4 box 65.0 68.0 12.0 3.0 2.0 5.0 3757.3
i 5 box 45. 5 74.0 10.0 1.5 63.0 5.0 £681.5
6 fl.ov.| 31.0 84.CG 35.0 - 30.4 6.0 1690.9
7 Square| 49.2 50.0 6.0 - - 50 1210.3
B fl.ov. | 23.0 58.0 30.0 - 17.2 7.0 723.6
2 g Square| 35.4 34. 2 4.0 - - 50 H68. 3
3 10 oval 17.5 41.0 38.0 - - 5.3 341.7
4 11 square] 27.2 26. 4 3.0 - - 3.7 338. 3
5 12 oval 13.8 28.8 27.9 - - 5.8 1556.9
3] 13 square| 20.0 20,0 3.0 - - 2.8 192. 3
7 14 oval 3.8 £5.7 27.9 - - 3.5 109.5
8 15 square| 16.0 15.7 3.0 - - 3.0 117. 2
9 10 oval 8.0 21.0 22.8 - - 2.9 72.2
106 17  squarel 13.8 12.8 2.0 - - 2.8 79.1
11 i8 oval 7.2 15.7 12.6 - - 1.7 59.0
12 19 square! i1.0 10.0 2.0 - - <. 5 47 4
13 20 1. ov. 5.6 14. 4 3.6 - 3.0 1.6 HU. 3
14 -2l KDS OR 7.45L 8.2@ - - - 0.61 34.6

—.--——————_—-—-—_
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production and of the latter computer analysis of the working }?
rolls calibration.

It was determined, that main reasons of the low mill
efficlency are considerable standing idles, up to 50% of the
working time, great metal losses during the production process
(such as waste and hot spoilage) and large expenditure of fuel,

\

aoms SN SN N AN E S e

electric power and another materials per ton of the output ‘
production.
The last reason stands In close relation to first ones,
because the high expenditure of fuel, electric power and
materiais tends to be a result of compelled remelting and
' repeated altering of hot spollage, as well as of repeated metal
_ heating (8,67% during 9 months of the 1991) after returns in |
p §£§ cases of rolling mill damages and low heating quality. j
3\ -

. The greatest losses, however, are related to unplanned mill
\ gtanding 1dles caused by unsatisfactory bite conditions 1n the
| rfirst stand of the breakdown train and also by frequent
violations of the process while sgticking of the stock 1n

continuous stands groups and 1t's throw from the rolling train
(cobbling).

In the working rolls calibration (Table 3.2) an excessive v
unstability of deformation by passings distribution 1is
permitted. An elongation coefficient tends to reach high valueg
in the first gtand of the breakdown train (1,38 on the third

P o

s B = om o o oa
* .
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Table3.2
Parameters of roll pass design for reinforcing rod of diam 8 mm (SAFA mi11 300)
Parameters of
Dimensions of metal stock and passes deformation
t
B Pass * Width|Fil- Cros- Elong Angle Roll- |Roll- [Roll- |Tempe-
Stand|Pass |shape |Side |Height width| of lin Gap |section lation|Reduc|Spread|Spread| o )14 ing ing |rature
A H B |pass |coefl. S F coel- |tion dB index [bite [speed|force |[torque
Bk X fic tl. -1 dH dB/dH L
en
] mm [ ] mn mn me mm mm deg | ms KN kNm oC -
103.0 103.0 10365. 0 1240 .
1 box 88.0 107.3 130.0 0.83 6.0 8791.2 1.179 16.0 4.3 0.29 18.9 3.45 343 14 1239 i
2 box 62.0 117.9 130.0 0.91 5.0 66772.8 1.316 26'0 10.86 0.41 23,9 3.43 488 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 65.0 F6.2 68.0 0.97 6.0 4042.2 1.198 250 6.2 0.25 23.6 300 270 12 1218 '
1 5 box 45.5 B67v.9 74.0 0.92 6.0 2916.8 1.6 20.7 2.¢ 0.14 20.8 3.20 304 15 1209
6 rl.ov. 31.0 82.0 84.0 0.98 6.0 2177.7 1.539 14,5 14.1 0.97 18.9 3. 35 403 20 1195
7 sSquare| 38.6 43.2 45,6 50.0 0.91 5.0 1381.3 1,577 3&.8 7.6 023 20.9 3.2V 416 31 1186
8 fl.ov. 23.0 83.7 68.0 0.9 7.0 1025.5 1.347 156.6 15.1 0.97 18.5 3.456 267 13 1163
2 9 square] 27.5 35,4 33.0 34.2 0.97 5.0 7161 1.432 18,3 4.5 0.26 23.2 3.22 240 15 1156
3 10 oval ?.Hh 3.7 41.0 0,90 6.3 526.4 1.360 10.0 9.2 0. 92 16.0 3. 36 199 t 1143
q 11 sqQuare| 21.1 27.¢ 24.5 26.4 0.9 3.7 413. 8 1,272 0.5 3.6 0. 38 17.3 3.24 154 7 1130
5 12 oval 1.8 7.9 28.8 0.97 6.8 316.4 1,293 7.3 6.8 0. 83 13,7 3,36 145 5 1113
6 13 square| 16.0 20.0 19.7 20.0 0.95 2.8 a4 1 1,265 7.9 o (.28 16.3 1. 24 124 ] 1097 "
7 14 ov.ai 9.8 22,3 26,7 0.8 Q.5 1853 1.7l 6.2 6,3 1,02 12.9 4.40 118 4 1079 |
] 15 square| 1301 16.0 14.7 16,7 0.94 3.0 186, 2 1. 238 6.3 3.3 0. 62 14.4 5.26 101 4 1076
9 16 oval BO 1.3 21.0 O.H: 2.9 L. 0 1, a80 5.1 4. 0. 82 11,1 b, 40 &8 4 1062
10 17 square| 11.0 130 10,2 12,8 0.6y 2.8 % 12 NRCI P 143 3.0 G0 0. 86 11.4 7. 18 61 i 1047 ;
11 18 oval o7 16,7 081 L7 76,0 i.188 3.8 1.7 0. 45 9.2 7.29 54 1 1028 {
12 19 Square 9.0 11. 0 4.5 10.0 0.8H 2.8 (1o VR W £ ¥ 1¢) 1.7 1.4 1. 06 8.5 # 69 33 | 1020 L
13 20 ri.ov. 56 2.¢ 14.4 0.8. 1.6 Y T A R ] X4 EN 0.94 6.3 10.64 33 1 1014 [ :
14 21 o8 CR e Q.2 8.28 1.0 2.0 44,7 4, 158 4.6 - 10.7 11. 49 49 | 1012 o
SR W N [ U SO Y RN WU U SNSRI SIS U [ TP W d oL ORI WNUUERISUND DU — “1 |
" Angle of bite exceedrds the allowed value: 7 pevi, :
Specific power consumptior: 59. 8 kwr/t, !
1
. rd
‘.‘\ - .
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passing and more then 1,50 on the seventh), though elongation
values are ocufficiently low In elongation passes of rough
continuous ones (1,12 - 1,25). Such a deformation by passings
distribution is not conditioned by mechanical equipment and main
drive motors overloads. Some values of Kp, Km and Ka
coefficlents a replaced in Table 4 to help 1in analysis of
mechanical and electrical equipment load and also of process by
bite conditions possibllity. These coefficients show the ratio
of real calculated values for pull force (Kp), torque on the
drive motor shaft (Km) and bite angle (Ka) to their permiasible
values on the every passing. As 1t 1s clearly seen (Tab.3.3-3.4
and diagrams from Fig.3.2 -3.5), the main mill equipment load
level (Kp and Km) 1s sufficliently low (with the exception of
gome pagsings), but friction possibilitles are close to their
1imit on first ones.

Keeping in mind, that the calculation 1s made for an
average stock crossection and, of course, 1t does not take 1into
account possible temperature oscillations, scale thickness and
state and some another process conditions to influence upon the
bite of metal by rolls, we can make a conclusion that bite
conditions are not satisfied in reality on the third, fourth and
geventh passings. We must also take into account some features
of the mill rolls material for the first stand - the high carbon
steel. '

)
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Table 3.3
Analysis of tecnological parameters of rolling SAFA mill 300
Elong- |Reduc- |[Tempe- [Roll- |Roll- |[Angle [Roll- Kp Km Ka |5pecif,
Stand |Pass |Pass ation |[tion rature|ing ing of ing power
shape |[coeff- (ratio force |torque| bite |speed consump
icient oC KN KNm deg mw's kwh/t
.1 box 1.18 0.15 1239 343 14 18,9 3.46 0.49 0.31 0.72 0.56
2 box 1.32 0.30 1233 486 24 23,9 3.43 0.53 0.63 0.¢0 1.00
3 box 1.38 0.24 1228 219 11 26.1 3.43 0.32 0.24 0,87 1.02
4 box 1.20 0.28 1218 270 12 23.6 3.00 0.30 0.28 0.82 0.83
1 5 box 1.38 0.31 1209 304 15 20.8 3.20 0.28 0.33 0.73 1.37
6 fl.ov.| 1.34 0.32 1185 403 20 18,9 3.36 0.3 0.44 0.87 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 19.56 3.46 0.20 0.28 0.60 2. 31
2 9 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 0.37 1143 199 8 16,0 3.3 0.17 0.19 0.68 2.85
4 11 square| 1.27 0.2 1130 154 7 17.3 3.24 0.14 0.16 0.72 2.80
5 12  oval 1.28 0.3 1113 145 5 13,7 3.3 0.12 0.12 0.66 3. 06
6 13 square| 1.27 0.28 1097 124 5 16,3 38.24 011 0,12 0.62 3.28
7 14 oval 1. 31 C.39 1079 118 4 12.9 4.40 0.12 0.756 0.57 4,05
8 15 square| 1.23 0.28 1075 101 4 14.4 5.26 0.11 0.92 0.69 4,14
9 16 oval 1.28 0.39 105 88 e 11.1 5,80 0.08 0.66 0.54 4.64
10 17 square| 1.26 0.20 1047 51 1 11.4 7.18 0.05 0.49 O.61 2. 96
11 18 oval 1.19 0.35 1028 54 1 g.2 7.286 0.05 0.42 0.48 4.59
12 19 square| 1.20 0.13 1020 33 1 8.5 8639 003 0.28 0.48 2.24
13 20 fl.ov.| 1.16 0.338 1014 33 1 6.3 10.64 0.03 0.17 0,39 3.81
14 21 08 CR | 1.16 . 0.17 X 10124L 49 1 10,7 ‘11.49 0.056 0.38 0.69 4,31

12
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Table 3.4
Parameters of rolis and maim drave motors (SAFA mill 300)
Rollx Motor
Stand Barrel Neck l Hardness Power Gear
-—-{Material Tvpe RPM ratio
D,om | L,mm |d,mm 1. min l SHR | kW
1 260 1100 <10 =20 Steel 22(*)1
2 350 800 195 20 Iron B50/635
3 | 350 800 195 220 Iron BB/ 7E AC &10 9490 B, 43
4° | 350 800 195 220 [ron 68/7%
5 350 800 195 220 [ron BB/7e
6 350 800 195 220 Iron 68/72
7 300 600 160 125 Iron BR/ e AC 132 980 3. 65
8 300 600 160 135 Iron BBs/7e A 132 980 2. 92
9 300 600 160 135 Iron BR/ Ve AC 132 980 2.70
10 200 600 160 135 [ron BB/ 7 AC 132 1480 3. 20
11 300 600 160 135 Iron B8/ 7E AC 132 1480 3.25
12 300 800 160 135 Iron 88/ 78 AC 132 1480 2.68
13 300 600 160 138 [ron "1/74 pC 220 18560 1,93
14 200 . 600 ) 160 1 136 1 Iron ‘ 7?1/74 1 pc 220 L'1850 ‘ 1,60

v W\

X

(%) - The allowed bending stress
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The mill working practice confirmed these calculations. To
improve bite conditions one use a8 rolls denting, i.e. dent some
notches along the bottom of first four box passes parallel to
their axes, the correction of each notch has a form of trapeze.
This technique simplifies the bite action considerably, but
leads to appearance of a comb on the contact surface of the
stock, its height is about 3 -5 mm. After the tilting and
rolling in the third and fourth passes combs are rolled, but
unrolled combs rests with truncated pyramid shape remain on the
gide surface, at the section which 1s free from contact with
roils (by the parting linej,i.e. 1in the places of the pass
contour and Interior gap crcssing.

During the further process these pyramidal formations are
rolled, cauging artificial scabs. The latter exfoliate after the
contact with rolling guides, it leads to sticking of the roll
and then to 1ts cobbling. Thus using of denting is one of the
factors to promote mill standing 1dles and hot gpollage
appearance.

Another factor related to rolls calibration 1s to be
mentioned. After the rolling in first two coupled box pagses the
ratio of width and length of the stock reaches the 1,9 value. It
leads to the stock steadiness loss in the third and fourth box
passes and to roll twisting in the case of 1ts 1insufficlent
keeping in rolling guides.

——me

3
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The normal ratio of the rectangle roll dimensions to
provide the process stabllity must not exceed the 1,7 - 1,75
value. Purthermore, the box pass construction, the angle of
gldes value, the presence of pass bottom convexity, in which the
preliminary deformed stock with barreled sides (it worsens
gteadiness conditions, too) comes after the tilting,1s of great
importance.

While considering the new rolls calibration one must take
into account, that the SAFA rolling mill is intended to process
a wide agsortment of small-scale profiles, but nowadays the resl
assortment of the mill includes the only profile - the Iixtures
gteel rolled in some dimensions of profile. The working rolls
calibration provides the fixtures steel rolling with the nominal
dlameter from 8 to 32 mm. The rolling technical scheme 1s
implemented for the 8 mm dimension of profile. One decrease the
number of passings,l.e.replace the last pair of roll-down ones
by corresponding finishing and leader passes for each following
dimension of profile (in 1ncreasing order). That's why the
Designed Proposal is implemented as a kind of working rolls
calibration to roll the fixtures steel with a 8 mm dlameter.All
the following dimensions of profile can be obtained directly
during the exploitation process using working finishing passes.
The breakdown train calibration 1s general for the whole

-~

agssortment, of course.
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The new rolls calibration 1s presented by the passes sizes
table (Table 3.5) and by the draft of the rolls calibration for
the rirst stand of the breakdown train. (Fig.3.6) Calibration
parameters, stock sizes in every passing, the gap value and some
technological parameters ( speed , pull force, torque and
rolling temperature) are placed in Table 3.6.Table 3.7 contains
an analysis of the main mechanical and electrical equipment
load, some data for the evaluation of cholice and deformation by
passings distribution. Designations to be used 1n these Tables
are given in Fi1g.3.7.
Following preliminary conditions were accepted and Kkept
during the new rolls callbration elaboratiocn.
1.The rolling scheme and the displacement of passes at the
breakdown train rolls was maintained. It allows to maintain the
ti1ting sheets in front of the mill construction also and makes
1t realistic to calculate the new calibration.
2.Reduction ratio 1s Kkept 1invariable 1in rough stands
groups, which are to provide the hard stretches ratlo between
passings, 1t will ensure the specified value of tension between
gtands of each group (less then 10%) and making loops between
groups. Observance of this condition contradicts the maln
direction of changes - the stretch redistribution. It must be
mentioned, that reduction ratio stipulated by the drive motor
construction were sclected unsuccessfully duriﬁg the mill

[
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Table 3.5
Pass dimentions for reinforcing rod of diam 8 mm (SAFA mill 300)
Pass HK Br R f Bd S
Stand |Pass jshape

mm mm mn mmn mm | mm
1 box 8.0 125.0 20.0 3.0 105.0 5.0
<2 box 66.0 125.0 20.0 3.0 108.0 5.0
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 - - 8.0
8 oval 31.5 71.3 54.0 = - 6.0
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
] 13 square| 21.4 1.3 3.5 - - 3.0
7 14 oval 12.2 24.9 19.1 - - 3.0
8 15 square| 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
12 19 square| 11.5 11.5 1.8 - - 1.5

13 20 frl.ov. 5.6 14.4 3.6 - 8.0 1.6 | %)

14 , 21 l08 CR 7.45l 8.2J - - L70.6 *)

*) The sizes of leader and finishing passes are taken according
to the SAFA existing roll pass design

1.;;«:« .9~~.- 0T o ) - —t" =
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Tabled, g
Parameters of" roll pass design for reinforcing rod of diam & mm (SAFA mill 300)
Parameters of W
Dimensions of metal stock and passes deformat ion
Pass Width|Fil- Cros- Elong Angle|Roll-|Roll- [Roll - |Temgpm
Stand|Pass |shape |Side {Height (Width| of |ling | Gap [section |ation|Reduc Spread |Spread| of g g g jlaluare
A H B pass jcoef, ) F coel-|tion dB indeX 1hite Ispeod|force Lordgue
Ek X rici-| dahl dB/dH ’
ant
mm i mm mm mm mm e mant mm deg | Vs kN KNm o
— g - . - - _.ﬁ. - — . Sy S, - - - ceen s

103.0 103, 0 10456, 0 1240
1 BOX #5.0 108.0 125.0 0.86 5.0 A0 1.18 18.0 6.0 0.28 21.0 2.82 414 21 142488

s boX 65.0 1165.0 125.0 0.82 5.0 7044.6 1,25 <0.0 7.0 0. 33 21,2 2.85 489 27 123
K box 40,0 69.5 80.0 0.87 50 60041 1,17 25. 0 4.5 0.18 51 2.57 340 20 1224
4 box 68.0 75,0 80.0 0.94 5.0 4765.1 1.26 2.0 6,6 0.25 L4 2,82 367 1 1217
1 & hbox 5.0 v5.0 80.0 0.94 5,0 /2.3 1.28 20.0 7.0 0. 35 1.0 3,06 365 20 12206
3 hex 45.0 82.0 87.0 0.94 50 28534 1.36 10. 0 7.0 0. 70 14.34 3.186 311 173 1196
v square| 48.1 59.9 59.9 62.9 0.95 50 2234.3 1.28 22.1 14.9 0.67 21.9 3.18 353 2 1184
8  oval 31.6 66.3 71.3 0.91 5.0 15583.7 1.41 16.6 17.2 1.03 20.5 3.33 450 31 1174
2 9 Square| 34.0 42,5 42.5 4G5.1 0.88 5.0 1116,3 1,42 22,1 9.0 0.46 1.1 3.14 300 16 1168
3 10 oval 21.6 47.8 51.2 0.93 4.0 790.4 1. 41 12.4 13.8 1.11 17.5 3.12. 451 20 1158
4 11 square| 24.1 0.1 30.1t 30.1 1.00 4.0 560.9 1.41 17.7 8.5 0. 48 18.7 3.10 235 11 1148
5 12 oval 14.6 35,3 37.5 0.94 4.0 407.1 1,38 9.5 11.2 1.19 14,7 3.1?7 222 10 1135
6 13 squaref 17.2 21.4 21.5 21.3 1.01 3.0 285.7 1.42 13,9y 6.8 0.49 16.4 3.15 151 7 1122

7 14 oval 12.2 24.1 24,9 0.97 3.0 223.6 1.28 50 7.0 1.39 12.3 4.13 132 5 108
- 8 15 square| 13.6 17.0 17.0 17.2 0.99 2.5 178.5 1.25 7.2 4.8 0.67 12,7 5,14 103 3 1077
9 16  oval 9.7 20.1 19.9 0.97 2.5 144.8 1.23 3.9 68 1,48 10.8 561 113 3 1056
10 ? square| 11.0 13.7 13.7 13.6 1.01 2.0 116.8 1.24 57 41 071 11.83 7.11 86 2 1063
11 18 oyal 8.2 1567 16,1 0.9? 2.0 97.9 1.19 2.8 47 1.68 9.3 7.05 89 2 1035
12 19 square|] 9.2 11.5 11.5 11.5 1.00 1.5 81.7 1.20 42 3.3 0.78 9.6 8.563 72 2 1032
13 20 Trl.ov. 5.6 12.2 14.4 0.85 1.6 57.6 1.1€ 36 30 083 8.9 9. .41 46 1 1022
14 21 08 CR 7.6 9.2 8.201.00 2.0 49.7 1.18 4.6 - - 10.2 10. 86 49 1 1019

1 1 '} 1 1 1 1 L L i 1 i 1 1 i
Overfilling of passes: 11 13 17 19 passes.
- Specific power consumption: 59. 8 kWh/t, _
4
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proJecting. An analysis of working rolls calibration (see Table
3.7) 1llustrates unmotivated stretch osclllations by passings
and corresponding main mechanical and electrical equipment load.
Change of the rolling speed mode, for example, by replacing
of belt drive pulley or main drive motors will allow to 1mprove
the rolls calibration in future.

The main direction in the present DJesigned Proposal of
improving the rolls calibration is a redistribution of
deformation by passings with the aim of decreasing a breakdown,
making bite conditions in the third and fourth passes of the
breakdown three high stand better, and also of increasing the
roll gsteadiness. The last reason will cause an elimination of
rolls denting.

Unloading of the first stand, where a square of 48 mm 9ize
was suggested in the new calibration 1instead of the 38,6 mm
gquare Iin the geventh pagsing, was achlieved mainly by increasing
0f the gtretch in gecond - sixth stands. The calculation of
gtock length in the every moment of rolling 1in the breakdown
train and of pagsges number 1t 18 rolled through was made. Thus
the pagses comblnation wag taken inuo account for the stands and
motorsg load calculation.

The construction of box passes in the first breakdown train
was changed. Angle of sides Increase, elimination of denting and
posgible gstock asymmetry cauged by 1nexact tuping of rolling
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' guides, decreasing of the width to helght ratio after the
' l rolling in the second pass up to 1,76, another constructive
changes will allow to improve the rolling steadiness and bite
I conditions. |
I Square passes construction 1s slmplified, and the apex \
angle 1s accepted as 90°, r/a ratio Is equal to 0,2, where T 1s 1
| a radius of the square pass curve, and & 1s 1ts side length.
Oval passes were recalculated to improve their filling. {
' We recommend to maintain finishing and leader passes Irom
l the working calibration to simplify the assimilation, but later {
1t would be expedient to correct them. The calibration constant
' | 18 calculated in such a way, that 1t provides a 1ittle tension
between continuous group stands, excluding 15 and 16, 17 and 18 !
l ones, where the loops appearance 1s envisaged. j
I It should be mentioned in conclusion, that gome computer i
programs used for calculation and analysis of rolls callibration |
I are based on original methods, elaborated by authorg. Some |
tormulas for the calculation of spread, pull force and rolling 1
' torque are printed in the book: (V.Masterov, V.Berkovsky 1
l "Theory of plastic deformation and metal working", M., ﬁ
|
I
|
[

Metallurgy, 1989). .

-
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4 .PROJECT PROROSALS ON ROLLING MILL AND FLAYING
SHEAR SYNCHRONIZATION

The present technical proposal relates to the wire-rod mill
"300', which is Intended for wire-rod and fixtures production of
wide assortment. The layout of continuous rolling mill equipmernt
1s shown in figure 4.1.

The technological process of rolling allows to dellver
output production from the different stands. If it 1s happened
before the finishing stands number N 13, 14 then as it seems to
exploitation personnel, the process 1s sufficiently stable. The

when rolling is in the production sector with finishing stands
number N 13, 14, driving rollers and flying shears (fig.4.2).The

-

geveral mechanisms simultaneously work at the continuous
rolling process.

It 1s caused by violation of the optimal speed regime such
that speed of the metal output from the each stand has to be
congigtent with the one of metal Input in the next stand. In a
practice the achlevement of this situation 1s not always
possible without use of the special automatic devices because
the continuous change of deformation conditions ( temperature,
coefficient of friction, size of 1initial sgtock, wearing of
passes). The change of these parameters influences.on advancing

P G

I
|
i
I
l
|
|
|
‘, | violation of the technological process 1s taken place malnly
|
I
l
I
|
i
|
I
l
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Figure 4.2 -The existing layout of equipment in a finishing
group region.
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l and crossertion area in the every stand and leads to the Ioo0p
l formation or to the rise of strong tension.
The present technical proposal containg the recommendations
l which to be realized would allow to stabilize the Speed
I regime of the contimious rolling and avold the violation of
technological process on the finishing stands - flylng shears
1 production sector. While solving the problem it was took Into
account the technical difficulties as well as economical
‘ considerations: we have wanted to avoid waste expenditures and
» ! make the most use of existing equipment. In a part, the next
materials for technical proposal development was used:
v - the layout of equipment fo™ sectors from the linear group
0f the stands to the cooler,
N - the rixtures N 8 rolling program,
- the layout of the drives control and the data for engines
of the stands N 13, 14 and flying shears,

v

- the layout describing the construction principles of the
flying shears engine.
Besides, the next data was used:
- the rolling 1is conducted by tension in the stand
production sector, .

- the accidents often occur in production sector: stands 13,
14, feeding rollers, flying shears. ‘.

|
I
l
I
| - the flying shears are a cylinder type,
|
I
!
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4.1. THE SYNCHRONIZATION OF SPEED RUGIME ON THE FINISHING
STAND PRODUCTION SECTOR

The existing scheme of equipment positlon in the reglon of

g

the finishing group 1s shown in figure 4.2.

(4]

The cause of technologleal process violence can b
determined from this figure. The main factor of this violence 1s
the instabllity of speed regime which called froth the absence
of the synchronization gystem for the speed of the stand
gpindles and others executlve mechanisms.

The finishing stand N 12 has AC electric drive Wwhose

stands N 13, 14 hag DC electric drive, The tirister rtransiormer

W 1s used as a power source. Thus, drive of the mentioned stands
A
\

nlike to drive of the stand N 12 has a qgood regulations
possibllitlies but those ones do not use through the  absence  of
corresponding control system. At these c2onditions the speed
regime at the continuous rolling In the finishing group has a
random bhehavior.

If the speed of metal output from the stand N S becomes 1
greater than one of metal input In the next stand the loop 1s .
tormed. The tensions of rolling can be happened too. The
violation of speed regime can be taken place due to change of

) . .
l regiulation properties of veloelty 1s limited. Two next finishing
I star
I the gtreteh, advancing and erroneous definition of the initial
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Speed oI the adjacent stands rolling and the velocity change of
the stand N 12 at the rolling moments change ( drive works with
the natural mechanical characteristic of induction engline).
In order to stabilize the speed regime on the finishing
stands production sector we have obtained the next way of
solution (rig.4.3).

t

?

\

- GEN SR A BN B e e

It 1s known the rolling with regulating loop 18 the method
which allows to exclude the tension between the stands and

automate the control process for the speeds regimes of the
rolling-mill.

The transmitter of loop value and regulator are the basic
elements of the loop regulation system.
The working quality of stabilization system depends on the
€s§ working accuracy of measurement devices and transmitters of the
N rolling loop value. The different types of transmitters are used
A In the wire-rod mill: capacity ones, based on the measurement
| principle of condenser capacity which consist of rolling and
measurement plate, photoelectric ones and others.
The main advantage of the photo impulse transmitters is the

high measurement accuracy and independence from the external
conditions. T

One can use lager devise for the loop measurement. As to
regulation of the rolling loop value we glve preference to the
contactless photoelectric and laser transmitters die to their

g D e o aes e o
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Figure 4.3 The layout proposed for the equipment in a
&C finishing stand group region.
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rellability, accuracy and rast working. We recommend for !
application the transmitters by ASEA (Sweden) and AEC (Germany)
firms. It 1s necessary to know the correct installation of
photoelectric transmitter has the strong Influence on work
regulator quality. It is convenient the optical axis of
photobulb would be perpendicular to the plane of 1loop. That
allows to receive the linear dependence of the output photo bulb
signal from the value of rolling loop. For the most part the
loop regulation systems are based on the deviatlon principle of
regulation (fig.4.4).The controlling influences are transmitted
to the next drives of the stands N 13, 14. The necessary rolling
regime between the finishing stands N 13 and N 14 1s provided
with a given relation of speed. The consistent speed regime of
rollers can be obtained from the condition of constancy of the

second volumes:

D (1-1) (148, ) X
;

W
1 pacies)) e

Uy
where
Wy -rotation frequency of spindles of the next stand 1
wy_4 -rotation Irequency of spindles of the previous stand
Dk— dlameter of rollers
A- rolling stretch value

S - advaneing K |
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Figure 47. The structural scheme of ~oop regulation system.
1.The loop transmitter;
2. Device for loop value assignment.
3.The loop regulator;

4. The control system fOr' vyelocity regime

of the finishing stands.
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There 1s an opporftunity to correct drive speed of the stand
N 14 relative to the stand N 13. It 1s important to note there
are two working regimes for loop regulation system. The Iirst
regime 1s the loop stabilization at the main part of roll. The
second one presents the transitional regimes at rolling Input
and output. The most important thing is the loop formation at
the metal input.

The stabilization regime differs greatly from the one of
initial loop formation by the rolling length. It does necessary
to divide this functions and use for their executing separate
subsystems.

In order to form the rolling loop and eliminate the
unfavorable situaticns ( rise of tension) the subsystem of 1oop
formation would allow the installation of the definition of the
adjacent stands speed relation. Thus for the rolling with loop
regulation 1t 1s convenlent to provide the control system of
apeed regime with devices of the initial ( input ) speed of
stands spindles correction. These devices have to be responsible
for the change of the rolling conditions.

T™e most simple work algorithm for the initial loop
formation's subsystem at retal input 1s that .- .ed of the
loop range's next stand decreases In the fr¢ - - _. uf roll and
increages in the back edge due to signals from the metal
presence transmitters. One way to correct the input speed 1s 10
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: atabilize the roll's bending value. In that case bending
l regulator’'s signal 1s stored at roll's output from the previous
stand and acts upon velocity drive's regulation system up to the
l input in next stand of the next roll. That allows every time
l pefore rolling of the each roll to receive the most near 1o
initial speed regime for adjacent stands that leads to reducing
) l of time it takes for a specified value of roll's bending to be
achieved.
‘ ' The most simple way for reailzation of this suggestions 1s
’; l at the use of microprocessor control system.
1
. '
X .
¥
I
I
l .
I
l




4.2.THE SYNCHRONIZATION SYSTEM FOR SPEED OF THE
FEEDING ROLLERS AND FLYING SHEARS

4.2.1. The feeding rollers drive.

The electric drive of the feeding rollers has to provide

for accident-free working of the technological process :

~ the linear speed of feeding rollers and roll left the
output rolling mill's stand synchronization. The electric drive
allows no loop formation between rollers and output stand from
one side and rollers slippage on the roll from other side.

- the roll transportation after 1t left the output rolling
mill's stand.

The first of these requirements rises the necessity of work
with roll's tension in the sector between the output stand and
feeding rollers. The tension value would not be greater than one
leads to slippage, 1.e.:

0 <« T « T
where T 1s tne tension in the output stand - feeding rollers
section.
T, 1s the limiting tension for the slippage does not rise.

The 1imiting tension 1s equal:

Ty = 2Pp,( at condition that both of the rollers
are feeding) ‘ ‘
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where P - rollers tension pressure on the roll,
ny- the frictlion coefficient between rollers and roll.
For the hot roll py = 0.3.
The rollers drive must provide the pull force Ttduring
transportation:
Ty = Gpo1p Ko,
where G,,;; 18 the weight of the transported roll,
i 1s the friction coefficient roll on transportation
way.
fo = 0.3.
Then minimal value of pressure by feeding rollers on roll
would be equal to:

o -t _ _ Srourf
min 2{1 2”1
Groll

al g =iy Py = >

For the presented layout, e.g., the length of transported
roll at output from stand N 10 round = 20 can be equal :

Liay = 60 m, 1ts welght - G, = 150 kg.

Then Py, 1s greater or equal to 75 kg.

As usually, P 1g taken equal greater than Poin- For example
in present case P = 150

This pressure does not .lead to the roll's geometry
deformation, but for provlding'eo gmall pressure it 18 necessary

-

R »
Poli e,
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to use feeding rollers whose construction allows to regulate the
rollers pressure on a roll and breakage between them separately
(rig.4.5).

It the roll's defcrmations rise at pressure "P" then 1In
order to increase the area of rollers and roll contact and
decrease the specific pressure the rollers with "broken" pass
are used instead of smooth ones. No rollers can be used which
allow for only breakage regulation and the necessary [pressure
adjustment through 1t. The small change of breakage lead 10
great changes of pressure at this construction which rise to
either roll's form deformation or slippage rollers on roll,
1.e., to violation of synchronization of the rollers and roll
linear speeds. The power of drive engine 1s determined from
condition: -

Nong = "1 Ymax
102 m
where V..., (/8) - maximal linear speed of roll,
"m mechanism efficiency included 1loss 1in bearings of
rollers and reducer.
In our case, e.g., the power would be equal:

_ 1508  _ _ _
N = 13 kV, where Vmax =8 n/s, Ny = 0.9

eng
102°0.9

Wnhile drive adjusting the rotation frequency of rollers 1s

f
L
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installed so that lirear veloclty of rollers at 1dling would be
gome greater than roll one. Therefore at the roll Input the
rotation Irequency of rollers decreases and the necessary roll
tension 1s provided. If the engine moment 1s proportional to
the armature current as 1t is taken place in DC engines with
Separate excitation then operator can easily judge about tension
value "T" by the "I" current value ( fig.4.6).

The layout, presented in fig. 4.7, provides synchronizatlon
of speed of the output stand spindles and feeding rollers
through use of speed regulator wherein the feedback 1s performed
from tachogenerator of rollers - TG, and speed asgignment 1s
done from the output stands tachogenarators - 176G, 2TG, 31TG
actuated( connected) by contacts - 1C, 2C, 3C at the output
gtand cholce for a given roll's profile. Using potentiometer - R
an operator, based(guided) by amperemeter's readings - A, that
1s, 1In a fact voltage value, can regulate rollers velocity.

The suggestions on feeding rollers reduce in principle to
the next points:

a) To analyze the (feeding rollers construction for
providing the separate regulation of the tension of pressure
rollers to the roll and breakage between the rollers ( 1t 1s
impossible to carry out this analysis based on the presented

materials ). )
b) To replace the AC drive on DC electric drive by CTT-E

A

- mﬂ"g.~
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A
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Figure 4.7
E - engine; TT - tiristor transmitter;
TG - tachogenerator of rollers drive;
T -~ tachovcltmeter; TC, TV - roller's current and velocity

transmitters; RC, RV - rollers current and velocity regulators;
AV - device for rollers velocity assignment; 1T7G,2TG,3TG -
tachogenerators of the mill's output stands; 1C,2C,3C - rele
contacts turned on to "AV" tachogenerator of the mill's output

stand; R - potentiometer.
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gystem (controlled tiristor transmitter - engine). This
replacement allows to tune tension value by armature engine
current easily and provide more fast working in comparison with
the existing drive which regulates speed with servomotor. The
last advantage 1s essential because 1t minimized the
unconsistency of speed 183 in transient regimes when for
whatever reason a speed of output stand 1s changed. With loop
regulator between stands NN 12 - 13 the such speed
oscillations are inevitable.

4.2.2. The f1lying shears drive.

The cholce of electric drive and control system for flying
ghears depends on construction and basic parameters of the ones.
In a glven case, as stated above the limited amount of
information was presented by customer:

- flying shears is a cylinder type,
-~ length of the one cut L, ., = 12 m,
- drive 18 provided by AC engine with servo motor regulation
of rotation frequency,
- engine parameters - 17 kVt, 1830 revolutions per minute.
Taking cooler length LC = 18,3 m and distance from cutiing

l1ine to cooler L = 6,1 m the maximal speed of rolling motion

cl-c
can nqt be greater than
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( ‘1/2
Vnax = (Lot Depe Lout) 2870 J

where p = 0.25...0.3 1s the coefficient of friction of hot
rolling on cooler's valves.

According to figureidt,

Viax = (18,3 + 6,1 -12)-2-0.3-9.81 = 8.5 /3

In order to create breakage between the cutted pleces
which dellvered to cooler 1t 1s necessary the speed of rolling
would be less than one of delivery to the cooler on (10...20)%.

Then the maximal rolling speed for profiles cutted by
f1ying shears can not be greater than:

Vemax = (0.8...0.9)-Vmax = (0.8...0.9!8.5 = (6.8,...7.65)n/8

Thus rolling veloclity on cooler at cutting would be equal:

Vr s 7.5 m/s.

The cut length of cylinder flying shears 1s defined from

relations between rotation frequencies of feeding rollers and

f1ying shears. The llnear speed of rollers ( rolling velocity)
18 equal:

v = Jhpile
ri 60
where Drl - roller's diameter, m

nn - rolier's rotation frequency, revolution per minute.

NSy T o
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The 1inear speed of flylng shears bit is equal
V- Dc n,
¢ 60

where Dc — diameter of cylinder flying shears cutter blt, m.
The cutter speed would be greater than rolling one 1in a
cutting sector. In opposite case the bending of the Iront edge
of cutted rod and stop of roll in shears would be happened.
Hence,
Vg= kgVe
where k, 1s passing coefficient.
The length of the rods cutted oy flying shears at the
constant rotation frequencies of rollers and shears cylinders 1is

equal to: . -
1 _ cut™0
Logt= * D > ADy= ——
Kg K,
where K, 1s a number of revoluticns per cut.
L
Taking into account, % D, = _Leut’o , one can write:
K,
"0ty Ml Mo Toutelg
60 60 K 60KK 4

Hence:

_ Ny
Lcut““Dr1K1ﬁ';

i.e., cut length 1s defined 5y cosstruction parameters of

4

-




rollers and chears and relation between ‘their rotation

eyl -
frequencies _ﬁg— has to satisfy condition VS-KOVc at KO>1.The

passing coefticient can not be great at cutting on cooler the
rods which are sufficiently long and have small longitudinal
stabllity, otherwise the bending of the back edges of cut ted
rods would be taken place.
Then as a rule
Ky = 1,02...1,05,

1.e. 1inear gpeed of cutter 1s greater than rolling one on
(3...5)%. The number of cylinder's revolution per cut "K1" 1s
defined by shears construction and provided with elther speclal
mechanism or shears using with cylinders of different diameters.

D,
For example, 1f 4 = g , then cut 1s happened after 6

cl
revolutions of upper cylinder and 5 revolutions of lower one.

The relations pointed above allow to form the main
requirements to the electric drive and flying shears control

system:
- the rotation frequencies of shears and rollers would be
n
synchronized for the gl relation's execution with high
c

accuracy(precigion) because the violation of one leads to change
0of cut length,

- the gpecified relation would be constant as rolling

mn
¢
gpeed changes ( one of rollers -changes too ) at least with

precision excludes appearance of regime with Vo < Vpp s

— _
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- 1n order to provide requirement staied above elther drive
and shears control system would be design with the corresponding
dynamic parameters or the possible temp changes would be
limited.

The investigations of this data allow to present some
conclusions:

- the feeding rollers and flying shears drive does not
provide necessary dynamic parameters at roll speed change
because the power of rollers and shears drive 1is unsufficient
and the control gsystem has low speed.

- while rolling with uncontrolled tension between the stands
NN 12 - 13 the sufficient sharp increment of roll speed can be
happened at output from the stand N 1 from the metal advancing
and engine's rotation frequency increasing at roll output from
stand N 12.

- the regime of the roll front edge can not be provided
from power of flying shears engine drive 17 kVt. If the roll
front edge has random length the accldents are possible behind
the flying shears.

The final conclusions can be made only after all the data
investigation. However, the next suggestions can be presented at
the level of technical proposal:

- the rlying shears drive 1s performed from DC engine powered
by (dhich takes 1ts éontrolled

current  from) tiristor

e
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transmi tter with modern control system (with analog or, better,
numerical regulators of rotation frequency),

- the power of drive engine would be sufficient to provide
the convened cutting of the front edge in flying shears start-up
regime from initial position or position set while running. The
change of advancing wou'ld be excluded at back edge output Ifrom
the stand N 12 due to use a loop regulator between stands N 12 -
13. While regulated loop the available acceleration would be
choiced in accordance with dynamic parameters of shears drive.

Taking into account the electric drives of stands NN 13,14
are constructed with DC engines it 1s quite reasonable to use
the same type of drive for the flying shears and [feeding
rollers. At least, this soluticn i3 considered more preferable
than the used one with special AC engine and electromechanical
regulator trough servo motor. done on higher stages of
engineering.

To realise the project proposals it 1s nesasery to develop
the project in detalls and to purchase needed equipment.

‘_.\
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5.FINDING AND RECOMMENDAT IONS.

1.0n the basis of carrent analysis of SAFA'S operations,
maintenance activities, product quality WAS FOUNDED that
technology and equipment, which implemented in steel plant and
rolling mill are in accordance to requirement to reinforce bars.

2. The following activities are recommended for further
improvement of production quality and effectiveness in the steel
plant:

2.1 To 1nstall the express analysis of the chemical
composition of the metal.

2.2. The temperature regime of heats 1in the eiectric
furnace should be optimized; the tapping temperature of the
metal should not exceed 1630-1650°C.

2.3. A strict control of the quantity and quality of metal
gerap uses in the charge should be carried out.

3.The following project proposals and design has been
carried out for rolling mill (in framework of contract
amendment ) !

3.1.Project proposals and design to convert the preheating
furnace from gas-oil fuel to mazout fuel (including measurement
equipment for pressure control, thermocouple in preheating zone,
recording potentiometer on control board etc.)

3.2.ProJéct proposal and calculation for ‘rolling pass
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design for rolling optimization.

3.3.ProjJect proposal for synchronization the rolling mill
and flying shears.

4. 1t was founded during first subcontractor mission, that
SAFA jointly with SNIM has given experience using computerized
gystem for spare part control and monitoring, financing etc.

5. To reinforce SAFA computerized system of management,
production and quality control, the specification of equipment
and software has been recommended. The following equipment and
goftware accordingly were supplied , 1nstall and put in to
operation by subcontractor team : PC AT 386SX -1 unit, PC AT 386
-7 units, microsoft mouse, printer EPSON FX-1060 -8 units,
plotter HP-1745A, scftiware, Xerox.

6.The following subsystem has been developed, 1nstalled,
cugtomized and put in day-by-day operations:

6.1.Inventory control, Material Requirement.

6.2.Production control (including row materiel and energy
congumption for each product and department).

6.3.Input-Output Balance (including cost calculation for
each product and department).

7. 0n the-job training of SAFA personal was carried out by
subcontractor team. It 1s recommended to set up SAFA's computer
group, train or recruit one or two skilled system programmers to
gecure the system operations and development.
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8.It 13 to consider CMIS as a developing system. which

Supposed to be permanently enhanced, modernized, customized to
current and future needs of SAFA.

9.It 1s gstated that SAPA has made essential Step to
Introduce modern high technology - personal computer. However to
reinforce the production effectiveness and quality 1improvement
1t 1s recommended to follow-up the project (e.g. as a Phase 11).
The following activities are recommended to carry out in
framework of Phase 11 (in prioritizes):

9.1.70 develop and 1introduce the computer network
for Integration of different subsystem (production and quality
control, maintenance, finaneing and cost analysis ete.).
Additional oquipment and software are required for this
development.

9.2.To introduce measurement and control system
forpreheating furnace for fuel saving, waste minimization, yield
Increasing.

9.3.To develop and introduce the measurement and control
System in electric arc furnace department for row material and
energy savings, yleld increasing and cost minimization.

9.4.To develop and introduce the system of synchronization
of rolling mill and flaying shares.






